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Executive Summary

In recent years, micro-simulation has become an increasingly indispensable tool in
many demanding I TS and planning applications. In order to build reliable and realistic
simulation models, high-quality input data are required including roadway geometry,
vehicle/driver characterigtics, traffic volumes, composition, and others. Among these
data, volumes are of major importance yet they are hard to obtain; even when collected
with advanced surveillance systems they are still susceptible to problems such as
miscounting, gaps in time and space and other inaccuracies. More importantly, even
when the data appear to be accurate, frequently they do not balance out, i.e., they are
inconsistent in terms of maintaining conservation throughout the system. Inevitably,
these problems could lead to anomalies or considerable errors during the simulation,
serioudly tainting the reliability and accuracy of its outputs while weakening the

credibility of the resulting conclusions.

In this study, systematic methodologies have been proposed to check/correct common
temporal errors for freeway volumes. These methodologies also include rigorous
methods for reconciling both freeway volumes and arterial turning movement counts.
Specifically, the freeway data processing methodology can handle common temporal
data errors including missing data, locked-on data, threshold violations, temporal
outliers, as well as spatial discrepancies. Established procedures in conjunction with a
fitted ARIMA model are used to check and correct common temporal freeway data
errors, while an optimization-based approach is proposed to identify and reconcile
spatial gaps in freeway traffic counts on a system wide scale. In addition to this, an

empirical methodology is also integrated to balance arterial intersection traffic counts.

The proposed methodologies have been successfully automated and incorporated into
two standard Windows programs called Freeway Traffic Data Analysis Tool (TradaX)
and Arterial Data Balance Tool (ArtBaT). In a nutshell, TradaX provides a



user-friendly interface, comprehensive data-processing and graphical functionalities.
These functionalities automate the data pre-processing tasks required in practical
simulation projects. These tasks used to be tedious and error-prone. In addition, the
arterial intersection traffic balancing methodology is automated and implemented in
the ArtBaT program. ArtBaT can build user-defined intersection layouts and is capable
of handling up to 17 types of intersections. M ore importantly, ArtBaT isdesgned to be
capable of interfacing with TradaX and the JAMAR intersection data collector.
JAMAR collector is commonly used by traffic engineering professionals to collect
arterial intersection data. The flexible interface of ArtBaT greetly facilitates data
preparation for Interstate Access Request (IAR) projects, which require both balanced

freeway as well as adjacent arterial intersection data.

Initial evaluations of these tools suggest that they have the potential of reducing total
modeling time by 25% ~ 30%, while resulting in improved calibration of simulation
models, more reliable analysis, and better use of staff resources for meeting project
deadlines.



1 INTRODUCTION

In response to the growing need for improving the design and performance of
roadway facilities as well as for implementing innovative ITS technologies, engineers
are now increasingly relying on sophisticated, high-fidelity microscopic traffic
smulators rather than conventional approaches. Recognizing simulation's
effectiveness and improved realism, the Federal Highway Administration (FHWA)
recently introduced a mandate requiring comprehensive simulation analysis to be
conducted for dl new Interstate Access Reguests (IAR) prior to actual
implementation. In this regard, high-quality input data are essential for building
realistic and accurate simulation models; such data include the roadway geometry,
vehicle/driver characteristics, traffic volumes, composition, and others. Among these
data, traffic volumes are of major importance as they are the starting point for
generating traffic demands and developing traffic control scenarios, and serve as
essential inputs for model caibration. However, reliable traffic volume data more
often than not are hard to obtain; even when collected with advanced survelllance
systems they are still susceptible to problems such as miscounting, gaps in time and
space and other inaccuracies caused by malfunctioning sensors. More importantly,
even though the data may appear to be accurate, frequently they do not balance out,
i.e., they are inconsistent in terms of maintaining traffic conservation throughout the
system, resulting in inaccurate traffic demands, unredistic control decisions, and
erroneous adjustments of model parameters during calibration. Inevitably, these
problems could lead to anomalies or considerable errors during the simulation,
serioudly tainting the reliability and accuracy of its outputs while weakening the
credibility of resulting conclusions.

Specifically, traffic volume data required in simulation include freeway volume data
and arteria intersection turning movements counts. For freeway volume data,
practical procedures and guidelines have been proposed in the literature for reviewing
and correcting common temporal errors [1-8]; however, most of them are not intended
for smulation purposes, while a unified systematic methodology is still lacking for
checking and correcting temporal data errors in conjunction with reconciling spatial
gaps in traffic counts. Likewise, frequently arteria intersection turning movement
counts are susceptible to errors of gpatial gaps, yet there seems no well established
methodology existing in the literatures as to reconciling such gaps for simulation
purpose.

In this study, systematic methodologies have been proposed to check/correct common
temporal errors for freeway volumes. These methodologies also include rigorous
methods for reconciling both freeway volumes and arterial turning movement counts.
The proposed methodologies have been successfully automated and incorporated into
two computer programs called Freeway Traffic Data Analysis Tool (TradaX) and



Arterial Data Balance Tool (ArtBaT). Initial evaluations of these tools suggest that
they have the potential of reducing total modeling time by 25% ~ 30%, while
resulting in improved calibration of simulation models, more reliable analysis, and
better use of staff resources for meeting project deadlines.



2 BACKGROUND

The methodologies proposed in this study concentrate on improving the quality of
traffic volume data with the objective of enabling and improving traffic smulation.
Thisincludes the integration of established procedures dealing with common temporal
errors with a new optimization-based algorithm reconciling spatial discrepancies. To
be sure, checking and correcting temporal volume errors, e.g., missing data, threshold
violations, or suspicious outliers, are not new and have been widely studied in
previous research [e.g., 9, 10, 11, 12, 13]. However, spatial discrepancies of traffic
volumes do not seem to have been adequately addressed; there is no guidance in the
literature on precisely what constitute a large discrepancy, nor does an effective
methodology seem to exist for checking and reconciling system-wide discrepancies
[14].

Existing procedures for checking tempora volume errors include tests for missing
data, threshold violation, locked-on sensors, data inconsistency, and temporal outliers.
Missing data refers to a Situation where a detector fails to report any data within some
time duration. This is sometimes caled data “holes’ in the data set. Threshold
violation tests refer to the comparison of traffic measurements with prescribed upper
and lower bounds. For example, the lower/upper bounds for traffic volume used in
Maryland are based on historical data, while in Minnesota, alower bound of 20 veh/5-
min per lane and an upper bound of 250 velV5-min per lane are used [2]. Lock-on
sensors refer to situations where traffic measurements remain identical for several
consecutive data collection intervals. When this occurs, the values are in most cases
zero, but runs of values other than zero could also occur. Schmoye et a. [4] provided
an empirical method for determining the feasible run length (i.e., number of collection
intervals) of identical values. If the number of time intervals with identical values
became greater than a pre-determined run length, the data were considered to be
invalid. Another type of data error occurs when traffic volume and occupancy
measurements contradict each other, e.g., zero volume with non-zero occupancy, or
zero occupancy with non-zero volume. Payne and Thompson [3] identified this as
inconsistent data and proposed atest for its detection.

Tempora outliers refer to suspicious observations in the time series of traffic
measurements. Usually they are in the form of abrupt increases or decreases
inconsistent with the general pattern. Neural Network models, Genetic Algorithms
and Autoregressive Integrated Moving Average models (ARIMA) have been applied
to the outlier detection problem, mostly in other engineering domains. In the context
of traffic, a Fourier-based framework has been recently developed to detect outliersin
real-time traffic measurements [5] for the purpose of on-line control. In addition, a
fuzzy-clustering approach was also applied in identifying and correcting outliers in
archived traffic data [6].



Once faulty data are identified, they are excluded from the data set, or corrected either
empirically or using statistical methods. For example, Payne and Thompson [3] used
historical traffic information and the data from adjacent detectors to replace data holes,
while Turner et a [11] used regression and time series models, Chen et d. [12] used
lane-to-lane and location-to-location correlations to impute missing data. In addition,
if the faulty measurement was determined to be a tempora outlier, its model-
predicted [5] or smoothed value [6] was used as a replacement.

Apart from the aforementioned errors, frequently traffic volumes do not balance out,
i.e., they are inconsistent in terms of maintaining traffic conservation throughout the
system. In such cases, large discrepancies exist between traffic counts upstream and
downstream of specific locations. These spatial discrepancies may result from any of
the aforementioned errors, storage or discharge of queuing vehicles on the freeway,
traffic sinks or sources not accounted for, using data collected on different days or
time intervals, or smply averaging over different days at each measurement station
without checking conservation. Discrepancies may aso arise from the inconsistent
projection of the base year demands into future years. As mentioned earlier, spatial
discrepancies of traffic counts have not been well addressed in previous studies.



3 CHECKING AND CORRECTING METHODOLOGY

This section presents the checking and correcting methodology implemented in
TradaX.

3.1 UNIFIED TRAFFIC DATA FORMAT

The Minnesota Department of Transportation (Mn/DOT) has one of the largest traffic
data collection systems in the United States. This system consists of more than 4000
loop detectors collecting traffic volume (number of vehicles), and occupancy
(percentage of time a detector is “occupied” by a passng vehicle) data in real time
every 30 seconds.

As the benefits of storing this large amount of data in a traditional database are far
offset by the accompanied complications, Mn/DOT finally turned to a Unified Traffic
Data File Format (UTDFF) . In this format, raw traffic datais stored as 8-bit (volume
data) or 16-bit binary numbers (occupancy data). This ssimple and compact format
greatly facilitates everyday data storage/retrieval, as well as development of data
analysistools such as TradaX.

In UTDFF data format, each detector has two data files associated with it, i.e. volume
file (*.v30) and occupancy file (*.c30). The volume file (*.v30) is a flat binary file
with 2880 bytes in length. Each byte is an 8-bit signed integer corresponding to a 30-
second vehicle count. Within each volume file, the integer value of the first byte
represents the first 30-second vehicle counts of the day (i.e., from midnight to
12:00:30 am), while the last value corresponds to the final 30-second vehicle counts
of that day (i.e., from 11:59:30 to midnight). A negative value (OXFF) indicates
missing data (this OxFF is generated by hardware controller if it receives no data from
detector).

The occupancy file (*.030) is akin to volume files, except that each value is a 16-bit
signed integer. This means each file is 5760 bytes in length. Aswith the volume file,
anegative value (OXFFFF) indicates missing data.

In the end, al the detectors volume and occupancy files are zipped into one single
file on a daily basis. This single file is conventionally named with an 8-digit date
followed by an extension of “.traffic”. For example, “20031105.traffic’ would contain
all the detectors' volume and occupancy data of Nov 5th, 2003.



3.2 CLASSIFICATION OF DATA ERRORS

TradaX identifies and corrects data errors from two categories: common temporal
errors and spatia discrepancies.

(1).Common tempora errors refer to missing data, locked on sensors, contradictory
data, threshold violations, and temporal outliers. Such errors are called temporal
because they are associated with the time series of the measurements at each
individual detector.

(2).Missing Data refers to situation where a detector fails to report any data within
some time duration. This is sometimes called data “holes’ in the data set.

(3).Lock-on Sensors means traffic measurements (both volume and occupancy)
remain identical values for several consecutive data collection intervals. When
this occurs, the values were most often zero, but cases of values other than zero
aso are aso frequent. When the identical value is zero, TradaX considers such
Stuation the same as data missing.

(4).Contradictory Data refers to the situation where traffic volume and occupancy
measurements contradict each other, e.g., zero volume with non-zero occupancy,
or zero occupancy with non-zero volume. TradaX considers contradictory data the
same as missing data (volume or occupancy missing).

(5). Threshold Violation means the collected traffic measurements exceed reasonable
upper and lower bounds. For example, 300 vel/5 minutes/lane is an out-of-bound
value as it entails an average flow rate of 1 veh/sec for the entire 5-minute period.
Different thresholds can be prescribed in practice to test the data. In Maryland, the
lower/upper bounds for traffic volume are based on historica data, while in
Minnesota, a lower bound of 20 vel/5-min per lane and an upper bound of 250
veh/5-min per lane are used.

(6). Temporal outliers refer to suspicious observations in the time series of traffic
measurements. Usually they are in the form of abrupt increases or decreases
inconsistent with the general pattern (See Figure 3.1).

(7). Spatial Discrepancies refers to the situation where traffic volumes do not balance
out, i.e, they are inconsigent in terms of maintaining traffic conservation
throughout the system (See Figure 3.2). In such cases, large gaps exist between
traffic counts upstream and downstream of specific locations. These spatial
discrepancies may result from any of the aforementioned errors, storage or
discharge of queuing vehicles on the freeway, traffic sinks or sources not
accounted for, usng data collected on different days or time intervals, or smply
averaging over different days at each measurement station without checking
conservation. Discrepancies may also arise from the inconsistent projection of the
base year demands into future years.
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Figure 3.2 Spatial Discrepancies
For spatidly correlated traffic detector stations, total input volume should approxi mate total output volume during a
given time period. Asisshown In Figure 3.2, M1, M2, M3 are three mainline detector sations, E1 and E2 are two
entrance detector gtations. If traffic volumes are balanced, vehicle counts at (M 1+E1) should approxi mately equal to

those at M2.



3.3 CHECKING METHODOLOGY

Partial Missng Rate

As introduced earlier, raw volume and occupancy are collected on a 30-second basis.
These raw data are stored as 8-bit (volume data) or 16-bit binary numbers (occupancy
data). If during a 30-second interval, the hardware controller receives no datafrom the
detector, binary number OXFF (8-bit binary representation of -1) or OXFFFF (16-bit
binary representation of -1) will be used to indicate data “holes’ for volume or
occupancy respectively.

Itisrequired in many practical projects that raw 30-sec data (volume or occupancy, or
both) be aggregated into longer time interval such as 5 minutes or 15 minutes. This
leads to the concept of “Partial Missing Rate” (PMR). Specificaly, PMR is defined
as the time percentage of the entire aggregation interval during which the
measurement ismissing. The next example best illustrates this concept.

Assuming that raw 30-sec volume data are being aggregated into a 5-minute volume,
i.e., 10 successive 30-sec volumes are added up to yield a 5-minute volume. If four
out of the ten 30-sec volume data are missing (i.e., they are flagged as “-1" by the
controller), the Partial Missing Rate for the aggregated 5-minute volume will be 40%
(4 divided by 10). Note that TradaX computes the Partial Missing Rate for any
aggregated time interval greater than 30-sec.

Checking Missing Data

TradaX filters missing data by first checking the Partial Missing Rate (PMR). If the
PMR of an aggregated volume (or occupancy) is non-zero, TradaX will flag such data
as missing and report related information in the data scanning log (Figure 3.3). As
Figure 3.3 shows, Detector 1351 (which belongs to Station 426) at 19:00 have 3%
volume missing, meaning from 18:55 to 19:00, three of the ten 30-sec raw volume
data are missing.
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Figure 3.3 Scanning L og Showing Partial Missing Rate for Detector 5 Stations

Apart from the hardware reported data missing, TradaX also applies the following
heuristic rules to supplement the determination of missing data. Note if any of the
following rules are found to hold, the related measurement will be flagged as 100%
missing and reported in the scanning log accordingly:

1. Zero Volume with non-zero occupancy ( 100 % volume missing );

2. Zero Occupancy with non-zero volume ( 100% occupancy missing );

3. Non-HOV detectors report zero volume and zero occupancy for 2 consecutive
aggregated time intervals (100 % volume missing and 100% occupancy
missing);

Note that HOV detectors are not included in Rule 3, asit is highly probable for HOV
detectors to have zero measurements during multiple data collecting periods. Further,
it should be stressed that Rule 3 is very likely to generate a false alarm during non-
peak periods, e.g., from midnight to 4:00 am. in the morning. In this case, the user is
strongly suggested to examine the Data Scanning Log and visualy check/verify the
reported missing data (during non-peak hours) using the Data Graphics function.
Figure 3.4 gives the flow chart for filtering missing data.

Filtering Locked-on Sensorsand Threshold Violations

TradaX considers the data as locked on if both volume and occupancy have non-zero
values and remain identical (unchanged) for two consecutive data aggregation
intervals. Furthermore, if the data exceed user-defined threshold values TradaX will
flag the data as violating thresholds.
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Filtering Temporal Outliers

In order to filter tempora outliers, the ARIMA (p,d,q) model was selected in this
study and fitted using field data to determine the best parameters. Specifically, the
ARIMA (p, d, g) model can be represented as:

Xe=X+f X g+ X ot +F X - U8 1 - U8 n- - A€ gt (D)
where

x Isaconstant;

X, representsthe observation at timet;

f, istheautoregressive parameter, n=12,..., p;
q, isthemoving average parameter, n=12,...,q;

e, Iswhite noise random error at timet, e,~wn(0s ) ;

p isthe number of autoregressive terms,
g isthe number of moving average terms,
d istheorder of differencing needed to make the time series ationary.

It should be noted that the ARIMA model only applies to stationary time series (i.e.,

for time series { x, }, the mean value E( x, ) is constant and the covariance E( x; X;.,)

is only dependent on the time lag h ). In this study, the ARIMA model represented by
equation (1) was fitted to historical traffic counts and occupancy time series to
determine the appropriate p, d, and g values. The historical data were measured at 10
randomly selected detectors from the Twin Cities freeway network. Note that traffic
counts and occupancy measurements are non-stationary as they clearly have time-
dependent tendencies. In order to produce dationary time series from these
measurements, the sguare root was calculated followed by differencing until
stationary time series were obtained. After some experimentation, the ARIMA (1, 1, 1)
model was found to be most appropriate for modeling the square root of the traffic
count and occupancy time series for all the detectors.

The fitted ARIMA mode produces a prediction of the likely actua measurements at
each time interval based on the preceding measurements. At any time interval, the
difference between the predicted value and actual observation produces a residua. A
measurement is labeled as outlier if the standardized residual exceeds a specified
confidence level. For instance, any standardized resdua value greater than 1.96
would indicate a highly probable temporal outlier with 95% confidence level. Figure
3.5 illustrates an example of traffic sensor volume measurements (loop detector
N0.982 on 1-94, August 3", 2000). In this figure, three suspicious outliers are
indicated by the arrows. Figure 3.4 also includes the z-statistics of the residuals after
the fitted ARIMA model has been applied. It is clearly depicted in the figure that the

11



three suspicious outliers correspond to high z-statistics exceeding the critica residual
value.
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34 CORRECTING METHODOLOGY

Correcting Missing Data
The flow chart for correcting missing data is depicted in Figure 3.6. Asis shown in
the flow chart, detectors that have been flagged with a specific Partial Volume
Missng Rate smaller than 100% will be fixed by “rescaling.” This means that true
measurement values will be reconstructed by “rescaling” raw data according to the
partiadl missing rate. For example, if a measurement of 50 vel/5-min is flagged as
50

“40% volume missing,” the reconstructed volume will be =83 veh/5-min.

0
Further, detectors that are flagged as “100 % VOL Missing” will be fixed using
adjusted “sibling” (adjacent detectors in the same station) detector’s volume, or
conservation computation if “siblings’ are not available, or applying historical data if
neither of the above works. Similarly, “100 % OCC missing” will be fixed using
“sibling” measurement or historical data. Note that in case historical data is also
missing, predefined default value will be used to fill the data “holes.”

Correcting Locked on Sensorsand Threshold Violations

Threshold violations are corrected using prescribed upper or lower bounds for the
related measurements. Locked-on sensors are corrected in the balancing stage to be
detailed next.

Correcting Temporal Outliers

Detected tempora outliers are corrected using the predicted value generated by the
ARIMA model as discussed in preceding sections.

13
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4 RECONCILING METHODOLOGY

4.1 IDENTIFICATION OF SPATIAL DISCREPANCIES

Once the tempora errors have been processed throughout the dataset, jJumps or drops
of traffic counts at al nearby adjacent mainline counting stations are checked in
sequential order (i.e., from upstream to downstream). Specifically, for every freeway
section between two successive mainline counting stations, the difference between
total input (i.e., tota traffic counts at the upstream counting station and entrance
ramps) and output volumes (i.e., total counts at the downstream counting station and
exit ramps) is computed for every data collection interval. If the discrepancy (denoted
asDC ) exceeds a reasonable threshold, then this discrepancy is considered large
enough and needs to be reconciled.

In order to determine the allowable discrepancy threshold b, the concept of traffic
conservation is considered:

t+Dt t+Dt t+ Dt t+ Dt

[ oa(xy.t)dt + &  oa(xe t)dt J-[ oa(xg.t)dt + &  oa(xe t)dt]
t el E t t exl X t
Xd Xd

= ok(xt+Dt)dx- ¢ k (x,t)dx 2
Xu Xu

where Dt is the data collection interval (e.g., 5 min or 15 min); E is the index set for
counting stations at entrance ramps; X is the index set for counting stations at exit

ramps; q(xy.t), a(Xq,t), d(Xe.t), q(xe.t) are the flow rate at upstream, downstream,

entrance ramp and exit ramp counting stations, respectively; k(x,t) istraffic density of

the freeway section delimited by upstream and downstream counting stations. The
left-hand side of Equation (2) is equivalent to the difference between total input and
output during interval Dt, which equalsbc ; the right-hand side of Equation (2) can be
approximated from

[K(x,t +Dt) - kK(X,1)].(xq - X,) =[k(x,t + Dt) - k(x,t)].Dx (29)

where Dx is the distance between upstream and downstream counting stations. Using
the relationship between occupancy measurement and traffic density:
o
K> L+C 3
where O is occupancy measurement, K is density, L is average vehicle length, C is
the detector length, Equation (4) can be simplified to:

DC » [K(t+Dt)- K(t)] Dx 4
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where K(t) and K(t+Dt) aretraffic densities gpproximated from Equation (3).

Equation (4) gives the allowable upper bound for the discrepancies of traffic counts,
i.e., if the computed discrepancy exceeds the bounds defined by |[K(t + Dt) - K(t)]* Dx|,

then such a discrepancy is considered to violate traffic conservation therefore needs to
be reconciled. However, it is important to clarify that if the counting interval is
sufficiently long, or the analyst is only interested in homogeneous state of traffic,
where traffic density is assumed to be uniform (i.e., time and space invariant), then
DC » 0, meaning that the total input should always equal to the total output of the
freeway section. NOTE: In the current version of TradaX, pcC is hard-coded as O,
meaning TradaX always balance traffic volume to zero.

4.2 RECONCILING SPATIAL DISCREPANCIES

The identified large discrepancies in traffic counts are reconciled in this step. First
denote the number of the counting stations under study (including stations on

mainline, entrance and exit ramps) aSNg,. At counting interval t, for the counting
station i let y;(t) denote raw field measurement of traffic counts, x (t) denote the true

measurement of traffic counts, ande, (t) the measurement error. Then y,(t) can be

expressed as

yi(t) = x(t) +et) ,1=1,2... Ngq 5)

The measurement errors e, (t) in Equation (5) may be in relation to errorsdiscussed in

preceding sections, inconsistent adjustments between different days, of or small
random miscounting errors due to unknown reasons.

Note that counting stations are deployed in certain spatial arrangement; this triggers
conservation congraints, i.e., for spatialy related counting stations on a given
freeway section, the difference between input and output equals the change of vehicle
storage during the specified counting interval. In order to reconcile large
discrepancies in traffic counts while a the same time minimize the measurement
errors, the following optimization formulation is used:
minimize & e;(t) =& [y; 1) - x ()]%," t (6)
| |

st.

Conservation Constraints as In Equation (2)

x(t)30,i=12.,Ngs
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X () - yi (1)

| yi (t)

| <p%, for station i diagnosed as “healthy” in the data

filtering stage where p% is prescribed
parameter;
X <¥ for station i flagged as erroneous in the

data filtering stage, or has been
adjusted/projected using historical data;
The objective of the above formulation is to determine the most plausible actual

valuesx, when the field measurements y; are given without materialy affecting the

actual trends in the traffic patterns. The objective is to minimize the total
measurement errors, while the conservation constraints ensure that the final

optimizer x; , i =12,.., Ny, complies with the conservation concept. This means that

any discrepancies in traffic counts are implicitly resolved during this optimization

process. The relaxed constraint x, <¥ holds for station i flagged as problematic in the

previous stage of checking and correcting tempora errors, or for stations with
adjusted/projected counts. This is necessary otherwise the errors associated with a
specific counting station will be distributed over other “healthy” stations. As stations
diagnosed as “healthy” could still have inherent small random errors, the constraint
|7Xi (t;'(t))/‘ ® | < p% is added to reflect this, where p% represents the desired
measurement precision of the related detectors, stated otherwise it is also an indicator
reflecting the analyst’ s desired confidence level based on professional judgments.

Numerical Example

i %gﬂ_“

7 " t

Figure 4.1 Numerical exampleillustrating the data balancing algorithm

Assuming during a certain time interval, field measurements for counting Stationl~ 7
are asfollows (Figure 4.1):

y; =20 veh

y, =20 veh

y3 =170 veh
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D storagel =10 veh

y, =30 veh
ys =95 veh
D storage? =15 veh

Ve =40 veh
y; =40 veh
D storage3=10 veh

Furthermore, assuming Station 3 and Station 7 are flagged as “threshold violations”
and “tempora outlier” respectively. Thus we have the following optimization
problem:

min ( x,-20) 2 + (x,-20) 2+ (x3-170)? + (x,-30) 2+ (x5-95) % + ( x-40) 2 + ( x,-40) >
Subject to
1 X +X;- X3=10
Conservation Constraints: {x; +x, - xs =- 15
1Xs- % - x;=-10

Non-negative Constraints. x 30 , fori=12,...,7

X (t) - Y (t) | < 3%

fori 13i17
y; (1)

Precision Constraints. |

Relaxed Constraints: x; < ¥ ; x, < ¥ ;

Solving the above optimization problem yields the optimized solutions:
(X1s %o, X3, X4, X5, Xg, X7 ) = (22, 22, 54, 28, 97, 44, 63)
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5 ARTERIAL BALANCING METHODOLOGY

This section describes the underlying methodology employed in the ArtBaT program.
Specifically, this methodology involves three stages: data normalization, data
matching, and data balancing.

5.1 DATA NORMALIZAION

Intersection volume data sets are collections of 15-minute volume for individual
turning movement (e.g., 50 left-turn vehicles, 100 right-turn vehicles, 276 through
vehicles, etc) collected over a 3 hour time period. As the number of intersections
requiring turning movement counts usualy exceeds the available manpower, turning
movements are seldom collected on the same day or even the same month. Therefore,
turning movements should be first normalized (adjusted) to match the month and day
of the balanced freeway data, should monthly/daily adjustment factors be available.
To normalize arterial turning movement data, the following formulais used:
_Vol;” M;” Dy

Y=, o, )

where

Vol, : Raw arterial volume.
Vol,: Normalized arterial volume.

M, : Monthly adjustment factor for the month when the arterial data was
collected.
M, : Monthly adjustment factor for the month of the balanced freeway data.

D, : Daily adjustment factor for the day when the arterial data was collected.

D,: Daily adjustment factor for the day of the balanced freeway data.
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Data Normalization Example

Assume that on a Wednesday in May, 100 thru vehicles were counted
at a certain intersection approach; while the balanced freeway data
are given for a Tuesday in September. In addition, the adjustment
factors are given as:

U Monthly adjustment factors: May 0.95, September 0.85;

U Daily adjustment factors: Wednesday 1.10, Tuesday 1.15.
In order to match the date of the freeway data, the normalized arterial
data are computed as:

Vol,, = 100 0.95 110 —107
0.85" 1.15

5.2 DATA MATCHING

The baanced arteria data must match the balanced freeway ramp volume. This is
achieved by using the raw turning movement volume to determine the percentage of
left-turn, right-turn, and thru movements on ramp intersection legs. These percentages
are applied to the balanced freeway ramp data to get the new volumes which are then
locked when balancing the remaining arterial volumes.

Data Matching Example

Assume that the collected arterial data includes 35 left-turn and 87 right-
turn vehicles for a ramp leg (Figure 5.1(a)). This gives the percentage of

3 =28.6% and right turn vehicles as =
35+87 35+87

71.4%. However, the freeway ramp volume is reported to be 135 vehicles
(as a result of freeway balancing). Therefore, the matched new arterial
volumes for this leg are 135 28.6% =39 left-turn vehicles and
135" 71.4% =96 right-turn vehicles. These movements are then locked
while balancing the remaining arterial data (Figure 5.1 (b)).

left turn vehicles as
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Figure 5.1 (a). Exampleillustrating how to match arterial intersection data
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Figure 5.1 (b). Exampleillustrating how to match arterial intersection datato
balanced freeway data (after matching).
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5.3 DATA BALANCING

In a nutshell, balancing arterial intersection turning movement data means adjusting
the relevant turning movement volumes so that the total traffic entering a link equals
the total traffic exiting the link. This is conducted by proportioning the extra link
volume (i.e., the volume difference between the total inflow and total outflow of a
link) among any movements that can be changed. Specifically, the formula used in
this processis:

8
O

Vij =Vij £ DV oo ®

ga Vij =

Q-

where:

v;; = the balanced volume of movement j in direction;;

v = the raw volume datafor movement j in direction;;

pv = the volume differential between turning count data sets for a specific link.
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SOFTWARE OVERVIEW

INTRODUCTION

TradaX (Traffic Data Analysis) is a Windows© software package designed and
developed at the University of Minnesota for filtering, correcting and balancing
freeway traffic data It can automatically identify freeway geometry and retrieve
traffic data in UTDFF format, filter and correct data faults, and reconcile spatial
discrepancies of traffic volumes. It also provides rich graphical functionalities and
flexible data output options to facilitate data examination and outputs.

TradaX integrates empirical procedures, in conjunction with a validated ARIMA
(Auto-Regressive Integrated Moving Average) mode to filter and correct common
temporal data errors; while a non-linear optimization algorithm has been developed
and implemented in TradaX to baance the identified gaps of traffic counts on a
system-scale.

INSTALLATION

System Recommendations

CPU

Memory > 1GHz

Operating Systems 256MB (512 MB Preferable)
Resolution Windows ME/NT/2000/XP

1280 © 960 Preferable

Installation Dir ections

The installation package includes user manuals, samples and executable program.
Two types of installation are available:
Beta Version
1. Select a working directory and unzip TradaX.zp file (Windows Registry will
not be modified);
2. Doubleclick TradaX.exe to start the program;
3. Touninstall, delete all the files in the working directory;
Release Verson
1. Beforeinstalling, it is suggested to close any running Windows programs;
2. Toinstal new TradaX, click setup.exe and follow the screen instructions,
3. To uninstall, from START menu, under TradaX directory click UNINSTALL,
the uninstall program will automaticaly remove the software from the
computer.
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USER INTERFACE

TRADAX INTRODUCTION PAGE

Traffic Data Analysis Tocl

Trada= prgrin Wlam, oS end bakaces Dop danacic
dutn Selact ar dsm in tha bl 40 pariorm an schian

Garmud

Busle: [tz Epmmima 1 XNE
Veonboo 2002 BESE
orign Lshvarmty @i snnams v G

Asrcurcar

Prescalbbory [IERENEEER
Teldblproy  STIE Tetd
FropMewmy 1T Fas

| wwam | foadd

Figure A.1 Tradax Introduction Page
When starting TradaX.exe, TradaX introductory page will first show up. This page

provides general information of the program, including built date and system
resources information.

TREE VIEW OF ACTION LISTS

Fi= Extract Fix Bslnes  Graphics Help

e W
¢ [l Feimrt (s =
« M Fix Dt Traffic Data Analysis Tool
+ Bl Bannce Dats
— B Cots (rephics
Bl Dois Gizphics
o
B Help Conimnis

Irada¥ pragrmm #ers, comecis anc babnces lop detecior
deim Zabsci an dem nthe bk o pedarm an achon

Zareral
TP Caplasbam 16 X3E

Weormn Hu 202 BE-000G
Cogrvigh Lty o Winnesote o Tovin Ciies

Pesices

Fresca verer: BETNRREEE
Told ¥erop  GIMEE T

From Farsar; 16TEE K Festt

|mm.:| | wes |

Figure A.2 Tree View of ActionsList
TradaX organizes its functionalities via a tree view list (located in the left part of the

interface). The tree view has three father nodes. Data Processing, Data Graphics, and
Help, corresponding to three major functionalities provided by TradaX.
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Data Processing includes:
Data Extraction
Data Fix
DataBadance;

Data Graphics can generate graphics for Raw Data, Fixed Data and Balanced Data
while Help provides on-line help for the user.

TIPS The user can use either the Tree View List or the “Previous’/”Next” button to
navigate through user interfaces.

EXTRACT BINARY TRAFFIC DATA

Ao Emtact A Bdaoe Gaphas Hop

= ¥ Dala Frocossing

=] st D
8 Load Siation File Extract Binary Traffic Data
& Extract Bin Dota
= i Fis imin
BY. ScantorEmors
i Fis Dt & lwismindl
= I Bsinnce Caim
& Balance Dain Staion File defreshe D and geomeine ot ol detecios stistions
= B Doin Graphics Sweluc] an wasing Sishon File or cweke & e one wih Saflle Edior
B Ot Crmphics
= ¥l Haip
& Help Comente &  EusdiSuoyTE0cCus

Pumw i detaie in ITEDF binary fomel. Select this demia estmc
thabdnan inafic cais

| Preins | | me |

Figure A.3 Extract Binary Traffic Data General Information Page

Prior to fixing and balancing, traffic data must be loaded (extracted) into TradaX
memory. Figure A.3 shows the general information page of Extract Data functionality.
The user can click the link on the page, the action node in the tree view, or Next
button to proceed.

L oad Station File

Before starting to extract data, a station file needs to be loaded. Station files are
ASCII files with .sta extension. It provides a convenient way describing the spatial
layout of detector stations that are deployed on the freeway.
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A station file can be easily created/edited with Station File Editor, or any text editor
such as notepad.exe as long as it complies with the prescribed data format.

An example of a station file:
426, M, 2, 1350, 1351
1352 X, 1, 1352

427, M, 2, 1353, 1354

1919, H, 1, 1919

Each line in station file describes name and type of the detector
station (mainline, entrance ramp, exit ramp, HOV ramp), the number
of detectors in the station, and IDs of each composing detector. For
instance, “426, M, 2, 1350, 1351” describes detector Station 426,
which is a mainline station with 2 detectors. The IDs of the two
detectors are 1350 and 1351 respectively.

Click Browse to browse and select an existing station file. See Figure A .4

Fle Extract Fix Balance Graphics Help

= % Data Frocessing
- Bl Bxstract Data

F-¥oad Stefion Fila Load Station File
& Exiract Bin Data
= JH Fix Data Stelion File:
t“.'_“ Secan for Erors
& FixData

= M Ealance Data
A Balance Dama
= E] Date Graphics
Z] Data Graphics
=}l Hetp

& Help Contents

[ Provious | | New ]

Figure A.4 (a) Browse an Existing Station File
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= il Bl Dok [.3
& Emlancs Data
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= “ Help J'.

& Help Contents i

“f

'3

sk e e o [
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Figure A.4 (b) Select an Existing Station File

The contents of the selected station file is shown in TradaX. To proceed, the user
needsto click Load for TradaX to establish data; then Click Next button to next page.

Fla Esfralt Rl Babnos Graphics  Help

= % DwiaProcessing
2 Bl Evirsct Dists

Load Station File

4 Eviract Bn Dimis

. 3¢l Fir D Shskion Fle
5 Soanfor Eces 1 A -
& FoOee ﬁﬁ?_l 5’;1’%:'319
= M Balarce Data M 033
- A Balance Oeim rs:NEzaagmu[;m
= H Datn Graghica AIMEE 1 1AL
B Dotn Graphics e
e T e
EE.1
& Haolp Camiarts R
AIME 1 _Hn
Tol W_2 AL W
AT N
BT EE R
w
] o Eckica | Load | Booves |

| Fassionm | | Meal |

Figure A.4 (c) Contents of Selected Station File
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Load and Extract Binary Data

Browse and Load Binary Traffic File

Once the station file has been loaded, TradaX needs to know about the location of the
binary traffic data file. Use Location button to navigate and select the required binary
file.

Extraction Options

Timelnterval

After select appropriate binary file, the data aggregation interval should be designated
(the default value is 15 minutes, i.e., Tradax will aggregates 30-sec raw data into 15-
min interval data).

Station Occupancy

TradaX extracts data in terms of individua detector as well as stations. Station
occupancy is derived either from averaging detector occupancies, or taking highest
detector occupancy.

Extract Button
Click Extract button to start extract data.

Save Options
The extracted (raw) data can be saved as .csv file ether in terms of detectors or
stations. The data can be in row format or column format.

Fl= Exiract P Baban  Graphicc  Help

= W DwiaPocascey
= B Extnci Lot 2
o Load Sieicn Fie Load Binary Traffic Data

i CxtinctEin Cicic]

+ o Fix: st Evoveia arvd Lo By Trafhe: P Estaci Opeora
ﬁm Halance Dt Tirwe i praraies] |15_-
+ B [vsim Grmphiics =
¢ Bl Help 4L HALnds PrometiT l;‘“ﬂ! S st DR
R L T cr— i Aymrnge Datecta
W] Do pel] ] Fr | 5cst | Gam] e
152 i 5 i Haghied Cstmctor

E 7% 9 1 1 12

1% 14 15 18 W7 1B 19

. R - B . . Loy |
I - 1]

Saxva Do
&0 Pt
Sikooes] Dot 0GE03. Floase bk i =
1 tha culenclu bo chack iz s namal -+ Eikiwn
Pk iy,
S
[ o | [ e |

Figure A.5 Load and Extract Binary Traffic Data
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An example of saved datain Row Format

o B [ E F 3 H I o 4
| 18 [k} 45 1:000 118 1:30 1:45 2:00 218 3@
2 1350 &a 25 = m 51 5l 53 %6 42 47
] 1351 50 ) kY ) 3 b1} bl 2 20 i
d 1352 i z z 4 i d 1] i 1] z
5 1353 78 3 = 3 57 5 ] ] 7] 41
& 1354 37 % 31 35 7| 2 2 29 18 12
7 1356 ] i 7 9 5 d 5 fi i 2
] 1356 &A 97 (5] &7 (=] 50 56 ] 42 47
[] 1357 ay B3 1] 2] ™ b M 7 a0 1?2
10 1033 25 T 16 13 13 " ] 17 13 14
11 1359 [ 5] b o a7 46 M a8 a0 T
12 1360 32 4n x5 M b] 18 b ] 25 15 17
13 1348 1] i i i i 0 0 0 0 i
14 1358 28 % % 12 3 13 an M [ 10
15 117 ] 5 3 1 1 4 1 3 3 o
18 1361 7 7 7 17 g 17 B 15 5 10
17 1365 11 11 T 5 4 i [i} [i} i 1

An example of saved data in Column Format
a | B | C | D | E F
Ujate DetectorlD Time (2005-06-03) Yolume QCCUpancy
2 | 20050603 1340 ' 015 68 2745
3 | 20050603 1380 | 0:30 89 3.364
4 | 20050603 1340 044 a8 2423
2 | 20050603 1340 1.00 29 2.261
6 | 20050603 1340 1.14 a1 2213
7 | 20050603 1340 1.30 a1 2107
8 | 20050603 1340 1:45 a3 2395
9 | 20050603 1380 2:.00 26 3
10 | 20050603 1340 2149 42 1.861
11 | 20080603 1340 230 47 1977
12 | 20080603 1340 245 a8 2558
13 | 20050603 1340 300 45 1.988
14 | 20080603 1380 319 42 1.686
19 | 20080603 1380 330 43 2.18
16 | 20050603 1340 3449 22 2032
17 | 20080603 1340 4:00 43 1.945
18 | 20050603 1340 4:15 a0 2033
19 | 20050603 1340 4:30 a5 2827
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FIX DATA

After data have been successfully extracted, click “Next” button to the Fix Data
general information page. This page provides genera information about the “ Scan for
Data Errors’ and “Fix Errors’ functionality. Click “Next”, or select Scan for Data
Errors, to proceed.

Fis Extract Je Buswe Grphes Help

F Dot Pucessing

= B Esiod Dgia 2
& Loed Smion Fip Fix Data
# Exrect I Do

" e
. o for Enans
Ecendar Doto Enony
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= R Eslenia Das
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g E Diata Giapiics lock-pp cals, hmeholdweatons end lemporsl oules
B Ot Cumprice
= Jifi Hal

#l Help Crndards

L Ad s iress Fachor will s snip myeed when surg sciecen] delsciors
nieasurareants 1 Ml thel chais 1okE When dla Fokes can nol be Mead by
oonsErmion orap prosmipted wih ackscen| det=ciore, hetoecsd dets kom
Nl harunce 0ue s Wi ke eoed

| Frrdas | Foast

Figure A.6 Fix Data General Information Page

Scan for Data Errors

TradaX scans the loaded data for errors. The user needs to specify volume and
occupancy thresholds and the scanning log option in this page. Then click Scan Data
button to start scanning.

Fis Exfract Fx Baslnce  Graphics Hein

= % Dwim Frocasiing
= Bl Evvest Duta

& Lo Stmion File Scan for Data Errors
,H# ExtrartBin Dms
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AR Modd
Sean Dalm
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Figure A.7 Scan for Data Errors Page




Threshold Setup

The default volume and occupancy threshol ds are 900 veh/15min, and 99/15min, respectivey.
The user can setup different threshold val ues through the edit box.

Outlier Detection Model

In current version of TradaX, a fitted ARIMA modd is implemented to detect temporal
outliers.

Scan Log Options

When data scanning is completed, a log that lists detected errors will pop up (See
Figure A.8). The user can customize the log output by specifying which type of error
he wishes to scan for via Scan Log Options.

The scan log can be saved as .csv file (A csv file can be opened with Microsoft Excel
or any text editor such as notepad.exe) for later reference.
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Figure A.8 Scanning L og Listing Detected Errors
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Fix Data Page

Lane Adjustment Factor

Input Lane Adjustment Factor for different lanes (default value is 1.00), where LO is
the rightmost lane, L1 is the second rightmost lane, etc. Lane Adjustment Factor will
be used when fixing missing data with adjacent detectors.

For example, if LO volume is missing, L1 volume available, and LO=1.10 and L1 =
1.25; L1 has a volume of 100 vel/Smin, then LO is reconstructed by (100 - 1.25/1.10)
=114 veh/5 min.
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Figure A.9 Fix Data Page

Reference Datesfor Missing Data

The two reference dates are for correcting missing data, i.e., when the missing data
can not be corrected by adjacent detector value, or using conservation computation,
historical data from these two dates, whichever is available, multiplied by the Daily
Adjustment Factor ( default valueis 1.00 ) will be used as substitute for the missing
one.

Default Value

When the missing data can not be fixed by adjacent detector, conservation
computation, or historical data, the default volume value will be used to fill the data
holes.
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Advanced Options

By default, TradaX will fix 24-hour raw data for al the detectors listed in the station
file. However, the user may not desire a 24-hour fixing and may wish to fix the data
for a 2-hour period with only a few detectors. This can be accomplished via
Advanced Options. To setup desired time period for fixing and specify detectors to
be fixed, click Advanced button (See Figure A.10)

i'f! Kévanced fizbinss bor Fasng Daks

1 B b Lok

HE
1
:

H
g
%
=

“rarploia Lt Subscted Lt

Figure A.10 Advanced Optionsfor Fixing Data

Start Fixing

Click Fix button to start fixing the detected data errors. A Fixing Recommendations
Dialogue will pop up (See Figure A.11). The user needs to approve these
recommendations for TradaX to implement them (Click Select All button to approve
all at once, or check each individual recommendation one by one).

Click “Accept” to gpprove the checked recommendations.
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Fix Data ®

ﬁ The following list gives recommendations for fixing data. Check ta canfirm.

Actions to take

Dietector 1352 [StalD:1352]) at 18:45 3% vaol mizzing, fised uzing rezcaling from 1510 15 A
Detector 1353 [StalD:427) at 17:30 occ outliersreplaced with ARIMA, fitted value: from 17 ta B
Detector 1353 [StalD:427] at 17:45 oce outliers replaced with ARIMA, fitted walue: from 28 to 10
Detector 1353 [StalD:427] at 18:00 occ outlers replaced with ARIMA fitted walue; from 30 to 17
Detector 1353 [StalD:427] at 18:15 occ outliers replaced with ARIMA fitted walue: from 7 to 22
Dietector 1353 [StalD:427] at 18:30 oo outliers replaced with ARIMA fited walue: from 6o 16
Detector 1353 [StalD:427) at 21:15 3% val mizsing, fized uzing rescaling from 151 to 155

Detector 1354 [StalD:427) at 07:30 3% vol mizsing, fised using rezcaling from 20 to 20

Detector 1354 [StalD:427] at 04:15 6% vaol mizzing, fised uzing rezcaling from 15 t0 15

Detectar 1354 [StalD:427) at 06:45 wol outliers.replaced with ARIMA fitted value: from 307 ta 185
Detector 1354 [StalD:427] at 08:45 3% val mizzing, fised uzing rezcaling from 273 to 281

Dietector 1354 [StalD:d27] at 17:30 oco outliers replaced with ARIMA fitted walue: from 1510 7
Detector 1354 [StalD:427] at 17:45 occ outliers replaced with ARIMA, fitted walue: from 23 to 10
Detector 1354 [StalD:427] at 18:15 occ outlers replaced with ARIMA fitted walue: from 7 to 18
Detector 1354 [StalD:427) at 19:45 3% vol mizzsing, fived using rescaling from 117 ta 120

Detector 1354 [StalD:427) at 21:15 3% vol missing, fized using rescaling from 178 to 121

Dretector 1355 [StalD:1365) at 07:30 3% vol mizzing, fived uzing rezcaling from 4 to 4

Detectar 1355 [StalD:1355) at 08:45 3% vol missing, fised using rescaling from B2 to B3

Detector 1355 [StalD:1355]) at 1530 occ outhers replaced with ARIMA ftted value: from 10t &
Detector 1355 [StalD:1355] at 1730 val outliers replaced with ARIMA, fitted walue: from 88 to 153
Detector 1356 [StalD:428] at 07:30 3% vol missing, fixed using rescaling from 53 to 60

Dietector 1356 [StalD:428] at 17:30 oco outlers replaced with ARIMA fitted walue: from 400 3
Detector 1356 [StalD:428] at 17:45 occ outliers replaced with ARIMA, fitted value: from 47 to 21
Dietector 1356 [StalD:428] at 18:15 oo outliers replaced with ARIMA fited walue: from 8 to 32
Detector 1357 [StalD:428) at 07:30 3% vol miszing, fiwed uzing rescaling from 27 to 21

Detector 1357 [StalD:428) at 04:15 6% wol missing, fiwed using rescaling from 16 ta 17

Dietector 1357 [StalD:428] at 03:15 3% vol mizzing, fised uzing rescaling from 222 to 228

Detector 1357 [StalD:428] at 17:30 occ outliers replaced with ARIMA, fitted walue: from 40to 8 hi

Save Az Log I Select Al

Acoept Cancel

Figure A.11 Fixing Recommendations
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BALANCE DATA

Balance Data General Information Page

Re EBdrgt A Bdnod Gy Help
= % DwinFocsaarg
= Bl earanien
ol Load Baskinn File Balance Data
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-l P Dt
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B FuCok ¢
- 1 R &
A Bsdanco Daa
= Bl DemCamotics Ealance the raic dets qofst e ieScunimes sm o sien hioughout

B Mmta Cirmpir= W13 BTy o oF B T 0 0 S R
' E

S I
Prracas . bt

B Hal Contims

Figure A.12 Balance Data General I nformation Page

Balance Data ConFigureA.uration

Balance I nterval

The user can designate the balancing intervd. (e.g., the user may wish to baance data
from 3:00pm to 6:00pm) See Figure A.13

Ao Estrct Ar Belowm Gophics Help

=¥ DotnMrocenrng
B Esvact s
ol Load Stmkcn Fin Balance Data
& ExiarBin Doim
= B Fulisis
R, Ecan o Einita
Fis i
= mf\!hl:i Data Rasscrsginbireal | Extamal Cada Fla | Wtaring ks
#
i IEHE::';::KS Tire | i ol Fid by

3 ﬁlaﬂ::lp-:cnenl: Bilwsing Srad T ﬁ“i = E

Barcing Condepanion | vigad blarced Lita

Bl Evad Tiwt 2210 =

Bme | |t s |

Pravewr | | Hut |
Figure A.13 Balancing I nterval Setup
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External Data File

The user can also designate Lock Station file and Flag Station File. If such files are
not needed, leave the input blank. See Figure A.14.

Ao Edract Fi Bdane Ganes b
= ¥ Dcla “rocemang
=| Estrazi it
#F Lo Sbion File Balance Chata
# Extisci Bin Dats
= i Fix MN=in
B
BY; Scar o Enok g Cerbamin | 1f gyt Halarear
1 Fi Dot
- ﬁElninl:r.qD:n Balarorgirkeraad zomral Ustab i | Warng dakp
o
= ]JDEH Sraphics Lok, o Fie
B it Garphics )
=l Hap &
B HelpConentz
Hag Stadon i
dnirwe |
Freias | [ Hea

Figure A.14 External Data Files Setup

Lock Station File

By “lock”, it is meant that the data in this file is considered to be error-free; hence in
the subsequent balancing process, these data will be left untouched, while other “non-
locked” station will be modified whenever necessary by the algorithm to achieve
balanced results.

The data in the Lock Station File could be results from other freeway balancing. For
example, the “locked” station could be one of the boundary stations that are shared by
two freeways. If the data of such station have already been balanced for one freeway,
then the user may wish to lock this station when proceed to balance the other. “Lock
Station” is useful especially when the user intends to balance loop detector station
data on a network-wide basis.

Lock Station File should be strictly in the following format:
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# Data Overwritting Start Time

# I::Igga overwritting End Time

15:00

# Mumber of Locked Staticns

#ztalD,14:00,14:15,14:30,14:45,15:00

1355, 300, 350, 325, 340, 332

whete

Line 1! Comment line for the stast time of the locked data

Line 2! Start Titne of the locked data

Line 3: Comment line for the end time of the locked data

Line 4: End Time of the locked data

Line 5: Comment line for the number of locked stations

Line&: Nurmber of locked stations

Line 7: Comment line; this line includes the time stamps for notational
purpoges

Line 8: Data line, which must be comma separated, the firet itern muet

be the station ID, other items are the volumes,

NOTE:

1. Thefile may have more data lines depending on the number of locked stations.

2. Comment lines are not parsed by the program.

3. The Data Line MUST be comma separated. NO TAB are allowed in the file (Be
cautious! The program is VERY sensitive when parsing the Load Station File. )

4. It is stressed in the strongest term that ONLY Boundary stations (i.e., upstream
freeway entrance station and ramp entrance/exit stations) can be lock stations. The
program can still generate outputs when non-boundary stations (e.g., mainline
stations) are locked, but the user should be warned that the results are not reliable.

5. It is VERY important that the number of data items in the data line match the
number of time stamps determined by start time and end time. For example, start
time 14:00 and end time 15:00 with 15 minutes time intervals, would give 5 time
stamps, i.e., 14:00,14:15,14:30,14:45,15:00. If the dataline includes 6 dataitems, e.g.,
300,350,325,340,332,360, then this data line is inconsistent with the time stamps.
This situation should be strictly avoided.

Flag Station File

This function is added because during the data fixing stage, certain data errors can not
be properly filtered and corrected, for example, the kind of errors illugtrated in the
following Figure A.15 This kind of errors is unusua and can only be discovered
through visual checking. However, errors like this have to be corrected in order to
ensure the credibility of balancing results.

The data in the Flag Station File will be used to replace the recommended fixing
proposed by the program when the user determines the latter is not reliable. Note the
TradaX program will modify the Flag Station data whenever necessary to achieve
balanced results.

Flag Station File must comply with the following format:
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# Flag Data Owverwriting Start Time

%4;10213 Data Owverwriting End Time

; r:umbar' of Flagged Stations

EEBEECAL RGP

where

Line 1: Comment line for the start time of the flageed data

Line 2 Start Titne of the flagged data

Line 3: Commment line for the end time of the flagged data

Line 4: End Time of the flageed data

Line 5: Comment line for the number of flagged stations

Line &6: Number of flagged stations

Line 7: Comment line: thiz line includes the titne stampe for notational purpozes,
Line 8: Data line, which must be comina geparated; the firet itern must be the

zstation 1D, ather items are the volumes,

The file may have more data lines depending on the number of flagged stations.
Comment lines are not parsed by the program. The Data Line MUST be comma
separated.
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Figure A.15 An unusual dataerror that can not be properly filtered
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Warning Setup

The user can active the Warning Message Setup for balancing. This means a warning
message will be generated if the zone balance (i.e., the difference between total input
volume and output volume of a zone) exceed the user-defined threshold. See Figure
A.16

Fi= - Esxtract  Fe Eslsres Graphics - Heip

=¥ i Frocasaing
= Bl Estract Oimts
i Load Emticn Fla Balance Data
4 EviartBin Onin
= Fix [lmia
S, Scanior Enors
L HE,:',LTEE“ Bk bl | EdtmradDiats Fls Wharming Setup |
P il e D i
= B Deis Coapics
B i Graphics ‘ianing Heztage Corsdiiory
=t Help
B Help Cantarss

Eabsrging Configursion | [upol Badacsd Dads |

&

T Zoews baleras & sbas vah

B |

| P | | e |

Figure A.16 Balancing Warning Setup

Start Balance
Click Balance button to start balancing. A Balance Log will pop up when the program
completes balancing. See Figure A.17

Zane D | Time | 140 Differenc.. | 140 difference_2 | Mote | ~
4261427 0015 B i —
4261427 00:30 1 i
4261427 00:45 B i
4261427 01:00 -z i
4267427 01:15 0 i
4261427 01:30 1 i
4261427 01:45 -4 i
4261427 02:00 g i
4261427 0215 i i
4261427 02:30 -4 i
4261427 0245 5 i
4261427 0200 -4 i
4261427 0315 -z i
4267427 0330 i i
4261427 0345 3 i
4261427 04:00 4 i
4261427 04:15 2 i
4261427 04:30 1 i 5
| 0K | | Saveasz Log |

Figure A.17 Balancing L og
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ZonelD
The “ZonelD” is a combination of upstream and downstream station I1Ds for the
freeway section has these two stations as endpoints.

I/0 difference 1
Thisisthe difference of total input volume and output volume before the balancing.

I/0O difference 2
This is the difference after baancing. TradaX always baances 1/0O difference 2 to
zero. A warning message will be put to NOTE if 1/O difference_1 exceeds the user-
defined threshold.

Balance Outputs

The user can specify the output format for the baanced data. See Figure A.18. Note
Output Time Interval is the same as the Balance Interval, which can only be modified
through “Balancing Configuration” page.
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B Fla Dt
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= B} Ditn Girmphics L . ’
Bl Do Greghics EkiTan
- Wil Help
B Halp Conents
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Er ] |
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Figure A.18 Balance Outputs Setup
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Example of Column Format (including Balanced/Fixed/Raw Volumes) :

-] L ] E L ] i
i (N B Vil L v ] o viiuma
3 1 [RE] 1 L] 118

435 1w 12 (k=] 13

Example of Row Format (includes Balanced Volumes only):
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DATA GRAPHICS

Data Graphics General Information Page
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Figure A.19 Data Graphics General I nformation Page

Data GraphicsPlot Page
Select Station ID or Detector 1D from the Tree View List, specify Time Interval, then

click Plot button.

" TradaX
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Figure A.20 Data Graphics Plot Page
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Data Plot

The data plot includes plots for Raw Data, Fixed Data, and Balanced Data. See Figure
A2l
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Figure A.21 TradaX Data Plot

ON-LINE HELP

The user can start on-line help (See Figure A.22) by click Start Help Engine on the
Help Content Page.

Freeway Teaflic Data Filtering aond Balosecing Tool

Sodirre Cvervies
Essbapruised
Tewporad Enons Froessing g -
SpatislEnies Proosssng FradaX Vervien 2.0
ot

Copyight® 2004-2005

Figure A.22 TradaX On-Line Help
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Arterial Intersection Data Balancing T ool
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OVERVIEW

Figure B.1 gives a snapshot of the main interface of ArtBaT. As is shown in this
figure, ArtBaT interface has four major components:

(1)) Geometry Type Library;

(2) Drawing Areg;

(3) Draw Function Keys,

(4) Bdancing Direction Selection Radio Button;

It is through these components that the user interacts with ArtBaT to balance arteria
intersection data.

Geometry TypeLibrary

Geometry Type Library contains all the possible arterial intersection types that could
be encountered in practice. By clicking the geometry type icons, the user can build a
certain layout of several intersections. So far, ArtBaT program can handle up to 17

types of intersections.

Drawing Area
Drawing Area is where the user builds and configures intersection geometries. Up to

SIX intersections (of different types) can be balanced using ArtBaT program.

Draw Function Keys
Clear Draw : Clear the entire drawing ares;
UndoLast :Ddetethelast intersection;
Refresh : Refresh the drawing areg;
Check Draw: Check the geometry configuration before run

“balancing data’ command.
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Balancing Direction Selection Radio Button

Select relevant radio button to designate the balancing direction.

¥ Artenal Traffic Balancing Too - =

File Data Cutput HElp  About

il o
i %

ﬂii:f Geometry Type Library ]
.

:;;I ~ 7| Drawing Area |
SIS
LU I
aimmln
J /.2 — l /{:: Daws Funchion
e

I. [ Drawing Func Keys /

"‘i:‘r: Balancing Direcion Selecion Radio Bution ]

Figure B.1 Snapshot of ArtBaT User Interface
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MENU ITEMS

ArtBaT has six menu items: File, Data, Output, Run, Help and About.

File
@ Load Scenario : Load existing balancing scenario ;
@ Save Scenario : Save current configurations as scenario ( *.sco ) ;
@ Exit : Exit the ArtBaT program
NOTE A scenario file consists of the following information
Number of intersections to be balanced;
Intersection types for each intersection;
Intersection Data Files;
Data

@ Load Intersection Data File This command loads intersection data

file.

NOTE:

(4).

(5).

).

Intersection Data File must comply with the following format (which is
the same format as JAMAR file, See Figure B.2)
(1). TXT file format (can be edited using notepad.exe)

).
(3)

Line 1 to line 10, inherited format from JAMAR file format,
carrying no specific meaning to ArtBaT program;

Line 11 to the last line: must be comma separated,
containing 1 time stamp column (i.e., the 1st column) and 16
data columns (i.e., 2nd to 17t columns)

For those turning movements related to freeway
entering/exiting ramps, ArtBaT assumes the user has
already conducted necessary data matching/splitting (See
Section 2.2), i.e., the data file to be loaded by ArtBaT are the
already-matched data;

The user is suggested in the strongest term to examine the

JAMAR data file prior to inputting required column numbers.

Total number of data lines that ArtBaT can handle is 96 ( this
is based on the assumption that the data are on 15-min
basis and 24 hours contain ninety-four 15-min intervals)
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['ZACHARY LM fHOPKINS CROSSROAD /C-Southbound, LOOP FROM / RAMP TO I-394

puelelaleelole]uiy
"g/23fz001"
Bl

"I-394 AT ZACHARY LANE fCSAH-73 , S RAMPS"

"REF.PT.: 001.94&8"

"JaMAR# 631/632 RE/DR"
"TURN MOWEMENWT COUWNT"
"Mowvement 1= AUTO & TRUCK"

“Key #', 1, 2, 3, 4, 5, 6, 7, 8, 3, 10, 11, 12, 13, 14, 15, 1§

"pg:00", 18, 11, 1, 0, &, 3, 18, 0, 0, 14, 12, 0, 1, 2, 1, O

"0§:15", 30, 24, 4, 0, 18, 3, 1%, 0, 0, 21, 24, 0, 1, 3, 1, ©

"0§:30", 28, &0, 3, 0, 21, 3, 17, 0, 0, 27, 37, 0, 1, 3, 1, O

"0§:45", 35, 75, 2, 0, 1%, 1, 31, 0, O, 51, 4%, 0, 2, 1, 1, ©

"gF:00", 39, 101, 3, O, 34, 2, 3, 0, O, 51, 53, 0, 1, 4, 1, O

"gF:15", 55, 11%, 5, 0, 34, 2, I, 0, O, 68, 57, 0, 1, 1, 1, O

“gF:30, 70, 173, 11, 0, 29, 4, 37, 0, 0, 100, 82, 0, 1, 9, 1, O

"0F:45", 55, 151, 5, 0, 40, 3, 4%, 0, 0, 126, 72, 0, 1, 5, 1, O

"gE:00", 6%, 114, 6, 0, 2%, 3, 5%, 0, O, 130, 70, 0, 1, 2, 1, O

"pg:15", &5, 12%, 7, 0, 34, 0, 45, 0, 0, 118, 77, 0, 1, 1, 1, O

"OB:30", 40, 102, 1, 0, 43, 2, 43, 0, 0, 84, 75, 0, 1, 1, 1, 0

"0B:45", 51, 100, 2, O, 23, 0, 27, 0, O, 93, 61, 0, 2, 1, 1, O

FigureB.2 A Sampleof Intersection Data File
Output
@ Output Directory: Designate output directory for the balancing results.
NOTE:
Balancing results will be stored in the designated output directory
as *.csv files that can be opened with Excel;
One intersection will have two output files associated with it, i.e.,
intersection_name.csv, which contains integer-valued balanced
results, and intersection_name_float.csv, which contains
floating point valued balanced results. Here “intersection_name”
represents the name of the intersection in question.
Run

@ Balance Data: this command will execute the data balancing
subroutine on the intersections.

NOTE: Run-> Balance Data command

is disabled unless the

intersections pass geometry check (to perform geometry check, click
“Check Draw” button)
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EXAMPLE

The following example illustrates in detail how to use ArtBaT program. Assuming we are
to balance the intersections as shown in Fig 3. We have four intersections in this figure:

D, C, B, A. Thefour intersection datafiles involved are:
(1) “CSAH73 at No Frontage Rd.txt ” corresponding to Intersection D;
(2) “CSAH73 at 1394 No Ramp.txt " corresponding to Intersection C;
(3) “CSAH73 at 1394 So Ramp.txt ” corresponding to Intersection B;
(4) “CSAH73 at So Frontage Rd.txt” corresponding to Intersection A;

-"'-
-
-"-
-

B To |- = NE - - -
' } - Lo
394 WE I “- -,

4—}—
--------------

K

FigureB.3 Example Intersections

SLHYS)

Step 1: Start ArtBaT.exe
Step 2: Designate Data Files through Datae Load Inter section Data File (See Fig 4);
Step 3: Load the four intersection data files (See Figure B.5) and click Save

(1) “CSAH73 at No Frontage Rd.txt ” corresponding to Intersection D;
(2) “CSAH73 at 1394 No Ramp.txt " corresponding to Intersection C;
(3) “CSAH73 at 1394 So Ramp.txt ” corresponding to Intersection B;
(4) “CSAH73 at So Frontage Rd.txt” corresponding to Intersection A;
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File Data Output Son Help About

3 Load Intersection Data File - X

List of Intersection Data File:

Browse D ata File
| L]

[Feplace|  [Crarat] [ Dotete ] Bdd

Save

b Function—

=
| Direction- i
() North-South Check Draw
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FigureB.4 Load Intersection Data Files Dialogue



File Data Output Fun Help About

i Drirection
(*) North-5 outh
() Eastiwest

¥ Load Intersection Data File

List of Intersection [rata Files

Browse Data File

C:ADocuments and Settingzlwuping = b
C YDocuments and Settlngs\wuplng ZEBHA esktop\CSAH?3 at 1394 Mo Ramp.tat
C:A\Documents and Settingz'wuping ZEBRAVDesklop\CSAHT S at 1394 So Ramp.tst
C:ADocuments and Settings\wuping ZEBRAVDesklop\C5AHY 3 at So Frontage Rd. tat

3 at Mo Frontage Rd.tat

| Heplace| | Clear Al |

| Detets | Add

Save

kot

Check Draw

Figure B.5 Intersection Data Files Loaded

Step 4: Click “North-South” radio to tell the program that the balancing is for north-

south direction;

il

Step 5: Click 4 times 7 r icon and we have Figure B.6. The intersections are lined

from top to bottom.
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Figure B.6 Four Intersectionsin the Drawing Area

Step 6: Click the top 1% intersection; we have the configuration window as shown in

Figure B.7

@ Input Intersection Name (An intersection MUST be associated with an

UNIQUE name);

B-8




File Data Output Help  About

M Intersection Information =

_| i Basic Info

J 58 Intersection Name  [NONE

Intersection Type |
n T

we

L _|
ot et
TT

E\

Interzection D'ata Ophion

!

|

Click " LoadFromFile’" to load an existing
Y s

data configuration  file ar  configure  the N
intersection data  now by designate the LaadFramFils

cormespondence between turning rmovernent

-

& |
s
7

SR and data zource file column number.
== = : ; Click" SaveT oFile" to save the configuration Savelofile
| i NE 50 that you can load it next time.
H
i
] i | SE Leg Data ] “wE Leg Data] ME Leg Data EB LegData ]
1!
Y EB Leg Data lnput
J Left Turn Movement ] Thru Movement  Right Tum Movement l
et Data Source | =1
(=) Mot
(_J East 2ol o]0 [~ Lock Right Tum Movement
| ok | | Cancel |

Figure B.7 Configuring First Intersection

Step 7. ConFigure B.Intersection Legs. Take SB Leg of the first intersection as an
example.
SB Leg, Left turn movement
@ Select Data Source File from the file list, in this case, select * CSAH 73 at
No Frontage Rd.txt” (Figure B.11);
@ Input “1” in Col Number, asthe first data column of “CSAH 73 at No
Frontage Rd.txt” datafile correspondsto SB left turn movements ( Figure
B.11);
@ Check “Lock Left Turn Movement” if SB LT is supposed to be locked
during the balancing process.
@ Do the same for other movements for SB leg
@ Do the same for other legs and other intersections.

NOTE:

The intersection configuration can be saved by “SaveToFile” button, and
existing intersection file can be loaded by “LoadFromFile’ Button,
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For a turning movement that doesn’'t actually exist, the user should designate
its Data Source File as empty and Col Number as*” 0”;

When it is desired that some turning movements counts should not changed
during the balancing, the user must designate such movements as “LOCKED”

by checking the respective “Lock XXX turn movement” checkbox (Figure
B.8).

Basic Info
S8 Intersection Name  [C54H73 at Morth Frontage Rid
Intersection Type |
R iTiL [
2 | = WE
—F = '{_' W — Intersection D ata Optior
[ = o A Click " LoadFromFile" to load an existing
= B } 7 r.— data configuration file or  configure  the y
l: o interzection data  now by designate the LoadFromFile
1 E conespondence between tuning movement
and data source file column number.
Click' SaveToFile" ta zave the configuration SaveT oFile
NE zo that you can load it nest time.

SBlegData |WwWE Leg Data] ME Leg Data] EE LegData
SE Leg Data lnput

Left Turn Movement l Thru Maovement I Right Turn Maovement ]

Data Source 2 itg ZEE at Mo Frontage Fd

LI ing.ZEE at Mo Frontage Rd.txt
Col Mumb C:ADocuments and Settingsiwuping ZEBRAN esklop CSAH T at 1394 Mo Ramp.t«t
of NUMBET e h ocuments and Settingshwiuping ZEBRA&ND esktophCSAH TS at 1394 So Ramp.tet
C:ADocurnents and Settingshwuping ZEBRANDeskiophCSAH TS at So Frontage Rd. txt

| ok | | Cancel |

Figure B.8 ConFigure B.SB Intersection Leg
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SBLegData |'WE Leg Data] ME Leg Data] EB Leg Data

SB Leg Data lnput

Left Turn Movement l Thiru Movement ] Right Turn bovement

[rata Source |E:'\D|:uc:uments and Settingz\wuping ZEERAMD ezktophCSAHTS at Mo Frontage Fid. bt

s iz g [ Lock Left Turn M ovement

Figure B.9 ConFigure B.SB Left Turn Movement

Step 8: After all intersections are configured (Fig 13) , click “Check Draw” to check the
geometry.

¥ Arterial Traffic Balancing Tool

Fle Data OQutput = Help  About

CSAHY3 at Marth Frontage Rd

- i
j i ,_ %h.(—: CSA4H73 at 1334 Morth Ramp
Bt %l Y
B R S
s e TS C5AH73 1354 South Flamp
EESIES IR
BRI N
HHEEH T =5 CSaH73at South Frontage Rd
% i 1A
R
NP
HH Qi
aillp Q|B
Direction
(%) Marth-South
() Eastiwest

1~ Draw Functiorr

Check Draw

Figure B.10 Configuration of all inter sections done
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Step 9: Because we have not designate output directory path, the geometry check fails
(See Figure B.11)

3 Check Geometry - X

ERROR: Output directory path emphy

MOTE: The program doezn't check the comespondence between data source and
colurnn number. The user should enzure all the correspondence iz legal before run
banancing command.

|I3 eametry Check Failed.

Figure B.11 Check Draw Information Dialogue

Step 10: Input Output Directory Path through Outpute Output Directory command
(Figure B.12), and check geometry again. If passed, Rune Balnace Data command will
be enabled.

Step 11: Click Rune Balnace Data and the balanced results (from North to South, and
from South to North balancing) will be output to the designated directory.

Step 12: The user can save the balancing scenario through “FileaSave Scenario”. Saved
scenario includes the following information:
§ Number of intersections;
§ Intersection Type for each intersection;
§ Intersection data files as loaded from “Dataalntersection Data
File’
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e oupuoneeon

|IEI il d Filez in the selected directory
St g A b
&= Fis_LIMN About, ~ddp 3
[=> Linda Project igga:'ﬂﬁfm
(= Artenial Balancing fbaut.cpp
E= ArtBaT About.ddp
About. dfm
About b U
About.obj
Artbat. ~bpr
Arthat. ~cpp
Arthat. bpr
Artbat.cpp w
Selected Directary F
Save Dir | | Cancel

Figure B.12 Designate Output Directory Path
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