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1 | NTRODUCTI ON

Section 1034 of the Internodal Surface Transportation Efficiency
Act (1 STEA) of 1991 nmandates states to develop a traffic
monitoring system The State of Nevada Departnent of
Transportation (NDOT) had its own traffic nonitoring systemin
pl ace before the act was passed. However, the departnent has
expressed a need to evaluate its current practices to identify
areas of inprovenent.

The Departnent is currently evaluating its traffic nonitoring
program based on the procedures recomended by the Federal

H ghway Adm nistration through its Traffic Mnitoring Guide and
t he standards set by the Anerican Society for Testing and
Materials (ASTM designation E-1442-91 (Standard Practice for

H ghway- Traffic Monitoring).

1.1 Statenent of the Problem

Traffic nonitoring is defined by the Anerican Society for Testing
and Materials (ASTM designation E-1442 as the "activity of
collecting, summarizing and reporting traffic volune, vehicle
classification, and vehicle weight data". This conprises of
three major elenents, nanely (Traffic Monitoring Guide, 1985):

1. Conti nuous count (ATR) el enent
2. H ghway Performance Mnitoring System (HPMS cover age)
el enent

a. HPMs sanpl e subel enent
b. Traffic volune subel enent
c. Vehicle classification subel enent
d. Truck wei ght subel enent
3. Speci al needs el enent

NDOT is currently maintaining a traffic nonitoring systemon its
approximately 5,400 mles of road and 3230 count stations.

Conti nuous counts are being perfornmed on its 36 automatic traffic
recorders (ATR) which record traffic volunme on a continuous
hourly basis for a period of one year. Currently, the traffic
nmonitoring year starts from October and ends in Septenber of the
followi ng year. Starting 1993, NDOT w || performthe annual
traffic collection follow ng the cal endar year.

The magni tude of data collected annually necessitates an
efficient way of managi ng these data and nmaki ng them avail abl e
for use, on atinely basis. The present practice of NDOT is to
conbi ne both manual and conputerized procedures to facilitate
traffic data managenent.
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One of the biggest problens of the Departnment deals with data
managenent whi ch includes data editing, storage and access,
especially when responding to specific requests fromthe public.
The existing traffic system does not provide easily accessible
and readabl e dat a.

Due to the absence of standardi zed procedures of traffic
monitoring in the past, the Departnent adopts practices which may
or may not be simlar with other states and may not be generally
acceptable. Manual editing are often perforned by the traffic
anal ysts who may follow different procedures of correcting the
data. Thus, problens of non-uniformty and inconsistency exist.

The nationw de interest towards standardi zati on of procedures
started in 1985 through the issuance of the FHWA Traffic
Monitoring Guide. This was followed by the ASTM desi gnati on E-
1442-91 (Standard Practice for H ghway-Traffic Mnitoring) and
|ately, the 1992 AASHTO Guidelines for Traffic Data Prograns.
The need to evaluate the Departnent traffic nonitoring system
becones nore relevant with the devel opnent of these standards.

1.2 bjectives of the Study

The objectives of this study are to assess the current and future
needs of the State of Nevada Departnent of Transportation and
suggest an efficient nmethod of traffic managenent invol ving
traffic data collection, processing raw traffic data, and a data
reporting system

The Departnent's goal is to standardi ze the procedures involve in
traffic nonitoring and inplenent full automation of the traffic
nonitoring system Prior to the attainnent of this goal, the
follow ng is perforned:

- an evaluation of the Departnent current practices,

- an identification of areas to be inproved or
changed, and

- a study of the Departnent current activities geared
towards inproving the system

The NDOT traffic nonitoring needs assessnent study focuses on
three maj or areas:

- traffic data collection and reduction

- data adjustnent/factoring procedures
- information dissem nation
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1.3 Oganization of the Report

This study is organized into six major sections which include a
description of the state of Nevada Departnent of Transportation
traffic nonitoring practices. The topics cover data collection,
data adjustnment and factoring, and data reporting.
Recomendati ons are given at the end of the report based on the
assessed needs of the Department. A descriptive discussion of
the NDOT traffic data systemis included as a technical appendi x.

The followi ng summari zes the naj or sections covered in the
report:

| nt roducti on

Data col | ecti on/reduction

Dat a adj ustnent/factoring procedures

I nformati on di ssen nati on

Potential G S applications

Concl usi ons and recommendati ons

Techni cal Appendix - NDOT's traffic data system

oOUPhWNE
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2 DATA COLLECTI OV REDUCTI ON

The traffic nonitoring systemis conprised of three el enents,
nanel y:

1. Volunme counting
2. Vehicle classification
3. Truck wei ghing

This study deals only with the first two el enents: vol une
counting and vehicle classification. These two elenents are
within the area of responsibility of the State of Nevada
Department of Transportation Traffic Division. The statew de
data coll ection process further grouped as foll ows:

1. Vol unme Counts
a. Continuous traffic counts at pernmanent Autonmatic
Traffic Recorder (ATR) stations
b. Short duration counts at designated stations using
portabl e counters

2. Vehicl e classification
a. Short duration counts using manual procedure

A summary of the NDOI's programelenent is given in Table 2.1

Table 2.1 NDOT's Traffic Monitoring Program El enent

El enent Sub- el enent Count Duration Nunber of
Count s
Vol une Counts ATR s 365 days conti nuous
Short counts 48 hours 3 tinmes/year
(port abl es)
Vehi cl e Short counts 8 hours 4 tinmes/year
Cl assification (manual )

2.1 Vol unme Counts
2.1.1 Continuous traffic counts at permanent ATR stations

Conti nuous count prograns are one of the nost preval ent and
consistent traffic data collection programs and have becone the
nost basic planning data collection tool in nost states. (TMG
1985). One of the nore inportant functions of continuous traffic
counts is the devel opment of seasonal factors to expand short-
termcounts to annual average daily traffic. Continuous traffic
counts are taken 365 days a year on a limted nunber of permanent
stati ons.
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There are 36 permanent Automatic Traffic Recorder (ATR) stations
in Nevada. The nunber and |ocation of these stations were

sel ected randomy. Due to its randomess, it nmay be worthwhile
to check if the sanple size adequately represents the Nevada
transportati on system

Field ATR data are polled on a weekly basis except in unusual

ci rcunst ances (such as nodem failure or defect in traffic
counter) where data can be from1 hour to 30 days. It nay be
necessary to nmonitor field data every day to alert anal ysts of
any equi pnent mal functions and count irregularities. This would
enable tinmely detection and correction of problens and potenti al
errors arising fromthe field. ASTME 1442 (Section 6.2.4)
recommends polling of data at permanent count sites on a 24 hour
basi s.

Data are nornally retrieved via nodemto a PC and sent to a

mai nframe again via nodemfor statistical analysis. In cases
where nodem failure occurs, data are retrieved manually. Two
types of counters are being used by the Departnment for continuous
traffic counting program These are the Gol den River counters
and the Di anond counters. Due to the use of different types of
ATR s, data are presented in different formats. Colden R ver
data are produced in ASCII format and presented in a form
conpati ble with the Departnent progranmis data input file.

D anond data output in a binary format which necessitate
conversion to an ASCII format and re-conversion to Gol den River
data format prior to analysis. A short conversion programis
used to convert data into a fornmat conpatible with the NDOT' s
program It may be possible to revise the programto enabl e
readi ng of data presented in various formats, allowing for the
use of other, possibly |ess expensive recorder types.

A Departnent devel oped programis used for statistical processing
of all field data. This programis nmenu-driven and was witten
i n COBCL.

Weekly report: ATR data are anal yzed weekly to assure quality.
Fromthe PCto the main franme, a working copy of the raw traffic
data are printed. Appropriate codes are flagged on outliers and
data that appear to be questionable or anomal ous. The flags

i ncl ude codes that specify estinmated data, holiday, storm

speci al event, data of questionable accuracy, and others.

Def ective counts are edited prior to acceptance. Corrections are
applied manual |y based on the prior week's (sanme day) data and/or
prior year's data. Data are stored in the mainfrane for nonthly
reporting.

Monthly report: Calcul ations of average daily traffic (ADT) and

expansion factors are performed nonthly. Currently, expansion
factors are classified into four factoring groups each north and

2-2



south directions, nanmely: local, mxed, foreign and recreation.
Expansi on factors are designated by taking the results of ATR s,
groupi ng them together and taking the representative stations.
The traffic division uses Harvard Graphics to plot expansion
factors of stations that fall within the sane factoring group.
Expansi on factors are used to calculate the AADT' s of segnents
where only short duration counts were made. Data are stored for
cal cul ati ons of annual average daily traffic. A nonthly report
is sent to the Federal H ghway Adm nistration (FHM).

The Departnent is currently reviewing its traffic nonitoring
program according to TMG standard. This review explores the

hi stori cal design, procedures, equipnment, personnel requirenent,
and uses of the information.

2.1.2 Mdifications to existing ATR s

Location of ATR s is being eval uated based on the Traffic
Monitoring Guide (TM35 guidelines. Seven stations are planned to
be phased out and 27 stations to be added at new | ocations in
1993. There is also an ongoing review of the factoring groups to
check whet her the NDOT groupi ngs adequately represent the
existing condition. A SAS statistical package was used to
perform cluster analysis which would enable clustering of ATR
stations with simlar characteristics. The previous year's data
(1991) was used in cluster analysis. The results enabled re-
grouping into nine different pattern groups.

A seasonal ity peak can be determ ned for nonthly average daily
traffic. A flowhart of the continuous count ATR data collection
and reduction process is shown in Figure 2. 1.

Portabl e counts or short duration counts are used to estinate
vehicle mles travelled (VMI) and provide basic information on
traffic volunme. For short duration counts, data are collected
three tines a year at designated stations. There is a plan,
however, to reduce the frequency of portable counts to once a
year instead of three. ASTME 1442 (Section 6.1.2.2) specifies
that short term nmechani cal vol une neasurenent shall have a

pl anned duration as foll ows:

Type Dur ati on
rural, non-interstate 48 hours
urban, non-interstate 24 hours
rural, urban interstates 48 hours
i nt erchange ranps 48 hours
interstate road segnents 48 hours

2-3



Field |[modemd pc  |modemd  Maqin

ATRs frame

l l

Convert Weekly
Diamond to report

Golden River l

Stat
process

. 4

Adjust if
needed

l

Monthly
report

!

Final
report

Figure 2.1 Continous Count (ATR) Process

2.1.3 Portabl e Counts

| f equipnent fails with | ess than 24 hours of data,

Step

1 Data are colleted 24-hours a day and retrieved weekly via
nodem

2 Al'l data are converted into the Golden River format which is
in ASCI I .

3 Data are stored in a nainfrane.

4 Data are anal yzed and nmanual |y adjusted if necessary.

5 Adj usted data are used to replace bad or m ssing data.

2-4

ret ake count.




6 Summary statistics are produced for nonthly reports.

7 Annual reports are prepared at the end of the count year and
i ncludes summary statistics in directional and conposite
formats.

Portabl e counters (e.g. road tubes) are used to collect the data
on a continuous seven-day count. These types include Gol den

Ri ver counters, Di anond counters and cumnul ative counters. The
first two counters record counts hourly while the |atter provides
cunul ative totals only. Due to different counters used, the data
are presented in different formats which coul d nake data
processing time consum ng.

Coll ected data are retrieved nmanually using a | aptop conputer
before being entered to the mainframe station for AADT
calculation. Data are entered manually by a technician who

eval uates the data and flags the data if they appear
guestionable. Once the data have been edited, nonthly expansion
factors obtained fromcontinuous count ATR stations are used to
calculate the nonthly average daily traffic (MADT). Monthly
expansion factors are not stored on file but are witten to hard
copy reports. These reports are used by the analyst to obtain

t he expansion factor that represents the area or station being
anal yzed. To determ ne the appropriate expansion factor to use
in the cal culation of AADT, stations are pre-assigned the
factoring group that closely characterize the area. This
factoring group was established fromthe continuous count

stati ons.

An anal yst checks cal cul ated AADT nanual ly. |If large deviation
occurs, the analyst will check the prior year's data or the prior
week's data. Adjustnent of data will be nmade based on the
analyst's findings. A nethod of identifying unacceptable data
nmust be fornulated. Once fornulated, automatic search into the
prior years and prior week's data base can be integrated into the
systemto conpare the present data. This will greatly reduce
editing tine.

I f erroneous data are noted, the analyst consults a stack of
files fromthe previous year and the present nonthly average
daily traffic data are conpared. |If |arge discrepancies occur,
correction is performed nmanually. This nmethod can be aut onat ed.

Monthly report: NDOT produces a nonthly ADT report with
information on the station, station grouping used and its
respective expansion factor. Additional information includes
information on the counter, technician and the dates the short
duration counts were perforned.

Annual Report: A report show ng AADT conputations for each
station is generated. This report includes the last ten years
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AADT al t hough only the previous year's data is used for
conparison to the present AADI. Data are checked manually by an
analyst. |If the value appears to be questionable, the analyst
consults the remarks code to see if any field problens occurred.

O herw se, he/she would have to consult a stack of files fromthe
previ ous year, nmake manual calculation to adjust the value if
appropriate. AADT's are nanually entered on segnents of a
network which are in turn used to produce one | arge copy of a
statew de traffic map.

Figure 2.2 illustrates the steps involved in NDOT's portable
count program

The NDOT traffic counting programis a conbination of both nanual
and conputerized procedures. An effective systemcould be
designed to automate the entire process. This would greatly
reduce the data analysis tine and enabl e the anal yst to extract
information quickly, also elimnating potential for errors.

2.2 Vehicle Cdassification

Vehicle classification counts are used to estimate axle
correction factors and truck percentages. NDOT vehicle
classification counts are perforned manually four tinmes a year in
an eight hour duration. Results of field tube counts are
manual |y entered on the conmputer, specifying the dates of
installation and renoval, classification of vehicles and nunber
of vehicles for each classification, and ot her pertinent

i nformati on.

ASTM desi gnation E-1442 (Section 6.1.2.1) specifies a m ni mum of
one week vehicle classification data during each quarter over a
one year period. The followng are ASTM s reconmmended duration
of vehicle classification nmechanical neasurenent:

Type Dur ati on
rural, non-interstate 48 hours
urban, non-interstate 24 hours
rural, urban interstate 48 hours
i nt erchange ranps (non-isol at ed) 48 hours
interstate road segnents 48 hours
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Field Retrieve _ ,
portlobles'_)' data M Conversion |y fl;/loor::e
(manual)
Diamond l
Golden . .
River Stat _)AdJUSt if
needed
Cumulative process
Monthly
data
storage
Annual
report

Figure 2.2 Short Term (Portable) Count Process

NDOT vehicle classification is conprised of 17 different vehicle
types such as shown in Table 2.1

FHWA cl assification includes only 13 categories as listed in the
Traffic Monitoring Guide. ASTM specifies nmechani cal neasurenent
shal |l be based on the Federal H ghway Admi nistration thirteen
vehicle classification or if the extra categories are needed for
state use, they should be translatable to the FHWA

cl assification.

Step

1 Data are collected three tinmes a year. Count duration is
seven days. Three different types of counters are used:
t he Gol den River counter, Di anond counter and a cunul ative
counter. Raw traffic data are presented in different
formats.

2 Data are retrieved daily (?) by field personnel and added
manual | y.

3 A technician enters the data into the mai nfrane and checks
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Table 2.1 NDOT and FHWA Vehicle O assification System

NV d assification FHWA CLASSI FI CATI ON
not or cycl es not or cycl es
passenger cars passenger cars

pi ck- ups other 2-axle, 4-tire S. U
vehs

canpers buses

2 axl e buses 2-axle, 6-tire S.U
trucks

3 axl e buses 3-axle, 6-tire S. U
trucks

2 SD 4 or nore axle S. U
trucks

2 SD with canper 4 or less axle S. T.
trucks

3 axle S.T. trucks 5 axle S.T. trucks
4 axle S.T. trucks 6 or nore axle S. T.
t rucks

5 axle S.T. trucks 5 or less axle MT.
t rucks

6+ axle S. T. trucks 6-axle MT. trucks
5 or less axle MT. trucks 7 or nore axle MT.

trucks

6 axle MT. trucks
7 axle MT. trucks
8+ axle MT. trucks

t he accuracy of these data.

4 Statistical sunmary includes nonthly ADT. Data are conpared
to the previous year's and previous week's data. |If |arge
devi ation occurs, correction is performed manually.

5 Mont hly data are stored.
6 Annual report includes a 10-year annual ADT history. copy.

Mont hly and annual reports are prepared by the Departnent. The
annual report is an 8-hour summary statistics at observation
points. These are not included in the annual traffic report but
are mai ntained in-house. Figure 2.3 illustrates the steps
involved in the Departnment's vehicle classification system

The Departnent’'s vehicle classification programmy not be
adequate to provide information on seasonal variation in truck

travel . This can be used not only for assessing axle correction
factors but also for performng accurate pavenent design and
pavenent overlay calculations. It may be necessary to instal
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Field
observation

Input :
— data =y Main
(manual) frame

l

Adjust if

Stat
needed

process

—

d

Monthly
report

l

Annual
report

Figure 2.3 Manua

Vehicle C assification Process

permanent counters to record classification data over a 365-day

automatic vehicle classification (AVC) systemis

pl anned to be inplenented during 1993.

period. An
Step
1 Manual

vehicle classification is perforned by the

departnent's field technicians four tinmes a year for a

peri od

of eight hours per observation.

2 Data are entered manually into the conputer.

An i n-house vehicle classification program processes the

data and provides summary statistics.

Mont hly report

i s produced showi ng the hourly nunber of

vehi cl es per category.

Annual

report is produced show ng ei ght hour statistics.
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3 DATA ADJUSTMENT/ FACTORI NG PROCEDURES

Data adjustnent or editing is an inportant aspect of a traffic
nmonitoring program Editing is perforned "to ensure that field
measurenents are valid prior to being sunmari zed and reported.”
(AASHTO, 1992). In this study, an assessnent of the Departnent's
data adjustnent/factoring needs is conprised of two general

ar eas:

1) Define the requirements for digital traffic data
processing followng the Traffic Monitoring Cuide
and ASTM st andards.

2) Review NDOT procedure for data reduction/correction
(i.e., nmethods used to cal cul ate expansi on
factors, AADT and VMI).

One of the goals of standardization, aside from ensuring
uniformty of data collection and editing practice, is full
automation of the traffic data nonitoring system The Depart nment
does not have this capability yet, especially in terns of
automati ng data adjustment and factoring. The follow ng

di scussions identify areas which have potential for autonmation.

3.1 Data retrieva

Raw data. As nentioned previously, three nethods of data
retrieval are being used by NDOT. Each nethod depends on the
type of counting device used. Permanent count data are retrieved
electronically via nodem These data are polled on a weekly
basis. Portable count data are retrieved manually by field
techni ci ans using | aptops or manual recording. For manual
vehicle classification raw data are obtai ned manual ly during the
observati on.

To facilitate data polling, the permanent automatic traffic
recorders could be connected to office conputers and retrieved on
a 24-hour basis as recommended by ASTM E-1442. A 24-hour data
retrieval is nore preferable than the weekly data retrieval
practiced by the Departnent because this would enable tinely
detection and correction of field problens such as equi pnent

mal functi ons and count irregularities.

For vehicle classification, the Departnment plans to use automatic
vehicle classification which would replace manual vehicle
classification.

Data format conversion. The conputerized traffic systemreads

i nput data with the Golden River counters data format. Use of a
different type of counter will produce a different data format.
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Since NDOT al so uses dianond counters a conversi on program was
devel oped to convert dianond data to the Gol den River data
format. Both the Golden R vers and Di anond counters provide
adequate data, especially for hourly analysis, however,

cunul ative counters produce only the total accunul ated val ue from
the period the counter was installed to the period the count was
recorded. This type of counters is not recomended for traffic
nmoni toring except if hourly data will be recorded. Wen

manual Iy done will, this will not be practicable at all.

Data entry (portable and manual counts). Three types of portable
counters are currently being used by NDOT. These are the Gol den
Ri ver counters, Dianond counters and cunul ative counters.

Erroneous data are substituted by val ues extrapolated fromthe
prior year's data. Simlarly, extrapolated data are used in lieu
of anomal ous data which the anal yst determ nes to need

adj ust nent .

Bot h ASTM and AASHTO stress the principle "TRUTH I N DATA". This
enphasi zes the need to keep the data as close to reality as
possi bl e where "m ssing or inaccurate unedited base data shal

not be conpleted, filled-in or replaced". As noted, the NDOT
practice is to fill-in mssing data or replace bad data by
extrapolating fromthe prior year's or prior week's data. The
programis structured in such a way that pernmanent counts shal
be based on 365 days, or 366 for leap year, with no flexibility
to exclude days with bad dat a.

Qutliers, or those data counted during special events (on-going
construction), are to be included for permanent counts but not
for short duration counts.

3.2 Data editing

Per manent counts (ATR). The Departnent's nethod of checking the
acceptability of hourly data is based on a fixed percentage of
conpar abl e data which could be the previous hour's data, next
hour's data, and sane hour of |ast week's data. The follow ng
statistical checks are used:

Hourly edit checks
(hour being checked)/ (previous hour, this week)

(next hour, this week)/(hour being checked)
(hour being checked)/ (sanme hour, |ast week)

o
Ow>
mnnn

1.4 and > 0.8
< 0.8 and Ratio B < 1.2

> >
A
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Ratio A < 0. and Ratio C> 0.8 and < 1.2
Ratio A > 1

I f any of the above conditions is not satisfied then the data are
consi dered questi onabl e.

Anot her condition is set as foll ows:

TH'S > HGH or THHS < LONthen data is questionable

wher e
TH'S = the hour being checked
HGH = AVG + RANCE
LOW = AVG - RANCE
AVG = the average for the same hour for every weekday
RANGE = (0.0842 * AVG + 31.58

Wiile the edit conditions provide reasonabl e assessnent of the
validity of the data, additional edit checks are necessary. |If
possi bl e, edits based on a fixed percentage of conparabl e data
shoul d be avoided. While standard techniques of editing data are
not yet well defined, sone edit provisions are given in ASTM
designation E-1442. Sonme of the recommendations specified in
ASTM desi gnation E-1442 (Sections 7-2.4 to 7-2.5) can be
assimlated within NDOT's system

1) If the daily directional total volune is within 60 to
80 percent of total traffic, issue a warning.

2) If the daily directional total volunme exceeds 80
percent, do not include in calculation.

3) If the daily traffic volume for a given day of

week differs +2 standard deviations fromthe nean
volune for that day in the nonth, treat it as an
outlier. Recalculate nean vol une excl udi ng the
outlier. Variability may be assessed based on the
current year nonthly average day of week ( MADW,
prior year MADW the three year average MADW or
any conbi nation of the three.

These three edit provisions can be autonated.

Portabl e counts. AADT estimtion using short duration counts is
a conplex problem (TMG 1985). Ideally, neasurenents should be
taken on every section of the road. However, this process is
cost prohibitive.

The standard procedure for estimating AADT from portables is by
use of adjustment factors. Factors include tenporal or seasonal
factors (estimated from ATR sanpl es), day of week and axle
correction factors, and growh factor.
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For portable counts, manual editing is conprised of manually
checking the traffic data fromhard copy report. A print file is
generated with cal cul ati ons of AADT's extrapol ated fromthe short
duration observations using expansion factor. Fromthe hard copy
report, an anal yst checks the values of the traffic data

manual l'y. The anal yst usually judges whether the data is
acceptable or not. |If unacceptable data are noted, the anal yst
will trace the reason for the anonaly, and adjust the data where
appropriate. Data adjustnent consists of three or four different
met hods. The nobst common nethod is referencing the prior year's
data or prior week's data. For counts taken with a tube, an axle
correction factor is used to recal cul ate AADT usi ng nmanual nethod
(that is finding the applicable factor and nultiplying by the
AADT usi ng manual cal cul ation).

Edited data are entered back into the conputer manually. |f one
is dealing with thousands of stations, the process becones highly
routine, straining and possibly, error prone.

Editing of portable data can be automated and integrated within
the system w th provisions for tube counts or axle corrections.
The cal cul ated AADT can thus be reported in final form saved to
di sk and printed.

Vehi cl e cl assification.

The Departnent is planning to adopt the automatic vehicle
classification system (AVCS) for the 1993 cal endar year. This
systemw || facilitate electronic collection and transfer of
vehicle data, which will further reduce the useful ness of the
manual classification program

3.3 Adjustnent Factors

Cenerally, the final annual average daily traffic is estimated as
fol | ows:

wher e:

AADT, = final AADT
ExpFact or = seasonal or expansion factor
Ax| eFact or = axle correction factor
ADT = average daily traffic

3.3.1 Expansion factors

Expansi on or seasonal factors are used to account for seasona
variations in traffic condition and are used to expand AADT s
fromshort duration counts. These factors are cal cul ated
automatically using the Departnment's conputer programfor traffic
data analysis. The results are printed in paper but are not
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stored on file.
Factoring G oup

G oup factors are derived for each of the factoring group. The
|atter is determned by plotting the expansion factors using
Harvard Graphics (R) software. Stations that display the sane
characteristics are manual |y grouped together under one factoring
group. The final choice of the stations representing one
factoring group are often made by the traffic analyst. This
practice may suffer frominconsistency, especially if nore than
one anal yst performthe sel ection.

Ei ght factoring groups are currently being used by the
Departnent, nanmely: north local, north foreign, north m xed,
north recreational, south local, south foreign, south m xed, and
sout h recreational

Recently, nine new factoring groups are being considered by the
Departnment. These groups were determ ned fromcluster analysis
using 1991 data. These are the northern rural interstate,
northern urban interstate, other northern rural, northern
recreational, other northern conmute, central rural, southern
rural interstate, southern urban interstate, other southern
rural .

TMG reconmends at least 5 to 8 | ocations per factoring group.
This represents reliability levels of "10 percent precision with
95 percent confidence for each seasonal group..." as recomended
by TMG  The groupfactors are used to evaluate portable or short
duration traffic data.

To establish factoring groups, it nmay be necessary to devel op
trends analysis using historical data fromthe existing ATR
stations. This wll help identify and group together stations
that di splay consistent and simlar characteristics.

G oup Expansion Factor

The followi ng identifies the Departnent's procedures for
determ ning the group expansion factors to cal cul ate AADT from
portabl e data. These procedures are built within the system

1. Determne the pre-assigned factoring group for the
portabl e station.

2. Search through the ATRfiles to find the stations that
belong to the said factoring group and determ ne the
traffic vol une.

3. Repeat step 2 until all stations within the same
factoring group are identified.

4. Add the volumes of all identified stations.
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5. Calculate the expansion factor.

6. Miltiply the expansion factor in Step 5 by the traffic
volunme to obtain the AADT at one portable station.

7. Mwve to the next portable station and repeat the
procedure starting fromstep 1.

As noted, the procedure only pre-assigns a factoring group for
each station. The group expansion factors for each factoring
group are not calculated and retained on file for imedi ate
access during succeeding cal culations. Instead, the group
expansion factors are calculated for each station, regardl ess of
whet her the group expansion factor representing the factoring
group of the said station has al ready been previously cal cul at ed.
Dat a storage requires space which could be utilized for storage
of large traffic data (those utilizing 15 m nute count,
especially at the ATR s pernmanent stations). However, re-running
the program may prove nore costly due to the conputer tine spent
on eval uating sonething that has al ready been anal yzed
previ ously.
The foll ow ng suggestion may require | ess conputational time:

1. Determne the pre-assigned factoring group for the

portabl e station.

2. Search through the ATR files to find the stations that
belong to the said factoring group and determ ne the
traffic vol une.

Repeat step 2 until all stations within the sanme
factoring group are identified.

Add the volunes of all identified stations.

Cal cul ate the group expansion factor.

Assign the estinmated group expansion factor for each
factoring group

Mul tiply the group expansion factor in Step 6 by the
traffic volunme to obtain the AADT at the portable
station.

N ouk O

3.3.2 Axle correction factor

Axl e correction factor is applied to convert short duration

vol ume counts to AADT only when these counts are obtained using a
tube dectector, or an equipnent that records the nunber of axles
i nstead of the nunber of vehicles. Wth the future phasing out

of tube detectors, these factors will no | onger be used.

The axl e correction factor is manually applied to the seasonally
expanded AADT to determine the final AADT. 1In case the axle
corrected traffic volunme shows | arge deviation from other counts,
the correction factor is nmanually adjusted by the anal yst using
hi s judgnment and upon consultation fromthe prior year's data.

3.4 Data storage
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Conti nuous and short duration count data shoul d be permanently
stored and conpiled in a readable format. A short program coul d
be witten to do this. At present, there is no efficient way of
accessing traffic data except through hard copy reports.

The Departnent currently retains a 10-year historical record of
summary statistics from portable count stations. ASTM recomends
that "The cal cul ated sunmmary statistics fromtraffic neasurenents
shal |l be permanently maintained by the agency cal culating the
summary statistic..."

Vehicle classification data should al so be stored pernmanently.
3.5 Traffic System

The Departnent has devel oped a traffic systemfor statistical
processing of traffic data. This consists of conputer prograns
which are witten in COBOL. These prograns are categorized into
2 groups, Station Master and Count Hi story. A nore descriptive
eval uation of the systemis contained in the Technical Appendi x.

Due to the absence of standardi zed procedures of traffic
nonitoring in the past, the Departnent adopts practices which may
or may not be simlar with other states and may not be generally
acceptable. Wth the issuance of ASTM desi gnation E 1442-91,
AASHTO Traffic Cuidelines and TM5 a re-evaluation of the
existing NDOT traffic data collection, data processing and

i nformati on di ssem nation has becone necessary. One objective is
to integrate the provisions of these guidelines or standards into
t he existing prograns.

3.5.1 Strengt hs and weaknesses of the existing system

The existing systemaids the Departnment in the editing and
sumari zation of data and preparation of tabular reports.
Wthout the system the tine required to process and finalize al
the data will be nmuch | onger.

The existing systemis currently being upgraded in the
Department's Data Processing Division. However, |arge anmounts of
time and effort would be required to i nplenent all changes.

These changes woul d include revision of data structure to nmake it
nore user-friendly, sone provisions of TM3 ASTM and AASHTO and
sonme editing works such as cal cul ati on of AADT using axle
correction factors. A new system nay need to be devel oped or
purchased or the existing systemmay be revised to inplenent al

t he changes.

While the systemfacilitates data nanagenent, potential areas of
i nprovenent have been identified. These are listed as foll ows:
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10

Data are stored in a packed deci mal format which
make themvery difficult to retrieve and
interpret.

The system does not allow quick retrieval of data
for analysis or to provide quick response to users
requests.

The system does not have the flexibility to skip
days with bad counts or m ssing data due to
equi pnrent mal functi on.

For portable counts, the system does not all ow

cal culation or input of axle factor and final

adj ust mrents of annual average daily traffic data.
Expansi on factors for portable count data are not

stored and have to be recal cul ated everytine.

AADT data from portable counts are not stored
whi ch necessitate manual re-entry of fina
(corrected) AADT.

The system does not provi de adequate
docunent ati on

The system includes many vari abl es that are not
used at all, which tend to convolute the system

The systemincludes sone features which are

al ready outdated due to the addition of new
traffic counters and due to sonme changes in the
traffic counting program

The system does not identify real and estimated
dat a.

The system does not provide automatic editing

options, especially for portables and permanent
counts.
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4 | NFORVATI ON DI SSEM NATI ON

4.1 ldentification of users and use of the annual traffic report

Traffic reports are produced for a wide variety of applications
whi ch range fromstatistical conpilation of records to
applications in engineering, planning and econom c anal ysis.

Sonme of the specific uses of the NDOT traffic reports are for
public information dissem nation, for Federal H ghway

Adm ni stration (FHW\) reporting, and for answering specific
requests by the public, consultants, and engineers. Internally,
the report is being applied to planning, design, cost allocation,
and ot her uses.

Direct users of the NDOT annual traffic reports include the
Federal H ghway Adm nistration; NDOT pl anners, designers,
econoni sts and engi neers; |ocal governnents and private
consultants. Traffic data for FHWA are transferred

el ectronically while data for other users are transferred in
paper format.

Sonme exanpl es of studies nmaking use of traffic characteristic
data are sunmarized in Table 4.1.

4.2 Departnent Data Reporting System

As nentioned in the previous section, three types of reports are
generated by the Departnent traffic division: the weekly report,
nmonthly report and annual report. These reports are naintained
in the NDOT files and can be accessed by interested users
anytine. Annual reports and AADT nonthly reports are distributed
for public use.

Weekly report. Weekly reports are generated for the permanent
count stations or ATR s. These reports are nmaintained in-house.

Monthly report. Monthly reports are generated for all aspects of
the traffic nonitoring system nanely: continuous counts,
portabl e counts and vehicle classification.

Annual traffic report. At the end of the one year count period,
a final report is prepared showi ng the annual average daily
traffic (AADT), vehicle-mles travelled, and other data. These
reports are presented in tabular form

The Departnent's annual report is segregated into five main parts
whi ch include the foll ow ng:

Docunent ati on
data collection, statistical calculation




Table 4. 1. Exanpl es of Studies Maki ng Use of
Traffic Characteristic Data
H ghway Traffic Counting Vehi cl e
Managenent Cl assification
Phase

Engi neeri ng

H ghway Geonetry

Paverent Design

Engi neeri ng
Econony

Benefit of H ghway
| nprovenents

Cost of Vehicle
Oper ati on

Fi nance

Esti mat es of Road
Revenue

H ghway Cost
Al | ocati on

Legi sl ation

Sel ection of State
H ghway Routes

Speed Limts

Pl anni ng Locati on and Design of | Forecasts of Trave
H ghway Systens by Vehicle Type
Resear ch Met hods of | nproving Traffic Simulation
H ghway Usage
Efficiency
Saf ety Design of Traffic Safety Conflicts Due
Control Systens to Vehicle M x
Statistics Average Daily Traffic Travel by Vehicle
Type

Pri vate Sector

Locati on of Service
Ar eas

Mar keti ng Keyed to
Parti cul ar Vehicle
Types

Sour ce:

Aut onati ¢ Recorder

FHWA Traffic Monitoring Quide,

Count s

AADT

Percent of precedi ng year

Percent 30th hi ghest hour volunme is of annual
Mont hl'y ADT
hi stori cal

Ten-year

Prinmary State H ghway System

Cunul ative mles

AADT

Aver age truck ADT

Annual

Annual

VMT
Truck annual

VMI

1985.

aver age

ADT record at ATR

Traffic Portable Recorder Stations
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10-year AADT

Traffic map. In the past, the annual report contained traffic
maps with AADT data. This map was produced using a canera-ready,
hand- drawn base map of Nevada which was maintained in the
division. A transparent sheet was overlaid in this nmap where
AADT' s were transferred by using nunbers nmanually pasted on the
transparent sheet. This practice was both tinme and | abor

i nt ensi ve.

In 1991, the departnent did not publish the AADT map but instead
publ i shed only the maps which show the | ocation of ATRs and
portable stations. The annual traffic report contains maps which
show t he foll ow ng:

Location of fixed count stations
H ghway base nmap
Traffic counting station map

Currently, the Departnent has conputer-generated naps of al
stations and intersections segregated by county. This is
expected to be included in future traffic reports.

Manual production of maps is tinme consum ng and naybe prone to
error. This also does not allow flexibility in making sone
changes such as deleting a link that has been closed for traffic,
re-distributing a district and a w de variety of applications
w t hout having to reconstruct the whole map. Wiile map
production was and can still be done manually, a Geographic
I nformation System (@ S) can be used to automate this process.
This would not only reduce the tinme spent in map production, but
woul d al so al | ow graphi cal presentation of various traffic data.
G aphi cal data are easier to visualize and mani pul ate. The
ability to access a | arge database in a short period of tine
makes it a very useful analytical tool in transportation
engi neering. |f the database are already conplete, county (or
other jurisdictional) traffic maps can be generated.

Requests for Specific Traffic Data. The Departnment has been
recei ving nunmerous requests for hourly traffic distribution data,
which are currently not included in the Annual Traffic Report.

O her requests involve finding historical data on one particul ar
day (say, Menorial day) or event. These requests could not be
readily provided because the progranmi s data structure makes
access to the data very difficult. Normally, the Departnment
facilitate these requests by manually pulling out data from
reports.

A short program coul d be developed to facilitate specific

requests but only if the edited data are stored in an easily
readabl e format.
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4.3 Current Practices of Qther State Departnent of
Transportation

The present NDOT annual traffic report was conpared with those of
California's, Oregon's and Ut ah's.

Tabl e 4. 2. Report Formats of Ot her States
State Annual traffic report Report format
California PHV; peak MADT; AADT t abul ar dat a;
hi ghway map
Oregon AADT; col or coded range of traffic vol une map
AADT' s
Ut ah begin MP-end MP; 3-yr AADT, tabul ar data; ATR
ATR s: MADW MAVWDT; % ave day |stations and AADT
is of ave weekday; % nonthly map
daily ave is of annual daily
ave
Nevada AADT; % of previous year's tabul ar data; ATR
AADT; % 30t h hi ghest hour is stations map
of annual ave; MADT; 10-yr
hi storical record

Not e: AADT - annual average daily traffic; MADT - nonthly
average daily traffic; PHV - peak hourly vol une; MADW -
mont hly average days of the week; MAWT - nonthly
average weekday traffic; MP - m | epost

It can be noted that AADT is the nost comon traffic data
reported and is nost commonly used. Data are commonly reported
in book (tabular data) and map form (graphical data).

A desired system should have the flexibility to provide data that
woul d respond to a wide variety of needs: VMI's, traffic vol unes,
vehicle classification and others which may not necessarily be
contained in one volum nous report. |In addition to AADT and VM,
sone traffic data which may provide useful information are daily
hourly vol unme (DHV), peak hour percentage (K), directional design
hourly vol ume (DDHV), peak hour volume (PHV) and 30th hi ghest
hour vol une (HV).

4.4 Inproving the Quality of Di ssemnated Information

In general, information should be presented in a way that is
easily understandable to the user. This should be precise,
readabl e and should contain useful information. Traffic data are
nunerical data which can be presented effectively through tabl es,
graphs, and maps. Tables are the nbost common forns of presenting
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| arge anount of data because they are easy to prepare. G aphs
are very useful in presenting tenporal variations of traffic
data, such as the nonthly average daily traffic. They could also
facilitate selection of the 30th highest hourly volune. WMps
could show the spatial distribution of various traffic attributes
inrelation to the traffic network.

In the final report, the type and formof data to be reported
shoul d be based on the foll ow ng considerations:

the identified users of the traffic data

the type of information required by the users
the purpose of the traffic data

the length of time required to produce the data
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5 POTENTI AL G S APPLI CATI ONS

The CGeographic Information System can be used as a tool for
traffic nonitoring system Potential applications are in the
field of traffic data editing, data storage and data reporting as
indicated in Figure 5.1. Traffic data can be conbi ned with ot her
spatial data such as popul ation, em ssions and | anduse to perform
various types of analysis such as safety, air quality, and

i npacts of new devel opnents.

5.1 Data Collection

For the Departnent's data collection program G S can be used to
facilitate the follow ng activities:

1) Random sel ection of count | ocations

G S can be used to select count |ocations for new counting
prograns or identify additional new | ocations or |ocations that
have to be abandoned because they no | onger represent the needs
of the traffic counting agency.

This can be done by overlaying the transportation network on a

| and use coverage. \When assigning |ocations based on functional
road classification, the functional road classification data can
be overlaid on the transportation network to distribute the

| ocations uniformy.

2) Location of stations for pernmanent counts
(ATR) and short-term counts (portable)

Locati ons of permanent count stations, portable count stations,
vehicle classification count stations and others can be di spl ayed
in a road network.

5.2 Data Editing
1) Traffic count data

G S can be used to edit spatial traffic count data. The count
data coul d be overlayed on a road map. If there is a
guestionabl e count or largely deviating count data, this could
easily be noticed by an analyst. Miltiple counts could be

di spl ayed to conpare the questionable count to sone other counts
taken on the sane roadway and the sane tine period. |If an

i nconsi stency is found and no expl anations can be given to it,

t he questionabl e data can be excluded fromthe anal ysis.
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COMPUTER—BASED TRAFFIC DATA ANALYSIS SYSTEM

Field data — =

Summary statistics

|

Database — — —
(traffic attributes)

Tabular report

— GIS application
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In the absence of a count on the sane roadway and the same tine,
the prior year's or prior week's data could be displayed to

anal yze how the station with questionable count conpare with
other stations. |If the sane trend is observed, the count can be
accepted. Oherwise, if it is different and no expl anati ons can
be attributed to it, then the count could be excluded but

mai nt ai ned for other pourdoses sucha as research.

2) For spatial data such as annual average daily
traffic, "autonmate spatial traffic editing
within the GS." (AASHTO, 1192, pp. 36)

5.3 Data Storage

1) Historical traffic data can be stored within a
G S framework.

Traffic data derived froma traffic nonitoring systemcan be
exported to and stored in G S.

Trends anal ysis can be readily performed using historical traffic
data. Specific needs, such as traffic information al ong one road
segnent on Thanksgiving day for the |last ten years, can be
readily pulled out froma AS file.

5.4 Data Reporting

The Geographic Informati on Systemcan greatly facilitate
presentations of traffic data. |Its superior graphics capability
can provide quality maps which can be very useful to the anal yst
and other users of all traffic data.

A map showi ng the | ocation of various count stations can easily
be produced using GS. These stations can be segregated by
county, district or state, depending on the need of the
Department and the expressed need of the users.

A traffic map containing AADT or Peak hour traffic volune can be
generated using GS. Again, the map can be segregated by county,
district or state, depending on the need of the Departnent. The
station map can be overlayed with the traffic map for a nore
conprehensi ve graphic presentati on.

Simlarly, a map showi ng the VMI distribution along the road
network can be produced. Wen conbined with other spati al
attributes, this can be used for evaluating the VMI"s inplication
to air quality, road serviceability and fuel consunption.
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There are several nethods by which traffic data can be presented

within the AS framework. Station data can be presented
nunerically at their locations as illustrated in Figure 5.2.

This nmethod is the traditional and the nobst common net hod of
presenting traffic data graphically. As previously noted, NDOT
used to publish this type of map using manual nethod. Col or
codes can be used to represent data ranges at different road
segnents. Wth color coding, the |east busy to busiest road
segnents can readily be identified as shown in Figure 5. 3.

Figure 5.4 illustrates a new nethod of presenting traffic data
using three dinensional plots. This nethod will be nost

ef fecti ve when perform ng an anal ysis which conbines traffic data
with other attributes. An exanple is safety analysis. In Figure
5.5, traffic data is conbined with accident data to show how
traffic volume affects the magnitude of traffic rel ated
accidents. This will provide an anal yst a qui ck assessnent of
vari abl es affecting safety which can then serve as the basis of

hi s/ her succeedi ng deci sions or program of actions.

5.5 O her applications

1) Several types of analysis can be perforned by
conmbining traffic data with other spatial and
non-spati al dat a.

Based on the identified use of the traffic data, specific
exanpl es showi ng sone potential applications of S is given in
Table 5.1.

Traffic data can be conbined with other spatial data to arrive at
ot her types of analysis such as foll ows:

Acci dent Anal ysis . accident data file + traffic volune
Alr Quality Study : air emssion + vehicle mles travel ed
H ghway Mai ntenance : surface condition rating + traffic volune
(priority ranking) surface condition rating + vehicle class
H ghway | nprovenent : functional class + traffic volune
Pl anni ng : land use + traffic vol une
+ node distribution
| npacts of New . landuse + traffic volune

Devel opnent
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Table 5.1

Exanpl es of G S Applications Mking Use of
Traffic Characteristic Data

H ghway
Managenment
Phase

Traffic Count

Vehi cl e
Cl assification

Engi neeri ng

vol vs. | ane di st

% veh di st

Engi neeri ng
Econony

traffic distr

% veh dist, %
| ocation of toll

Fi nance

veh mles travel ed

veh distribution

Legi sl ation

vol vs. road cl assn

veh cl ass vs. functl
cl ass

VMI' vs em ssion for
air quality

Pl anni ng vol vs |and vol vs. veh distr vs.
use/ denogr aphi c | and use
Resear ch vol vs acc vs road comm veh distr vs
type major facilities -
| VHS
Saf ety vol vs acc rate veh distr vs acc per

veh type

Statistics

traffic map, VMI di st

veh distr

Private Sector

vol vs | anduse vs
popul ati on

% comml veh vs | oc of
facilities for
routing and
schedul i ng delivery
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6 CONCLUSI ONS AND RECOVMENDATI ONS

The traffic nonitoring system conprises of three different areas:

- volunme counting
- vehicle classification
- truck wei ghing

This study addresses only the volunme counting and vehicle
classification prograns of the State of Nevada Departnent of
Transportation, Traffic Division. Volunme counting includes both
continuous or ATR counts and short duration or portable counts.

The State of Nevada Departnment of Transportation traffic
monitoring systemis characterized by a sem -autonmated process.
Conti nuous counts are retrieved automatically fromthe field to
the office prsonal conputer via nobdem and processed using the
conputerized traffic system Portable counts are retrieved
manual ly fromthe field and processed using a sem -conputerized
met hod. Vehicle classification are perforned manually. Wile
the existing traffic systemfacilitates data processing, several
t hings can be done to inprove the systemespecially in the areas
of data polling, data editing and preparation of final report for
public di ssem nation.

The I ong term goal of the Department is directed towards

st andardi zati on and conpl ete automation of the traffic nonitoring
system Prior to the attainment of this goal, the following is
per f or med:

- an evaluation of the Departnent current practices,

- an identification of areas to be inproved or
changed, and

- a study of the Departnent current activities geared
towards inproving the system

Due to the absence of standardi zed procedures of traffic
monitoring in the past, the Departnent adopts practices which may
or may not be simlar with other states and may not be generally
acceptable. Mnual editing are often perfornmed by the traffic
anal ysts who nmay follow different procedures of correcting the
data. Thus, problens of non-uniformty and inconsistency exist.

The nationw de interest towards standardi zati on of procedures
started in 1985 through the issuance of the FHWA Traffic
Monitoring Guide. This was followed by the ASTM desi gnation E-
1442-91 (Standard Practice for H ghway-Traffic Mnitoring) and
|ately, the 1992 AASHTO Guidelines for Traffic Data Prograns.
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The need to evaluate the Departnent traffic nonitoring system
beconmes nore relevant with the devel opnent of these standards.

The NDOT traffic nonitoring needs assessnent study focuses on
three maj or areas:

- traffic data collection
- data factoring/adjustnment procedures
- information di ssem nation

Data col |l ection

Much of the inprovenents in data collection are bei ng undertaken
by the Department in accordance with TM5 ASTM and AASHTO
standards. Sone of these are to be inplenented in the 1993

cal endar year.

Permanent traffic data are electronically transmtted fromthe
site to the main office but other data are polled manually.

Wth the installation of the automatic vehicle classification
systemin 1993, only the portable traffic data will remain to be
pol I ed manual |l y.

Dat a factoring/adjustnents

For permanent counts, the Departnent's current practice involves
pl uggi ng-in mssing or bad count data using extrapolation from
the previous counts. A programalerts the anal yst of
questionabl e data, which will enable himto decide whether to
accept the data, or reject and substitute it with extrapol ated
dat a.

Correction factors

The seasonal or expansion factor and the axle correction factor
are the two factors being applied to calcul ate the annual average
daily traffic (AADT). Currently, these factors are applied
manual ly. Axle correction factors are entered after appropriate
expansi on factors have been applied in the traffic volunes for
stations counted with tube detectors.

The main difficulty with the assignnment of expansion factors is
in determning the stations that represent each factoring group.
Each year, the stations are grouped based on the results of
expansion factors cal cul ated fromthe permanent stations.
Stations showing simlar nonthly trends and simlar values are
grouped together and fitted under one factoring group. G oup
expansion factors are used for portable counts AADT estimation.
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| nformati on di ssem nati on

Traffic reports are processed nonthly and annually for public
distribution. The existing system does not have the capability
of conputerized production of graphic reports. Currently,
however, count stations at county level are being digitized for
inclusion in the next Annual Traffic Report. The capability to
store and read data and subsequently produce nmaps can be

devel oped within the Geographic Information System and integrated
in a new or upgraded traffic system

NDOT traffic data system

Based fromthe results of the needs assessnent study, the
follow ng are recomended:

1 Data col |l ection

1. Continue evaluation of the NDOI data
col | ection program based on acceptabl e
standards such as TM5 AASHTO and ASTM

2. Sanple size for each type of data collection
program shoul d be statistically valid.

3. For permanent counts, it may be necessary to
monitor field data on a 24 hour basis instead
of a weekly basis. This would enable tinely
detection and correction of problens and
potential errors arising fromthe field.

4. For pernmanent count program determ ne the seasonal
or factor group base on conditions that correctly
represent the area. Ensure that each factor group
has adequate sanple size. TMG reconmends that the
sanple reliability levels be of "10 percent
precision with 95 percent confidence for each
i ndi vi dual seasonal group...". This translates to
at least 5 to 8 sanples for each factor group
The factoring group should be determ ned from
cluster analysis using historical data (nore than
one year data) to establish consistent trend.

5. To facilitate data polling, the automatic
traffic recorders could be connected to
of fice conputers. For vehicle
classification, the Departnent plans to use
automatic vehicle classification which would
repl ace manual vehicle classification.

6. For spatial data such as annual average daily
traffic, "automate spatial traffic editing
within the G@S" (AASHTO, 1192, pp. 36).
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2 Dat a factoring/adjustnment procedures

The followi ng are recormended to facilitate data factoring and
adj ust nent s:

1. Both ASTM and AASHTO stress the principle
"TRUTH I N DATA". This enphasi zes the need to
keep the data as close to reality as possible
where "m ssing or inaccurate unedited base
data shall not be conpleted, filled-in or
replaced”. "Inputation" or the process of
estimating mssing or edit rejected data
shoul d be avoi ded. (AASHTO 1992, pp. 37,
ASTM 1991).

2. Adopt generally accepted standards or procedures
for data factoring and adjustnents. These
procedures should be well docunented and incl uded
inthe traffic data system

3. Develop a standardi zed procedure for
estimating correction factors.

4. Use statistically valid data based on standard
devi ations instead of fixed percentages.
Edits based on a fixed percentage of
conpar abl e data shoul d be avoided. Wile
standard techni ques of editing data are not
wel | defined, sone edit provisions are given
in ASTM desi gnati on E-1442. Sone of the
recomrendati ons specified in ASTM desi gnation
E- 1442 include the foll ow ng:

1) If the daily directional total volune is
within 60 to 80 percent of total traffic
for that day, issue a warning.

2) If the daily directional total vol une
exceeds 80 percent of the total traffic
for that day, do not include in
cal cul ation

3) If the daily traffic volunme for a given
day of week differs +2 standard
deviations fromthe nean volune for that
day in the nonth, treat it as an
outlier. Recal culate nean vol une
excluding the outlier. Variability my
be assessed based on the current year
mont hl y average day of week (MADW,
prior year MADW the three year average
MADW or any conbi nation of the three.

5. Short duration traffic data which do not
represent typical traffic should not be
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included in the cal culation of annual sunmary
statistics. Exanples include data taken
during a holiday, and while there is an
ongoi ng construction, (AASHTO, 1992, pp. 32).

For permanent counters, atypical data should
be included. (AASHTO. 1992, pp. 33).

3 | nfformati on di ssen nati on

To produce quality tabular and graphical reports and stil
m nim ze production tine, the follow ng are recommended:

1. Automate graphic reports within the Geographic
I nformati on System or other conputerized system
2. For a new or upgraded system provide for the
creation of an export file for G S.
4 Traffic data system

In general, the NDOT traffic nonitoring program can be greatly

i nproved with the devel opnent or acquisition of a fully autonmated
traffic data analysis system This could be attained by any one
of the three alternatives:

1

2.

3.

Upgrade NDOT's existing systemto reflect current
devel opnments, inprove data storage, exclude
irrelevant information and provi de user
flexibility.

Develop a new traffic data anal ysis systemthat

W Il satisfy the Departnent current and future
needs and reflect current devel opnments which aim
to standardi ze traffic nonitoring practices such
as those in AASHTO, ASTM and TMG

Purchase a conmmercially devel oped systemthat wll
cater to the present needs of NDOT's traffic
nmoni toring system

The advant ages and di sadvant ages of each of the three
alternatives are discussed in Technical Appendix A and are
sunmari zed bel ow.

Alternative 1 Upgrade the existing system

woul d require very careful review of the prograns to
identify areas that need to be added/i nprove to conform
W th standards (AASHTO, ASTM or TMO

under standing the programflow nay be difficult and tinme
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consum ng

- reformatting data structure may necessitate changing a
maj or portion of the program which can becone nore
conplex than witing a new one

- anal yst and programmer can work together to ensure that
NDOT needs are adequately represented

Alternative 2 Devel op a new system

- can be designed to respond to the needs of NDOT traffic
nmoni toring program

- system can be designed to conformw th standards such as
AASHTO, ASTM or TMG

- can be nore flexible

- needs a proficient programer

- the operating platformhas to be carefully sel ected
due to the |l arge-capacity storage requirenent of
traffic nonitoring

- may not be readily avail able

- wll require additional tinme to test and validate

Alternative 3 Purchase a commercially avail able system

- readily available

- less tinme spent in data handl i ng/ managenent

- shorter tinme required to produce traffic reports

- may require training to learn the system

- highly dependent on the system devel oper

- user cannot change conditions that are already built into
the system

- may not adequately neet the needs of the Departnent

- may be cost-prohibitive
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NDOT's TRAFFIC DATA SYSTEM

The Nevada Department of Transportation has an existing traffic data system
which allows partial automation of traffic monitoring process. The system is
menu driven. It highlights four section menus, namely: option, data entry, run
request and log. The option menu allows selection of the type of system to be
used. This includes seven different types, each having a unique function. Data
entry enables creation of data files such as count data, off-system data and
others. For every option, run request enables data conversion, editing and
updating of data, and monthly and annual data processing. A log of
completed runs can be made using the log option.

Without this system, data processing will be manually exhaustive. In addition,
the time required to manually process the data will be much longer. While the
system facilitates data analyses and summarization, much can be improved to
achieve full automation and to integrate current technological and legislative
developments. At present, the system undergoes regular modifications or
trouble-shooting by staffers who are familiar with the workings of the program.

The Department's traffic system was developed long before the ASTM and
AASHTO standards were published and thus may suffer from lack of standard
procedures for data factoring and adjustment. The adjustment processes are
left to the judgement of the analyst who is also relegated the responsibility of
checking and manually correcting questionable data.

Existing traffic system description

The Department's traffic system is menu driven and comprises of several
program modules, namely: common system, fixed system, portable system,
vehicle classification system, off-system, manual system, and warrants. Each
module is characterized by a unique function as shown in Figure A-1.

Some of the disadvantages of the existing system have been identified as
follows:

1. Data are stored in a packed decimal format which make them
very difficult to retrieve and interpret.
2. The system does not allow quick retrieval of data for analysis or to
provide quick response to users requests.
. The system does not have the flexibility to skip days with bad
counts or missing data due to equipment malfunction.
For portable counts, the system does not allow calculation or

w
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input of axle factor and final adjustments of annual average
dalily traffic data. Expansion factors for portable count data
are not stored and have to be recalculated every time.

5. AADT data from portable counts are not stored which
necessitate manual re-entry of final (corrected) AADT.

The system does not provide adequate documentation.

The system includes many variables that are not used at all.

The system includes some features which are already outdated
due to the addition of new traffic counters and due to some
changes in the traffic counting program.

9. The system does not identify real and estimated data.

© N o

System Alternatives

An evaluation of the existing system revealed a need for a new system (whether
purchased or developed) or upgrading of the existing system. This need is
based on the following factors:

[

. the identified weaknesses of the existing traffic system

2. the current changes in the Department's traffic counting
program

3. the standardization of the traffic monitoring practice

4. the desire for full system automation

Three alternatives are addressed to satisfy this need. These are as follows:

1. Upgrade the existing system
2. Develop a new system
3. Purchase a commercially available system

Upgrade the existing system

The existing system comprises of different program modules to facilitate data
editing and summarization. (See Figure ). While the system utilizes computers,
some elements are not integrated in the system and have to be performed
manually. Examples of which include manual data entry of portable and
manual traffic counters, editing of the final AADT, and production of non-tabular
reports. Significant time savings will be gained if the current system is improved.

If the system will be upgraded, the decision-maker may be faced with the
following questions:

1. How much will it cost to upgrade the existing system?
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2. How long will it take to upgrade the existing system and
implement it?
3. Does the Department have the resources to upgrade the

system?
Existing System
TRAFFI C DATA SYSTEM
DATA COLLECTI ON
vol ume
veh cl assn
turn mvmt weekl y manual
editing automati c
ANALYTI CAL SYSTEM
sem - conputeri zed
I I I | | |
1 2 3 4 5 6 7

[

Common system. Edits and lists Golden Rivers data.

2 Fixed system. Processes continuous counts at ATR's.

3 Portable system. Generates VMT's, 10-year historical ADT's, MADT's,
AADT's.

4 Vehicle classification system. Edits manual counts and produces
vehicle classification reprot based on 23 vehicle categories.

5 Off-system. Generates AADT outsided the Department's regularly
maintainesd stations.

6 Manual system. Edits manual count transactions and produces listing of
errors.

7 Warrants. Analyses count data from a four-way intersection turn

movement study and produces warrants.

Figure A-1. Existing traffic system description
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Develop a new system

A new system can be designed to reflect the Department's current and future
needs such as shown in Figure A-2. The system can integrate some
programming language with GIS to facilitate data storage, summarization and
reporting, and minimize manual input.

However, if a new system is developed, the decision-maker could be faced with
the following questions:

1.
2.

How much will it cost to develop a new system?
How long will it take before the new system becomes
operational?
Under what operating conditions will the system be designed?
Does the Department have the resources to develop a
new system?
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New System

TRAFFI C DATA SYSTEM

DATA COLLECTI ON

vol une

veh cl assn
turn nm/mt daily
editing

SYSTEM MONI TORI NG

vol une

veh cl assn
dat a turn nvmt

summar zn| VMI

mont hl'y processing
annual processing

DATA REPORTI NG

daily reporting
nonthly reporting
annual reporting
FHWA reporting

Figure A-2. New traffic data system description

Purchase a commercially available system

An integrated traffic data collection and analysis system or TRADAS (traffic data
system) is commercially available. It consists of two subsystems: the Data
Collection Management System (DCMS) and the Standard Traffic Monitoring
System (STMS) shown in Figure A-3. The former is a data polling system while the
latter performs data editing, analysis, and reporting. The system integrates the
provisions of ASTM E-1442, Standard Practice for Highway Traffic Monitoring,
AASHTO's Guidelines for Traffic Data Programs, FHWA's Traffic Monitoring Guide,
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and Highway Performance Management System (HPMS). Some of the
interesting features of the system are its ability to display graphical outputs such
as daily average VMT's monthly variation and annual variations in monthly
average dalily traffic; and ability to create district and municipal traffic map
data export files for CADD or GIS.

The cost of installing the system, however, appears to be very high. The basic
STMS package alone would cost $150,000.000. The DCMS package is
$25,000.00.

If the purchase of a new system is being considered, the decision-maker should
examine the following questions:

1.
2.

3.

What softwares are available in the market?

How much will be the total cost of installing and
maintaining the purchased system?

What are the requirements for installing and using the system (i.e.,
user training, hardware requirement, computer memory
requirement, processing time)?

How long will it take to install and implement the
purchased system?

Does the system adequately meet the Department's
needs?
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TRADAS
(Commercially Available System)

TRAFFI C DATA SYSTEM

DATA COLLECTI ON STANDARD TRAFFI C
MANAGEMENT SYSTEM MONI TORI NG SYSTEM

St andal one
Vol ume
Does vol une, speed, vehicle
cl assn, turning anal yses

Local Area

Net wor k

Wi ght
W de Area Does weigh in motion (WM
Net wor k anal yses

Figure A-3. TRADAS product description and options
(Source: The TRADAS Product Description, CSC 1992)

The following summarizes the advantages/disadvantages of each of the three
alternatives:

Alternative 1 Upgrade the existing system

would require very careful review of the programs to identify areas that
need to be added/improve to conform with standards (AASHTO,
ASTM or TMG)

understanding the program flow may be difficult and time consuming

reformatting data structure may necessitate changing a major portion
of the program, which can become more complex than writing a
new one

analyst and programmer can work together to ensure that NDOT needs
are adequately represented
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Alternative 2 Develop a new system

can be designed to respond to the needs of NDOT traffic monitoring
program

- system can be designed to conform with standards such as AASHTO,
ASTM or TMG

- can be more flexible

- needs a proficient programmer

- the operating platform has to be carefully selected due to the
large-capacity storage requirement of traffic monitoring

- may not be readily available

- will require additional time to test and validate

Alternative 3 Purchase a commercially available system

- readily available

- less time spent in data handling/management

- shorter time required to produce traffic reports

- may require training to learn the system

- highly dependent on the system developer

- user cannot change conditions that are already built into the system
- may not adequately meet the needs of the Department

- may be cost-prohibitive

Comparison of Alternatives

The following lists down some of the existing system weaknesses and how a new
or upgraded system can be used to address each of these weaknesses:

Data are stored in a packed decimal format which make them very difficult to
retrieve and interpret.

In Cobol programming, data can be stored using a COMP-3 option. This
option is usually selected to save storage space by packing numerical data.
When data is packed, it can not be read for printing because each byte does
not contain a zone and digit as in normal coding.

Apparently, storage space was a concern for NDOT when these programs
were written because they all contain the COMP-3 option. Unfortunately, this
only contributes to the difficulty of retrieving, analyzing and interpreting the
count data. There are other programs and programming languages available
today which can compress data in a more efficient and simplified manner
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without losing the ability to retrieve and manipulate the data easily.

* |t may be possible to write a program (SAS-based, or other) that will decipher
the variable each cell or group of cells represents and store itin a
readable format.

+ A new traffic data analysis system can be developed using a different
programming language which can compress data and still maintain their

integrity.

The system does not allow quick retrieval of data for analysis or to provide quick
response to users requests.

Because the numerical data are not normally coded, data cannot be
retrieved quickly.

* With the creation of a new data file, this problem will be eliminated.

+ A new system can include feature which will allow the user to retrieve data on
a a specific location and specific time period. Otherwise, the stored data
can be linked to a GIS file such that a location can just be zoomed in and
its attributes can be wasily displayed.

The system does not have the flexibility to skip days with bad counts or missing
data due to equipment malfunction.

The programs are not equipped to skip days with bad or missing count data.
A separate program has been written (PTRFC010) to correct this problem by
inserting estimated data in place of the problem data. The questionable days
are defined by the user - there does not appear to be any automated method
of finding and flagging the bad data.

* ASTM and AASHTO specifications emphasize the principle "truth-in-data" and
avoidance of data replacement or imputation. Major revisions may be
needed if these standards are to be followed.

+ A new system can have the capability to disregard days with "bad or
unacceptable" counts and base traffic estimates on the actual number of
observation days.

For portable counts, the system does not allow calculation or input of axle factor

and final adjustments of annual average daily traffic data. Expansion factors for
portable count data are not stored and have to be recalculated everytime.
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The axle factor and the AADT are defined variables within the Station Master
File - Portable. As the portable counter programs are currently written, they can
not be changed or adjusted. However, a program (PTRPCO040) calculates a
monthly ADT from the portable counts and produces a printed report. The
monthly ADT is calculated as: Month ADT/Month EXP FACT/Days in Month.

* A new variable can be added to the program to facilitate entry of axle factor
which could in turn be used to calculate final AADT. The axle correction
factor equals one for counts taken with loop detectors. The monthly ADT
can then be estimated as Month ADT/Month EXP FACT * AXLE FACT/Days
in Month.

+ A new system can provide individual cells for expansion and axle correction
factors which could be used to estimate the AADT.

AADT data from portable counts are not stored which necessitate manual re-
entry of final (corrected) AADT.

The monthly ADT factors are not permanently stored when they are
calculated in program PTRPC040. But the Station Master File - Portable does
contain a stored ADT and expansion factor. Itis not clear where these values
are calculated. Expansion factors are also stored in the Portable-Transaction-
File, but it is not clear where or how they are calculated.

* Once the axle factors for tube counts are integrated into the system, an
additional command could be included to store the final AADT on a data
file.

+ This problem is not likely to be encountered in a new system.
The system does not provide adequate documentation.

One recurring problem with almost all of the programs reviewed (both fixed
and portable) was that they lacked clear, descriptive comment statements to
help follow the program flow. This is particularly important if the programs are to
be keptin the COBOL programming language. Because of COBOL's limited
usage, itis imperative that adequate documentation be added so that a
programmer of another computer language can follow the program flow easily.

* |nadequate documentation prevents the user from understanding the full

capability of the program as well as from checking the validity of the
eqguations used to calculate traffic data. The entire programs can be
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reviewed, with careful attention to the codes used and documentation
added to the system.

+ In a new system, each part of the program can be adequately explained
and documented during its development stage.

The system includes many variables that are not used at all.

COBOL requires every field of an input or output file to be defined. Some of
the files defined in these programs are very lengthy and have numerous fields
which are never used. One example is the expansion factor in the fixed counter
programs. It was defined over and over again, but it was never utilized. This was
typical of many of the variables defined from the input files. This implies that the
input files may (if not used for other reasons) be storing more information than is
actually needed, or storing information that is not being utilized to provide more
accurate count data.

* The program should be precise and concise. A review of the system will be
needed to identify and subsequently eliminate all unnecessary variables.

+ With a new system, the program flow can be carefully designed to ensure
that only the necessary variables are included in the system.

The system includes some features which are already outdated due to the
addition of new traffic counters and due to some changes in the traffic counting
program.

The system contains numerous information that have become irrelevant
such as employee data (field technician), and data conversion for counters that
were no longer used. Because of this, the programs have to be revised on a
regular basis. This does not only delay the analysis but also consume manhours
which could have been allocated to some other work.

*  Although some portions of the system are outdated, with som modifications
they can provide the same information that a newer, packaged software
program could provide. The difference is more of a storage and usage
issue. A new packaged program would be much more user friendly and
probably use much less storage space.

Changes that are currently being implemented by the traffic division (such as

the use of automatic vehicle classification, and the use of other traffic
counters) would render some parts of the system unusable.
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+ With the development of a new system, outdated features will naturally be
eliminated. The developed program can be reviewed regularly to ensure
that new developments or changes within the department are reflected
on time.

The system does not identify real and estimated data.

Real data are mixed with estimated data that it is very difficult to identify one
from the other.

+ This problem will be minimized irrelevant if ASTM and AASHTO standards are
followed which discourage the practice of data imputation. A line could
be added to the existing programs to detect and automatically flag
estimated data.

* A new system can be designed to skip days with bad or erroneous counts.

Note:
* - proposed revised system
+ - proposed new system

Selection factors

From the above discussions, the selection process can be based on five diffeent
factors which can be factored into time, manpower expertise, hardware
requirement, costs, and system flexibility.

1. Time. The time required to revise the existing system or
develop and validate a new system before it becomes
truly operational should be considered in the selection
process. For the commercially available system, the
time required to purchase, install and familiarize the
user with the newly purchased system should be
considered.

2. Expertise. The level of expertise of the programmer should
be taken into consideration when deliberating on
developing a new system or rewriting the existing one.

3. Hardware requirement. The current system resides on a
Motorola station. When developing a new system, the
work station and the memory required to maintain a
historical database should be considered.
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4. Costs. Costs cover direct and indirect costs. The cost of
revising the system or developing a new one, and the
cost of maintaining the system should be considered in
the decision process.

5. Flexibility. A new program can be designed based on the
Department's present and projected needs. For the
existing system, it may be difficult to redesign the system
in accordance with the needs of the Department and
still maintain a certain flexibility. The system user and
program developer should work together to ensure that
the Department needs are adequately represented.
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