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1. INTRODUCTION

As traffic congestion worsens (The CQ Researcher, 1999), many highway users are
eager for information to plan and adjust their trips to avoid unnecessary delays. To
improve traffic conditions, advanced traveler information systems (ATIS) are being
developed using different methodologies. ATIS focus mainly on providing real-time
information such as incident-induced delays. Real-time information systems are the most
beneficial to those travelers on the road. For travelers who have not yet started their trips,
have flexible schedules and can change their departure times, knowledge of traffic
conditions in the near future would be valuable. The travelers could avoid unnecessary
delays by scheduling trips departures at non-congested times or by planning beforehand
to travel on routes with less or no predicted delays. Therefore, this research proposes a
highway travel information system (HTIS) for long-term pre-trip purposes, permitting
highway users to improve their travel time, and assisting road construction managers in
revising schedules to avoid (if possible) restricted capacity during high traffic demand
periods.

Travel information can be presented in a variety of formats. Some information, such
as scheduled construction, scheduled events, levels of congestion, detour information,
and weather conditions, may be provided either during a trip or before departure, while

others such as incidents can be provided only during the trip.



The time at which information is provided affects the decisions of both highway users
and road construction managers. Highway users may use information about scheduled
events to determine their departure time and use real-time information to decide to
whether reroute while driving. Construction managers, on the other hand, require
information about forecasted high demands of traffic to schedule construction projects in
order to avoid causing additional delays.

The effectiveness of a travel information system depends on its accuracy, ease of use
and ease of maintenance. Accuracy and ease of use can win the trust of the system users.
Ease of maintenance makes the information system maintainers’ jobs easier and prolongs
the life of the system. It is the goal of the system developers to build a travel information
system with all of the above features.

Therefore, the main purpose of the HTIS is to establish an accurate, user-friendly and
easy-to-maintain pre-trip travel information system to meet the needs of highway users,

construction managers and system maintainers.

1.1 Problem Statements

Some problems may confront several parties in the absence of an appropriate travel
information system.
A. Highway users

Excessive delay may occur if drivers have incomplete information about scheduled or
existing reductions in roadway capacity. Drivers can benefit from information provided
during their trips. They can also plan and adjust their trips if relevant information is

provided before a trip is made. Drivers may use real-time information to avoid a traffic



jam, or use information about scheduled events before their departures to avoid the most
congested periods.
B. Road construction managers

Sometimes, scheduled construction coincides with periods of high traffic demand.
Highway construction is one of the major causes of delay to traffic flow. If construction
managers can reschedule projects to avoid seasons, days, or hours of high traffic demand,
the negative impacts of highway construction on traffic flow can be reduced. If delay
costs to society are compared against the possible increases in construction costs, the

rescheduling of projects may be justified.

1.2 Purposes and Objectives

One of the problems that the maintainers of some travel information systems have is
how to estimate the diversion rate from a route with road construction to alternate routes.
The diversion rate depends on many factors, such as the amount and nature of travel
information understood by the driver, the traffic conditions on major routes relative to
those on alternate routes, drivers’ preferences and weather conditions. For example,
some drivers may choose to divert on sunny days while stay on the original routes on
snowy days. Among these factors, the amount and nature of travel information
understood by the driver have the greatest influence on the diversion rate. Diversion
rates vary as construction projects go on. At the beginning of a road project, few drivers
may have adequate information with which to choose alternate routes. The diversion
rates may be small at first. As the road construction continues, more drivers become

aware of the capacity reductions, and consider alternate routes. The diversion rates



become larger. Because diversion rates have this dynamic characteristic, the actual
volumes on the original routes become hard to predict.

The dynamic characteristic of diversion rates as construction projects go on is
addressed in this research. Once this dynamic characteristic of diversion rates can be
successfully addressed, the delays caused by scheduled roadway projects can be
predicted. With the delay information, highway users may schedule their trips to avoid
unnecessary delays. Project schedulers may use the delay information to evaluate the
impacts on construction projects on traffic and make necessary adjustments.

The objectives of this research are listed as follows:

(1) To predict the delays on the major highways in Indiana State caused by scheduled
roadway projects for expected travel levels and patterns;

(2) To build a user-friendly interface providing individuals and institutions with easy
access to this travel information system;

(3) To provide INDOT with a method to review (and possibly revise) its construction
project schedules;

(4) To establish standard procedures for information updates using the newest available

data.

1.3 Research Plan

This research introduces an approach called Workzone Delay Equilibrium Estimation
(WDEE) to predict traffic conditions as construction ages. WDEE takes into
consideration that a certain percentage of uniformed travelers may not make informed

decisions, and fins a new “steady state” when the existence of the workzone has become



widely known. By applying a hypothetical relationship between link volumes and the
age of construction, the link volume at any time during the period before the system
reaches a new “steady state” can be estimated.

The flow rate entering a workzone can fall between two extreme values. These
extreme values correspond to two scenarios:

e The *“no information”scenario, in which no drivers know about a new road

capacity reduction,

e The “complete information” scenario, in which all drivers have adequate

information about road construction zones.

To simulate the “no information” scenario, the link flows are estimated based on
historical flows at the time before the workzone is added. The link flows for the “no
information” case are assumed to be the same as that for a diversion rate of zero. The
travel delays for the “no information” case can be estimated based on the link flows for
the “no information” case and workzone capacities. To simulate the “complete
information” scenario, two analyses are involved, O-D estimation and traffic assignment.
O-D estimation is applied to generate an O-D table based on the link flows for the “no
information” case. Equilibrium traffic assignment is applied to the network with
workzone capacities in place based on the O-D table obtained from O-D estimation.
Neither scenarios will be strictly true, but they form the upper and lower bounds on travel
delay during the road construction period.

A relationship between link volumes and construction schedules is hypothesized and
applied to estimate link volumes during construction periods (Figure 1.1). As road

construction proceeds, diversion rates and link volumes gradually shift from the results of



the “no information” scenario toward the results of the “complete information” scenario.

The link volume for any time during construction periods can be estimated by applying

the hypothetical relationship to the two extreme values of link volumes.

Finally, the expected delays on each link are estimated based on the estimated link
volumes. With WDEE, the expected delays are linked to construction schedules. The
changes of the link volumes related to construction schedules can therefore be addressed
without having to predict diversion rates from the main route.

The major tasks of this research include:

(1) Collect and process historical traffic data: Find the traffic patterns associated with
some scheduled events and holidays to forecast the demands on the roadway links
within Indiana.

(2) Estimate statewide trip tables: Apply O-D estimation to estimate statewide trip tables
from forecasted demands on links within the Indiana State highway network.

(3) Perform traffic assignment: Apply equilibrium traffic assignment to simulate the
“complete information” scenario in which all drivers have adequate information about
road construction zones.

(4) Estimate delays: Generate delay using a formula based on queueing theory.

(5) Refine delay estimates: Generate rules to depict dynamic changes of traffic conditions
due to different levels of driver knowledge about roadway capacity reductions and
alternate routes.

(6) Verify and feedback: Conduct traffic surveys to verify the estimated delays. Receive
feedback from initial users and system maintainers. Modify the system

correspondingly.



(7) Build user interfaces to disseminate traffic information.

(8) Propose standard procedures for system maintenance.



Link Volume
A

No information scenario

Upper Bound

Lower Bound X X ;
Complete information scenario

»
»
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Figure 1.1 The relationship between link volumes and construction schedules



2. LITERATURE REVIEW

This chapter reviews past studies on three important topics related to the HTIS -
highway information systems, traffic volume forecasting methods and workzone delay
estimation. Section 2.1 reviews past studies of highway information systems. Previous
research about travel information systems can be categorized into three parts based on the
time at which information is provided — real-time information systems, short-term pre-
trip information systems, and long-term pre-trip information systems. The characteristics
and development of these three information systems are summarized.

Section 2.2 presents several traffic volume forecasting methods proposed in the past.
Not only various models and techniques applied to traffic forecast are reviewed, the
difficulties of forecasting traffic volumes in this research are also brought up.

Finally, a review of workzone delay estimation is given in Section 2.3, in which four
main approaches used to estimate workzone delay are introduced to readers. Their pros

and cons are discussed so that an appropriate approach for the HTIS is suggested.

2.1 Highway Information System

The current information systems can be divided into three groups — real-time, short-
term pre-trip and long-term pre-trip -information systems according to the time

information is provided. Real-time information systems provide travelers information



during driving, short-term pre-trip information systems provide information shortly
before departure (normally within one day), and long-term pre-trip information systems
provide information one day or more before departure. Real-time and short-term pre-trip
information systems are the most suitable for disseminating information about
unexpected events such as incidents, while long-term pre-trip information systems are
more suitable for informing drivers of expected events such as roadway construction.
The following discusses related research on real-time and short-term pre-trip information
systems, and long-term pre-trip information systems.
A. Real-time and short-term pre-trip information systems

Recent research on real-time and short-term pre-trip information systems has focused
on developing advanced traveler information systems (ATIS). ATIS are an integral
component of Intelligent Transportation Systems (ITS). The main objective of ATIS is to
provide travelers with dynamic route guidance and real-time information via different
media, such as in-vehicle route guidance systems, cellular telephones, cable television,
information kiosks and the Internet. The evolution of ATIS started from the one-way
communication systems, such as variable message signs (VMS) and highway advisory
radio (HAR) (Adler and Blue, 1998). In order to provide individual travel assistance, a
wide range of new technologies has been applied, such as real-time traffic surveillance
and control systems, electronic route guidance systems (ERGS) and in-vehicle route
guidance systems (IVRGS). These new technologies enable users to interact with ATIS
and provide individualized path search and dynamic route guidance. Despite of the

above evolutions, the development of ATIS is still in progress.

10



The effects of information provided by ATIS on travelers’ behavior have been
discussed by several researchers. Because ATIS are not well developed, the assessments
of the effects of information on travelers’ behavior are based on existing information
about dissemination media or simulation results. Polydoropoulou et al. (1994)
categorized these studies into two groups — revealed preference approach and stated
preference approach.

The revealed preference approach analyzes drivers’ behavior in real-life situations on
the basis of respondents’ reports, such as diary surveys and field observations. The
advantage of applying the revealed preference approach is that the resulting data are
based on travelers’ actual behavior. The disadvantage of this approach is that the costs of
collecting data are high. In addition, this approach may not be applied to new
technologies that have not been implemented, because no actual data are available.
Polydoropoulou et al. (1994) analyzed travelers’ behavior under the influence of traffic
information based on diary surveys. About 22% commuters received pre-trip traffic
information from radio and 5% from TV. Sixteen percent of commuters had their route
choice influenced by pre-trip information. It was concluded that a more reliable and
more frequently updated traffic information system than radio would gain driver
confidence and stimulate the acquisition of traffic information.

The stated preference approach obtains drivers’ impressions and reactions to
hypothetical scenarios through questionnaires, phone interviews and simulators. The
advantages of applying the stated preference approaches are that some environmental
factors are controllable and the costs of obtaining data are relatively lower than using the

revealed preference approach. However, the resulting data may not reflect travelers’
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actual behavior. Additional verification is required. There are a lot of studies using the
stated preference approach. Some of them are discussed herein. According to Barfield et
al.’s (1991) study about the influence of information from radio, TV, variable message
sign (VMS) and phone on Seattle commuters’ behavior, about one third of commuters
would check information via TV before driving and over 60% of commuters would check
information via commercial radio stations before and during driving. Over 50% of
commuters have changed departure times or switched to alternate routes based on traffic
information. Only a small percentage of commuters have changed modes based on traffic
information. Khattak et al. (1995) evaluated the influence of radio traffic reports (RTR)
on Chicago commuters. Over 65% of commuters use RTR during driving and 40% use
RTR before driving. About 60% of commuters have changed departure times or
switched to alternate routes based on RTR. Khattak et al. (1999) conducted phone
interviews about the influence of information via radio, TV, phone on the behavior of
residents in San Francisco Bay Area. About 48% of residents listen to radio before
departure and 26% watch TV before departure. Eighty-two percent of automobile
noncommuters, 68% of automobile commuters, 66% of transit commuters, and 48% of
transit noncommuters are likely to adjust trips in response to travel information. Allen et
al. (1991) applied a self-designed simulator to analyze the responses of sampled drivers
to four congestion scenarios (11-minute delay — long-trip, 18-minute delay — long-trip,
30-minute delay — long-trip, and 30-minute delay — short-trip) and five in-vehicle
navigation systems (none, static map, dynamic map, advanced map and route guidance).

The results show that drivers diverted much earlier for both 30-minute delay conditions.
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In addition, the more sophisticated navigation systems are, the higher the diversion
percentages are.

As can be seen from the studies with either the revealed preference or the stated
preference approaches, the effects of information on the choices regarding route and
departure times for each traveler are quite different. There are only a few models built to
describe the system performance resulting from the aggregation of individual behavior.
Arnott et al. (1991) proposed a simplified model for describing system performance due
to incidents on a two-route case. The effects of incidents were simulated by treating link
capacity as a stochastic variable. The probability of low capacity on a particular route
represents the significance of the incident that occurred on that route. The system
performances were divided into three scenarios based on the level of conveying
information — zero information, partial information and full information. With zero
information, travelers learn nothing about road capacities. Travelers’ choices of routes
and departure times are based on rational expectations and past experience. With full
information, travelers learn all about road capacities early enough for them to adjust their
routes and departure times, so that an equilibrium status can be reached. In equilibrium,
no one can reduce travel costs by changing route or departure time. It was concluded that
the expected costs per driver in the partial information scenario may be higher than in the
no information scenario due to the effect of “concentration”, which results from too many
drivers (but not all of them) following the route guidance.

The concept of the zero information, partial information and full information
scenarios in Arnott et al.’s model is the same as in the HTIS. The differences between

their model and the HTIS include:
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(1) The stochastic link capacities in their model are for simulating the effects of
incidents. It is the effects of workzones that are the focus of the HTIS. Usually the
workzone capacities are treated as deterministic;

(2) Their model considered at most two links, while the HTIS addresses the entire road
network of Indiana;

(3) The effect of “concentration” happens only when too many travelers (but not all of
them) follow the same route, which is suggested by a route guidance system. The
HTIS deals with workzone information instead of recommending a specific route for
travelers to follow. Therefore, the effect of “concentration” is not discussed in the
HTIS.

The effects of information disseminated via the World Wide Web (WWW) on
traveler behavior regarding route choices and departure time choices are yet to be
decided. The WWW has been widely used for disseminating different kinds of
information, such as news, weather and advertising. The formats of information that can
be disseminated via the web range form pure text and images to audio and video clips.
Several scripting languages such as Javascript, VB-script, Common Gateway Interface
(CGI) and Microsoft Active Server Pages (ASP) enable the WWW to interact with users
and provide personalized information according to users’ preferences. An example of a
multimedia-based highway information system (MMHIS) in geographic information
system (GIS) shell was shown in Wang and Elliott’s study (1996). The MMHIS has a
feature of dynamic displaying data with video frames upon a user’s request by clicking
on a location on the map. As computer devices continue to improve and the prices of

these devices continue to drop, the number of Internet users in the nation has reached 106

14



million, over 52 % of American adults (Sefton, 2000). In considering the WWW soon to
become one of the major media, the HTIS includes it as one of the media for
disseminating travel information.

B. Long-term pre-trip information systems

Little attention has been given to long-term pre-trip information systems. Recent
research has focused on the real-time and short-term pre-trip information systems. The
real-time and short-term pre-trip information systems, however, provide only information
at the time it is accessed, in order to meet the requirements of disseminating information
about unexpected events. The long-term pre-trip information systems, on the other hand,
can provide motorists with knowledge of traffic conditions about expected or planned
events several months in advance, depending on the characteristics of those events.
Travelers who are planning ahead and have flexible schedules may be able to reschedule
their trips. Drivers in traffic may adjust their routes according to the real-time information
to minimize expected delay. Drivers about to begin a trip who consult short-term pre-trip
information system may be able to reschedule their trips or modify their routes.

Previous studies on the effects of road construction (one of the most common planned
events) on traffic have diverted much attention toward the short-term effects resulting
from different traffic control strategies. Nemeth and Rouphail (1982) studied the
merging behavior in response to traffic control devices using the self-built microscopic
simulation model Freeway Construction (FREECON). Dudek et al. (1986) conducted
surveys on lane closures on 4-lane highways in Dallas, Texas and Oklahoma City,
Oklahoma, and studied the relationships between hourly volumes and user costs induced

by workzones. Zhang et al. (1989) applied the simulation model FREQ10PC to assess
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the different effects of traffic control strategies on traffic at the Oakland Bay Bridge in

San Francisco, California, and the impacts of nighttime lane closures on the traffic on I-

80 northeast of the Oakland Bay Bridge. Robertson, Palumbo and Rice (1995) evaluated

the impacts of a workzone at Metropolitan Boulevard in Montreal on adjacent roads.

Boruff (1994) evaluated the impacts of the 170 reconstruction from 1465 to the Belmont

Avenue overpass in Indianapolis, Indiana by calculating the percentage changes of total

traffic volumes on both the major route and the alternate route.

In the studies mentioned above, none explores day-to-day variations in traffic patterns
due to workzones during the transition time before an equilibrium state is reached. The
day-to-day variations in traffic patterns due to workzones were evaluated in Jha and
Sinha’s study (1996). Jha and Sinha applied a dynamic traffic simulator
(DYNASMART) to a test network with 10 zones, 50 nodes and 168 links, and simulated
the effects of different percentages of travelers who trust and follow the route guidance
on the system performance in terms of average travel time. Their study can be a good
starting point for studying the effects of long-term pre-trip information on traffic. Two
aspects in their study need to be further developed:

(1) The lane closure strategies considered are only full lane closures (closures of all lanes
on links under construction), which are not common for state highways or higher.
The most common lane closure strategies for Indiana highways are partial lane
closures, in which the traffic flow is maintained.

(2) The network used in their study is only a test network. The implementation of
DYNASMART on long-term events in real networks of a large scale such as the

Indiana network can be difficult, because complicated modeling skills are required.
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The HTIS further explores day-to-day variations in traffic patterns due to workzones
during the transition time before an equilibrium state is reached in two ways:
(1) Consider both full lane closure and partial lane closure strategies.

(2) Verify the impacts of workzones on traffic using a real network.

2.2 Traffic Volume Forecasting

Previous research on traffic volume forecasting applied various techniques. Some of
the studies applied neural network models (Dougherty and Cobbett, 1997; and Yun et al.,
1998), while some used time series models (\Voort, Dougherty and Watson, 1996) to
forecast traffic volumes. The comparisons of these two models with several other
techniques are shown in Kirby et al.’s study (1997) and Smith and Demetsky’s study
(1997).

Kirby et al. (1997) evaluated the accuracies of using upstream volumes to predict
downstream volumes based on three forecasting models — neural network models, time
series models and the ATHENA model, which is a short-term forecasting model
developed by Institut National pour la Recherche sur les Transports et leur Sécurité
(INRETS). The data at three stations located about 30 kilometers upstream from the
target station were used to forecast the volumes of the target station. It was concluded
that both the neural network and the time series models can get a good forecasting result.
The ATHENA model was evaluated to be better than both the neural network and the
time series models.

Smith and Demetsky (1997) reviewed the accuracies of forecasting results using four

models — historical average, time series, neural network and nonparametric regression
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models. They also accessed the transferability of these models. The data used for
forecasting were two sets of historical data from two locations. The first set of data was
used to evaluate the accuracy of the results based on the four models. It was shown that
the nonparametric regression model outperforms the other methods. The neural network
model was the second, followed by the time series model third and the historical average
model last. The time series model was excluded from the evaluations of model
transferability because it does not allow missing data, a common situation in practice.
The remaining three models were further evaluated for their transferability using the
second set of data from a different location. The transferability of the neural network
model was evaluated by processing the second set of data without “retraining”, which
means the parameters generated based on the first set of data are used directly without
updates from the second set of data. The forecasting results showed the nonparametric
regression model still remains in first place. The results using the neural network model
without “retraining” are even worse than using the historical average model. The neural
network model was concluded to be not transferable.

The accuracy of the forecasting results from applying the time series model to the
data at the same location needs to be evaluated. The evaluation of the time series model
conducted in Kirby et al.’s (1997) study was based on the data 30 kilometers upstream
from the target location. In Smith and Demetsky’s (1997) study, the time series model
was excluded because it was unable to process nonconsecutive data. Although the
situation of missing data also occurs to the ATR data due to malfunctions of equipment, it
is still not difficult to find adequate ATR data for use of the time series model in this

HTIS study. Consequently, the time series model being unable to process
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nonconsecutive data is not a problem for this research. The evaluation of the time series

model based on data at an ATR location in Indiana is performed in Section 5.2.

In addition to the accuracy of forecasting results and model transferability, the
selection of a suitable traffic volume forecasting technique for the HTIS also depends on
the availability of historical data and the time required performing traffic volume
forecasting on all links within Indiana.

(1) Availability of historical data: The historical hourly volumes are needed either for
use in building forecasting models or for directly forecasting volumes by transferring
models from other locations. Forecasting volumes by transferring models from other
locations may not need as much historical data as when building models “from
scratch.” The forecasting models themselves cannot forecast hourly volumes without
using any historical hourly volumes as a basis. Most of the links within the Indiana
do not have historical hourly volumes. The only historical data available for all links
within Indiana are the average daily traffic volumes (ADTSs) on county flow maps.
The problem of insufficient historical volume data is explained in Section 3.2.

(2) Time required performing traffic volume forecasting on all links within the Indiana:
The existing Indiana highway network file in TransCAD format contains over 16,000
links, and the network file in TRANPLAN format contains over 1,100 links. The
traffic volume forecasting process needs to be repeated for each link within the
network because the demand for each link is required for the O-D estimation process
in the “complete information” scenario to generate the demand for each O-D pair. If
the time to process a single link is one minute, the time to process all links in the

TransCAD network file is over 260 hours, and the time to process all links in the
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TRANPLAN network file is over 18 hours. Therefore, any forecasting technique that

requires over hours to process a single link is not practical for use in the HTIS.

In considering the above two reasons, advanced traffic volume forecasting models
such as nonparametric regression, time series and neural network techniques are not
appropriate for use in the HTIS. A simplified approach for traffic volume forecasting is
proposed for the HTIS by modifying the approach to adjust 48-hour counts taken on
sample sections to AADTS for the same base year in the Traffic Monitoring Guide
(TMG) (FHWA, 1995).

The TMG issued by the Federal Highway Administration (FHWA) provided a
simplified approach for estimating average adjustment factors for link volumes (monthly
factors, day-of-week factors and growth factors) for links of the same group for use in
adjusting daily volumes from short-term surveys to AADTSs of the same base year. The
criterion for grouping links with similar traffic patterns is by classification of links. The
TMG suggests five groups — urban interstate highways, other urban highways, rural
interstate highways, other rural highways, and recreational highways. It is not the interest
of the HTIS to distinguish recreational highways from other highways. Therefore, only
the first four groups are used to group the ATR data. The data required for calculating
the average adjustment factors for link volumes include two sets of data that are routinely
collected: (1) hourly volumes collected from the Automated Traffic Recorders (ATRS),
which are loop detectors and weigh-in-motion devices used for collecting continuous
traffic data; and (2) the 48-hour counts taken on sample sections. The calculation process
involves three steps: (1) grouping ATR data based on road classes of links; (2)

calculating average factors for each group based on the ATR data of the same group; (3)
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applying the average factors for each group to the 48-hour counts taken on sample
sections, which belong to the same group.

Because the AADTS in the base year 1995 are available in the TransCAD network
file, there is no need for AADT conversions. However, the AADTS in the TransCAD
network file are required to be converted to AADTS in current year. The average growth
factors are calculated following the process suggested in the TMG. The calculation
process for average growth factors is implemented in the HTIS (see Section 5.2).

The HTIS proposes a simplified traffic volume forecasting approach by modifying
the daily volumes adjustment procedure proposed in the TMG. This simplified approach
adopts the same grouping technique as in the TMG. The differences between this
approach and the TMG link volumes adjustment procedure are the required data and the
calculation process. The data required include the ATR data and the AADTSs from the
TransCAD network file, which are converted from the data stored in the county flow
maps. The calculation process involves five steps:

(1) Grouping ATR data based on road classes of links;

(2) Calculating average growth factors for each group based on the ATR data of the same
group;

(3) Applying the growth factors for each group to the AADTSs from the TransCAD
network file to obtain AADTS of current year;

(4) Calculating average peak period factors and directionality for each group based on the

ATR data of the same group; and
(5) Applying the peak period factors and directionality for each group to the AADTSs of

current year to obtain hourly volumes for different peak periods.
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The detailed calculation processes of this simplified traffic volume forecasting
approach and an example are shown in Section 5.2.

One of the advantages of this simplified approach is that it does not require historical
hourly volumes for all links. The only required historical data are historical hourly
volumes for ATR stations and historical daily volumes for all links stored in the
TransCAD network file. Unlike the existing traffic volume forecasting techniques, this
approach can be applied to all links, including those without historical hourly volumes.
In addition, the processing time of estimating hourly volumes for all links using this
simplified approach is over 90% shorter than using advanced traffic volume forecasting

techniques such as time series and neural network techniques.

2.3 Workzone Delay Estimation

Research on the impacts of highway workzones on traffic has used different ways to
quantify the effects. The most commonly used quantitative indices to evaluate the
impacts of workzones on traffic include, queueing lengths, workzone user costs,
workzone delays and total travel time.

Queueing lengths can be estimated in several ways, such as a deterministic queueing
approach, stochastic queueing methods, a shock wave approach and a coordinate
transformation time-depend technique. Dixon et al. (1998) compared the queueing length
estimation techniques of deterministic, shock wave, and coordination transformation with
an estimated field queue. Among the three techniques, the coordinate transformation
technique can produce the closest values to the estimated field queue. All of the three

techniques tend to underestimate the queue length. The use of queue length as an index
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for evaluating the impacts of workzones may be sufficient for choosing better traffic
control strategies. However, queue length is not the way most drivers measure traffic
congestion; they do it in terms of time. Therefore, providing queue lengths as travel
information cannot efficiently assist travelers on trip planning.

The workzone user costs convert the effects of all impacts of workzones into money
values. The definitions of user costs at workzones vary in different studies. Memmott
and Dudek (1982) defined the total user costs at workzones using seven components: (1)
cost of delay, (2) delay cost of going through the workzone at reduced speed, (3) cost of
the speed-change cycle, (4) operating cost of the speed-change cycle before a queue is
present, (5) additional operating cost of the speed-change cycle when a queue is present,
(6) vehicle running cost before a queue is present, and (7) additional vehicle running cost
when a queue is present. Soares and Najafi (1998) divided workzone user costs into three
components — travel time delay costs, vehicle operating costs, and accident costs. The
advantage of using workzone user costs to evaluate the impacts of workzones is that it
includes money-related costs in addition to time-related costs. The use of workzone user
costs as travel information has the same problem as queueing lengths. The value of
workzone user costs is not meaningful to travelers as travel time and queueing delay.

Workzone delays and travel time — as opposed to queue lengths and workzone user
costs — provide direct information that travelers can use for trip decisions. Researchers
have adopted different approaches to estimate workzone delays and travel time.

Davies et al. (1981) proposed a model to estimate the delays in four different traffic
conditions — “free-flow”, “queue starts to form”, “diversion” and “diversionary route at

capacity.” In the “free-flow” condition, the link demand on the main route is less than its
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capacity and there are only speed reductions through the workzone. In the “queue starts
to form” condition, the link demand on the main route is greater than the capacity and no
traffic has been diverted. In the “diversion” condition, the traffic starts to divert to the
alternate route. In the “diversionary route at capacity”, both the main route and the
alternate route have reached their capacities. Davies, Vincent and Jacoby’s study was to
estimate the impacts due to short-term construction, such as maintenance work.

Cassidy and Han (1993) proposed a model for estimating delays and queue lengths at
two-lane highway workzones. When one of the two lanes closed, traffic in both
directions needs to share the remaining open lane. This type of lane closure was called
“one-way traffic control” by the authors. Because the “one-way traffic control” is a
special case, the applications of Cassidy and Han’s study cannot be extended to other
types of lane closures.

Jiang (1999) reviewed the time-related costs defined in Memmott and Dudek’s study
and categorized total delays into four parts: (1) delay due to vehicle deceleration before
entering workzone, (2) delay due to reduced speed through workzone, (3) delay for
resuming freeway speed after exiting workzone, and (4) delay due to vehicle queues. The
total delays were further used to calculate workzone costs. The difference between
Jiang’s study and Memmott and Dudek’s study is the technique used to estimate delay.
Memmott and Dudek used queueing diagrams to calculate queueing delays, while Jiang
applied queueing theory. Both of these two studies focus on estimating the total
workzone user costs within a specified time period. The total delays calculated in these
two studies are with respect to all vehicles in the system during a certain period, instead

of for only those vehicles entering the system during the time period.

24



The HTIS applies queueing diagrams to model different combinations of arrival rates
and derives a general formula for these models. These models can be used to estimate
the total delays with respect to vehicles entering the system during a certain time period
and average workzone delay per vehicle. The queueing models used in the HTIS are

explained in Section 5.5.
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3. DATA AVAILABLE

Several data are required to implement this highway travel information system. The
required data include a network file, historical link volumes, initial O-D matrices, and
workzone capacity constraints. This chapter explains the uses of these data, the formats
of the data obtained and the problems encountered if the data obtained cannot be used

directly.

3.1 Network File

A. The uses of network files

Network files are an important data resource for highway travel information systems.
They are large databases that contain information related to highway links, intersections
and interchanges such as geographical locations, road classifications, historical link
volumes, link lengths, speed limits, and link capacities.

Geographical locations of links and nodes are used to construct highway networks.
The geographical location of a highway link is defined by the coordinates of its two end
nodes. Road classifications of links are used for forecasting traffic patterns on links
during the link volume forecasting process. The traffic patterns for sample links of a road
class can represent those links of the same road class under the assumption that the traffic

patterns of the same road class are similar. Historical link volumes in the network files
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are used as the basis for link volume forecasting. Link volumes in the near future are
forecasted based on historical link volumes. Link lengths and speed limits are used in
calculating travel time, which is for use in traffic assignment and O-D estimation. Link
capacities are for use in traffic assignment, O-D estimation and delay estimation.

B. The formats of the obtained data

There are two Indiana State network files available: one in TransCAD format and the
other in TRANPLAN format. The network file in TransCAD format was obtained from
Indiana Department of Transportation (INDOT). The TransCAD file includes all the
required data fields of all major highways in the Indiana state network and major arterials
in urban areas. Although the data for some of the highway links (such as link volumes)
are absent, only a few of the missing data are critical for our analysis.

The network file in TRANPLAN format is from the previous research project (Yang
and Fricker, 1996). Although the TRANPLAN file includes only some of the required
data for major highways in the Indiana State, it is capable of O-D estimation, using a
method called Fast Matrix Calibration. Detailed comparisons of TransCAD and
TRANPLAN in terms of record storage capacities and analysis capabilities appear in
Chapter 4.

To make use of the advantages of both TransCAD and TRANPLAN, the HTIS
attempted to convert the TransCAD network file to TRANPLAN formats, so as to use the
capability of Fast Matrix Calibration in TRANPLAN.

The original TransCAD network file contains 761 Traffic Analysis Zones (TAZS),
which include 667 township-level internal zones and 94 external zones. In considering

the degree of precision, the township-level TAZs may be too detailed for statewide trips.
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The number of trips per day between most pairs of townships in the state is very small.
Because processing time increases as the number of TAZs increases, the HTIS planned to
combine the township-level TAZs into 134 TAZs, to include 92 county-level internal
zones and 42 external zones.

Several tasks were undertaken in the attempt:

(1) Internal TAZ centroid modifications: In combining the township-level internal TAZs
to county-level internal TAZs, the township centroids and their centroid connectors
need to be removed and new county centroids and centroid connectors need to be
added.

(2) External zones adjustments: The number of external zones needs to be reduced as the
number of internal TAZs decreases.

(3) O-D matrix modifications: The O-D matrix also needs to be modified
correspondingly to match the new identification numbers of the internal and external
TAZ centroids.

(4) Modified network verifications: The assigned link flows from the assignment of the
modified O-D matrix to the modified network are compared with the ones from the
assignment of the original O-D matrix to the original network. The differences
between the two assigned link flows should be within acceptable ranges.

(5) Network file conversion: The modified TransCAD network file is converted into the
formats of TRANPLAN.

C. The problems encountered
There were several problems encountered as the township-level TAZs were being

combined into county-sized TAZS.
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1)

)

(3)

It requires considerable effort and time: Each task mentioned above requires
considerable effort and time. In addition, the first four tasks above may need to be
repeated if the results of verifications are not satisfactory.

The verification results are not satisfactory: After investing a lot of effort and time,
the modified network file and O-D matrix were verified by performing traffic
assignment. The results showed a lot of zero-flow links, even on several major roads.
Possible causes of this problem include a complicated network system with few
centroids and inappropriate centroid connectors.

There are limitations on data storage in TRANPLAN: The TransCAD database
contains large amounts of data that TRANPLAN could not handle. The version of
TRANPLAN we used limits the total node number to 10,000, which is less than the
15,223 links in the TransCAD network file.

In conclusion, the attempts to make use of the advantages of both TransCAD and

TRANPLAN network files were not successful. The large effort and time required, the

unsatisfactory verification results, and limitations on data storage in TRANPLAN make

the conversion of TransCAD network file to TRANPLAN format not worthwhile. An

alternative to building a complete network file is to use the existing network files in

TransCAD or TRANPLAN formats without conversions. Some modifications need to be

made when choosing to use either the TransCAD network file or the TRANPLAN

network file:

e TransCAD network file: Fill in missing data critical for analysis. No

simplifications are made.
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e TRANPLAN network file: Add in required data fields and fill in data for all
highway links.
Detailed comparisons of TransCAD and TRANPLAN and the final selection of the

software to use appear in Chapter 4.

3.2 Historical Link VVolumes

Historical link volumes are the data on the highway link volumes in the past. They
are used as the bases for link flow forecasting for specific time frames in the near future.
The forecasted values of link volumes for a specific time are treated as the demands on
the highway links at that time. These values are then used for delay estimations and O-D
matrix estimations.

The available historical link volumes are in the following two formats: Automated

Traffic Recorders (ATRs) and county flow maps.

3.2.1 Automated Traffic Recorders (ATRs)

ATRs are permanent stations that collect highway link volumes. There are two
sources of ATR data: Telemetry stations and Weigh In Motion (WIM) stations. There
are 58 Telemetry stations and 35 WIM stations within Indiana. Figure 3.1a shows the old
system used before 1999, and Figure 3.1b the new system used after 1999. Each station
records continuous hourly volumes when the detectors and equipment function well.
Some missing data due to malfunctions of the detectors and equipment are found in files

provided by INDOT (Figure 3.2).
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3.2.2 County Flow Maps

County flow maps contain Annual Daily Traffic (ADT) volumes for each road
segment in the state highway network. The source of these data is 48-hour traffic counts
conducted by INDOT in each county every three to five years. The data in the county
flow map are not from the same time frame, because the counts are conducted over a 3-
to-5-year cycle. The problem with ADTs in different time frames has been solved by
INDOT by updating the ADTs in the county flow maps into the same time frame, such as
1995. The updated ADTSs for 1995 are available in the “ADTVOL” field of the network
file (Figure 3.12).

In order to forecast the hourly traffic patterns of the links, the converted ADTs in
county flow maps need to be further converted into hourly format. The HTIS uses the
data of ATR stations as the basis for updating and forecasting link volumes in the county

flow map. The process is discussed in Section 5.2.

3.3 Initial O-D Matrices

A. The use of initial O-D matrices

Initial O-D matrices are tables recording the number of trips that occurred between
each pair of TAZs. The use of initial O-D matrices is one of the inputs of O-D
estimation, which generates estimated O-D matrices for specific time periods, based on
link volumes for those time periods. The estimated O-D matrices and link capacities with
workzone capacity constraints for specific time periods are then used in traffic
assignment to determine the link volumes under the scenario in which the road

construction locations are known by all road users.
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B. The formats of initial O-D matrices

The initial O-D matrices obtained from INDOT are in two different formats: the daily
O-D table and multi-hour O-D tables that are in 3-hour and 18-hour periods. The daily
O-D table contains the number of trips between each pair of all TAZs in a weekday. The
source of the daily O-D tables is the result of using TransCAD’s O-D estimation feature
with a seed O-D table, which was developed with available Census, household travel
survey and socioeconomic data representative of travel condition in Indiana, and daily
link volumes contained in the network file as inputs (Cambridge Systematics Inc., 1998).

The multi-hour O-D tables provided through INDOT, on the other hand, contain only
the number of trips between each pair of internal TAZs for periods less than 24 hours,
including AM-peak, PM-peak, and off-peak periods. The AM-peak and the PM-peak
period each lasts three hours. The off-peak period, which includes the remaining periods
in a weekday, lasts eighteen hours. The sources of the multi-hour O-D tables are the
results of the daily O-D table applied by the time-of-day factors obtained from the
household travel survey data (Cambridge Systematric Inc., 1998).

The process of generating initial O-D matrices is shown in Figure 3.13.
C. The problems encountered

As explained earlier, initial O-D matrices are one of the inputs for O-D estimation. In
order to perform O-D estimation, the time period formats of the initial O-D matrices
should match those of the link volumes, which are in hourly formats. Therefore, the
initial O-D matrices in both daily and multi-hour formats should be converted into hourly

formats.
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In addition, the multi-hour O-D tables include only internal trips. The internal-
external and external-external trips are also required for O-D estimation. Therefore, these
tables are not suitable in the HTIS.

The daily O-D table, on the other hand, contains internal-internal, internal-external
and external-external trips. It can be used for O-D estimation after being converted to
hourly trip table. The daily to hourly conversion factor is obtained from the ATR data.

The process is discussed in Section 5.3.

3.4 Link Capacities

A. The uses of link capacities

The link capacities under prevailing roadway, traffic, and control conditions are
referred as normal capacities (HCM, 1997). The values of link capacities that change due
to the effects of road construction are referred as work zone capacities.

The uses of link capacities are for traffic assignment and delay estimation. Link
capacities are one of the inputs to traffic assignment. As explained in the use of initial O-
D matrices, the traffic assignment procedure applying workzone capacities to the links
under construction, and normal capacities to all other links, can determine the link
volumes under the scenario, in which the road construction locations are known to all
road users.

Workzone capacities are also one of the inputs for delay estimation due to road

construction. Delay estimation is discussed in Section 5.5.
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B. The formats of road capacities

The normal capacities in the network file provided by INDOT are in two formats:
daily and hourly. The hourly normal capacities are in five different levels of service,
from level of service A to E. (See Figure 3.14.) The source of these normal capacities is
from a research project (Whitford and Opsuth, 1997) that calculated link capacities based
on the maximum flow that can be served under a specific level of service defined in the
Highway Capacity Manual (HCM, 1997).

Typical workzone hourly capacities have been established by Dudek and Richards’
study (1981). The detailed derivation of workzone capacities is discussed in Section 5.5.
C. The problems encountered

The hourly normal capacities at level of service E for all lanes in the network file
provided by INDOT are used in the HTIS, because the volumes at level of service E are
usually treated as capacities. However, the hourly normal capacities in the INDOT file at
level of service E are two times higher than the values suggested in HCM (1997). A

temporary factor of 0.5 is applied to those values in the network file.
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Figure 3.1(a) Locations of ATR stations in Indiana (old system)
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Figure 3.1(b) Locations of ATR stations in Indiana (new system)

36



Hourly Volume

4500

4000

3500 A

3000

2500 -

2000 +—

1500 -

1000 -

500 -

Time:

—h
."‘i'l /‘\\

A

L

pa i \\
208\ A
§

’;‘\\\

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

i Q ,‘_.Al’ L&
N

—e—00-01
—=—01-02
02-03
03-04
—*%—04-05
—e—05-06
—+—06-07
——07-08
—=—08-09
09-10
10-11
11-12
12-13
13-14
14-15
15-16
——16-17
——17-18
—+—18-19
19-20
—4—20-21
—%—21-22
—*—22-23
——23-00

Date

S SMTWTFSSMTWTF SSMTWTFSSMTW T F S SDayofWeek

Figure 3.2 Malfunction occurred between November 13 and November 17 in Westbound
of ATR Station 1400 in 1997
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ADT94|BY R N
102671AT 95 12 R AA 10 1 120000 60000
131015AT 95 12 R AA 10 1 120000 60000 £

4331AT 95 12 R AA 12 6 11500 5750

A772AT 95 12 R AA 12 6 11500 5750

A772AT 95 12 R AA 12 6 11500 5750

7IBIAT 95 12 R AA 08 6 11500 5750

7989AT 95 12 R AA 12 6 11500 5750

BO4GAT 95 12 R AA 12 14 12300 6150

BMEAT 95 12 R AA 12 14 12300 6150

BO4GAT 95 12 R AA 12 14 12300 6150
369B5AT 95 12 R AA 12 2 33000 16500 1
25807 AT 95 12 R AA 12 2 33000 16500 1
25990 AT 95 12 R AA 0B 14 33000 16500 1
23255AT 95 12 R AA 12 2 33000 16500 1
23419AT 95 12 R AA 0B 14 33000 16500 1
23419AT 95 12 R AA 12 14 33000 16500 1
2676BAT 95 12 R AA 12 14 33000 16500 1
27363AT 95 12 R AA 12 14 33000 16500 1
21903AT 95 12 R AA 01 14 33000 16500 1
21903AT 95 12 R AA 01 14 33000 16500 1
17269AT 95 12 R AA 08 2 33000 16500 1
17392AT 95 12 R AA 12 14 33000 16500 1
17392AT 95 12 R AA 12 14 33000 16500 1
2676BAT 95 12 R AA 12 14 33000 16500 1
2676BAT 95 12 R AA 12 14 33000 16500 1=

Ll _>IJ

|Dataview: Records 1 - 25 of 16051 | |

Figure 3.3 Excerpted ADTs in the “ADTVOL?” field of a TransCAD network file
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Figure 3.4 The process for generating initial O-D matrices
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TransCAD -- Academic License - [Merged Lines] [_ =] %]

[ File Edit Map Dataview Matiz Lapout Tools Procedurss Window Help ===l
= E = |AII Records
ID CAPA]|

4285 4162 6745 9903 12630 14352 IN5T-465-49 _I
4286 4162 6745 9903 12630 14352 IN5T-465-49
4287 307 h12 Fari 861 1025 IN-032-29
4288 307 512 717 861 1025 IN-032-29
4289 292 486 681 817 973 IN-032-29
4290 292 436 631 817 973 IN-D32-29
4291 292 486 681 817 973 IN-032-29
4292 250 17 h84 F00 834 IN-032-29
4293 303 H06 F09 851 1013 IN-032-29
4294 303 H06 f0a9 851 1013 IN-032-29
4295 1116 1860 2604 325 3720 U5-031-29
4296 1116 1860 2604 N2s 3720 U5-031-29
4297 710 1183 1657 1988 2367 U5-031-29
4298 1116 1860 2604 25 3720 U5-031-29
4299 Falil 1183 1657 1988 2367 U5-031-29
4300 Falll 1183 1657 1988 2367 US-031-29
4301 Falil 1183 1657 1988 2367 US-031-29
4302 695 1158 1621 1946 2316 IN-431-29
4303 695 1158 1621 1946 2316 IN-431-29
4304 695 1158 1621 1946 2316 IN-431-29
4305 1092 1820 2549 3059 3641 IN-431-29
4306 695 1158 1621 1946 2316 IN-431-29
4307 695 1158 1621 1946 2316 IN-431-29
4308 Falil 1183 1657 1988 2367 US-031-29

4309 710 1183 1657 1988 2367 U5-031-29 -
[ | 3

| Dataview: Records 1 - 25 of 16051 [ [

Figure 3.5 Example link capacities for levels of service A to E (CapA ~ CapE) in
TransCAD network file
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4. SOFTWARE APPRAISAL

Because the HTIS intends to use travel demand modeling procedures to forecast the
traffic conditions that could occur on specific links at specified times during the next
year, appropriate software tools are necessary to implement travel demand models. The
main object of this chapter is to compare two eligible software packages, TransCAD and
TRANPLAN, and to suggest an appropriate one for use in this research.

Two main features are considered in making the final decision: the problem-solving
functions provided by the package and the software efficiency in implementing the HTIS.
The first feature is evaluated by examining the package capabilities in three respects:
network capacity, traffic assignment, and O-D estimation. Then, two aspects regarding
software efficiency are taken into account: the user interface and the efforts required to
build inputs. These considered aspects are elaborated on separately in Sections 4.1 to 4.5.

In addition, Section 4.6 gives the conclusion for the discussion.

4.1 Network Capacity

A TRANPLAN study area is limited to 1,500 zones, 10,000 nodes, and node names
(expressed as numbers) no greater than 16,000. TransCAD, though not specifying its

limitations in the manual, is capable of dealing with networks beyond TRANPLAN’s
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limitation on total node numbers and node names. The current TransCAD network file

for Indiana contains 761 zones and 15,223 nodes, with a maximum node name 311,326.

4.2 Capability on Traffic Assignment

Several methodologies of traffic assignments are developed based on different
optimal objectives, such as all-or-nothing, iterative capacity restraint, stochastic, user
equilibrium, stochastic user equilibrium, and system optimum, each of which is applied
for different purposes (Ortuzar and Willumsen, 1996). Among these traffic assignment
methods, user equilibrium and stochastic traffic assignments seemed to be most
appropriate for use in the HTIS.

User equilibrium traffic assignment is applied to simulate the “complete information”
scenario, in which all drivers have adequate information about road construction zones.
Under user equilibrium, no user may reduce his/her travel time by changing the route
taken. Therefore, user equilibrium can simulate the situation in which all drivers make
their optimal choices based on “complete information.”

Stochastic traffic assignment is well-suited to simulating users’ decisions when facing
two or more adjacent parallel routes. Even if one of the routes is superior to the other
route(s) in terms of saving time, some users may still choose another one. Unlike all-or-
nothing traffic assignment, none of the reasonable route alternates will have zero flow
when stochastic traffic assignment is used.

Both TRANPLAN and TransCAD provide the user equilibrium and stochastic

options for traffic assignment. Therefore, given the same network and the same
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demands, both models can be tested to see if they produce network loadings that are

reasonable.

4.3 Capability for O-D Estimation

The O-D estimation techniques are needed in the HTIS to build statewide O-D
matrices based on observed traffic counts because most existing O-D tables from surveys
are prepared for local cities. Mathematically, the solutions (the O-D matrices) are usually
not unique, because the number of constraints (the number of traffic counts) is far fewer
than the number of unknown variables (the number of O-D pairs) (Ortuzar and
Willumsen, 1996).

The objective here is to find an O-D matrix that can produce a flow pattern that
adequately replicates the actual traffic situation. The more reliable the traffic counts are,
the more likely the resulting O-D table is to generate link volumes that are closer to the
“reliable” counts. The ability to constrain the O-D estimation procedure to match more
closely the more reliable data is a desirable trait.

TRANPLAN uses an add-on function called Fast Matrix Calibration (FMC) that can
adjust an existing origin-destination matrix to match given traffic flow constraints at
screenlines and zonal boundaries (BGC, 1993). FMC allows users to assign an elasticity
value to each screenline and zonal boundary. The elasticity governs the extent to which a
screenline and a zonal boundary can be adjusted relative to other screenlines and zone
boundaries. A higher elasticity of a screenline or a zonal boundary indicates that the
number of observed trips passing through the screenline or the boundary is trustworthier.

Therefore, the traffic assignment results based on the estimated O-D matrix should
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produce the number of trips, which pass through the screenline close to the number of
trips observed. In this way, O-D matrices are adjusted according to the assigned elastic
boundary conditions. FMC can thus provide the user with more control over the results
of the O-D estimation.

TransCAD uses a Single Path Matrix Estimation Method (SPME) to estimate O-D
matrices from counted traffic by minimizing the average deviation between calculated
and counted traffic along the optimal path used by each zone pair. The optional path is
calculated by using All-or-Nothing assignment.

SPME solves the problem of unbalanced counted traffic that does not meet node
equilibrium by considering traffic counts as stochastic variables. However, because the
objective function in SPME is not to minimize the average deviation of the cells in the
estimated and old O-D matrices, the patterns of the estimated O-D matrices may be
completely different from the patterns of the old O-D matrices, which are usually
obtained from household surveys. The results of TransCAD’s O-D estimation are hard

for the user to control.

4.4 User Interfaces

User interfaces are an essential factor in the ease of use of highway travel information
systems. The users are those who responsible for building or operating this highway
information system, including system maintainers, INDOT personnel, and people
authorized to update it. The interfaces refer to the shells that accept human commands to

control the functions provided by the software. A friendly user interface can not only
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effectively flatten the learning curve, but also shorten the time to build a new system and
make the maintenance easier.

TRANPLAN is a modularized transportation planning software package. Most tasks
in TRANPLAN require users to create control files and input files in text format. The
control files are executed through a console program under the DOS environment. Like a
computer language compiler, the console program always examines the inputs of control
files (and generate warning or error messages if there were any) before proceeds the
commands. For other tasks demanding a graphic interface to operate, TRANPLAN
provides an independent program called the Highway Network Information System
(HNIS), which generates and demonstrates geographic plots of network files. Separate
modules are also provided to control the database interface and to convert network data
from and to ARC/INFO GIS format.

The characteristic of modularizing separate functions in TRANPLAN makes it run
efficiently without including unnecessary functions in computer memory. However,
users are required to learn several different interfaces and to maintain files for each
interface. The learning curve in getting acquainted with several different interfaces is
relatively steep and file management is difficult. In addition, TRANPLAN does not
provide macro functions to create an independent interface for the travel information
system. All operations must be done through executing control files under the DOS
environment. The required of level of understanding of TRANPLAN itself is somewhat
high, which makes it not very user-friendly.

TransCAD is transportation-oriented Geographic Information System (GIS) software

that links the transportation database system to the graphical network. Users not only can
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have a clear view of the graphical presentation of the network data, but also be able to
maintain and query network databases, and perform planning analysis procedures under a
single Graphic User Interface (GUI). Although TransCAD requires more computer
resources to run, because all functions under a single interface are included, it provides
macro functions to generate an independent interface for the travel information system.
Through the independent interface for the travel information system, users may perform
all required operations with only a basic understanding of how to operate TransCAD.
Therefore, the user interface of TransCAD is better than that of TRANPLAN for use in

the HTIS.

4.5 Effort to Build Inputs

The main effort of this research is to implement a highway travel information
system. The effort needed to build inputs to a network file for specific software should be
reasonable, rather than time-consuming. The best choice of a network file would be the
one that is ready for use. However, if the effort to build inputs for a network for specific
software is reasonable, the selection of software should be based on all factors, not just
the effort to build inputs.

As explained in Chapter 3, the TRANPLAN network file created in a previous
research project (Yang and Fricker, 1996) includes only some of the required data for
major highways in Indiana, such as link length, speeds, and capacities. Other data, such
as historical link traffic counts, road names, road classifications, county codes, and
numbers of lanes, are essential to travel information systems and would need to be added

to the TRANPLAN network file. The effort to add such inputs to the TRANPLAN
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network file would be considerable. On the other hand, the TransCAD network file
obtained from INDOT includes all the required data fields, except for a few missing data
on several links. The only missing data that are essential to O-D estimation are historical
link traffic counts for some major highways. Only a little amount of time and effort are

needed to input those data into the TransCAD network file.

4.6 Chapter Conclusions

TRANPLAN and TransCAD were first chosen as the candidates for traffic demand
models for the HTIS because they both had statewide network files developed by
previous projects. These two candidates were evaluated based on the requirements of this
research. The comparisons of these two software packages are summarized in Table 4.1.

Both TRANPLAN and TransCAD provide sufficient options in traffic assignments
for use in the HTIS. Although TRANPLAN has the FMC function to provide better
control on the O-D estimation results, the lack of sufficient network capacity, a steep
learning curve, and the large effort required to build inputs for its network file make it
harder to be applied. TransCAD is superior because of its high network capacity, self-
built and friendly user interface, and ready-to-use network file. Although TransCAD
does not allow user control of the outcome of O-D estimation, the capabilities of
TransCAD are otherwise excellent for use in the HTIS.

Moreover, as discussed in Chapter 3, the available Indiana State network files are in
TransCAD format and in TRANPLAN format. To make use of the advantages of both
software packages, the HTIS first attempted to convert INDOT’s TransCAD network file

to TRANPLAN format. However, the conversion process could not be successfully
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accomplished because of the large amount of effort and time required, the disappointing
verification results, and limitations on data storage in TRANPLAN. Therefore, the
options are to use either the TransCAD network file or the TRANPLAN network file, but
not to attempt a conversion. The first alternative is preferable because the network file in
TRANPLAN format is too simplified and it lacks of several essential information on
links.

Based on the comparative evaluation described in this chapter, TransCAD was

selected as the traffic demand model to be used in the HTIS.
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Table 4.1 Comparisons of TRANPLAN and TransCAD as the selected traffic demand
software for the highway travel information system

Capability TRANPLAN | TransCAD
Network capacity v
Traffic Assignment v v
O-D estimation v 0
User Interface v
Efforts to build inputs v

(note) v": excellent
O: good
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5. METHODOLOGY

The methodology used in the HTIS is described in this chapter. This research applies
traffic volume forecasting techniques, traffic demand models and delay estimation to
forecast delays due to scheduled road construction. Traffic volume forecasting
techniques are applied to obtain forecasted link volumes before construction. O-D
estimation and traffic assignment, which are elements of traffic demand modeling, are
applied to forecast link flows after workzone traffic reaches a steady state. Delay
estimation forecasts the delays during the transition period before workzone traffic
reaches a steady state.

5.1 Framework

A key element of the HTIS is to predict traffic conditions during road construction.
As discussed in Chapter 2, several previous studies attempted to predict traffic conditions
during road construction. However, some traffic models are too complicated to be
implemented on the scale of an entire state, and some do not account for the dynamic
changes in the traffic conditions during construction. In order to implement the travel
information system for an entire state and have travel information available to the public
based on a desired departure time entered by a traveler, a more practical approach is

required.
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The HTIS introduces an approach called Workzone Delay Equilibrium Estimation
(WDEE) that uses relatively little data to predict the dynamic traffic conditions that occur
during construction. As explained in Chapter 1, WDEE involves three steps. First, two
extreme values of link volumes are calculated based on two scenarios: “no information”,
in which no drivers know about a new reduction road in capacity, and “complete
information”, in which all drivers have adequate information about road construction
zones. Next, the delays for the “no information” and “complete information” scenarios
are estimated. Finally, the expected delays on each link as a function of time during
construction are estimated based on the estimated link volumes. The framework for the
HTIS is shown in Figure 5.1.

A. Link volumes for “no information” scenario

The “no information” scenario depicts road conditions when no drivers have
information about road construction zones. This scenario is to simulate the condition at
the beginning of a road construction if no drivers know that the new construction zone
exists. Drivers will follow the same routes they normally use during the same time
frame, unaware of any constrained capacities of some links on their routes. Therefore,
the traffic demands on each link for a specific time frame with no construction and at the
beginning of road construction are treated the same under “no information™ scenario. For
example, there were 2,000 vph on a highway section when there was no construction.
Because of construction, the capacity of the highway decreased from 3,600 vph to 1,700
vph. The 2,000 drivers did not have the information about the construction, so they kept

on traveling on the same route, even though the capacity had been drastically reduced.
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The travel demand on each link for a specific time frame in the near future can be
estimated by applying a traffic volume forecasting technique proposed by the HTIS. This
technique first converts the ADTs in the TransCAD network file to an hourly basis as
base-year traffic demands. Then the data from ATR stations are used to find peak period
factors and growth factors for different road classes in different months. The link
demands of a direction for a specific time frame in the near future are obtained by
applying the peak period factors, growth factors and directionality to the base-year traffic
demands. The traffic volume forecasting technique is discussed in Section 5.2, “Traffic
Volume Forecasting.”

B. Link volumes for “complete information” scenario

The “complete information” scenario assumes all road users have adequate
information about road construction locations. This scenario simulates the case in which
road construction has been proceeding long enough that all drivers considering use of that
road know about it. Drivers make informed decisions about whether to stay on the
original route or divert to alternate routes, based on their knowledge of the workzone and
the surrounding network. Although some drivers may choose to departure at different
time to minimize delays, this situation is not reflected in the “complete information”
scenario. Under the assumption that drivers will only divert to alternate routes rather
than departure at different time to minimize delays, the flows on each link under the
“complete information” scenario may be different from the flows under the “no
information” scenario. The travel demand between each O-D pair for a specific time
period in a specific day type, however, is assumed to be the same for both the “complete

information” and “no information” scenarios.
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The demand for trips between each O-D pair during a specific time frame is
represented by an O-D table. By using the link volumes for the “no information”
scenario and initial O-D matrices as inputs, the demand for trips between each O-D pair
for a specific time frame can be estimated. This process is discussed in Section 5.3, “O-
D Estimation.”

The link flows for the “complete information” scenario are obtained by assigning the
demand for trips between each O-D pair for a specific time frame, the estimated O-D
table from O-D estimation, to a network having work zone capacity constraints. The
traffic assignment process is intended to simulate the conditions in which all drivers
make informed decisions to minimize delays such that no drivers can save any time by
changing their routes. This process is discussed in Section 5.4, “Traffic Assignment.”
C. Delays for “no information” and “complete information” scenarios

The delays on each link for both “no information” scenario and “complete
information” scenario during the specific time frame are calculated based on queueing
theory. The condition in which demand exceeds capacity is assumed to cause queueing )
delay. The delays for the “no information” scenario are treated as the upper bounds of
possible expected delays, and the delays for the “complete information” scenario are

treated as the lower bounds of possible expected delays. The two values form the

possible range of delays, with the expected delays falling in between. The delay
estimation model is discussed in Section 5.5.1.
D. Expected delays on each link in relation to age of workzone

The amount of delay on a link is related to the volume of the link. In queueing

theory, it is assumed that delay occurs on a link when its volume is greater than its
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capacity. When delay occurs, the delay on a link decreases as the link volume decreases.
By building the relationship between the volumes of a link at a workzone, the expected
delay on the link can be estimated.

The link volume at a workzone is expected to decrease as construction proceeds and
more drivers become aware of the construction. Some of the informed drivers may
choose to divert to alternate routes. On those roadways with significant through traffic
by infrequent drivers, there may always be a certain percentage of “uninformed” drivers.
It is these drivers who could benefit most from a pre-trip HTIS.

The effects of diversion on volumes can be related to the time since construction
began. At the beginning of construction, only a few drivers know about the situation and
only some of the informed drivers decide to divert to alternate routes. At this time, most
of the drivers remain on the main routes. The link volumes are close to the upper bounds,
which are obtained from the “no information” scenario. The expected delays estimated
based on the “no information” link volumes are close to the upper bounds. As the
construction proceeds, more drivers become aware of the construction and some of them
divert to alternate routes. When the construction has proceeded for a certain period of
time, most of the drivers are aware of the construction and the diversion process reaches a
“steady” state. The link volumes are close to the lower bounds, which are obtained from
the “complete information” scenario. The expected delays estimated based on the
“complete information” link volumes are closer to the lower bounds. The closeness to
the lower bounds depends on the percentage of frequent drivers. The higher the
percentage of frequent drivers is, the closer the resulting expected delays are to the lower

bounds. For the expected delays in between the beginning of a construction and the
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“steady” state, a normalized volume-time relationship found from historical ATR data is
applied to the upper and lower bounds of link volumes to dynamically estimate the link
volume in relation to the age of the construction zone, which is then used to obtain the

expected delay. (See Section 5.5.2 for details.)

5.2 Traffic Volume Forecasting

Traffic volume forecasting is used to forecast the flow on each link for the “no
information” scenario, based on historical data to simulate the condition at the beginning
of construction. As explained in Section 5.1, under the “no information” scenario, no
drivers know about the construction, thus all drivers will follow the same routes as they
normally do. As aresult, the demands on each link at the beginning of construction will
equal the demand on each link with no construction. The demands at the beginning of a
construction project for different day types and different periods within a day can be
forecasted based on the historical data when there was no construction.

The links required to do traffic volume forecasting include all links in Indiana.
Although only the links under construction are concerned in the HTIS, all the other links
that are not under construction are also required to do volume forecasting. The flow on
each link is needed to estimate O-D tables for use in assigning traffic flows to each link
under the “complete information” scenario.

The process for forecasting volumes of all links in Indiana using advanced traffic
volume forecasting techniques such as time series models involves two steps: building
forecast models for all ATR stations and forecasting volumes for all links without ATR

stations on them.
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The process of building forecast models for each ATR station involves two steps:
data classification and model building. Data classification is to classify the ATR data
into several groups, each of which has similar traffic patterns. The traffic patterns can be
classified into three categories: normal days, holidays, and special days.

(1) Normal days

Normal days include all days except holidays and special days. There are two types
of traffic patterns on normal days: weekday patterns and weekend patterns. Weekday
patterns have distinct AM-peak and PM-peak periods, while weekend patterns tend to
have a longer and flatter peak period. Figure 5.2 shows the traffic patterns of a typical
weekday and weekend at an ATR station located on the northwest side of Indianapolis in
November 1997.

(2) Holidays

The traffic patterns of holidays are more complicated than those of normal days. Not
only do the patterns during holidays change, but the patterns of the days and the patterns
of the weeks before and after holidays change. The patterns during holidays have lower
peaks, while the patterns of the days before and after holidays tend to have higher peaks
when compared with the patterns of normal days. Figure 5.3 shows the traffic patterns of
the weeks before, during, and after the Thanksgiving Holiday at the ATR station located
on the northwest side of Indianapolis in 1997.

(3) Special days

Special days are the days when there are special events happening on a regular basis,

such as the annual Indy 500 auto race. Special days are different from holidays in their

geographic areas of influences, because the special events often affect local traffic only.
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Figure 5.4 shows the traffic patterns on the days at the ATR station located on the
northwest side of Indianapolis from Saturday 3 May to Tuesday 27 May 1997 when the
Indianapolis 500 auto race took place. The peak traffic appeared on 25 May through 27
May, because rain caused the final race day to be rescheduled twice. Only a few other
ATR stations in the region were noticeably affected by that event.

For each category described above, more than one type of traffic pattern is involved.
It is necessary to further classify them into more similar traffic patterns. The data in each
category were tested for similarity within the category using the Spearman Rank
Correlation Test. For each group of data that is shown to have high similarity, a
forecasting process such as Time Series Analysis can be applied to predict link volumes in
the near future.
(1) Spearman Rank Correlation Test

The Spearman Rank Correlation Test (Scheaffer and McClave, 1990) is a
distribution-free analog of correlation analysis that does not make any assumptions about
the distribution of the underlying data. It can be applied to compare two independent
random variables, each at several levels (which may be discrete or continuous).
Spearman's method works by assigning a rank to each observation in each group
separately. Then, calculate the sums of the squares of the differences in paired ranks (d?)

according to the formula:

6x(d12 +d22+-~~+d,f)
rs=1_ 2
nx(n —1)

in which #n is the number of observations.

57



The Spearman's 7, coefficient indicates agreement. A value of 7, near one indicates
good agreement; a value near zero, poor agreement.

The HTIS applied the Spearman Rank Correlation Test on the data of ATR station
2400, which is located just northwest of Indianapolis, during November 3 and November
91n 1997. The results are shown in Table 5.1. The shaded cells indicate high agreement
among weekday traffic and that there exist constant trends in the weekday traffic patterns.
The weekend traffic patterns, on the other hand, show less agreement with weekday
traffic patterns and with themselves.

Overall, those groups of traffic volumes that show high agreement in the Spearman
test, statistically, are considered to have similar and predictable patterns, making them
ready for use in forecasting traffic trends.

(2) Time Series Analysis

The HTIS applies the autoregressive integrated moving average (ARIMA) models in
time series analysis (Abraham and Ledolter, 1983) to forecast the patterns of the groups
of traffic volumes that show high agreement in the Spearman test. The ARIMA models
assume a series is correlated if the data are collected sequentially in time. Define Z; as an
observed time series (Z;, Z,, ..., Z,). The correlation between a series (Z;) and the same

series with a time lag of K (Z..k) is defined as the Autocorrelation Function (ACF), pk.

D, = COV(Z,,Z, )
© JVAR(Z)-VAR(Z,y)

K=0,1,2,...

By observing the ACFs of a series, a certain type of ARIMA model can be
determined to best describe that series. The patterns of those ACFs that are larger than

their +2c limits should be considered when determining the forecast model. When the
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ACEFs are less than the 2 limité, they are considered “white noises” (uncorrelated
random variables) and will not have significant effects on the forecast model.

An example series of hourly volumes was used to implement an ARIMA model. The
sample series is the first 160 weekday hourly volumes at ATR station 2400 in November
1997 (Figure 5.5). This series shows a “seasonal” pattern, which repeats every 24 hours.
Its ACFs decay exponentially for the first few periods, with large peaks starting from
period 24 and small peaks from period 12 repeating every 24 periods (Figure 5.6). The
two peaks of ACFs do not decay quickly, which indicates the possibility of requiring one
step of seasonal difference at time lag 24.

Define B" as the backshift operator with a time lag of m such that B"Z, equals Z,.,,.
The ACFs of the series with one step of seasonal difference of order 24, (1 - B**Z,, are
shown in Figure 5.7. The ACFs decay exponentially for the first few periods and regain a
peak at period 24. The possible models based on the ACFs of the series (1 - B*"Z, are
(1,0,0)(1,1,0)24, (1,0,0)(0,1,1)24, (1,0,0)(2,1,0)24, (1,0,0)(1,1,1)24, and (1,0,0)(0,1,2)24. The
six numbers in each model represent the parameters for autoregression variables, number
steps of difference, the parameters for moving average variables, the parameters for

seasonal autoregression variables, number of steps of seasonal difference, and the

parameters for seasonal moving average variables. The time lag of the seasonal
difference (24) is shown as the subscript for the second parentheses. Among these
models, the model (7,0,0)(1,1,1),4 has the highest probability for its residuals to be white
noise (0.7819) and the smallest residual mean square (1536.81). It is chosen to be the

initial forecast model.
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The ACFs of the initial model are shown in Figure 5.8. The ACF at period 25
exceeds its +2¢ limits. An additional parameter might be necessary. By adding one
more parameter, the model becomes (1,0,155)(1,1,1),4 (The parameter for moving average
variables at period 25 is noted in subscript). The probability of the residuals of this
model to be white noise is 0.8848 and the residual mean square for this model is
1451.865. Both values indicate the model (7,0,1,5)(1,1,1)4 is better in interpreting the
series.

The model (1,0,1,5)(1,1,1),4 is further overfitted to check if it requires more
parameters to interpret the series. The overfitted model (1,0,1;5)(1,1,2),4 shows higher
probability of its residuals to be white noise (0.9555) and lower residual mean square
(1391.495). It is selected as the final forecast model. The ACFs for the final model is
shown in Figure 5.9. All ACFs are now within the +2c limits.

The weekday hourly volumes for the 48 periods after the first 160 periods at ATR
station 2400 in November 1997 were forecasted using the model selected above. To
simulate the actual situations in the real world, two sets of forecasting strategies were
applied: one without knowing further information (forecasting base 160), the other with
the first 24 periods of the following 48 periods known as updated information
(forecasting base 184). The former simulates the situation at the beginning of the
forecasting process, while the latter simulates the situation when updated information is
available and can be used to update the forecasts accordingly without having to rebuild
the forecasting model.

The forecast results and the 95% upper and lower confidence limits of the forecasts

are shown in Figure 5.10 and Table 5.2. Both the forecasted traffic patterns for the
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forecasting base 160 and for the forecasting base 184 are very close to the actual values.
For the 48-periods-ahead forecasts at the base period 160, the patterns of the weekday
hourly traffic volumes are successfully described. The update process helps to pull the
forecasts of the first few periods beginning at period 184 closer to the actual values.

The number of forecast models required for a specific month depends on the number
of ATR stations and the number of day types in the month. The number of ATR stations
within Indiana is 93. If there are two day types (weekdays and weekends) for a specific
month, the total number of forecast models required in the month is 186.

The second step is to forecast volumes of all links without ATR stations on them. By
defining the “area of influence” of each ATR station, the forecast models for each ATR
station are applied to those links within the “area of influence” of that ATR station. The
“area of influence” of an ATR station is defined by its geographical locations and the
road class of the link on which it is located. However, the forecast models of an ATR
station cannot be applied to links without ATR stations directly, because the forecast
models require historical hourly volumes as forecast bases. Instead, the hourly volumes
of those links without ATR stations are obtained by scaling the forecasts of hourly
volumes for the ATR station according to the ratio of the ADTs for those links without
ATR stations to the ADT for the ATR station under the assumption that the traffic
patterns of the former and the latter are similar. For example, assume that the average
ADT for ATR station 2400 is 17,000 vehs during weekdays in November, and the ADT
for a link near ATR station 2400 is 20,000 vehs during the same periods. The time series
model for ATR station 2400 is applied to the historical data for ATR station 2400 to

obtain its hourly patterns in November. The hourly patterns for ATR station 2400 in
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November are multiplied by the ratio of 1.18 (= 20,000/17,000) to obtain the hourly
patterns for the link near the ATR station.

Although the forecasting results using time series analysis successfully depicted the
actual traffic trends, the total processing time for ATR station 2400 for a typical weekday
during November 1997 was over 6 hours. The time for building all forecast models for a
specific month could be over a month. In addition, time series analysis requires historical
hourly volumes as forecast bases to apply time series analysis to forecast hourly volumes.

In considering a reasonable time to do traffic volume forecasting, the HTIS adopted
an approach that use two available sources of link volume data: from ATR stations and
from county flow maps. As explained in Section 3.2, the data from the 92 ATR stations
are continuous hourly volumes. The data from county flow maps covering all links
within Indiana are Annual Average Daily Traffic (AADT) volumes obtained from
different years. The data from county flow maps have been converted to the same base
year (1995) in the TransCAD network file. The data from ATR stations are excellent for
delay estimation. However, there are only 92 ATR stations within Indiana. The data
from county flow maps, on the other hand, cover all links on the Indiana highway system.
However, the AADT format needs to be further subdivided in order to estimate delays
during different periods within a day. Therefore, the HTIS uses the ATR data to estimate
the peak-period traffic patterns and applies them to the data from county flow maps to
estimate delay for different periods of time and different day types.

The way to link the ATR data to the county flow map data is referred to in the Traffic
Monitoring Guide (TMG) (FHWA, 1995). The TMG groups ATR data based on road

classes and calculates aggregate parameters such as mean and coefficient of variance for
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each group of ATR data. Following the same concept of using a subgroup of data from
ATR stations belonging to the same road class to represent the characteristics of the road
class, the HTIS assumes that the traffic patterns for links of a road class can be
represented by the traffic patterns for the subgroup of ATR data belonging to the same
road class.

According to the TMG, the minimum groups of ATR data based on road classes
should include at least five classes: Interstate Rural, Other Rural, Interstate Urban, Other
Urban, and Recreational. The first four groups are defined by FHWA functional codes
for highway. The Recreational road class does not specifically define corresponding
FHWA functional codes and requires the use of subjective judgment and knowledge of
the travel characteristics of the State. Because it is not the interest of the HTIS to
distinguish recreational highways from other highways, only the first four road classes
are used to group the ATR data.

In addition to road class, the HTIS further classifies the ATR data based on day types.
According to the Spearman Rank Correlation Test mentioned in Section 3.2, the data for
weekdays at an ATR station exhibit high similarity, and so do the data for weekends. In
some cases, such as holidays, the ATR data for those days do not have similarity to other
day types. From the test results, the basic day types for ATR data are set to be weekdays
and weekends. Additional day types may be added, depending on how may holidays
there are in each month and how these holidays affect the patterns.

For each group of ATR data classified based on road classes and day types, the traffic
patterns are represented as three periods: 3-hour AM-peak, 3-hour PM-peak, and 18-hour

off-peak periods. The 3-hour AM-peak and PM-peak periods reflect the characteristic of
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statewide trips, which take a longer time to complete. The hourly volume within each 3-
hour period is represented by the average volume of the period.

The procedures for traffic volume forecasting include raw data screening, average
peak period factors estimation, directionality estimation, growth factor estimation, and
link volumes forecasting. Each procedure is explained as follows:

A. Raw data screening

Before calculating average peak period factors, any bad ATR data due to
malfunctions of equipment must be excluded. The ultimate screening for bad data
requires expert judgment. However, some bad data can be screened out automatically
before manual judgment is applied. The HTIS uses three rules to screen out bad data:

¢ Some ATR data have exactly the same hourly volumes for both directions for the

entire 24 hours in a day. This problem might be caused by data transmission
errors. The data for both directions may have been accidentally copied from one
of the directions. Normally, ATR data should have different hourly volumes in
each direction. To detect and exclude this kind of bad data, a rule is generated: if
the sums of volumes for each day for each station for two directions are the same,
the data are excluded.

Define Volpryy aé the hourly volume of direction D at station N for day type

L during hour J. Dj and D; are the two directions for the traffic at station V.

The data that match the following criteria are excluded.

Vol iy, = 2. Vol »J €{0,1,...,23)
J J
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Some ATR data recorded consecutive zero flows in one direction for a long
period of time. These data needs to be excluded. For example, the records of
ATR station 1100 on 19 May 1997 show volumes of 280 and 287 for the hours
beginning at midnight and 2:00AM, and 0 for the rest of the day. This problem
might be caused by malfunctions of recorders on all lanes in one direction during
a day. Although zero flows may appear at some low-volume stations during off-
peak periods, the zero flows usually do not last for a long period of time. To
screen out this kind of bad data while avoiding the misinterpretation of true zero-
flows cases at some low-volume stations, the HTIS adopts a rule: if the sums of
the volumes for the entire AM period or for the entire PM period of a day in any
direction at a station in a day equal zero, the data should be excluded. Any ATR
data that meet the following criteria are excluded. That is, whenever the data for
the entire AM or PM period in one direction equal zero, the data for both
directions are discarded. The data of the opposite direction alone cannot be used

to calculate the directionality of the station even if they are recorded normally.

1 2 11 2
ZVOID[LNJ : ZVOID,LNJ ' JZO Voly 1y ZVOIDZLNJ =0
J=0 z

J=12 J=12
Some ATR data exhibit unusual high directionality. This might be caused by
malfunctions of recorders on a portion of multiple lanes in one direction.
Although the data can pass the above screening process, the data should be
excluded. To screen this kind of bad data, a rule is formulated to exclude the
ATR data whose directionality is greater than 80%. The 80% directionality is

chosen based on the cumulative frequency of the hourly volumes for all ATR
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stations during the AM-peak periods in May, 1997 (Figure 5.11). The cumulative
percentage of number of ATR stations for the directionality that is greater than or
equal to 80% is over 95%, which means the percentage of links whose
directionality is greater than or equal to 80% is less than 5%. By assuming that
the malfunction rate at ATR stations is 5%, the links with directionality greater

than 80% are excluded. This criterion is formulated as follows:

23
Z Vol D\LNJ
= > 80%, or

23
Z Z Vol i n,

D J=0

23
Z VOIDZLNJ
I >80%.

3
2.2 Volny,
D J=0
B. Average peak period factors estimation
The average peak periods for a group of ATR data are defined as the most common
peak periods for all ATR stations within that group. In order to find the average peak
periods (AM and PM) for a group of ATR data, the peak periods for each station within
the group are first found.
For each ATR station within a specific group, the 3-hour AM-peak and PM-peak
periods in a day are determined by the maximum three-consecutive-hour volumes in both

directions. That is, for each group of road class M and day type L, define IAM),, = (AM

peak start time) py,
JAM ) +2 Ji+2

where > > Y Volpy, > 3. Y Y Volpyy , My, Ji € {0,1,....9}, IdMyy#J,

D J=IAM; NeM D J=JNeM
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The above inequality represents the maximum three-consecutive-hour volumes in

both directions between midnight and noon.

Similarly, define IPM)y, = (PM peak start time) 1

IPM yy +2 Jy+2
where D' Y Y Volyy, > D Y Y Vol IPMy, Jr € {12,13,..., 21}, [, #J;
D J=IPMy; NeM D J=J,NeM

The above inequality represents the maximum three-consecutive-hour volumes in

both directions between noon and midnight.

The average peak period factor for road class M and day type L is defined as follows:

1 IAM 42
—Z Z fVOlDLNJ

3°D Nem s=iam,,

%
Z Z ZVOIDLNJ

D NeM J=0

(AM peak period factor) yy, =

IAM 42

where > Y’ Vol ,,, = the sum of the maximum three-consecutive-hour volumes
D NeM J=IAM,;

of both directions between midnight and noon for all stations N that belong

road class M,

23
> > > .Vol,,y, = the sum of 24-hour volumes of both directions for all

D NeM J=0

stations that belong to road class M.

IPM 0 +2

1 i
. Z Z iﬂ Vol ny

3°D NeM J=ipM,,

px
Z Z ZVOIDLNJ

D NeM J=0

(PM peak period factor) y =
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IPM

+2
where > fVol by = the sum of the maximum three-consecutive-hour volumes
D NeM J=IPM,,

of both directions from noon to the midnight for all stations N that belong to
road class M.
Off-peak periods include all periods in a day other than AM-peak and PM-peak

periods. The off-peak period factor for road class M and day type L is defined as follows:

1 IAM -1 1PM,, -1 2
—Z Z ( f Vol + iLVOlDLNJ + ZVOZDLNJ)

185 veml =0 J=IAM py; +3 J=IPM py; +3

px
Z Z Z Vol i,

D NeM J=0

(Off peak period factor) pg =

JAM 3 -1 IPM ), -1 23
where Y Y ( iL Vol ., + ﬁVolDLNJ + ZVOZDLNJ)= the sum of hourly

D NeM\ J=0 J=IAM yy +3 J=IPM yy +3

volumes of both directions for all periods in a day other than AM-peak and
PM-peak periods day for all stations AV that belong to road class M.

An example of two ATR stations is used to demonstrate the process to calculate peak
period factors. The raw data for two ATR stations (1420 and 2400) between 1 November
1997 and 7 November 1997 are shown in Table 5.3. Both stations belong to the “urban
interstate highway” road class.

The raw data were first screened based on the three rules described in “raw data
screening.” The screening process shows no apparent errors in these raw data: the values
of two directions for both stations are different, there are no consecutive zero flows for
both stations, and the directionality for any day for both directions do not exceed 80%.

Therefore, the data are ready for calculation of peak-period factors.

68



The hourly volumes for both directions and both stations were summed up
(> > Vol,,,, ) and entered into Table 5.4. For example, the value of 1491 for the
D NeM
period between midnight and 1:00AM on 1 November 1997 in Table 5.4 comes from the
sum of the values 461 and 449 for the northbound and southbound flows at station 1420
and the values 253 and 328 for the northbound and southbound flows at station 2400 for
the same period of time in Table 5.3.

The data were further classified into two day types: weekdays, which include Monday
through Friday, and weekends, which include Saturday and Sunday. In Table 5.5, the
shaded cells indicate weekend days; all other cells are weekdays. For each day type, the
AM-peak period is defined as the three consecutive hours that have the maximum sum of

three consecutive hourly volumes in both directions between midnight and noon. That is,

for each group of road class M and day type L, define I4M,y, = (AM peak start time) .

TAM 42 Jy+2
where . > D Volyy > D) D Vol IAMyy, Ji € {0,1,...,9}, IAM)#J;
D J=IAM,; NeM D J=J NeM

By applying the above rule, the sum of volumes in both directions between 9:00AM

12
and 12:00PM (}.>" Y Vol,,,y, ) has the maximum value of 24,858. Therefore, the AM-

J=9 D NeM

peak period for “weekend” is the period between 9:00AM and 12:00PM. Similarly, the
AM-peak period for “weekday” is the period between 7:00AM and 10:00AM. The AM-
| peak periods were shown with dashed border lines in Table 5.5.
The PM-peak period for each day type is defined as the three consecutive hours with
the maximum sum of three consecutive hourly volumes in both directions between noon

and midnight. That is, define IPMyq = (PM peak start time) y1
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where 3 sz > Volpyy > S SVl IPM, > € {12,13,..., 21}, I %5
D J=IPMy, NeM D J=J,NeM

By applying the above rule, both the PM-peak periods for weekends and weekdays
are the periods between 3:00PM and 6:00PM. The PM-peak periods are shown with
wider border lines in Table 5.5.

Off-peak periods for each day type are defined as the periods other than AM-peak and
PM-peak periods, that is:

e From midnight to the start time of AM-peak periods;

e From the end of AM-peak periods to the start time of PM-peak periods;

e From the end of PM-peak periods to midnight.

The PM-peak periods are shown with double solid lines in Table 5.5.

As described previously, the average peak period factor for road class M and day type

L is defined as follows:

AM
f VOl DINJ

NeM J=IAM 4y

23
Z Z ZVOIDLNJ

D NeM J=0

ul»—

(AM peak period factor) yy, =

IPM

Z f VOI DLNJ

1
_3°D Nem J=IPM,,

(PM peak period factor) y1, = -

PN

1 M1 PM,, n
1_8" Z ( f Vol + i VOI oy T Z Vol DLNJ]
D NeM\ J

=0 J=IAM ;43 J=IPM py +3

3
Z Z ZVOIDLNJ

D NeM J=0

(Off peak period factor) . =
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The numerator of the AM-peak factor for weekends is 24,858 (sum of volumes
between 9:00AM and noon in Table 5.5) divided by 3, and the denominator of peak
period factors for weekends is 148,261 in Table 5.5. Therefore, the AM-peak period

L 24,858

factor for weekends is 0.056 (= %ZW .) Similarly, AM-peak period factor for

weekdays is 0.061, the PM-peak period factors for weekends and weekdays are 0.074 and
0.078, and the Off-peak period factors for weekends and weekdays are 0.034 and 0.032.

The calculation of peak period factors above is based on the sum of all ATR stations
belonging to the same road class. Not all stations belonging to the same road class have
the same three hours in the AM or PM peak period pattern, but we need to establish a
standard three-hour peak period to apply to non-ATR links for which only AADT values
are available. Table 5.6 shows that, for our two-station example, both weekday peak
periods are the same and the weekend AM peaks also cover the same three hours.
However, the weekend PM peaks differ at station 1420, the PM peak starts at 2:00PM on
weekend; it starts at 3:00PM at station 2400.

The above results support the approach using the sum of volumes for all ATR stations
belonging to the same road class. This approach gives greater weight to the ATR stations
with higher volumes, which are more likely to cause delays.

C. Directionality estimation

Directionality varies for different highways and different time frames. Because of
this characteristic of directionality, the expected time and effort to be spent on estimating
directionality for different highways and different time frames is very large. To simplify

the directionality estimation process while still being able to predict the major delays for
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all highways within Indiana, the HTIS adopts a safe-side approach by applying the higher
directionality to both directions for all highway links. The directionality for different day
types and different road classes for a peak period is determined by dividing the sum of
the larger volumes in the two directions for each hour within the peak period by the sum
of volumes in both directions for each hour within the peak period.

Define DirVoly; as the larger volumes between two directions for day type L, station
N, at hour J. That is,

DirVoliny =Max(Vol, 1, Vol 15y )

The directionality for road class M for day type L is defined as follows:

A +2
Zl MfDirVolLNJ

NeMJ=IAM ,;

(AM-peak Directionality) yu =100% x T ,D e {D;, Dy}

Z Z ZVOIDLNJ

D NeMJ=IAM

IPM y +2
Z fDirVol NS
(PM-peak Directionality) 1, =100% x NeMJ:IP;;A";: — , D € {D;, Dy}

Z Z ZVOIDLNJ

D NeMJ=IPM

(Off-peak Directionality) y1 =

IAM yy -1 IPM 4y -1 23
Z( > DirVol,y, + D DirVol,, + ) DirVol,,
]00% XNeM J=0 J=IAM p +3 J=IPM y +3 ’ D c {D[, Dz}

IAM 3 -1 IPM 3y -1 23
Z Z ( Z VOILNJ + ﬁ VOILNJ + Z VOILNJ J

D NeM\_ J=0 J=IAM y +3 J=IPM 1 +3

The same example shown in Table 5.3 is used to explain the calculation process for
directionality estimation. The sums of volumes for all days belonging to the same day

type for each direction and each ATR station (Volpny) are shown in Table 5.7. For
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example, the value of 831 for the period between midnight and 1:00AM for northbound
weekend day type at station 1420 in Table 5.7 comes from the sum of the value of 461
and 370 on Saturday, 1 November and Sunday, 2 November 1997 for that time period
Table 5.3.

The larger volumes between two directions (DirVolLy;) were then selected (Table
5.8a). For instance, the value of 832 for the period between midnight and 1:00AM for
weekends at station 1420 comes from the larger of 831 for southbound volumes and 832

for northbound volumes.

Next, the sums of the larger volumes between two directions for all stations belonging
to the same road class ( N%;,lDi” Vo, ) were calculated (Table 5.9). For instance, the
value of 1,385 for the period between midnight and 1:00AM for weekends for both
stations comes from the sum of the value of 832 and 553 for the same time period for

stations 1420 and 2400 in Table 5.8.
Finally, the directionalities for different day types were estimated (Table 5.10). The

IAM 4y +2

numerators of AM-peak and PM-peak directionalities ( Z Z DirVol,,, and

NeMJ =AM,

IPM 42
> Y. DirVol,, ) represent the sum of the larger volumes between two directions for
NeMJ=IPM,,

all stations belonging to the same road class during the peak periods. The numerators of
AM-peak directionalities for weekends and weekdays are shown with dashed border lines
in Table 5.10 (13,569 and 50,863). The numerators of PM-peak directionalities for
weekends and weekdays are shown with solid border lines (17,852 and 61,945). The

numerators for off-peak directionalities are the sum of the larger volumes between two
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directions for all periods except AM-peak and PM-peak periods. The values are shown
with double border lines in Table 5.10 (47,599 for weekends and 149,334 for weekdays).

The denominators of peak period directionalities represent the sum of volumes for
both directions for all stations belonging to the same road class during the peak periods.
The denominators of AM-peak directionalities for weekends and weekdays are 24,858
and 86,507 in Table 5.5, and the denominators of PM-peak directionalities for weekends
and weekdays are 33,084 and 111,195. The denominators of off-peak directionalities are
the sum of volumes for both directions for all stations belonging to the same road class
for all periods except AM-peak and PM-peak periods. The values of the denominators of
off-peak directionalities for weekends and weekdays are 90,319 and 277,396.

The peak period directionalities can then be calculated. The AM-peak directionality

for weekends is 54.6% (= 13,569
24 858

b

x100% .) Similarly, the AM-peak directionality for

weekdays is 58.8%, the PM-peak directionalities for weekends and weekdays are 54.0%
and 55.7%, and the off-peak directionalities for weekends and weekdays are 52.7% and
53.8%.
D. Growth factor

Annual growth factors quantify the rate at which AADT increases from one year to
the next. Annual growth factors are used to convert AADTs in different years to the
same base year. In the following contents, three different methods for estimating growth
factors are shown — INDOT method, TMG method, and the one used in the HTIS.

(1) INDOT method
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The annual growth factors used by INDOT were obtained from ATR data. The first
step in the estimation processes is to calculate the monthly average daily traffic (MADT)
for each ATR station for each month in a specific year. Define Volpyrpy as the hourly
volume of direction D at station N during hour J on date T in month P and year ¥, and
MADTypy as the MADT for station N in month P and year Y. Then, MADTypy is

calculated based on the following equation:

23
Z Z Z Vol ey
MADT,,, =120

Mpy

where myy is the number of days in month P and year Y.

Next, the AADT for the specific year for each station is calculated. Because
malfunctions at ATR stations are not unusual, not all of the data for each station for each
month of the specific year are available. Because estimation of annual growth factors
involve data from two consecutive years, the calculations of AADTs of these two
consecutive years should be based on the same months of data. Therefore, the AADT of
each station is defined as the average of MADTS for all the common available months
within the two consecutive years. For example, a particular ATR station did not function
well in February and April 1996 and in February and August 1997. The MADTs of
February, April and August in both 1996 and 1997 are discarded when calculating the
AADTSs of 1996 and 1997 for the estimation of the annual growth factor from 1996 to
1997. That is, the AADTs for both 1996 and 1997 are based on the same 9 months
(excluding February, April and August). Define A4D Ty as the AADT of station V in

year Y. Itis calculated based on the following equation:

75




ZMADTNPY
AADT,,, = £—nu—
q

The g in the above equation is the number of months in year Y of which the data are
available for the two consecutive years from which the growth rates are intended to be
calculated. For the above example, g equals 12 months less than 3 months (February,
April and August) for both the years 1996 and 1997.

The third step is to classify the ATR data into one of five categories based on

functional classes: urban interstate highways, urban others, rural interstate highways,

rural principal and minor arterials, and rural major and minor collectors and locals. For

each category, the AADT of that category is calculated. Define 44D Ty as the AADT of

category M in year Y. Itis calculated based on the following equation:

> AADT,,
AA DTMY —NeM

nMY
where n;yis the number of stations belonging to category M in year Y.
Finally, the growth factors of different categories are obtained. Define Gy as the
growth factor for the conversions of AADT from year Y-1 to year Y. It is calculated
based on the following equation:

_ AADT,,
" 44DT, .,

The annual growth factors by functional classes from 1990 to 1999 adopted by

INDOT are shown in Table 5.11. These values were applied to the data from county flow

map to convert them to AADTs with a base year of 1995. The AADTs for 1995 are
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available in the TransCAD network file as in the field name “ADTVOL” as shown in
Figure 3.3.
(2) TMG method (FHWA, 1995)

The basic TMG requirements for the estimations of annual growth factors are
complete ATR data for the two consecutive years. The problem of incomplete ATR data
is not addressed in TMG. For those stations that recorded complete data for the entire

year, the AADT for each is simply the average of MADTs. That is,
AADT,, = é > MADT,,
P

where MADTypy is the MADT for station N in month P in year Y.
Next, the growth factors for each station are defined as the ratios of AADTSs of each
station for the corresponding two consecutive years.

Define the annual growth factor of station N in year ¥ as Gyy.

_ AADT,,
" AADT,.,

where AADTyy = annual average daily traffic (AADT) at station N for year Y, and
AADTygy.;y= AADT at station N for year Y-1.
Finally, the growth factors for each road class is calculated based on the average of
the growth factors for all ATR stations belonging to the same road class.

The annual growth factor Gy, for road class M in year Y is defined as

ZGNY
GM}' — NeM

Ry
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where ny = number of stations belonging to road class M and functioning well in
year Y.
(3) HTIS method

The method of estimating growth factors used in the HTIS is modified based on TMG
method. The TMG method cannot deal with the problem of incomplete ATR data for the
two consecutive years due to malfunctions at ATR stations. To overcome this problem,
seasonal adjustment provided by INDOT were applied to those ATR stations that did not
function well at certain times during a year. The seasonal adjustment factors (Table 5.12)
are classified, based on different road classes, by years and months.

Define the sum of the valid MADTs of station N for month set S in year Y as
SubSumypry and SF as the seasonal adjustment factor. The month set S is the
incomplete ATR data consisting of any combination of the number of months between
one and eleven. Also define the sum of the MADTS of station &V for the entire year Y as
Sumpapry, the sum of the SFs for the months in month set S in year Y as SubSumgr.y, and
the sum of the SFs for the entire year Y as Sumgry. The sum of all MADTs in year Y can
be estimated by assuming that the percentage of the sum of the valid MADTSs to the sum
of all MADTs in year Y is the same as the percentage of the sum of the corresponding

seasonal factors to the sum of all seasonal factors in year Y. That is:

SubSumy,nry SubSumg; ,

Sumynry Sumg y

SubSum, ;. y - Sumg y

= Sum pr, =
SubSumg; ,

The AADT for station N in year Y is the average of the sum of all MADTs in the year.
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AADT.. = SumMADT,Y _ SUbSUmMADT,Y 'Sumsp,y
" 12 12- SubSumg; ,

where AADTyy is the AADT for station N in year Y.

For example, ATR station 1120 on a rural interstate highway recorded valid data
throughout February, March, and May and had malfunctions in all other months in 1997.
The MADTSs of station 1120 in February, March and May 1997 were 28,000, 29,000, and
27,500. From Table 5.12, the SFs for road class of rural interstate highways in February,
March, and May, 1997 are 1.042, 0.951 and 1.014, and the sum of the SFs for the same
road class in 1997 is 12.321 (=1.128 + 1.042 + 0.951 + 1.117 + 1.014 + 1.007 + 0.922 +
0.938 +1.036 + 1.011 + 1.032 + 1.124). The AADT for station 1120 in 1997 is
calculated as follows:

1 28,000+ 29,000+ 27,500)-12.321
AADTmo,ww =z ( )

X
12 1.042+0.951+1.014

= 28853

In addition to the problem of malfunctions at ATR station, the TMG cannot deal with
missing ATR data. For example, the ATR data for January 1997 are not available from
INDOT. In order to obtain the MADT of the missing data, the HTIS assumes that the
growth rates for each station from 1997 to 1998 and are the same as the growth rates
from 1996 to 1997. The MADT for January 1997 can be estimated based on the MADTs
for January 1996 and January 1998. That is,

MADTN,I/1997 _ MADTN,1/1998
MADTN,1/1996 MADTN,!/1997

where MADTy, 11906 = monthly average daily traffic (MADT) for station N in January
1996, and

MADTy 171997 = MADT for station N in January 1997, and
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MADTN, 11199 = MADT for station N in January 1998.

= MADTN,1/1997 = \/MADTN,I/W% - MADT,

N,1/1998

Moreover, there exists a problem of matching old ATR stations with new ones
(Figures 3.1a and 3.1b). More than thirty percent of the ATR stations were relocated in
1999. Some stations were moved away from the original locations. The longest distance
between old and new ATR location is 7 miles. Some stations were newly located and do
not have corresponding old stations. Some of the old stations were even removed
completely. This makes it hard to compare the trend in traffic patterns before and after
1999 for those relocated ATR stations.

For the purpose of comparing the estimation results from the processes suggested by
the TMG with the ones adopted by INDOT, the HTIS calculates the annual growth
factors from 1997 to 1998 following the TMG procedures. The problems of incomplete
ATR data and missing ATR data are overcome by using the method proposed by the
HTIS. The results are shown in Table 5.13. The road classification used by INDOT is
different from the one used in the HTIS. The road classification adopted in the HTIS is
based on the TMG — ““urban interstate”, “other urban”, “rural interstate”, and “other rural”
highways. INDOT further classifies the “other rural” highways into two categories —
“rural arterials” and “rural collectors.” The average growth factor for the “rural
arterials” and “rural collectors” from INDOT is compared with the growth factor for the
“other rural” highways in the HTIS.

In Table 5.13, all of the growth factors based on the TMG procedure are higher than

the ones adopted by INDOT, except for the “rural other highways” road class. In order to
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consistent with the calculations of the base-year traffic demands (AADTs of 1995) in
TransCAD network file, the values adopted by INDOT are used in the HTIS.

Because the growth factors from 1999 to the forecast year are not yet available from
INDOT, the average growth rate from 1995 to 1999 is used as the growth rate from 1999
to the forecast year. The total growth rates of AADTSs from base year 1995 to year Y is
defined as the product of annual growth factors from 1995 to 1999 and the power of (Y-
1999) to the average value of annual growth factors from 1995 to 1999. For example, the
total growth rate of AADTs for the road class “urban interstate highways” is the product
of the annual growth factors from 1995 to 1999 (1.047, 1.066, 1.038 and 1.038) and the
power of 2 applied to the average values of the annual growth factors from 1995 to 1999,
which is equal to 1.0473. That is:

Total growth rate(190s o 2001 = 1.047 x 1.066 x 1.038 x 1.038 x (1.0473)@%01-19%%)

~1.319
E. Link volume forecasting

Link volume forecasting is a process to obtain average link hourly volumes for three
different periods in a day for different day types and road classes based on base-year
traffic demands. The base-year traffic demands in the HTIS are defined as the daily
volumes in the TransCAD network file, which are converted from the county flow map.
The average hourly volumes in three different periods in a day, AM-peak, PM-peak, and
off-peak, for each link for different day types, are calculated by applying the average
peak period factors, directionality factors, and growth factors to the daily volumes in the

TransCAD network file.
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The directionality factors are applied to both directions of each link. Because the
directional distribution for each link is related to the geographic location of the link, the
true direction distribution cannot be decided based on the ATR data. The hourly volumes
in both directions are applied with directionality factors as conservative estimates.

Define ADTY ;995 as the daily volume of link X in 1995, and Volry; py as the hourly
volume in either direction of the link belonging to road class M for day type L during
hour J in month P and year Y.

Volix;py =ADTy 1905 X (peak factor)uyp x (directionality)yp x total growth rateqgos o v

where (peak factor)usp and (directionality)yysp are decided by hour J in month P

(AM-peak period factor)uy, J € {IAMvy, IAMy+1, IAMy 4 +2}
(peak factor)up =< (PM-peak period factor)yy , J € { IPMyy, IPMyg+1, IPMyy+2}

(Off-peak period factor)y., J € {01, ..., IAMyy-1, IAMy; +3, IAM) 44, ...,

IPMyy-1, IPMyy+3, IPMyy+4, ..., 23}
in which (AM-peak period factor)u, (PM-peak period factor) i, and (Off-peak
period actor)y, are defined in “Average peak period factors estimation” earlier this
section.
(AM-peak directionality)yy, J € {IAMyy, IAMyy+1, [AMy+2)

(directionality)yp = < (PM-peak directionality)u, J € { IPMy, IPMyy+1, IPMyy+2}

(Off-peak directiondlity)g, J € {0,1,..., IAMyg-1, IAMyy.+ 3, 1AMy +4,
oo, IPMyg -1, IPMy+3, IPMyg+4, ..., 23}
in which (AM-peak directionality) 1, (PM-peak directionality) 1, and (Off-peak

directionality)y are defined in earlier in this section.
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For example, the ADT on a particular rural interstate highway in the base year of
1995 is 30,000. One wants to estimate the hourly volume in either direction on the link
from 9:00AM to 10:00AM on a weekday in May 1999. The AM-peak period for
weekday and road class “rural interstate highway” in May is between 9:00AM and
12:00PM. Suppose the AM-peak factor for weekday and on rural interstate hi ghways in
May is 0.046, the AM-peak directionality for the same group of data is 60%, and the total
growth rate for rural interstate highways from 1995 to 1999 is 1.169 (= 1.021 x 1.070 x
1.036 x 1.033), the hourly volume in either direction of the link from 9:00AM to
10:00AM on a weekday in May 1999 is:

VOlL=weekday,Xe rural interstate J=9,5/1999 = 303000 x 0.046 x 60% x 1.169 = 968 (Vph)

5.3 O-D Estimation

The O-D estimation process is one of the major processes in the “complete
information” analysis (Figure 5.1). The function of O-D estimation in the HTIS is to
obtain the demands for each O-D pair during the period of time being forecasted. The
estimated O-D matrix will be loaded onto the state highway network to simulate the
traffic conditions that represent the “complete information” scenario. These are the lower
bound of link volumes. As explained at the beginning of this chapter, drivers are
assumed to keep their normal departure time, despite the existence of workzones. Under
the assumption that highway users may only change their routes and not their departure
times, the demands for each O-D pair at a specific time are assumed to be the same for
both the “no information” and the “complete information” scenarios. Therefore, the O-D

table for the “complete information” scenario is assumed to be the same as for the “no
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information” scenario. The O-D table for the “no information” scenario can be estimated
from O-D estimation based on the “no information” link volumes. The estimated O-D
table is then assigned to the network with workzone constraints to produce a flow pattern
under the “complete information™ scenario.

The O-D estimation model used in the HTIS is the built-in function in TransCAD
based on Nielsen’s study (1993). Nielsen proposed a new method of estimating trip
matrices called Single Path Matrix Estimation (SPME) to solve the problem of data
inconsistency among traffic counts. The SPME model treats traffic counts as stochastic
variables, that is, traffic counts that are not error-free. Because traffic counts are not
fixed in the SPME model, they can be adjusted to meet the conservation of flow
principle. The problems caused by data inconsistency can be reduced. In addition, the
SPME model converges faster than the entropy maximizing (EM) and information
minimizing (IM) models. The SPME model uses a bi-level programming algorithm that
can separate matrix estimation from traffic assignment. It is only necessary to perform a
traffic assignment each time all elements in the O-D matrix have been modified. The
estimation process stops when the squared error between traffic counts and estimated
flows is reduced to an acceptable limit.

The inputs for performing O-D estimation using TransCAD include observed link
counts, an a priori matrix and user-specified traffic assignment methods (Caliper Inc,,
1999).

A. Observed link volumes
The O-D estimation process in TransCAD uses observed link counts as constraints to

produce an O-D matrix that is consistent with the observed link counts. In the HTIS, the
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“observed link counts™ are the “no information” link volumes obtained from the traffic
volume forecasting done in Section 5.2. As explained at the beginning of this section, the
demands for each O-D pair for the “no information” and the “complete information”
scenarios remain the same under the assumption that travelers will have the same trip
demands at the same time period, whether they are aware of workzones or not.
Therefore, the “no information” link volumes, which simulate the traffic conditions for
the “no information” scenario, are used to perform O-D estimation to obtain the demands
for each O-D pair for the “no information” scenario. The demands for each O-D pair for
the “complete information” scenario are assumed to be the same as for the “no
information” scenario.

By using the “no information” link volumes for different time periods and day types
in a specific month as input, the demands for each O-D pair (O-D table) for the
corresponding time periods and day types in the month can be obtained.

B. A priori matrix

The priori matrix provides initial trip matrix values for O-D estimation. The time
periods for a priori matrix should be consistent with all other inputs for O-D estimation.
Therefore, the a priori matrix for the HTIS should be in hourly format, as are the
observed link volumes, which are the “no information” link volumes. The initial O-D
tables available from INDOT are the daily, AM-peak, PM-peak and off-peak O-D tables
(see Section 3.3). However, none of these O-D tables are in hourly format. In addition,
the AM-peak, PM-peak and off-peak O-D tables contain only internal-internal trips. The

only available initial O-D table that contains all internal-internal, internal-external and
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external-external trips is the daily O-D table. The daily O-D table needs to be converted
to hourly O-D table before it can be used for O-D estimation in the HTIS.

A more detailed way to convert INDOT’s daily O-D table into hourly format is to
take trip purposes of trips into consideration. Cambridge Systematics Inc. (1998) used
time-of-day factors for different trip purposes obtained from the household travel survey
data to adjust the daily O-D table to the AM-peak, PM-peak and off-peak O-D tables.
However, the household travel survey data do not provide enough information for
estimating the time-of-day factors for internal-external trips. Therefore, the approach
using time-of-day factors for different trip purposes cannot be used in the HTIS.

The HTIS adopts a simplified approach to estimate the initial hourly O-D tables for
different day types in a specific month. First, the average growth factor of all road
classes from the base year of INDOT’s daily O-D table (1995) to the forecast year is
applied to INDOT’s daily O-D table to obtain a daily O-D table for the forecast year.
Then, the average peak period factors of all road classes for different day types in the
specific month are applied to all cells in the daily O-D table for the forecast year. The
initial hourly O-D tables for each day type in the specific month of the forecast year can
therefore be roughly estimated. The calculations for the growth factors of different road
classes and the peak period factors of different road classes and day types are shown in
Section 5.2.

C. Traffic assignment methods

Traffic assignment methods are required to perform the O-D estimation process in

TransCAD. As explained previously in this section, the O-D estimation process in

TransCAD is based on Nielsen’s study (1993), which is a bi-level process that switches
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back and forth between traffic assignment and O-D estimation. The choice of traffic
assignment method can affect the results of the O-D estimation. The available options
for traffic assignment in TransCAD are “user equilibrium”, “stochastic user equilibrium”,
“system optimization”, “capacity restraint”, “incremental” and “all or nothing.” Among
these options, the options “user equilibrium” and “stochastic user equilibrium” are
suggested in the TransCAD users’ manual if no special requirements are needed. The
evaluation of these two options is shown in Section 5.4. According to the evaluation
results, the option “user equilibrium” for traffic assignment is used in the HTIS.

The output from each O-D estimation process is an estimated O-D table, which
represents the demands for each O-D pair during the time corresponding to that of the
inputs for O-D estimation. For example, if the “no information” link volumes for the
AM-peak period during a typical weekday in May 2000 are used for O-D estimation, the
output O-D table is the demand for each O-D pair for the same time. The output O-D
table is then assigned to the network with workzone constraints to obtain the “complete
information” link volumes, the lower bounds of link volumes. The assignment process is
explained in Section 5.4.

The O-D estimation process is repeated for different sets of inputs. The observed link
volumes vary for each peak period and day type, while the a priori matrices vary for each
day type. Therefore, the O-D estimation process is performed for each peak period and
day type. The number of combinations required for performing O-D estimation for a

specific month is the same as the number of different sets of observed link volumes (the

“no information” link volumes) in the month.
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5.4 Traffic Assignment

The function of traffic assignment in the HTIS is to estimate the “complete
information” link volumes, which form the lower bounds for link volumes. In the
“complete information” scenario, it is assumed that all travelers have complete
knowledge about workzone locations. Travelers will make decisions based on the
complete information and choose the best route on which the expected delay is
minimizéd. The route choice behavior in the “complete information” scenario can be
simulated by selecting an appropriate traffic assignment method and assigning the O-D
tables obtained from O-D estimation in Section 5.3 to the network with workzone
constraints. The resulting link volumes are the “complete information” link volumes for
the same time period as the input O-D tables.

Traffic assignment methods can be divided into static and dynamic models,
depending on the considerations of time frames. Static assignment models use larger
time frames, such as a day or a few hours, in which flow rates and travel times can be
considered as constant over time. Dynamic assignment models, on the other hand, assign
traffic demands to much smaller time frames. The trips may not be completed within the
time frame. Therefore, vehicles travel time needs to be considered. Dynamic assignment
models are generally more realistic in simulating route choices behavior than static
assignment models. Reviews of static and dynamic assignment models can be seen in
Ortuzar and Willumsen’s book (1996) and Pavlis and Papageorgiou’s paper (1999).

Static assignment models are chosen for use in the HTIS for the following reason.
The HTIS is a pre-trip travel information system providing information about the impacts

of scheduled events such as road construction on traffic conditions. The durations of
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scheduled events (such as road construction) are normally much longer than real-time
events (such as incidents). Because of these longer durations, the traffic at workzones
after an initial transition period reaches an equilibrium condition for each time period that
permits use of a static traffic assignment method.

The most commonly used static models include all-or-nothing (AON), stochastic,
user equilibrium (UE), stochastic user equilibrium (SUE) and system optimum (SO)
(Ortuzar and Willumsen, 1996). Among these static models, UE and SUE are the most
suitable for use in the HTIS, because the traffic conditions depicted in these two methods
are similar to the “complete information” scenario, in which each traveler chooses the
route with minimum cost. Both UE and SUE assume each traveler chooses the route with
minimum cost. The major difference between UE and SUE is that in SUE each traveler
defines “travel costs” individually instead of using a single definition for all travelers.
These two models are further evaluated in the following paragraphs.

The evaluation of UE and SUE assignment models was performed using TransCAD.
The required inputs for both assignment models in TransCAD include an O-D matrix and
a network file, which contains the data about link travel time and link capacity (Caliper,
1999). The model settings for UE include:

e Number of iterations: maximum number of iterations to be performed. The

default value is 20.

e Convergence criterion: If the maximum absolute change in all the link flows

between consecutive iterations is less than this value, the assignment process

stops. The default value is 0.5.
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e o and f: the parameters in the BPR functions. The default values are 0.15 and 4,

respectively.

SUE requires two more settings in addition to the settings for UE:

e Error term distribution function: The default distribution is Normal.

e Percentage error for the error term: The default value is S.

To determine a suitable assignment model for use in the HTIS, the stability of the
assignment results were evaluated by varying the number of iterations used in addition to
the closeness of the assigned traffic to the observed link volumes. Whichever converges
faster and assigns traffic closer to the observed link volumes is preferable.

The O-D matrix used for evaluation is the daily O-D table obtained from INDOT.
Although the time frame in the HTIS is set to be an hour, the hourly O-D matrices are not
used because they are estimated from the daily O-D table and the errors caused by the
additional estimation process might lead to biased results. As explained in Section 3.3,
the daily O-D table was generated from O-D estimation using the seed table and ADTs in
the network file applied with directional distribution as “traffic counts” (Cambridge
Systematics Inc, 1998). A directional distribution of 50% was used to obtain directional
link volumes from the ADTs in the network file. Hypothetically, in an error-free
scenario, when the daily O-D table is assigned back to the network, the assigned link
volumes should match the ADTs in the network file applied with directional distribution,
which are 0.5 ADTs. However, the directional link volumes obtained by applying 50%
directionality are not the “real” traffic counts. If these values are compared with the
assigned link volumes, the errors caused by the hypothetical directionality may bias the

results. Therefore, the sum of assigned link volumes in two directions is compared with
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the sum of “traffic counts™ in two directions, which are the standard ADTs. By assuming
that the errors caused in the daily table generated from O-D estimation have the same
effects on different assignment models, the better assignment model is the one that
produces the lower total difference between the sum of assigned link volumes in both
directions and the ADTs in the network file.

Define “A” as the ADTs and “B” as the sum of assigned link volumes in two
directions. Three fitting criteria are defined for comparison of the sum of assigned link
volumes in both directions and the ADTs:

(1) Z|A-Bj;

(2) =(A-BF/A);

(3) Number of zero-flow links.

The first criterion gives equal weight to all links, while the second criterion known as
Chi-squared form, gives greater weight to links with lower ADTs because the ADTs are
used as the denominator in this criterion (Ortuzar and Willumsen, 1996). The third
criterion verifies if the stochastic characteristic in SUE helps to assign traffic in a more
realistic way. Because different weighting principles may result in different conclusions,
all three criteria are used in the HTIS. The lower values of the criteria, the better the
assignment model is.

The results of evaluation are shown in Table 5.14. In Table 5.14, the values of the
first two criteria for UE are the same for 20 and 25 iterations, which means the assigned
results from UE are stable after 20 iterations. The values of the first two criteria for SUE,
however, gradually decrease as the number of iterations increases. The gradually

decreasing trend still remains at 200 iterations, which means the assigned results for SUE
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are still not stable at 200 iterations. The values of the first two criteria for UE are lower
than for SUE, which indicates UE is more preferable. The third criterion shows SUE
produces less number of zero-flow links than UE. Although this criterion indicates that
SUE assigns traffic in a more realistic way than UE, the problems of stability and less
close to ADTs using SUE make it less preferable. The UE model is chosen for use in the
HTIS.

The output of the traffic assignment process is the “complete information” link flow
pattern for the same period as the input O-D table. The “complete information” link
volumes and the “no information” link volumes, which are from traffic volume
forecasting, form the lower bound and the upper bound for link volumes. These two
volumes are used as inputs for delay estimation, which is explained in Section 5.5.

The traffic assignment process needs to be repeated for different sets of inputs. The
input O-D table changes for each peak period and day type, while the link capacities in
the input network file change whenever the lane closure status (close or reopen) of any
projects changes. The number of combinations required for repeating the assignment
process is the combination of different input O-D tables and different lane closure

statuses during the same periods of time as the input O-D tables.

5.5 Delay Estimation

The objective of delay estimation is to predict queueing delays as a function of link
demands. As explained in Section 5.1, link demands may vary as the workzone ages. At
the beginning of construction, few drivers may know about any lane closures that may

exist. As a result, most drivers will attempt to follow the routes they normally travel.
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This situation is simulated as the “no information” scenario. As the construction
continues, more drivers become aware of the reduced roadway capacity. Some of the
informed drivers may divert to alternate routes to reduce their delays. After a certain
period of time, the number of drivers who know about the road construction reaches a
maximum value. This value depends on the proportion of drivers who use this route on a
regular basis and on the extent to which less frequent users can be informed by a road
information service. Most of these informed drivers make route choice decisions to
minimize delays. The situation in which all drivers know about the construction zone is
simulated as the “complete information” scenario. The challenge is to find the
“equilibrium” point between the “no information” and “complete information” scenarios.

The HTIS uses two steps to estimate queueing delays to account for the variation of
link volumes: estimating upper and lower bounds for delay and refining delay estimates.
Estimation of delay boundary determine queueing delays under the “no information” and
“complete information” scenarios. The two values form the upper bound and lower
bound on possible delays due to construction. (See Section 5.5.1.)

Workzone Delay Equilibrium Estimation (WDEE) attempts to find a new "steady
state" for delay based on the level of traffic that will use the workzone link after its
existence has become widely known. This is done by applying a relationship between
link volumes and the age of the construction zone to the “no information” and the
“complete information” link volumes. Even after the workzone has been in place for a
long time, there will be non-local drivers who do not know about it. In addition, some
local drivers may be willing to tolerate some extra delay on a known route that includes

the workzone, rather than seeking new, unfamiliar routes. For these two reasons,
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workzone traffic flows will never reach the lower bound represented by the "complete
information" scenario. The link volumes estimated by WDEE are then used to determine

the queueing delays during construction periods. (See Section 5.5.2.)

5.5.1 Estimation of Delay Boundary

The boundary values for queueing delays caused by construction zones are
determined by the link volumes found under the “no information” and the “complete
information” scenarios. The delays under the “no information” scenario form the upper
bound and the delays under the “complete information” scenario form the lower bound.
The calculation of queueing delays is based on a queueing diagram approach. A typical
queueing diagram is shown in Figure 5.12. In Figure 5.12, “A” represents the total
queueing delay for all vehicles that enter the queue between time 7; and time 7,. The
average queueing delay per vehicle during that time period is the area “A” in Figure 5.12
divided by the number of vehicles entering the system during that time period. The unit
for the average queueing delay per vehicle is “minutes.” The average queueing length
during a certain period of time is defined as the area “B” in Figure 5.12 divided by the
time period. The unit for the average queueing length is “vehicles.”

The basic input requirements for queueing analysis are the service rate and arrival
rate.
Service rate

Service rates are the hourly capacities of the links under construction. Dudek and
Richards (1981) and Jiang (1999) measured workzone capacities. However, the

measured workzone capacities provided by these two studies do not agree. For a four-
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lane highway with two lanes closed, the workzone capacity based on Dudek and
Richards’ study is 1,340 vphpl, and the one based on Jiang’s study is 1,466 vphpl.
Memmott and Dudek (1982) introduced the concept of a “capacity estimate risk factor”
(CERF) to reflect the variations of workzone capacities at different locations. The CERF
is the probability that the estimated capacity will be less than or equal to the actual
capacity (Figure 5.13). Memmott and Dudek used linear approximation to obtain the
cumulative distributions of actual workzone capacity based on the survey results in
Dudek and Richards’ study. Because the cumulative distribution of actual workzone
capacity is approximately linear, the probability distribution is uniform. When CERF
equals 0%, the probability that the estimated capacity is less than or equal to the actual
capacity is 0. When CERF equals100%, the probability that the estimated capacity is less
than or equal to the actual capacity is 100%. For the same lane closure type as in the
above example (a four-lane highway with two lanes closed), the estimated capacity is
1460 — (2.13 x CERF), which is the result of linear regression using the survey data of
Memmott and Dudek’s study. The measured workzone capacity provided by Jiang’s
study (1,466 vphpl) can be approximated using CERF = 0%, and the one provided by
Dudek and Richards’ study (1,340 vphpl) can be approximated using CERF = 56%. The
default value is CERF = 60%, which can fit the average value of the survey data in
Dudek and Richards’ study.

The advantages of Jiang’s study are that is more up-to-date, it is based on sampling
from Indiana highways, and it provides more detailed information, such as the lane
closure types (crossover or partial closure). Jiang analyzed 12 studies based on only four

workzones, and all of which were the 2-to-1 type of lane closure. Because the lane
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closure types in Indiana are not limited to the 2-to-1 type, the measured workzone
éapacities for other types of lane closure are also needed for use in the HTIS. Memmott
and Dudek’s study, which is based on Dudek and Richards’ study, included the 3-to-1, 2-
to-1, 5-to 2, 4-to-2, 3-to-2, and 4-to-3 lane closure types. In addition, their study allows
planners to set the workzone capacities according to their needs by specifying different
CERFs. The workzone capacity formula in Memmott and Dudek’s study is adopted in
the HTIS (Table 5.15).

Arrival rate

Arrival rates are expressed as hourly link volumes. When the “no information” link
volumes are provided as the arrival rates, the resulting delay forms the upper bound of the
expected delay at the workzone. When the “complete information” link volumes are
provided as the arrival rates, the resulting delay forms the lower bound of the expected
delay.

The concept of a queueing model is explained using the typical queueing diagram
with two different arrival rates shown earlier (Figure 5.12). The first arrival rate D; is
greater than the link service rate, so a queue builds. The second arrival rate D, is less
than the link service rate, so the queue dissipates. This queueing model simulates a
simple situation, in which a queue builds during the first time period and dissipates
during the second period.

There are several possible combinations of arrival rates that result in different
queueing scenarios. These scenarios are described below as they apply to the HTIS.
Define D,, D, and A as the arrival rates during the AM-peak, PM-peak and off-peak

periods, T,; and T, as the beginning and the end of AM-peak periods, Tp; and T, as the
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beginning and the end of PM-peak periods, and S as the service rate. The durations of
AM-peak and PM-peak periods are equal to (T,; — Tp;) and (7., — T};) respectively. The
duration of AM-peak and PM-peak periods is set at three hours in the HTIS. However,
the following queueing models derived in the HTIS can be applied to the other
combinations of arrival rates and peak period durations, as long as the durations are
expressed in integer hours. Figure A.8 shows how the user may make this specification.
Scenario A: When the AM-peak period is not immediately followed by the PM-peak
period and the first arrival rate is greater than the service rate

The queueing diagram for the situation when the AM-peak period is not immediately
followed by the PM-peak period is shown in Figure 5.14.

Define T, as the time when the queues that formed during an AM-peak period
dissipate completely, and do so before the subsequent PM-peak period starts. T, is
calculated using the following equation.

cumulative number of vehicles in the queue that has just dissipated
= cumulative number of vehicles served

> Dy (Ter—Te)+ ATy — Ter) = S (Tg1 — Ts1)

= Tl _ (Dl _S)(Tel _Tbl)'*’Tel
! (§-4)

ifD;> 8§
The average queueing delay between period ¢ and ¢+ for a queue forming in the AM-
peak period is calculated as follows.

(D Tp < t<Te

The total delay is the area of the shaded trapezoid area in Figure 5.14.
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Total delay = —;—(bottom length + top length) x height

_ Dt-T,) . D(t+1-T,) _ X
2{[ 5 —(t Tbl)}+[~———~——s (t+1 T,,l)}} D

1(D, - 8)(2t +1-2T,)
2 S

x D, (veh-hr)

Total delay
Number of vehicles arriving during the analysis period

Average delay per vehicle =

1D -9)Q+1-21,)
1
=2 S x 60 (min)
Dl
30D =S 2+1-2T)

S
)T st< Tq1 and t+] < Tq1

The total delay is the area of the shaded triangle area in Figure 5.15.

Total delay = %(bottom length + top length) x height

=%{{D(Td—Tmé+ A(t-T,) i _nl)}+[D(Ter7},1);A(t+1-Tel) _t +1_Tbl)]}x A

[2D(T, - T, )+ A2t +1=2T, ) - S(2t +1-2T,))]
S

x A (veh-hr)

NI»—-*

Total delay
Number of vehicles arriving during the analysis period

Average delay per vehicle =

[2D,(T,, ~Tp) + A2t +1-2T,)) ~SQ2t +1-2T,))]

S .
= x 60 (min
A (min)

N | —
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_30-[2D(T, -T,)+ A(2t +1-2T, )~ S(2t +1-2T,))] , .
= 3 (min)

(3) T, <t< Tq1 and t+] > Tq1
Because the queue dissipates completely at T, there is no queueing delay between

T,1and (¢ + 1). The total delay is the area of the shaded triangle area in Figure 5.16.

Total delay = %(bottom length x height)

Dl(Tel —Tb1)+A(qu "Tel)
S

=_1_[D1(Tel T, )+ A(+-T,) _(t_Tbl):lx
2 S

LID(T =T) + A =T) = SC=T)F 4 o v
2 S(S-4)

L Total delay
Average delay per vehicle = _ — - _
Number of vehicles arriving during the analysis period

[D(T, ~T,) + 4¢~T,) =S¢ -T,)I’ < A

1
_2 (S . 4) x 60 (min)

_30-[D\(T, -T,)+ At ~T,) - S¢ - T,)I’ (min)
S(S - 4)

The average queueing delay between period ¢ and ¢+/ for a queue forming in the PM-

peak period is calculated in a similar way to that during the AM-peak period illustrated

above. Therefore, only the final results are shown below.

Define T, as the time when the queues formed during a PM-peak period dissipate

completely.
T, = L _(i)(Tj)_ ) +T,, if D;>§
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(D) Tp2<t<T,

30-(D, - S)(2t +1-2T,,)
S

Average delay per vehicle = (min)

2) T8t < qu and t+1 < qu

30-[2D,(T,, ~T;,) + A(2t +1-2T,,) - S(2t +1-2T;,)]
S

Average delay per vehicle = (min)

N T,st< qu and t+] 2 qu

30-[D,(T,, -T,,)+ A(t-T,,)-S(t~T,,))
S(S - A4)

Average delay per vehicle = (min)

Scenario B: When the AM-peak period is immediately followed by the PM-peak period
and the first arrival rate is greater than the service rate

If the PM-peak period begins immediately after the AM-peak period and a queue
forms in the AM-peak period, the queue may not be dissipated completely by the
beginning of PM-peak period. Figure 5.17 shows two types of queueing diagrams for
situations when the PM-peak period begins immediately after the AM-peak period. By
applying the same calculation process as in the previous case, the queueing delays are
obtained. The following paragraphs list the final results of the calculation processes.

Define 7,3 as the time when the queue dissipates completely after the PM-peak
period, and T4 as the time when the queue dissipates completely after the AM-peak

period but before the PM-peak period ends.

T.= Dl(Tel _Tb1)+D2(Te2 _Tel)"ATe2 +STb1

“ S-4
]-;4 = (Dl _S)(Tel _Tb1)+]';1
(S"Dz)
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a. When the queue does not dissipate completely until after the PM-peak period ends
(D) Ty <t<T,

30-(D, - S)(2t +1-2T,)

Average delay per vehicle = S

(min)

QT (=T)t<T,
Average delay per vehicle

=30'[2D1(Te1 "Tbl)+D2(2t+1_2Te|)_S(2t+1_2Tbl)]
S

(min)

B)T=t< Tq3 and t+1 < Tq3
Average delay per vehicle

_30-[2D,(T, ~T,,) +2D,(T,, ~T,)) + AQ2¢ +1-2T,,) = S(2¢ +1-2T, )]
S

(min)

() T2 < t< Ty and t+1] 2 Ty3
Average delay per vehicle

=30'[D1(Te1 —~T,) + D, (T, _]:al)'*'A(t_];z)_S(t_nl)]z
S(S — A)

(min)

b. When the queue dissipates completely after the AM-peak period but during the PM-
peak period
(D) Ty <t<Tg

30-(D, - S)(2t +1-2T},)
S

Average delay per vehicle = (min)

(2) TSt < Tq4 and t+1 < Tq4

Average delay per vehicle
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_ 30:[2D,(T,, = T,)) + D, (2t +1-2T,)) - S(2t +1-2T, )]
S

(min),

(3) T, <t< Tq4 and t+1 2> Tq4

30'[D1(T31 _1;1)+D2(t"111)_s(t“Tb1)]2

Average delay per vehicle =
sty S(S-D;)

(min)

The above formulas were verified by comparing their results with experimental data
from traffic surveys. As explained at the beginning of Section 5.5, two basic inputs —
hourly volumes and capacities — are required for queueing analysis. The workzone
capacity represents the service rate of the link that is under construction. The workzone
capacities are based on Memmott and Dudek’s study (1982) (Table 5.15). The default
value of 60% for CERF is used. Hourly volumes represent the arrival rates of the link.
The demands on each link vary, not only for different days, but also for different times of
day. Therefore, field measurements are required to obtain hourly volumes. Because each
hourly volume requires an hour of survey data, using the data from existing ATR stations
near the workzone to be analyzed was considered as an alternative. If an ATR station is
located immediately upstream of the workzone link, the data recorded at the ATR station
can be used as the demand on the workzone link.

One workzone with an ATR station near it was on I-65 between SR43 and SR18.
ATR station 5450 is located just south of SR43. Figure 5.18 and 5.19 show where traffic
surveys were conducted. There were four lanes on I-65 between SR43 and SR18 before
construction. The construction was done in two phases. During the first phase, the two
southbound lanes were closed. Southbound traffic was diverted to one lane on the

northbound side of the median. The southbound ramps at the SR18 interchange were
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closed, too. An alternate route via SR43 northbound to SR18 and westbound back to I-65
for northbound traffic was available to bypass the workzone.

During phase two, the two northbound lanes were closed. Northbound traffic was
diverted to one lane on the southbound side of the median. The northbound ramps at
SR18 interchange were closed. An alternate route via SR43 northbound to SR18,
eastbound to SR231 and northbound back to 1-65 for northbound traffic was available to
bypass the workzone.

In order for queues to form queueing situations, hourly volumes must be greater than
the workzone capacity. The workzone capacity for the 2-to-1 type of lane closure in each
direction, based on Memmott and Dudek’s study (1982) using the default value of 60%
for CERF is 1,332 vphpl. Judging from the historical hourly volumes of station 5450, the
northbound traffic on Sunday afternoon has a high probability of exceeding workzone
capacity. Therefore, two surveys were conducted — both on the northbound traffic on
Sunday afternoon.

A. First traffic survey

The first traffic survey was conducted between 4:00PM and 6:00PM on 9 May 1999
during construction phase one. (See Figure 5.18.) The survey items included the average
travel time through the I-65 workzone between SR43 and SR18, the average travel time
via the alternate route, and northbound on-ramp and off-ramp counts at the SR43
interchange.

(1) Average measured travel time through the I-65 workzone between SR43 and SR18

The average measured travel time through the I-65 workzone between SR43 and

SR18 consists two parts —SR43 to CR600N and CR600N to SR18. The average travel
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time between SR43 and CR600N was based on the average speed observed at CR600N.
The average speed measured at CR600N is 14.59 mph and the distance between SR43
and CR600ON of 1.29 mile. Hence, the travel time is (1.29 / 14.59) x 60 = 5.3 minutes.

The average travel time between CR600N and SR18 was obtained by tracing the
travel time of sampled vehicles from the videotapes of two synchronized video cameras
at CR600N and at SR18. A total number of 109 vehicles were sampled. The average
travel time for the sampled vehicles is 13.8 minutes.

The average observed travel time through the 1-65 workzone from SR43 to SR18 is
the sum of the two values above (the average travel time between SR43 and CR600N and
the average travel time between CR600N and SR18), which is 19.1 minutes. This value
was compared with the estimated travel time from the sum of queueing delay and free-
flow travel time to verify the accuracy of the delay calculation.

(2) Average travel time via the alternate route

The travel time via the alternate route was obtained from the average travel time of
repeated runs by a probe vehicle. The resulting average travel time through the alternate
route was 16.0 minutes. This value was compared with the average measured travel time
through the 1-65 workzone to see if drivers can save time by traveling over the alternate
route.

(3) Northbound on-ramp and off-ramp counts at the SR43 interchange

The northbound on-ramp and off-ramp counts at the SR43 interchange are also
required because ATR station 5450 is located south of SR43 and some vehicles may get
on and off at the SR43 interchange. The northbound demands on I-65 between SR43 and

SR18 were determined from the northbound hourly volumes recorded at station 5450
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minus the northbound off-ramp count, plus the northbound on-ramp count at the SR43
interchange. Because of limited time and resources, the northbound on- and off-ramp
counts were observed during the time period when a queue is most likely to build
(5:00PM and 6:00PM). The northbound on- and off-ramp counts during other periods are
of less concern to the HTIS, because queues are less likely to build then. The on- and
off-ramp counts during these “other periods” were estimated based on the ratio of the on-
and off-ramp traffic to the hourly volume between 5:00PM and 6:00PM.

The estimated travel time through the 1-65 workzone from SR43 to SR18 is the sum
of the free-flow travel time and the queueing delay caused by the [-65 workzone.
(1) Free-flow travel time

The free-flow travel time is obtained by dividing the free-flow speed on I-65 (70
mph) by the distance on I-65 between SR43 and SR18 (8 miles). The free-flow travel
time on I-65 from SR43 to SR18 is 6.86 minutes.
(2) Queueing delay caused by the 1-65 workzone

A queue forms when the arrival rate is greater than the service rate. The arrival rates
at the 1-65 workzone are the hourly volumes obtained from the data at ATR station 5450,
adjusted by the northbound ramp counts at the SR43 interchange. The arrival rates
between 3:00PM and 8:00PM (1357, 1469, 1564, 1579 and1373 vph) are greater than the
service rate (1332 vph). Although the queue was observed to grow, dissipate, and grow
again several times during this 5-hour period, the 5 hourly arrival rates were used in a
queueing diagram analysis that began at 3:00PM. This simplification provided results
that were conservative, but close to observed delay values. The queueing diagram for

this survey is presented in Figure 5.20.
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The total queueing delay and average delay per vehicle between 5:00PM and 6:00PM

are calculated as follows;

1
Total delay = 5 (bottom length + top length) x height

1 ([1357 +1436 1357 +14
{[———-——(17—15)}[ hi 36+1564—(18—15)J}x1564

2 1332 1332
~ 287.67 (veh-hr)
Average delay per vehicle = . Tf)tjcll dela}f
Number of vehicles arriving during the analysis period
287.67 ,
= x 60 minutes
1564

= 11.04 minutes
The estimated travel time is the sum of the free-flow travel time and the average

queueing delay per vehicle, which is 17.9 minutes. The comparison of measured and
estimated travel time is presented in Table 5.16. A discussion is given after the
descriptions of the second traffic survey.
B. Second traffic survey

The second traffic survey was conducted between 4:00PM and 6:00PM on 20 June
1999 during construction phase two when two northbound lanes were closed and the
southbound traffic was diverted to one lane on the northbound side of the median. A map
is presented in Figure 5.19. Because the northbound ramps were closed, the alternate
route for northbound traffic in the first stage was modified to be northbound SR43 to
SR18, westbound SR18 to US231, and northbound SR231 back to I-65. The survey data
items include: (1) average travel time through workzone between SR43 and US231; (2)
average travel time via the alternative route; and (3) northbound ramp counts at SR43.
The methods applied to obtain the second and third items are the same as in the first

traffic survey. The first item was obtained from the average travel time from repeated
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runs of a probe vehicle, instead of using two video cameras to track vehicles between two
ends, because video taping equipment was not available at the time of the second traffic
survey.

The calculation process for the second survey is similar to the first one. The results
of the first two survey items in the second survey are 20.35 minutes for the average travel
time through workzone between SR43 and US231 and 22.43 minutes for the average
travel time via the alternative route. The average queueing delay per vehicle caused by
the I-65 workzone is 9.39 minutes and the free-flow travel time on [-65 from SR43 to
US231 is 10.8 minutes. The estimated travel time through workzone between SR43 and
US231 is the free-flow travel time plus the queueing delay, which is 20.19 minutes.

The comparison of the measured travel time and estimated travel time is presented in
Table 5.16. The percentage difference is defined as the difference between the measured
travel time and the estimated travel time, divided by the measured travel time. The
percentage of difference for the first traffic survey is 6.3%, and 0.8% for the second
traffic survey. The estimated travel times from both traffic surveys are close to the
measured travel time. Although two traffic surveys may not be sufficient to draw a
strong conclusion as to the accuracy of the estimated queueing delays, these survey

results can justify the use of the queueing analysis in the HTIS.

5.5.2 Delay Refinement
Delay refinement plays an important role in the HTIS. The function of delay
refinement is to estimate delays during the transition time when the existence of

workzones is known only to a small portion of travelers. As construction continues, more
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travelers gain knowledge of the existence of workzones through various kinds of media.

Some of the informed travelers may change their choices of routes and departure time in

order to reduce delays. The aggregate effect on travelers’ behavior may result in changes

in expected delays before the system reaches an equilibrium status. By understanding
how traffic demands change as awareness about the workzone spreads, ...

e Modelers may be able to determine how faster and more extensive dissemination of
the workzone information can reduce the transition time to the new equilibrium flow
pattern.

e Project schedulers may consider the “no information” traffic conditions, the transition
time, and the new equilibrium in determining a project scheduling strategy that avoids
inducing excessive delays.

e Analysts can decide whether a more extensive HTIS is justified to speed up the
transition to a new equilibrium.

There are two possible traffic conditions during the transition time: (1) the demand on
the workzone link remains higher than the workzone capacity; (2) the demand on the
workzone link reduces to less than the workzone capacity. In the first traffic condition,
the delay on the workzone link will continue even after a new equilibrium flow pattern is
established. The delay in this traffic condition falls in between the upper and lower
bounds estimated in Section 5.5.1. In the second traffic condition, delay on the workzone
link decreases to zero before the traffic reaches the equilibrium flow pattern. However,
the volumes on the workzone link in the above two traffic conditions show a similar
decreasing trend over the age of construction. Therefore, by establishing a relationship

between the workzone volumes and the age of construction, the volumes on the workzone
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link during the transition time can be estimated. The delays on the workzone link during
the transition time can then be estimated based on the estimated link volumes.

Several approaches were attempted in order to establish the relationship between
workzone volumes and the age of construction. The first approach would be to use the
historical data for ATR stations located upstream of a workzone link. The flow at the
upstream ATR station can be used to represent the demand on the workzone link when
the following two criteria are met: (1) the flow is not affected by the queue downstream,;
and (2) no ramps exist between the ATR station and the workzone. This approach could
not be used because no ATR stations and workzones could be found that met both criteria
mentioned above. Some cases failed because the ATR stations were too close to the
workzones to be considered unaffected by the queue downstream. Some cases failed
because ramps existed between the ATR stations and the workzones. In the few cases
where the above two criteria were met, incomplete ATR data prevented the development
of any relationship between the workzone volumes and the age of construction.

The second approach to derive a relationship between workzone volumes and age of
construction is to conduct traffic surveys to observe the flow upstream of a workzone as
it continues. A two-week traffic survey between 4:00PM and 5:00PM from 26 April
2000 to 9 May 2000 was conducted on the northbound approach to a workzone on I-65
between SR26 and SR43. (See Figure 5.21.) The road project just south of ATR Station
5450 started on 24 April 2000 and closed the two southbound lanes. ATR Station 5450 is
located downstream of the workzone. Because workzone queues would reduce traffic
flow rates, data from a downstream ATR cannot be used to measure the demand on the

workzone link. The demand on the workzone link was estimated using the northbound
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flow observed upstream of SR26, minus the observed off-ramp flow at the SR26
interchange, plus the observed on-ramp flow.

The plot of the traffic demands on the workzone link from the survey versus the age
of construction is shown in Figure 5.22. The demands from the April-May 2000 survey
were compared with adjusted historical ATR volumes taken when no construction was
present nearby. The adjustments were made with annual growth factors defined in
Section 5.2. The most recent historical volumes at ATR Station 5450 without
construction projects in the months of April and May were taken in 1996. The plot of the
volumes at ATR Station 5450 in Figure 5.22 begins on the last Wednesday in April 1996
and 2000. The linear regres‘sion line for the demands from the April-May 2000 survey
shows a downward trend; and the one for the growth-adjusted 1996 volumes shows a
slightly increasing trend. The downward trend for the demands from the survey is more
obvious when the demands on weekends are excluded (Figure 5.23). Although the data
from a single survey cannot be used to determine the mathematical function of the
downward trend, they display the influence of the workzone on driver choice during the
transition period. Therefore, the hypothesis that volumes on the workzone link decrease
as construction continues is applied to the “no information” and the “complete
information” volumes to estimate the volumes on weekdays during the transition period.
These estimated volumes are then used to estimate the delays on weekdays during the
transition period.

The termination of the downward trend for the demands from the survey is estimated
by comparing the data from the first week of the survey with the second week (Figure

5.24). A negative value of the difference between the demands in the second week and
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the demands in the first week indicates that demand is decreasing; and a positive value
represents the demand is increasing. In Figure 5.24, the value becomes positive on
Friday, which is the tenth weekday of construction. Therefore, it is assumed (for now)
that the system reaches equilibrium at the tenth weekday. Of course, as further data
become available, this value can be revised.

The demands from the survey on weekends do not show a great difference from the
volumes in 1996 (Figure 5.22). A possible explanation is that the weekend trips are
longer and involve non-local travelers. It is assumed that the weekend patterns are not
influenced by construction. Long-distance tripmakers may be infrequent users of the
road under construction and may not find out about the wokrzone until it has been in
place several weeks. Even if aware of the workzone, long-distance drivers may prefer to
wait in the queue rather than trying to find a detour route in unfamiliar territory.
Consequently, “no information” volumes are applied to the delay estimation for
weekends during the transition period.

The processes for estimating the delays on the workzone link on weekdays during the
transition time applied in the HTIS are divided into two parts: estimation of the volumes
on the workzone link and estimation of delay on the workzone link during the transition
time.

A. Estimation of the volumes on the workzone link

The volume on the workzone link for any given day and hour(s) during the transition
time is estimated by applying a hypothesized relationship with the age of construction,
constrained by the upper bound and lower bound volumes estimated from the “no

information” and the “complete information” analyses.
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The hypothesized relationship is a logistic function. A logistic function has been
widely used for estimating stochastic situations such as modal split in transportation
planning. A typical ‘decreasing’ logistic function decreases exponentially at the
beginning and flattens toward an asymptote (Figure 5.21), which simulates the changes of
demand on the workzone link as the construction continues. Most frequent travelers may
obtain information about the new or upcoming workzone either from various news media
or by traveling through it at the beginning of the construction project. These frequent
travelers may make informed decisions to divert to alternate routes or to start their trips at
a different time. The volume on the workzone link can be expected to decrease quickly
from the “no information” value at the beginning of the construction project. As the
construction continues, more travelers become aware of the workzone and make
informed decisions on route choices and departure times. The rate at which the volume
decreases becomes smaller. The traffic through the workzone eventually reaches an
equilibrium. Because there are always certain number of uninformed travelers who are
not aware of the workzone, the “complete information” condition cannot be reached. The
percentage of these uninformed travelers is represented as the gap between the “complete
information” value and the asymptote in Figure 5.25.

Define y as the volume on the workzone link, x as the age of the workzone, U as the
“no information” link volume, L as the “complete information” link volume, E as the
volume at thevsteady state, while the percentage of uninformed travelers on the workzone
link is p,. The difference between the volume at the steady state and the “complete
information” link volume equals the number of uninformed travelers on the workzone

link. Thatis, ...
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(E-L)=p,x(U-1L)

=E=p(U-L)+L

The difference between the ‘no information’ link volume and the volume at steady
state (U — E) is then (1 - p, (U~ L).

The relationship between the volume on the workzone link and the age of the

construction zone using a three-parameter logistic function is as follows (Thatcher,

Kannisto and Vaupel, 1998).

y=(1— l_kx)x(U—E)

1+ce

=(1-- ! _kxjx((l-—pu)(U—L))

1+ce
where c and £ are positive coefficients,
and 0 <p,<1.
The £ in the above formula determines the decreasing rate of the workzone volumes
approaching the asymptote; and the c affects the intercept on axis Y.
The intercept on the Y axis in the HTIS is the difference between the ‘no information’

link volume and the volume at steady state.
1
y= [1 -5 j x(1-p)U-D)=(1-p)U-1)
1+ce

=c>>0
The c is set as 100 under the assumption that the error percentage for the link volume

is less than 5%. Therefore, the logistic function can be expressed as follows.

1
y =(1—m)x((1—Pu)(U—L))
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Define that the system reaches a steady state when the total percentage of changes on
the link volume to the difference between the ‘no information’ link volume and the
volume at steady state at time 7 is equal to p, (SS in Figure 5.25). That is, there are (1 —

po)((1- p,)(U - L)) frequent travelers to be diverted before the system reaches the “true”

equilibrium.
1
(1= p)(-p U -1))= (1—mj * (- p)U - 1)
o l-p =l
pe 1+100-e™
o k=L l90Pe
r 1-p,

The SS point in Figure 5.25 defined by the values of T and p,. determines the
parameter &, which is related to the decreasing rate of the workzone volumes approaching
the asymptote. For example, if the workzone flow rate reaches a steady state that is 95
percent of the way from the U level to the L value after 10 days, then 7= 10 and p, =
0.95.

k =_LIHM= 0.755
10 1-.95

The relationship between the volume on the workzone link and the age of

construction can be defined as follows.

y=(l 1 ]X((l—pu)(U—L))

T 1+100-¢7°7%
By defining the percentage of uninformed travelers, the link volumes during the

transition time can be estimated as follows.
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Link volume=y + E

=y+p(U-L)+L

=(1 —“1——j><((1-pu)(U—L))+(pu(U—L)+L)

1410007

For example, if the upper bound and lower bound volumes of a link are 3,000 vph and
1,000 vph, respectively, the link volume for the cases when the percentage of uninformed

travelers p, is 10% and 70% can be estimated using the following formula.

1

Link volumep,= ;0% = (1 T13100.2575%

jx((1—0.1)U—L)+(0.1~(U—L)+L)

1

Link volumey,=7s = (1 - W

)x (@-07U-L)+(0.7-(U-L)+L)

The logistic curves for the above two cases are shown in Figure 5.26. The higher
percentage of uninformed travelers, the larger gap exists between the steady state and the
lower bound volumes.

B. Estimation of delay on the workzone link during the transition time

The delay on the workzone link during the transition time is estimated by applying
queueing theory to the estimated link volume. The application of queueing theory to
calculate the queueing delays caused by construction is explained in Section 5.5.1. By
defining the arrival rate as the volume for a specified day and hour(s) during the
transition time and the service rate as the workzone capacity, the delay on the workzone

link during the transition time can be obtained.
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Table 5.1 r, of Spearman Rank Correlation Test on ATR Station 2400
(November 3 ~ November 9, 1997)

Date 11/3 11/8 11/9
Vion Wed Sat Sun

11/3Mon| 1.00 | 0.97 0.69 0.53
1.00 090 | 071 0.51
1.00 [ 099 0.71 | 047
098 | 099 | 1.00 | 095 | 074 | 052
11/7F | 093 | 090 | 092 | 095 1.00 | 077 | 0.62
11/8Sat | 069 | 071 | 071 | 074 | 077 | 1.00 | 0.80
11/9Sun | 053 | 051 | 047 | 052 | 062 [ 0.80 1.00

(Note) The shaded area indicates that the traffic patterns for weekdays are similar.
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Table 5.2 48 periods ahead forecasts at base period 160 and 24 periods ahead updated
forecasts at base period 184 (November 1997)

Time 95% lower Forecast value 95% upper Actual value Forecast value
confidence limit (base 160) confidence limit if known (base 184)

161 898.55 971.66 1044.78 1058

162 920.71 1005.77 1090.82 1051

163 724.90 813.79 902.68 879

164 512.00 602.20 692.41 617

165 390.19 480.86 571.53 522

166 358.04 448.87 539.70 422

167 306.66 397.54 488.43 378

168 269.45 360.35 451.26 337

169 203.35 294.27 385.18 305

170 147.91 238.83 329.75 257

171 122.57 213.49 304.41 227

172 122.00 212.92 303.84 256

173 148.59 239.50 330.42 269

174 320.94 411.86 502.77 435

175 837.93 928.85 1019.77 996

176 1313.31 1404.22 1495.14 1463

177 944.19 1035.11 1126.02 942

178 806. 00 896.92 987.84 941

179 709.52 800.44 891.35 861

180 676.23 767.15 858.07 784

181 660.21 751.13 842.05 753

182 714.59 805.51 896.42 844

183 781.21 872.12 963.04 838

184 866.40 957.31 1048.23 1148

185 904.07 996.04 1088.00 1060 1125.69
186 918.77 1011.26 1103.76 1082 1065.78
187 724.55 817.23 909.91 779 858.38
188 520.69 613.44 706.18 526 623.87
189 392.89 485.66 578.43 471 503.91
190 351.95 444.73 537.51 372 437.86
191 312.28 405.06 497.84 457 413.03
192 277.68 370.46 463.24 365 373.86
193 197.27 290.05 382.83 211 299.63
194 140. 64 233.42 326.21 165 235.25
195 118.45 211.24 304.02 125 209.91
196 120.76 213.54 306.32 127 218.70
197 150.43 243.21 336.00 166 238.33
198 323.91 416.70 509.48 374 413.89
199 831.01 923.79 1016.58 836 930.82
200 1306. 10 1398.88 1491.66 1360 1393.39
201 959.24 1052.02 1144.81 1024 1019.89
202 810.45 903.23 996.01 784 934.65
203 710.85 803.63 896.42 769 804.16
204 670.33 763.11 855.89 675 751.29
205 659.07 751.85 844.64 689 748.04
206 721.24 814.02 906. 80 715 820.83
207 771.47 864.25 957.03 793 848.26
208 858.42 951.21 1043.99 850 995.70
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Table 5.3(b) Raw data for two ATR stations belonging to the urban

interstate highway road class (11/1/97~11/7/97)

2400 NB
Date(Day}| 00-01 01-02 0203 0304 04-05 0506 0607 0708 0809 09-10 1011 11-12
1(Sat) 253 185 177 168 158 213 306 421 551 629 736 827
2(Sun) 249 170 133 140 109 100 154 244 359 501 713 946
3(Mon) 328 225 173 200 197 304 565 694 690 669 709 327
4(Tue) 258 211 191 213 215 314 527 695 631 670 633 733
S(Wed) 278 211 207 198 231 306 527 658 632 701 634 780
6(Thu) 273 256 213 264 242 285 592 724 743 742 723 T4
F(Fri) 316 250 237 234 270 360 530 703 71D 795 918 954
Date(Day}} 12-13 13-14 14-15 15-16 16-17 17-18 1819 19-20 20-21 21-22 22-23  23-00
1{Sat) 814 325 979 1,042 1,009 961 846 649 565 592 500 405
2(Sun} 1,093 1,173 1,225 1,356 1,647 1,653 1,367 1,057 201 620 481 381
3(Mon) 813 720 853 1,062 1,309 1,391 880 610 611 470 363 283
4{Tue) 742 739 791 1,084 1,339 1,373 939 697 586 433 408 312
S(Wed) 817 750 846 1,081 1,327 1,434 929 734 639 526 437 372
6(Thu) 803 792 945 1,170 1,414 1,481 1,016 761 a7 627 445 472
7(Fri) 991 954 1,189 1,341 1,641 1,798 1,229 948 740 670 552 384
2400 SB
Date(Day)| 00-01 01-02 0203 0304 0405 0506 0607 0708 08-09 0910 10-11 11-12
1(Sat) 328 262 205 192 225 293 424 527 T 957 1,224 1,280
2(Suny 225 181 132 87 111 106 178 206 310 487 809 1,211
3{Mon) 260 191 143 156 150 342 295 1,364 1,020 855 753 787
4(Tue) 296 259 251 220 277 456 944 1,396 1,070 948 818 7
S5(Wed) 295 236 218 242 256 457 960 1,458 1,062 368 796 765
6(Thu) 305 247 220 232 72 435 941 1,453 1,085 887 851 718
F{Fri) 292 284 247 236 269 464 975 1,388 1,127 879 871 360
Date(Day)| 12-13 13-14 14-15 15-16 16-17 1718 18-19 19-20 20-21 21-22 22-23 23-00
1{8at) 1,078 1,001 973 878 993 903 799 627 540 454 417 286
2{Sun) 1,209 1,068 947 1,022 999 1,067 1,106 906 781 670 526 334
3(Mon) 709 818 371 948 927 918 820 414 447 451 416 410
4(Tue) 756 826 379 939 1,004 1,037 759 592 475 422 377 377
S5{(Wed) 753 786 340 935 1,056 1,031 gs0 644 529 435 353 332
6(Thu) 762 836 876 977 1,081 1,104 908 676 586 474 459 419
F(Fri) 395 1,072 1,201 1,275 1,358 1,470 1,327 1,016 833 626 637 445
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Table 5.4 Sum of hourly volumes for both directions and both stations

Date{Day) | 00-01 01-02 02-03 03-04 04-05 0506 0607 0708 08-09 09-10 10-11 11-12
1{Sat) 1,491 1,162 828 801 838 1,162 1,865 2,595 3471 4,193 4,898 5,239
2(8un) 1,227 773 584 487 438 484 344 1,081 1,689 2,507 3457 4,564
3{Mon) 1,110 845 664 726 839 1,817 4,308 7,046 5,533 4,329 4,291 4,554
4{Tue) 1,242 853 900 969 1,093 1,994 4,307 6,978 5,725 4,516 4,320 4429
S(Wed) 1,256 965 951 945 1,096 1,987 4,318 7,165 5,687 4,574 4419 4,549
6(Thu) 1,315 1,019 1,018 1,082 1,141 1,952 4,320 7,205 5,838 4,631 4,563 4,601
TF(Fri) 1,362 1,116 1,046 9390 1,184 2,026 4,329 6,868 5,684 4,728 4,871 5171

Date(Day) | 12-13 13-14 14-15 15-16 16-17 17-18 1819 19-20 20-21 21-22 22-23 23-00
1{Sat) 5,216 4,988 5,224 5,201 5104 4,940 4,415 3.538 2,937 2,705 2,353 1,825
2{8un) 5,198 5,381 54 5,800 6,139 5,900 5,295 4,194 3,453 2,662 2,138 1,502
3(Mon) 4,544 4,644 5,046 6,013 7,055 7,586 5,153 3,538 2,961 2,534 2,052 1,681
4(Tue) 4,635 4,788 5,071 6,285 7,263 7430 4,242 3,085 3,008 2611 2,143 1,672
S(Wed) 4,836 4,658 5,225 6,331 7,569 8,076 5,536 3,964 3,250 2,513 1,732 1,503
6(Thu) 4,973 5,064 5,520 6,548 7475 8,178 5,655 4,027 3,383 2,991 2,332 1,975

7(Fri) 5,496 5,750 6,334 7541 8,605 9,242 6,818 5,086 3,850 3,445 2,866 2,155
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Table 5.5 Peak period definitions and peak period factor calculations

Date(Day)

1(Sat)

00-01  01-02 03 03-04

664 726

04-05

09-10

as8-09
&

10-11

11-12

3(Mon) 839 1,817 47308 I 4291 4554
4(Tue) 1,242 953 900 069 1,093 1994 4307 I 4320 4429
S(Wed) 1,256 965 951 945 1096 1987 4313 86,507 | 4419 4540
6(Thu) 1315 1,019 1,018 1,082 1,141 1952  4320! I 4563 4601
7(Fri) 1,362 1,116 1,046 990 1,184 2026 43290 I 4871 5171
Date(Day)| 1213 1314 1415 1516 1617 17-18 1819 19-20 20-21 2122 2223  23-00
T ‘ - :
2(Sun) 5198 4194
3(Mon) 4544 4,644 3,538
4(Tue) 4635 4,788 4242 3085 3006 2611 2143 1,672
5(Wed) 4836 4,658 111,195 553 3964 3250 2513 1732 1,503
6(Thu) 4973 5,064 5655 4027 3383 2991 2332 1975
7(Fri) 5496 5750 6818 5086 3950 3445 2866 2155
Sum of volumes pesak factor

weekday | 86,507 | 111,195 | 277,396

dayiype |AM-peak PM.pesk Offpeak

475,098
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Table 5.6 Peak period definitions based on a single ATR station

Sum of volumes for both directions (Station 1420)
01-02 0304 0405 0506 0607 0708 0809 09-10

10-11 11-12

429 0

P 2,829 2,960

4(Tue) 688 433 458 536 601 1,224 I 2814 2,926
S5{Wed) 683 518 526 505 609 1,224 L 2939 3,004
6(Thu) 737 516 585 586 627 1,232 I 2989 3,049

7(Fr) 754 582 562 520 645 1,202 b 3034 3,357

13-14  14-15

15-16

3(Mon) 3,017 3,106 3,322 3453 2,314 1,903 1,613 1,273 988
&4{Tue}) 3,137 3,223 3,401 2,544 1,796 1,945 1,706 1,360 983
S5{Wed) 3,266 3,122 3,539 74,888 3,757 2,586 2,082 1,552 9432 799
6(Thu) 3,403 3,436 3,699 3,731 2,590 2,090 1,890 1,428 1,084
F(Fri) 3,610 3,724 3,944 4,262 3,122 2,377 2,149 1,677 1,328
Sum aof volumes for both directions (Station 2400)

01-02 2-03

03-04 0708 08-09 09-10

00-01 10-11 1112 |
1

o

3(Mon) 588 416 321 356

66 14600 a6 1594

d4(Tue) 554 470 442 433 492 70 14711 I 1,506 1,503
S(Wed) 573 447 425 440 487 763 1487 27415 I 1480 1,545
6(Thu) 578 503 433 496 514 720 1,533 M 157 1552
7(Fri) £08 534 434 470 539 824 1,555 b 1787 13814

17-18 1819 19-20 20 _ 23

3{Mon) 1,527 1,538 1,724 1,700 1,224 1,058 921 T 693

4{Tue) 1,498 1,563 1,670 1,698 1,289 1,061 905 783 639
S(Wed) 1,570 1,536 1,686 36,307 1,779 1,378 1,168 961 790 704
6(Thu) 1,570 1,628 1,821 1,924 1,437 1,293 1,101 904 891

T(Fri) 1,886 2,026 2,390 1,964 1,573 1,296 1,189 329

. weekend AM-peakE:__:i weekday AM-pea weekend PM-peakl:l weekday PM-peak
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Table 5.7(a) Sum of volumes for each direction for davs belonging to the same dav tvbe

1420 NB

1,817

1,408 1,380 1,449 2,229 5,041 9,613 8442 7027 7,243 7,855

1(Sat)
2(Sun)
3(Mon)

4{Tue)

s(Wed)

6({Thu)

7(Fri)

12-13

7917

7,873

14-15  15-16 16-17 17-18 18-19 19-20 20-21 21-22 23-23 23-00

8,550 11,33 14,113 18,253 10,040 6,596 4,921 3834 2,753 2,646

1420 SB

00-01

1,567

01-02

1,138

0304 04-05 0506 06-07 0708 09-10  10-11 11-12

1,066 1,137 1,525 3,824 9,035 15111 11,155 7739 7412 7441

1{Sat)
2{Sun)
3{(Mon)

4(Tue)

S(Wed)

6(Thu)

7(Fri)

12-13

8516

13-14

8738

14-15 16-17 1718 18-19 1920 20-21 21-22 22-23 23-00

9,355 10,572 11,3% 11,220 7,707 5,812 5476 5,078 3927 2,534

weekends

:l weekdays
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Table 5.7(b) Sum of volumes for each direction for days belonging to the same day type

2400 NB

0001

1,453

1,153

1,026

1,109 1,155 1,562

2,791 3474 3.506 3577 3,720 4,068

4,176

3955

4,624

17-18

5,738 7.030 7477

18-19

4,993 3750 3.283 2776 2,203 1,823

Date(Da:
1(Sat)
2(Sun)

3(Mon)

4{Tue)

S{Wed)

6(Thu)

7(Fri)

00-01

1,448

01-02

1,217

02-03

1,079

03-04 0405 05-06

1,086 1,224 2,154

06-07 07-08 0809 09-10 10-11 11-12

4,715 7.059 5,364 4,435 4,089 3,540

13-14

14-15

15-16  16-17 17-18

18-10  10-20 2021 21-22 22-23  23-00

S(Wed) 3,875 4,338 4,667 5,074 5428 5,560 4,664 3,542 2,870 2,408 2,242 1,983
6(Thu)
7(Fri)
weekends I:‘ weekdays
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Table 5.8 Larger sum of volumes between two directions for days belonging to the same day type

0001 0102 02-03 03-04 05-06 06-07 07-08 0800 09-10

S(Wed) 1,817 1,392 1,408 1,380 1,525 3,824 9,035 15111 1,155 7,739 7412 7,855

14-15  15-16 20-21  21-22
= - =

S(Wed) 8,516 8,738 9,355 11,334 14,113 16,253 10,040 6,596 5476 5,076 3,927 2,646

5(Wed) 1,453 1,217 1,079 1,109 1,224 2,154 4715 7,059 5,364 4435 4,085 4,068

14-15  15-16 19-20  20-21

S(Wed) | 4176 4338 4667 5738 7030 7477 4993 3750 3283 276 2242 1983
6(Thu)
7(Fri)

l———] weekdays
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Table 5.9 Sum of larger sum of volumes between two directions for different day types for all stations belonging
to the same road class

10-11 11-12

04-05 05-06  06-07

00-01 01-02

S5(Wed) 3,270 2,609 2487 2,489 2,749 5,978 13,750 22,170 183519 12174 11,501 11,923

7(Fri)
Date(Day)| 12-13 13-14 14-15 16-17 17-18 1819 1920 2021 2122 2223 2300

1{8at)
2(Sun)
3{Mon)

4(Tue)
S(Wed) 12,692 13,076 14,022 17,072 21,143 23,7730 15,033 10,344 8,759 7852 6,169 4,629

6{Thu)
7{Fri)

weekends l:l weekdays




LTI

Table 5.10 Directionality calculation

00-01 01-02 2-03 03-04 04-05 0607 0708 08090 0910 1011 11-12

S(Wed) 3270 2,609 2,487 2,489 2,149 5978 13,750 11,501 11,923

Ln
=]
7]
=)
2

Date(Da 12-13 13-14 14-15  15-16 16-17 17-18 18-19 19-20 20-21 2122 22-23 2300
1Sa0 = = = = e —

2(Sun)
3(Mon)
4(Tue)
S(Wed) 12,692 13,076 14,022 61,945 15,033 10,348 8,758 7,852 6,189 4,629
6(Thu)
7{Fri})

Sum of larger volumes between two directions Directionality

AM-peak PM-peak Off pesk daytype |AM-peak PM-peek Off-peak
weekend ‘ 47, weekend | | 4.6% % | 52.7%
weekday ; S_I']_,_SEBL 61,045 l 149,334' weekday il 58.8% 55.7% | 53.83% I




Table 5.11 Annual growth factors by functional class from 1990 to 1999

in Indiana State
Year bases 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998
to to to to to to to to to

Functional class | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999

Urban interstate | 0.993 | 1.074 | 1.072 | 1.032 | 1.103 | 1.047 | 1.066 | 1.038 | 1.038

Urban others 1.032 { 1.036 | 1.011 | 0.982 | 1.034 | 1.014 | 1.082 | 1.023 | 1.016

Rural interstate | 1.024 | 1.051 | 1.021 | 1.078 | 1.004 | 1.021 | 1.070 | 1.036 | 1.033

Rural arterials 0.997 { 1.045 | 1.019 | 1.028 | 1.035 | 0.998 | 1.063 | 1.047 | 1.002

Rural collectors | 1.034 | 1.045 | 1.015 | 1.025 | 1.094 | 1.052 | 1.038 | 0.999 | 1.031

and locals

Source: Indiana Department of Transportation, Roadway Management Division
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Table 5.12 Seasonal Adjustment Factors by Functional Class: 1994-1998

Urban Interstates, Freeways and Expressways

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1998
1997
1996
1995
1994

1.190
1.177
1.207
1.108
1.218

1.109
1.081
1.035
1.108
1.090

1.100
1.026
1.079
1.012
1.015

1.007
0.959
0.987
0.982
0.975

1.013
0.981
1.016
0.995
0.941

0.980
0.952
0.958
0.941
0.920

0.957
0.926
0.937
0.933
0.933

0.935
0.939
0.911
0.982
0.901

0.959
1.002
0.974
0.999
0.946

0.940
1.010
0.952
0.971
0.923

0.958
1.034
0.980
0.973
0.989

0.973
1.073
1.041
1.029
0.937

AVG

1.180

1.085

1.046

0.982

0.989

0.950

0.937

0.933

0.976

0.959

0.987

1.011

Urban - Principal Arterials, Minor Arterials, Collectors and Locals

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1998
1997
1996
1995
1994

1.093
1.143
1.110
1.110
1.104

1.035
1.045
0.983
1.080
1.008

1.018
0.997
1.055
1.038
0.977

1.029
1.049
0.989
1.020
0.944

0.963
0.980
0.975
0.965
0.928

0.946
0.941
0.958
0.953
0.932

0.947
0.991
0.935
0.976
0.955

0.975
0.968
1.077
0.971
0.934

1.008
1.022
1.043
0.989
0.939

0.997
0.986
0.973
0.974
0.920

1.041
0.994
1.016
0.907
0.958

1.019
1.003
1.029
1.055
0.955

AVG

1.112

1.030

1.017

1.006

0.962

0.946

0.961

0.985

1.000

0.970

0.983

1.012

Rural Interstates

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1998
1997
1996
1995
1994

1.203
1.128
1.301
1.141
1.423

1.139
1.042
1.115
1.173
1.234

1.074
0.951
1.103
1.021
1.115

0.986
1.117
1.025
0.965
1.079

0.968
1.014
0.992
0.975
1.016

0.953
1.007
0.921
0.930
0.985

0.895
0.922
0.833
0.930
0.922

0.907
0.938
0.854
0.948
0.915

0.983
1.036
0.952
0.980
1.016

0.987
1.011
0.985
0.966
1.023

0.993
1.032
1.020
0.987
1.018

1.028
1.124
1.047
1.083
0.991

AYVG

1.239

1.141

1.053

1.034

0.993

0.959

0.900

0.912

0.993

0.994

1.010

1.055

Rural - Principal Arterials and Minor Arterials

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1998
1997
1996
1995
1994

1.161
1.140
1.254
1.138
1.197

1.095
1.031
1.045
1.107
1.136

1.091
0.985
1.154
1.056
1.081

1.014
1.018
1.057
0.988
1.002

0.983
1.022
0.985
0.961
0.953

0.943
0.991
0.943
0.918
0.900

0.919
0.944
0.891
0.902
0.908

0.934
0.958
0.901
0.920
0.890

0.962
1.002
0.943
0.942
0.941

0.958
0.996
0.937
0.973
0.963

1.001
1.036
1.007
1.034
1.028

1.019
1.087
1.073
1.139
0.994

AVG

1.178

1.083

1.073

1.016

0.981

0.939

0.913

0.921

0.958

0.965

1.021

1.062

Rural - Major Collectors, Minor Collectors and Locals

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1998
1997
1996
1995
1994

1.104
1.187
1.179
1.154
1.210

1.072
1.079
1.019
1.126
1.082

1.070
1.030
1.109
1.073
1.009

0.988
0.961
0.992
1.010
0.966

0.961
0.974
0.990
0.971
0.929

0.935
0.935
0.956
0914
0.906

0.943
0916
0.943
0.906
0.915

0.978
0.959
0.996
0.923
0.945

0.992
0.997
0.976
0.976
0.958

0.962
0.980
0.959
0.949
0.951

1.019
1.026
1.009
0.961
0.982

1.050
1.071
1.072
1.119
0.977

AVG

1.167

1.076

1.058

0.983

0.965

0.929

0.925

0.960

0.980

0.960

0.999

1.058

Source: Indiana Department of Transportation, Roadway Management Division
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Table 5.13 Comparisons of annual growth factors based on the TMG
' with the ones adopted by INDOT

Growth factor Growth factor
Road class
based on TMG adopted by INDOT
Urban Interstate 1.11 1.038
Urban others 1.04 1.023
Rural interstate 1.06 1.036
Rural others 1.06 1.023*

* from the average of 1.047 for rural arterials, and 0.999 for rural collectors and locals
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Table 5.14 Stability analysis on the number of iterations in
UE and SUE assignment models

UE SUE

Number Number of] Number of
of zero-flow zero-flow

iterations Z|A-B| | Z(A-B)YA | links TIA-B| | Z(A-B)*/A | links
20 46,238,172 | 28,137,863 535 54,917,538 42,787,190 132
25 46,238,172 | 28,137,863 535 54,545,112 42,573,536 132
30 - - - 54,127,092 | 42,500,197 132
35 - - - 54,140,713 | 42,286,770 132
40 - - - 54,065,832 | 42,171,622 132
45 - - - 53,919,335 42,018,432 132
50 - - - 53,912,598 42,163,093 132
60 - - - 53,632,699 | 41,362,841 132
70 - - - 53,556,660 41,217,510 132
80 - - - 53,527,476 | 41,234,556 132
150 - - - 53,503,385 40,989,211 123
200 - - - 53,462,769 | 40,759,482 123
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Table 5.15 Workzone capacity formula

Normal number of | Open lanes through work zone in
open lanes in one one direction
direction Intercept Term (a)
1 2 3 4 5
2 1460
3 1370 | 1600
4 1200 | 1580 | 1560
5 1200 | 1460 | 1500 | 1550
6 1200 | 1400 | 1500 | 1550 | 1580
Slope Term (b)
1 2 3 4 5
2 2.13
3 4.05 | 1.81
4 0.00 | 1.60 | 0.57
5 0.00 | 1.46 | 0.00 | 0.00
6 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Workzone Capacity = a — (b x CERF)

where CERF is the capacity estimate risk factor.

Source: Memmott and Dudek (1982)
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Table 5.16 Comparison of measured travel time with calculated values

5/9/1999 6/20/1999
1-65 Alternate 1-65 Alternate
Method of
) (Major route) route (Major route) route
Calculation
Queueing | Travel | Travel | Queueing | Travel | Travel
Delay | Time Time Delay Time Time
Field
- 19.1 -- 20.35
Measurement
Calculated values
using hour-by- 11.04 17.9 16.0 9.39 20.19 22.43
hour volumes
t f
Percentage o B 6.3% N 0.8%
difference
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Figure 5.2(a) Northbound Traffic Patterns for Normal Days at Station 2400

(November 1997)
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Hourly Volumes (vph)

2500

2000 +
1500 +—— ! ‘

1000 ] k /\ A /\ [\
. \.7/\\/ \\/,,J \\f/ \\f/ NIV Nz

11/15 11/16 11117 11/18 11/19 11/20 11/21

2500

Thanksgiving
2000 f—o A

1500 - — / \ I
1000 //\/\ /A\ /\/J/\\\ /,N/ A\\ ///"/ \\ / \ -
M e i e S

11/22 11/23 1124 11/25 11/26 11727 11/28
2500 .
2000 N
1500 4—— '[C\‘
] r /\\ ﬁ*’/\\ /JA\ MAk /”A
5°‘;' A 7 N N -
11729 11/30 1271 1272 12/3 12/4 12/5
Sat Sun Mon Tue Wed Thu Fri

Figure 5.3(a) Northbound Traffic Patterns for the weeks before, during, and after
Thanksgiving Holiday at Station 2400 (November 1997)
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Figure 5.3(b) Southbound Traffic Patterns for the weeks before, during, and after

Thanksgiving Holiday at Station 2400 (November 1997)
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Hourly Volumes (vph)
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Figure 5.5 The first 160 weekday hourly volumes at ATR station 2400
in November 1997
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Figure 5.6 Autocorrelation functions of the original series
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Figure 5.8 ACFs of the residuals of model (1,0,0)(1,1,1)24
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Figure 5.9 ACFs of the residuals of model (1,0,125)(1,1,2)24
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24-periods-ahead updated forecasts of hourly traffic volumes at base period

184 (November 1997)

144




Number of ATR stations

Cumulative percentage of ATR stations

50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%

Average directionaily

Figure 5.11 Definition of bad data of high directionality

145



Cumulative 4 5
ber of . 2
num. er o Arrival
vehicles rate/ ;

D; A~ Service rate

[
»

T, To Time

Area A: total queueing delays of vehicles arriving the system between 7 and 7,

Area B: total queueing delays of vehicles in the system between 7'; and 7

Figure 5.12 A typical queueing diagram

146



Probabilityj]

»
>

Actual workzone capacity

Estimated Estimated
capacity when capacity when
CERF=100 CERF=0

Figure 5.13 Probability distribution of actual workzone capacity

147



Cumulative

number of 4
vehicles A ~
D,/
S
Th ; H_]Td Ty Time
AM-peak periods
Cumulative
number of 4
vehicles A e
S
T2 , t+]Te2 T, Time
PM-peak periods
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6. SYSTEM DEVELOPMENT

The functions of this Highway Travel Information System (HTIS) are not only to
provide INDOT a system to maintain travel information and assist project scheduling, but
also to provide road users a means to plan their trips in advance. The personnel who are
in charge of maintaining travel information system need to build and update travel
information with a minimum of effort. The personnel who are in charge of project
scheduling need to determine a scheduling strategy that reduces total delays with
reasonable construction costs. These needs are different from those of travelers who
would like to do pre-trip planning. Because of these different needs, different travel
information subsystems are necessary. Therefore, the HTIS is divided into three
subsystems: modeling, project scheduling and web access.

The modeling and project scheduling subsystems are regarding system maintenance.
The major function of modeling subsystem is to predict traffic conditions and produce
travel information. The function of the project scheduling subsystem is to maintain and
review road construction information. These two subsystems are dependent on each
other. The modeling subsystem requires information on initial construction schedules
from the project scheduling subsystem to allow the evaluation of traffic conditions in
workzones. In turn, the project scheduling subsystem requires inputs on the traffic

conditions at workzones from the modeling subsystem, to allow scheduling adjustments.
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The iterations between these two subsystems end when both the project schedule and its
effects on traffic are acceptable.

The web access subsystem is for use of highway travelers. The function of the web
access subsystem is to provide drivers with predicted traffic conditions based on their
departure time. Highway users may perform pre-trip planning to minimize possible
delays by repeatedly querying the web access subsystem for the traffic conditions
provided by the modeling subsystem.

The relationship of the three subsystems is shown in Figure 6.1.

The HTIS is based on multiple software packages, because of the need for
accessibility by the three groups of users and the capabilities of each software package.
The tasks required for this system include traffic volume forecasting, O-D estimation,
traffic assignment, delay estimation, road construction scheduling, and web publishing.
Although these functions can be incorporated in TransCAD using its built-in macro
language, GIS Developer’s Kit (GISDK), the system built solely on TransCAD will be
limited to only those who have access to TransCAD. In considering access by most
users, some parts of the system that can be separated from the main system. Those parts
with limited inputs and outputs (I/O) and that do not require the support of TransCAD are
built with software packages that are more accessible, such as Microsoft Excel and
Microsoft Access.

The remaining part of this chapter is organized as follows. Section 6.1 explained the
development of the modeling subsystem, Section 6.2 the development of the project

scheduling subsystem, Section 6.3 the development of the web access subsystem, and
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Section 6.4 the issues related to system maintenance. For more information regarding the

use of each subsystem, please refer to Appendix A.

6.1 Modeling Subsystem

The function of the modeling subsystem is to predict traffic conditions and to produce
travel information. This subsystem involves most of the analysis procedures including
traffic volume forecasting, O-D estimation, traffic assignment, and delay estimation.

Among the procedures required in the modeling subsystem, the traffic volume
forecasting meets the criterion of being separated from the main system, which includes
limited I/O (input of ATR file and output of peak period factors) and not requiring the use
of TransCAD. Therefore, the traffic volume forecasting process is separated from the
main system and built on Microsoft Excel using Visual Basic Application (VBA)
language for the purpose of increasing users’ accessibility. All other analysis procedures
are incorporated in TransCAD using its built-in macro language, GIS Developer’s Kit
(GISDK).

The framework of the modeling subsystem, showing inputs, process and outputs, is
displayed in Figure 6.2.

A. Excel VBA interface

The Excel VBA interface calculates the factors required for traffic volume
forecasting, including growth factors, directionality and peak period factors. One of the
inputs is historical monthly ATR files, which include the road class of each ATR station

and hourly volumes of both directions within the month. The other input, day type
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definition, is optional. If the day type definition is not specified, the default day type
definition, weekdays and weekends, is used.

According to the methodology mentioned in Section 5.2, the ATR data are first
screened for any apparent errors caused by malfunction of equipment. Then the data are
grouped in three different ways for the purpose of calculating three different factors. The
first grouping method is to group data by day types and road classes for calculating peak
period factors. For each subset of the data, the peak periods are defined based on the
maximum total volumes for three consecutive hours. The peak period factors are then
calculated.

The second grouping method is to group data by day types, road classes and
directions for calculating directionality. In accordance with the peak periods defined in
the first grouping method, the directionality for the defined peak periods is calculated.
After the peak period factors and directionality are obtained, the two values are combined
as the adjusted peak period factors.

The third grouping method is to group data by day types and stations for calculating
growth factors. First, the monthly average daily traffic (MADT) is calculated for each
subset of data for each monthly ATR file. The process of MADT calculation is repeated
for the remaining 11 months of the same year. Then, the annual average daily traffic
(AADT) is calculated. The process of MADT and AADT calculations is then repeated
for the adjacent year. Next, the growth factor for each subset is calculated. Finally, the
growth factors are further grouped by road classes and calculate the average growth

factors for each road class. If the calculation of growth factors is not performed, the
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latest available growth factors from 1998 to 1999 provided by the of Roadway
Management Division of INDOT (Table 5.9) are used as the default values.

The flowchart of the Excel VBA interface is shown in Figure 6.3.
B. TransCAD GISDK interface

The TransCAD GISDK interface is used to verify the predicted delays caused by road
construction and to generate a delay database for the use in travel information access
subsystem. The required inputs of this subsystem include a network database, a peak
factor file from the Excel VBA interface, a construction schedule database and an
existing hourly volume file or a file name for storing hourly volumes. The network
database should contain road classifications, ADTs and normal capacities. The peak
factor file should contain peak period factors, directionality, growth factors and day type
definitions. The construction schedule file should contain information on construction
schedules and work zone capacities. An existing hourly volume file may contain the “no
information” hourly volumes, or both the “no information” and the “complete
information” hourly volumes. If the hourly volume file contains only the “no
information” hourly volumes, the “‘complete information” hourly volumes will be
generated when an initial O-D table is provided. The initial O-D table is an optional
input that is used to perform lower bound delay analysis and delay refinements according
to the age of the workzone. If an O-D table is not given, only the “no information”
analysis may be performed and the upper bound of link delays will be displayed. If both
the “no information” and the “complete information” hourly volumes exist in the hourly
volume file, a complete delay analysis, including upper bound delays from the “no

information” analysis, lower bound delays from the “complete information” analysis, and
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adjusted delays, can be performed, and a delay database can be generated. Users may
also choose to overwrite the hourly volumes based on current inputs.

The TransCAD GISDK interface first takes the outputs of the Excel VBA interface
and the network database to calculate the “no information” link volumes, the upper bound
on hourly volumes. The values of the “no information” link volumes are to simulate the
traffic conditions of the “no information” scenario when no highway users know that the
workzone exists.

Next, the “no information” link volumes obtained from the above process are used
with an initial hourly O-D table to estimate the O-D tables for different time periods.
Each cell in the estimated O-D tables represents the demand for that O-D pair. Then the
estimated O-D tables and road construction schedules obtained from the project
scheduling subsystem are used to generate the “complete information” link volumes (the
lower bound on hourly volumes) by performing traffic assignment. The “complete
information” link volumes are to simulate the “complete information” scenario, in which
all highway users know about the existence of the construction zones.

The “no information” and the “complete information” link volumes are used as the
inputs for estimating delays under the “no information” and “complete information”
scenarios, and for obtaining adjusted link volumes based on the age of the construction
zone. The adjusted link volumes are used to obtain the estimated delays in related to the
age of the construction zone.

The flowchart of the TransCAD GISDK interface is shown in Figure 6.4. The
process before “Generate delay database” represents a complete cycle for a single day

type and a single set of construction projects working at the same time. Therefore, both
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the “no information” and the “complete information” volume analyses need to be
repeated for each day type, once a set of construction projects active at the same time has
been identified.

The number of times the “no information” volume analysis needs to be repeated is the
product of the number of day types and the number of peak periods. Because the “no
information” volume analysis is to simulate the “no information” scenario, travelers make
decisions without knowing that workzones exist. Therefore, the interactive effects of
multiple projects working at the same time does not need to be considered. The day
types include the two default day types (weekdays and weekends) and special days
defined by modeling personnel. The peak periods include the three periods of AM-peak,
PM-peak and off-peak.

The “complete information” volume analysis involves two processes: O-D estimation
and traffic assignment, as shown in Figure 5.1. The number of times to repeat O-D
estimation is the number of times the “no information” volume analysis is repeated for all
day types subtracted by the number of times for weekends, because O-D estimation
generates demands for different day types from the “no information” link volumes except
weekends. The traffic patterns for weekends are estimated from the “no information”
analysis.

The number of times traffic assignment needs to be repeated depends on the number
of day types except weekends, the number of time periods in a day and the number of
different sets of construction projects active at the same time. Because traffic assignment
simulates drivers’ choices under the “complete information” scenario, the existence of

different sets of projects working simultaneously may have different effects if some of
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the projects are close to each other. Figure 6.5 shows how different time spans are
defined by the different sets of construction projects that are active at any given time.
Whenever a construction project starts or ends, the number of construction projects active
simultaneously changes. The number of time spans in a specific month is the number of
times different projects start or end within the month plus 1. The first time span always
starts at the first day of the month. For example, Figure 6.5 shows five time spans. The
time span T, involves two projects, X and Z. The time span T3 involves four projects, W,
X,Y and Z. The number of applications of traffic assignment in each time span is
determined by the number of different day types within the time span. For example, the
number of applications of traffic assignment in the time span T; is 1 (for weekdays). The
number of applications of traffic assignment is to be repeated for time span T3 is 2 — one
for weekdays, and the other for the special day within the time span. The number of
times traffic assignment is to be repeated is the sum of two products. The first product is
from the number of special day types and the three periods (AM-peak, PM-peak and off-
peak). The second is the product of the three periods (AM-peak, PM-peak and off-peak)
for weekdays and the number of different dates whenever a project starts or ends plus 1
(the first day of the specific month).

After finishing the “no information” and the “complete information” volume
analyses, a relationship between hourly volumes and the age of construction found in
historical data is applied to obtain adjusted link volumes according to the age of
construction. The delays caused by workzones during the transition time are estimated.
These delays provide the project scheduling personnel an idea of the traffic conditions

under the existing project strategy. As explained at the beginning of this chapter, there
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exists an interactive effect between the modeling subsystem and the project scheduling
subsystem. The construction schedule can be adjusted based on the estimated delays, and
the delays are re-estimated according to the modified construction schedule. The
iterative process between the modeling subsystem and the project scheduling subsystem
is repeated until both the project schedule and its causing delays are considered to be
acceptable. The final estimated delays are stored in a database in dBaselV format.
Before the dBaselV delay database can be provided for public access, the database
needs to be converted into a format that is accepted by the web server of the travel
information access subsystem. Currently, the temporary web server of the access
subsystem only supports the database in Microsoft Access format. The dBaselV delay
database needs to be converted into the format of Microsoft Access before being

uploaded to the web server.

6.2 Project Scheduling Subsystem

The project scheduling subsystem is a graphic users’ interface database management
system implemented in the TransCAD GISDK interface. The function of this subsystem
is to manage the database of construction schedules. The required inputs are a network
file and an existing construction schedule file or a file name for storing construction
schedules. A network file should include node coordinates. An existing construction
schedule file should include information on workzone schedules and work zone
capacities. The optional inputs are an hourly volume file, a peak factor file and an O-D
matrix file. These files are for use of checking the effects of current construction

scheduling strategy on the traffic conditions of the corresponding highway sections.
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The project scheduling subsystem provides some basic database manipulation
functions such as “Add”, “Delete” and “Save edited”, and evaluation of the current
scheduling strategy such as “Link delay” for checking single link delay and “Evaluate
schedule” for checking system performance.

With the database manipulation functions, the project scheduling personnel may add,
delete and edit records by clicking on a link on the map. Each record contains
information on construction: project prefix, project number, beginning date, end date,
number of lane closures and a brief description about the construction. When an existing
construction schedule file is retrieved, both the records and the locations will be
displayed in a table and on the map.

The functions for evaluating current scheduling strategy allow the project scheduling
personnel to check its effects on traffic and to adjust schedules accordingly. When the
function of “Link delay” is selected, this subsystem is linked back to the main menu of
the modeling subsystem for volume and delay analyses according to the current
scheduling strategy. When the function of “Evaluate schedule” is selected, the project
scheduling personnel are asked to input the evaluation period before directed back to the
modeling subsystem. These two functions are disabled if the inputs for the “no
information” and/or the “complete information” volume analyses are not given.

When the objective is to evaluate current scheduling strategy, the system determines
the total delay for the current scheduling strategy. If the traffic delay is unacceptable,
users of project scheduling may go back to the main menu of the project scheduling

subsystem to modify the construction schedule. This function of schedule evaluation is
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also disabled if the inputs for the “no information” and/or the “complete information”

volume analyses are not given.

6.3 Web Access Subsystem

The function of the web access subsystem is to provide highway travelers a user-
friendly and easily accessible way to retrieve travel information for trip planning. This
subsystem is built on Hyper Text Markup Language (HTML), Javascript language, and
Microsoft Active Server Pages (ASP) scripting using VB-script language. HTML is the
standard language for web page editing. Javascript language is used to dynamically
generate options of the departure date on the web page to avoid users’ input errors and to
dynamically show detailed information about a specific construction project upon users’
requests. Currently, this subsystem is designed to provide travel information to drivers
between the current date and the end of next month. If construction schedules can be set
more than two months in advance, more months of travel information can be provided.

ASP is a server-side scripting, which re-generates documents each time they are
accessed. With ASP, the server gets a chance to alter the file before sending it to the
user. Each time a users submits a different departure time, the corresponding delay
information from the database of estimated delays is translated into HTML pages and
then sent back to the user. Therefore, this access subsystem does not require any
platform-dependent software to operate on. Any users with access to the Internet and a
browser can retrieve the travel information from this access subsystem.

The web access subsystem allows users to submit their time of departure input with a

web browser to ASP, which retrieves the corresponding delay information from the
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database of estimated delay stored on the server and sends the information back to users
on their browsers.

One important characteristic of the web access subsystem is its instant response to a
user’s query. The delay information is generated in the modeling subsystem and stored
in a database. The process time for the web access subsystem is the time of data
transmission on the Internet. The response time to a user’s query with a 56.6 Kbps
modem is within seconds. Users may perform several queries within to consider alternate

trip plans.

6.4 System Maintenance

The purpose of system maintenance for the HTIS is to keep the travel information
updated through routine operation of the system. As explained at the beginning of this
chapter, the HTIS is divided into three subsystems: modeling, project scheduling, and
web access. These three subsystems operate separately, yet are bonded with one another.
Some of the outputs for one subsystem are the inputs for another. Therefore, the changes
in one subsystem may result in the changes to others. The interactions among the three
subsystems should be considered in the system maintenance program.

The following paragraphs explain the tasks involved in the maintenance for each
subsystem, the personnel who take charge of those tasks, the update frequency and the

operation time for each update process.
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A. Maintenance of the modeling subsystem

Two maintenance tasks are involved in the modeling subsystem — maintenance of the
Excel VBA interface and maintenance of the modeling task in the TransCAD GISDK
interface.
(1) Maintenance of the Excel VBA interface

The task of maintaining the Excel VBA interface is to generate the files of peak
period factors. Each file of peak period factors contains the definitions of day types for a
specific month, the definitions of peak periods and the values of peak period factors for
different day types and road classes for the month, and the values of annual growth
factors for different road classes for the month. All of the items, except the annual
growth factors, should be generated through the Excel VBA interface. The annual
growth factors can be obtained from the Roadway Management Division of INDOT. The
Excel VBA interface is part of the modeling process. The personnel familiar with the use
of the statewide model should be expected routinely operate the Excel VBA interface.

The frequency of maintaining the Excel VBA interface depends on the characteristics
of the inputs for the interface. The required inputs for the Excel VBA interface are the
files of ATR data, which can be obtained from the Roadway Management Division of
INDOT. Each ATR data file stores hourly volumes of each ATR station for a specific
month in a specific year. Based on the assumption that the traffic patterns of a specific
month in different years are similar, a historical ATR data file of a specific month can be
used to generate the peak period factors for the same month, which can be used to
represent the traffic patterns of the same month in any future year. Although the peak

period factors of a specific month based on an old ATR data file can serve the same
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purpose of reflecting the traffic patterns of the same month, the ones based on a more
recent ATR data file can depict more up-to-date traffic patterns. Therefore, the peak
period factors for a specific month are suggested to be updated based on the latest
available ATR data file of the same month.

The update frequency for the Excel VBA interface is determined by the time of
obtaining the latest available ATR data files, the needs of updated peak period factors and
the preferences of the personnel who are in charge of the updates. For example, the latest
available ATR data file for December 1999 is obtained in July 2000. According to the
current settings of the HTIS, the system should provide travel information for the
remainder of current month and the entire next month. The peak period factors should be
generated at least two months in advance, which in the above example is by October
2000. Assume the first preference of the personnel is to update the peak period factors
for a specific month whenever the new latest ATR data file of the same month is
available, and the second preference of the personnel is to update peak period factors of
multiple months at the time when the peak period factors of the first month among the
multiple months are needed. In the above example, the time of updating the peak period
factors of December is in July 2000, based on the first preference and in October 2000,
based on the second preference, because the peak period factors for December 2000 are
needed by October 2000. Assume three more ATR data files — the files of January,
February and March 2000 — will be available by October 2000. The peak period factors
for the four months will be updated in October 2000. The average update frequencies,
according to the two preferences of the personnel are once a month and three times a year

(12 months / 4 months of data per time). The maintenance personnel may choose any

174



frequency between once a month for updating peak period factors of a month and three
times a year for updating peak period factors of four months in the above example.

The run time for each ATR file on a PC with a Pentium III — 266 CPU is less than 2
minutes.
(2) Maintenance of the modeling task in TransCAD GISDK interface

The update frequency for the modeling task in the TransCAD GISDK interface
depends on the number of updates required for its inputs and the preference of the
personnel who are in charge of maintaining the modeling task of this interface. There are
four required inputs and one optional input for this task. The required inputs include
peak period factors, a network file, project schedules and a file name of hourly volumes.
The optional input is an initial O-D table, which is for the analysis of the “complete
information” scenario. Among these inputs, the file name of the link hourly volumes is
for the storage of the intermediate results, therefore, it does not affect the update
frequency of this task. The network file and the initial O-D table, which are available
from the INDOT, change only at a major update for the entire system. The two inputs
changing frequently are peak period factors and project schedules, both of which are the
required inputs for this task. The peak period factors differ for each month under the
assumption that the traffic patterns of each month can be represented by a unique set of
peak period factors that are stored in a separate file. Each file of peak period factors
contains several subsets, each of which represents the traffic patterns for a specific day
type in a specific month. The number of updates required for each set of peak period
factors equals the number of day types in the month. The project schedules, on the other

hand, do not change on a regular basis. Each project schedule is considered individually

175



and the start date adjusted to reduce the impacts the project on the traffic, if other factors
permit. Whenever a project schedule is changed, the modeling task needs to be
performed to update the traffic conditions based on the new schedule. The number of
updates required for the modeling task is the product of the numbers of updates for the
peak period factors and the project schedules. For example, the number of updates
required for the peak period factors in a specific month is two, the number of day types in
the month is two and there is only one project involved. The schedule of the project is
adjusted seven times including the first time it is added into the schedule database. Three
of the seven adjustments are to reschedule to the specific month. The number of updates
required for the project schedule is three. Therefore, the number of updates required for
the modeling task in the specific month is six (=2 x 3). The highest update frequency for
this task is six times per month, which means one update per each time. Whenever the
final update for the month is finished, the delay database for the month can be generated.
The personnel who are in charge of this task may choose a lower update frequency as
long as the delay database for the month can be generated in time for public access. The
time needed to generate delay databases is mentioned in “Maintenance of the web access
subsystem” later in this section.

The run time for the modeling task depends on the number of updates required for the
task, the provision of the optional input and the choice of generating a delay database.
The number of updates required for the task with respect to the modeling task has been
explained in the previous paragraph. The input of an initial O-D table is for the analysis

for the “complete information” scenario. If an initial O-D table is not provided, only the

“no information” analysis is performed. The run time for the “no information” analysis
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per each update on a PC with a Pentium IIT — 266 CPU is about three minutes. If an
initial O-D table is provided, the “no information” and the “complete information”
scenarios are both analyzed. The run time for the “complete information” analysis per
each update on the same PC is about fifty minutes. The run time for generating a delay
database on the same PC is about thirty minutes. The total run time for all updates is the
run time per each update multiplied by the number of updates required plus the run time
for generating a delay database.
B. Maintenance of the project scheduling subsystem

The task of project scheduling is implemented in the TransCAD GISDK interface.
The update frequency for the project scheduling task depends on the number of updates
required for its inputs and the preference of the personnel who are in charge of this task.
There are two required inputs and three optional inputs for this task. The required inputs
include a network file and project schedules. The optional inputs include peak period
factors, a file name of hourly volumes and an initial O-D table, which are for delay
analyses based on the current scheduling strategy. As explained in “Maintenance of the
modeling task in TransCAD GISDK interface” previously in this section, the network file
and the initial O-D table change only at a major update for the entire system. The file
name of the link hourly volumes does not affect the update frequency for this task
because it is for the storage of the intermediate results. The only inputs affecting the
update frequency for this task are peak period factors and project schedules. Both the
numbers of updates for these two inputs have been explained in “Maintenance of the
modeling task in TransCAD GISDK interface” previously in this section. The update

frequency for the project scheduling task is similar to that for the modeling task. The
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difference between these two tasks is that the peak period factors are an optional input for
the project scheduling task. If the peak period factors are not provided, the project
scheduling task is not linked to the modeling task and the only thing involved in the
project scheduling task is the database manipulation for the schedule database. The
update frequency for the project scheduling task in this case depends only on the number
of updates required for the project schedules. For the example in “Maintenance of the
modeling task in TransCAD GISDK interface” previously in this section, the number of
updates for the project scheduling task is three. The highest update frequency for the
project scheduling task is three times per month, with one update each time. If the peak
period factors are provided, the modeling and project scheduling tasks are linked together
and the update frequency for the project scheduling task can be determined in the same
way as for the modeling task in TransCAD GISDK interface, the higher frequency
between the changing frequencies for the peak period factors and the project schedules.
The run time for the project scheduling task also depends on the number of updates
required for this task and the provision of the optional inputs. The optional inputs, peak
period factors, a filename for storing hourly volumes and an initial O-D table, are for
delay analyses based on the current project scheduling strategy. If no optional inputs are
provided, only the database manipulation for the schedule database is performed. The
run time for each database manipulation is within one second. If some or all of the
optional inputs are provided, the project scheduling task is linked to the modeling task
and both the database manipulation and delay analyses for evaluating the current
scheduling strategy are performed. The run time for the delay analyses is the same as

that for the modeling task. When all three optional inputs are provided, the run time for
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the delay analyses is the same as the sum of the run times for the “no information” and
“complete information” analyses. When the peak period factors and the file name for
storing hourly volumes are provided, but the initial O-D table is not provided, the run
time for the delay analyses is the same as that for the “no information” analysis.

C. Maintenance of the web access subsystem

The task for maintaining the web access subsystem is to keep travel information
updated by uploading the update delay database on the Internet. The personnel in charge
of web publishing should routinely update the delay database.

The update frequency for the web access subsystem is determined by the frequency of
generating the updated delay database and the preference of the personnel who are in
charge of the maintenance of this subsystem. The delay database is one of the outputs
from the TransCAD GISDK interface. To provide continuous access to the public, the
delay database is divided into multiple files. Each file contains the delay information for
a specific month. In this way, the delay database for a specific month can still be
accessed while the file of the delay database for the next month is being uploaded. As
explained in the update frequency for the modeling task in TransCAD GISDK interface,
the delay database for a specific month can be generated when the final update in the
month for the modeling task is finished. The personnel in charge of the maintenance of
the web access subsystem may upload the updated delay database any time after it is
generated. However, in order to provide sufficient travel information in advance, the
upload process for the delay database of a specific month should be no later than two
months before the specific month, if the adjustment of the project schedules for the

month is finished at least two months in advance. Travel information with a greater
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“horizon” can be provided if the project schedules for a specific month can be determined
more than two months before the specific month.

The run time for uploading a delay database depends on the transmission speed used
to access the Internet. The time for uploading a delay database on a 56.6 K modem is

about ten minutes.
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7. SUMMARY AND FINAL COMMENTS

7.1 Summary

Travel information systems can be divided into three groups — real-time, short-term
pre-trip and long-term pre-trip. The real-time information systems provide drivers
information during their trips, short-term pre-trip information systems shortly before
departure (normally within one day), and long-term pre-trip information systems one day
or more before departure. The real-time and short-term pre-trip information systems are
suitable for providing information about unexpected or nonrecurring events such as
incidents, while the long-term pre-trip information systems are designed to provide
information about expected events such as road construction. Previous research about
travel information systems has focused on analyzing and publicizing the effects of
unexpected events on traffic. Little attention has been given to long-term pre-trip
information systems because the real-time and short-term pre-trip information systems
can model both unexpected and expected events. However, because of the complicated
attributes of unexpected events, real-time and short-term pre-trip information systems
need further development to be effective in serving motorists. Long-term pre-trip
information systems can coexist with real-time and short-term pre-trip information
systems by meeting travelers’ needs at different times. Travelers with flexible schedules

may check with the long-term pre-trip information systems may schedule their trips that
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require be set several days in advance and adjust trip plans at the time departure and
during driving according to the real-time and short-term-re-trip information systems for
the purpose of minimizing possible delays.

This study developed a long-term pre-trip information system called the Highway
Travel Information System (HTIS) by using an approach called Workzone Delay
Equilibrium Estimation (WDEE). WDEE attempts to find a new “steady state” for delay
based on the level of traffic that will use the workzone link after its existence has become
widely known. WDEE involves three steps — analysis for the “no information” scenario,
analysis for the “complete information” scenario and estimation of the delays during the
construction period. The WDEE process also allows the HTIS to estimate workzone
traffic flows (and therefore delays) for any time during the transition to the new steady
state.

A. Analysis for the “no information” scenario

The “no information” scenario simulates the condition at the beginning of a road
project when no drivers know that the new construction zone exists. Drivers will follow
the same routes they normally use during the same time frame, unaware of any newly
constrained capacities on some links on their routes. In the “no information” scenario,
the traffic flows on each link for a specific time frame at the beginning of road
construction are treated the same as when there was no construction. By applying proper
traffic volume forecasting techniques, the volumes on over 16,000 links in the Indiana
highway network can be estimated. Traditional traffic volume forecasting techniques are
not suitable for use in the HTIS because they require detailed data and long execution

time. A simplified traffic volume forecasting technique was developed for the purpose of
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estimating flows on a large number of links. The main advantages of the simplified
traffic volume forecasting technique are that it can be applied to links without detailed
data and it can be applied to large network such as the Indiana statewide network.
B. Analysis for the “complete information” scenario

The “complete information” scenario simulates the case in which road construction
has been proceeding long enough that all drivers using that road know about it. Drivers
make informed decisions about whether to stay on the original route or divert to alternate
routes, based on their knowledge of the workzone and the surrounding network. Under
the assumption that drivers will only divert to alternate routes (rather than change their
departure time) to minimize delays, the travel demand between each O-D pair for a
specific time period will be the same for both the “complete information” and “no
information” scenarios. The demand for trips between each O-D pair for a specific time
frame can be estimated through the O-D estimation process using the “no information”
link volumes and the a priori matrix as inputs. This demand for trips between each O-D
pair is then assigned to a network having work zone capacity constraints to obtain the
link flows for the “complete information” scenario.
C. Estimation of the delays during the construction period

The actual traffic conditions during construction periods are in between the “no
information” and the “complete information” scenarios. The volumes at a workzone are
expected to decrease as construction proceeds and more drivers become aware of the
construction. The volumes stop decreasing as the system reaches an equilibrium state.
Because there are always a certain percentage of infrequent travelers that are not aware of

the construction, the volumes at the equilibrium state are higher than the “complete
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information” link volumes. The relationship between the historical data and the age of
construction is hypothesized using a logistic function. This hypothetical relationship is
applied to the “no information” volumes and the volumes at the equilibrium state. The
link volumes at any time during the construction period can be, therefore, estimated.

The delays during the construction period are estimated using queueing analysis. The
service rate is the hourly workzone capacity based on the study of Dudek and Richards
(1981) and the arrival rate is the estimated link volumes obtained by applying the
hypothetical relationship to the two extreme link volumes (the “no information” and
“complete information” volumes). Knowing how the arrival rate is likely to change the
early stages of construction, the HTIS can estimate average delay per vehicle as more
drivers become aware of it.

The HTIS is divided into three subsystems — modeling, project scheduling, and web
access. The modeling and project scheduling subsystems are for management purposes
and the web access subsystem is for use by the traveling public. The modeling subsystem
is built with the Excel VBA and the TransCAD GISDK interfaces. The Excel VBA
interface implements the simplified traffic volume forecasting technique developed for
the HTIS. The TransCAD GISDK interface performs WDEE, which includes the
analysis of the “no information” scenario, the “complete information” scenario, the
estimation of link volumes during the transition construction period, delay estimation and
delay database generation. The project scheduling subsystem is also built on the
TransCAD GISDK interface. There are two major tasks for the project scheduling
subsystem. The first one is to manage project schedule databases. The second task is to

assist project scheduling personnel in determining proper scheduling strategies to avoid
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excessive traffic delays by providing functions to adjust project starting date, end date,
and lane closure strategies in terms of workzone capacities. The web access subsystem is
built on several scripting languages, including Hyper Text Markup Language (HTML),
JavaScript, VB-script, and Active Server Pagers (ASP). The JavaScript and VB-script
provide an interactive environment. The ASP is a server-side-include scripting language,
which can generate personalized travel information upon receiving users’ requests.
Travelers may input the proposed departure time to retrieve information about expected
delays at workzones that are active at the departure time and use the information to plan
their trips up to two months in advance.

The HTIS requires routine maintenance in order to provide updated travel
information. Most of the maintenance tasks are accomplished during routine use of the

subsystems.

7.2 Final Comments

The HTIS can be further refined to improve the accuracy of workzone delay estimates
and to enhance the function of assisting project scheduling in the following five ways.

(1) New techniques in traffic volume forecasting, traffic assignment, O-D estimation, and
workzone delay estimation may be applied in the HTIS. Because the architecture of
the HTIS is highly modularized, each part of the analysis in the modeling subsystem
of the HTIS is independent from others. New techniques for any of the parts can be
plugged into the HTIS easily without changing an other part of the HTIS. However,
the application of new analysis techniques needs to consider the availability of

required data and the feasibility of applying it on a large network.
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(2) The accuracy of workzone delay estimates can be further verified. Only two surveys
were conducted to validate workzone delay estimates (both on 165 between SR43 and
SR18). The results were satisfactory, but the accuracy of the delay information
generated by the HTIS would benefit from further verification.

(3) The effects of information available via the World Wide Web (WWW) on travelers’
behavior require further study. Currently the WWW has not been used to disseminate
information about workzone delays. Travelers make decisions based on the
information provided via traditional media such as TV, radio and variable message
signs (VMS). The information provided by the HTIS via the WWW may affect
travelers’ behavior to different degrees. By understanding the aggregate effects of the
WWW on the traffic, the HTIS may provide more accurate delay estimates.

(4) The function of assisting project scheduling can be further extended. The information
provided in the HTIS for assisting project scheduling is the total delay based on
current scheduling strategy. A sensitivity analysis of project starting dates, end dates
and lane closure strategies on system performance may be added.

(5) Observed data about hourly volumes during the construction period can be used to
analyze the relationship between hourly workzone approach volumes and the age of
construction. The plan was to take advantage of the continuous data provided by the
Automated Traffic Recorder (ATR) stations by finding construction sites located
downstream of the ATR sites. However, no suitable data for such cases have been
obtained so far. In the rare cases in which an ATR site was immediately upstream
from a workzone, equipment malfunctions prevented a detailed analysis of traffic

volume trends. An approximate relationship between hourly volumes and the age of
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construction has been hypothesized. The relationship between hourly volumes and
the age of construction based on observed data may depict the aggregate effects of

travelers’ behavior during the construction period more accurately.
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APPENDIX
HIGHWAY TRAVEL INFORMATION SYSTEM USER’S GUIDE

The application of the Highway Travel Information System (HTIS) is explained in
three parts: the Excel VBA interface, the TransCAD GISDK interface, and the web
access interface. The Excel VBA interface is for use by the modeling personnel. The
TransCAD GISDK interface is for use by both the modeling and project scheduling
personnel, and the web access interface is for use of public users (travelers). The
relationship of these three users’ interfaces is shown in Figure A.1. Through the Excel
VBA interface, the peak period factors are generated and passed to the TransCAD
GISDK interface. The delay database is then generated by the TransCAD GISDK
interface and passed to the web access interface. Finally, public users may access the
delay database through the web access interface.

Refer to Section 6.1 for development considerations of the Excel VBA interface and
the modeling task in the TransCAD GISDK interface, to Section 6.2 for development
considerations of the project scheduling task in the TransCAD GISDK interface, and to

Section 6.3 for development considerations of web access interface.
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A.1 Excel VBA Interface

The Excel VBA interface has for two purposes: (1) To generate peak period factors,
which will be stored in a dBase IV file. (2) To calculate monthly average daily traffic
(MADT) for each ATR station. The framework of the Excel VBA interface is shown in
Figure A.2.

Step 1: Enter the Excel VBA interface
Enter the Excel VBA interface by double clicking on the icon “atrmacro.xls.” A
message warning that the file contains macros will appear. Enable the macros, so that
this program works properly. After this program has been entered, the introduction
menu that briefly explains the functions of this program will appear on the screen
(Figure A.3). By pressing the “Start” button, users can see the main menu for this
program (Figure A.4).
Step 2: Inputs for the Excel VBA interface
The “Option” in the main menu allows the user to specify which function to
execute: “generate peak period factors” or “calculate MADT.” The “generate peak
period factors” function calculates peak period factors based on a file of Automated
Traffic Recorder (ATR) historical data. The “calculate MADT” function obtains the
monthly average daily traffic (MADT) for each ATR station. The inputs for these two
functions are listed as follows:
(2) Inputs for the “generate peak period factors” function
e An ATR file, whose file name will be shown as the “Current ATR file”;
e Additional inputs for generating peak period factors. (See Figure A.4.)

(2) Input for the “calculate MADT function”
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e Aset of ATR files for up to 12 files: The file name of the ATR file that is being
processed will be shown as the “Current ATR file.”
Each input is explained below.
(1) Current ATR file:

The “Current ATR file” shows the ATR file that is being processed. By clicking
the “Open ATR file(s)”, a dialog box will appear (Figure A.5). This program can
handle two file types: the raw data in federal format (*.fed) and in Excel format
(*.xls). The ATR files in federal format are obtained from the INDOT’s Roadway
Management Division. These files contain a lot of rows of continuous text, whose
entries are distinguished by column numbers (Figure A.6). Each row of data
represents hourly volumes in a specific direction for a specific ATR station during a
specific hour on a specific day.

If the ATR files in federal format are chosen, this program will transfer the files
into the Excel format and save using the same name. For example, if the file
“maytr98.fed” is chosen, it is transferred and saved as “maytr98.xls.”

Users may select one ATR file if the option “Generate peak period factors” is
chosen. If the option “Calculate MADT” is chosen, users may select up to 12 ATR
files to process by pressing the “Control” key on the keyboard and selecting multiple
files from the list of file names. When multiple files are chosen to be processed, the
year and month of the ATR data in the file that is currently being processed are

shown in the two textboxes next to the “Open ATR file(s)” button (Figure A.4).

199



(2) Additional inputs for generating peak period factors:

This group of inputs is only required if the option is to generate peak period
factors. If the option “Calculate MADT” is selected, this group of inputs is disabled.
The inputs in this group include “Year of Departure”, “Base Year of ADT”, “Month
of Departure”, “Enter Special Days” and “Annual Growth Factors.” They are
discussed below.

e Year of Departure
The “Year of Departure” is for the calculation of the total growth factors, which
are used to update the ADTSs in the network database to the year of a trip’s
departure. An example input is like “2000.”
e Base Year of ADT
The “Base Year of ADT” is also for the calculation of the total growth factors of
ADTs. Currently the ADTs in the network database are for the year 1995, the
default value of the “Base Year of ADT.” If the ADTs in the network database are
updated, the default value of the “Base Year of ADT” should be updated
accordingly.
e Month of Departure
The “Month of Departure” can not be changed by the user. The “Month of
Departure” is automatically set to be the same as the month of the ATR data, based
on the assumption that each month has its unique traffic patterns. For example, the

ATR file for May 1998 can only represent the traffic patterns for May.
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e Enter Special Days
The “Enter Special Days” button allows the user to define day types in addition
to the two default day types, weekdays and weekends. The special days are referred
to as holidays and days with special events whose traffic conditions are different
from normal weekdays and weekends. For example, special days can be
Thanksgiving and days affected by the Indianapolis 500 car race. When clicking
the “Enter Special Days” button, the special days input menu will appear (Figure
A.7). Users can choose to specify special days by date or by day of week. Two
examples of specifying special days are shown in Figure A.7. The first special day
is specified by date, May 13. The second special day is specified by day of week,
the third Sunday in May. This program allows entry of up to 10 different special
days.
e Annual Growth Factors
The “Annual Growth Factors” input is required to calculate the total growth
factor between the year of departure and the base year of ADT. The default values
are the annual growth factors between 1998 and 1999 that are the latest available
from the Roadway Management Division of INDOT (Table 5.9) as this project is
completed. Users may edit these values if desired.
Step 3: Execute the Excel VBA interface

By clicking the “Execute” button in Figure A.4, this program will execute the

function selected in the “Options” input. The two options available are “generate peak

period factors” and “Calculate MADT.” Each function is explained as follows.
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(1) Generate peak period factors

The program will first define the peak periods for different road classes and day
types based on the current ATR file. A pop-up window will show the definitions of
peak periods based on the current ATR file, providing users a chance to modify the
definitions (Figure A.8). The final results of estimated peak period factors are stored
in a database named “peakfac.dbf.” An example output file of peak period factors is
shown in Figure A.9. The total growth factors are shown only in the first four rows
of Figure A.9, because their values depend only on road class and not on day type.

The ROADCLASS values of 0 through 3 in Figure A.9 represent “rural interstate
highway”, “rural other highway”, “urban interstate highway” and “urban other
highway.” The DAYTYPE values of 0 through 2 represent “weekday”, “weekend”
and the special day specified by the user. The special day in Figure A.9 is the second
Sunday in May. AMPEAK, PMPEAK and OFFPEAK represent the peak period
factors for AM-peak, PM-peak and off-peak periods. These values are the adjusted
peak period factors, which combine peak period factors and directionality.
AMBEGIN, AMEND, PMBEGIN and PMEND represent the beginning and end of
AM-peak and PM-peak periods. TGROWTH represents the total growth factors,
which are the growth factors from the base year of ADTs to the year of departure.
REMARK provides definitions of the day types.

(2) Calculate MADT

The program will process one ATR file at a time and calculate the MADT for

each ATR station. The resulting MADTS are stored in a file with the name of the

ATR file and “ADT” appended to it. For example, the results of MADTS for the

202



ATR file “maytr98.xls” are stored in a file named “maytr98ADT .xls.” An example
output file is shown in Figure A.10. The “Station” represents the ATR station ID.
“RoadClass” and “DayType” have the same definitions as in the file of peak period
factors (Figure A.9). MADT represents the monthly average daily traffic at the

station for the specific road class and day type.

A.2 TransCAD GISDK Interface

The framework of the TransCAD GISDK interface is shown in Figure A.11. There
are two groups who need to use the TransCAD GISDK interface: the modeling group and
the project scheduling group. By entering the TransCAD, a pop-up window will show
for choosing an application (Figure A.12). By selecting the “HTIS” application, the
TransCAD GISDK interface will show the main menu (Figure A.13), which allows the
user to select the proper user group. The user will be guided to the “modeling menu” and
the user of the project scheduling group to the “project scheduling” menu. The functions
provided in the modeling and project scheduling subsystems are listed as follows.

(1) The functions for the modeling subsystem provided in the TransCAD GISDK
interface in the modeling subsystem include:

e Link volume forecasting;

e Delay verification;

e Delay database generation and conversion.

(2) The functions provided for the project scheduling subsystem include:

e Maintaining schedule database;

e Evaluating current scheduling strategy.
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A.2.1 Modeling subsystem
The three functions provided in the modeling subsystem — link volume forecasting,
delay verification and delay database generation — are sequential processes. The link
volume forecasting needs to be processed first, the delay verification second, and the

delay database generation last.

A.2.1.1 Link volume forecasting

The modeling input menu (Figure A.14) will appear if the option “Modeling” is
chosen in the main menu.
Step 1: Inputs for link volume forecasting
Users may provide different combinations of input files to perform two different
sets of link volume forecasting analyses:
(1) Inputs for the “no information” link volume forecasting
e A map file in TransCAD map format (*.map) (Figure A.15);
e A peak factor file in dBaselV format (*.dbf) (Figure A.9);
e A construction schedule file in dBaselV format (*.dbf) (see Step 2 in Section
A.2.2);
e An existing hourly volume file in dBaselV format (*.dbf) (Figure A.16) or a file
name for storing hourly volumes.
(2) Inputs for both the “no information” and the “complete information” link volume
forecasting
e A map file in TransCAD map format (*.map);

e A peak factor file in dBaselV format (*.dbf);
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e A construction schedule file in dBaselV format (*.dbf);
e An existing hourly volume file in dBaselV format (*.dbf) or a file name for
storing hourly volumes.
e An O-D matrix file in TransCAD matrix format (*.mtx) (Figure A.17).
Step 2: Execute the link volume forecasting
The forecasting process will be executed automatically after the input files are
given. No manual operations are required. Users should be aware that the whole
process of the “complete information” volume forecasting can take a long time
depending on the number of day types and the number of combinations of different
construction projects active at the same time. The execution time for a single day type
and a set of construction projects active at the same time is about 40 to 50 minutes. If
only a preliminary estimate of traffic conditions is needed, the “no information” link
volume forecast can provide some useful trends. However, if users need to build a
delay database, the “complete information” link volume forecasting is required.
Step 3: Outputs from link volume forecasting
(1) Outputs from “no information” volume forecasting
The outputs from “no information” volume forecasting are the “no information”
link volumes, which are stored in the file of hourly volumes. The fields stored in the
file are named as the combination of day type abbreviation, a serial number for
special day types, period abbreviation and “VOL”. The day type abbreviations for
weekdays, weekends and special days are “WD”, “WE” and “SP.” The day type of
special days is distinguished by a serial number starting from 1 to the maximum

allowable special day types of 10. The period abbreviations for AM-peak, PM-peak
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and off-peak periods are “AM”, “PM” and “OFF.” For example, the field name of
the “no information” hourly volume during AM-peak period for a typical weekday is
“WDAMVOL”, and the field name of the “no information” hourly volumes during
off-peak period for the first special day is “SP10OFFVOL.”
(2) Outputs from “complete information” volume forecasting
The outputs from “complete information” volume forecasting are the “complete
information” link volumes. “Complete information” volume forecasting involves a
combination of transportation planning analyses, such as O-D estimation and traffic
assignment. The number of applications of O-D estimation and traffic assignment
that need to be repeated are explained in Section 6.1. Both the O-D estimation and
the traffic assignment processes will generate intermediate outputs before the final
outputs — the “complete information” link volumes — are generated. The intermediate
outputs for O-D estimation and traffic assignment, and the final outputs for the
“complete information” volume forecasting, are explained as follows.
e Intermediate outputs for O-D estimation
Several intermediate files will be generated from each application of O-D

estimation and traffic assignment when “complete information” link volume

forecasting is performed. Each application of O-D estimation will generate two

intermediate outputs.

(@) An estimated O-D table in TransCAD matrix format (*.mtx) for use by the

traffic assignment process, and

(b) A binary file (*.bin) of estimated link volumes for comparison with the

“observed link volumes” and for use as one of the inputs for O-D estimation.
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The “observed link volumes” are those found in the “no information” link
volume forecast based on the assumption that the demand of each O-D pair
before construction and during construction are the same. (See Section 5.3 for

detailed explanations.)

To distinguish the outputs of each application of O-D estimation, both the
estimated O-D table and estimated link volumes are named as the combination of
“OD”, day type abbreviation and period abbreviation. The day type abbreviations
for weekdays and special days are “WD”, and “SP1” through “SP10.” The period
abbreviations for AM-peak, PM-peak and off-peak periods are “AM”, “PM”, and
“OFF.” For example, when generating the O-D table for the “no information” link
volumes during AM-peak period in a typical weekday, the day type code for
weekdays is “WD” and the period abbreviation is “AM.” The estimated O-D table
is named “ODWDAM.mtx” and the binary file of the estimated link volumes is
named “ODWDAM.bin.”

Intermediate outputs for traffic assignment

Each application of traffic assignment will generate an intermediate binary file
(*.bin) of the “complete information” hourly volumes for all links. The binary file
of the “complete information” hourly volumes is named in a different way from the
output files for O-D estimation, because of the limitation of TransCAD in dealing
with long file names (maximum of 8 characters). The name of the binary file of the
“complete information” hourly volumes is as the combination of “TA”, day type
code, period code and construction starting or ending date. The day type codes are

0 for weekdays, and 2 through 12 for special days . The period codes for AM-peak,
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PM-peak and off-peak periods are 0, 1 and 2. The construction starting or ending
date is the combination of month and date. For the example, the binary file of the
“complete information” hourly volumes during AM-peak period (0) for a typical
weekday (0) between May 2 (0502) and the next time when there is a construction
project starting or ending is named “TA000502.bin.”

Final outputs for “complete information” volume forecasting

The final outputs, the “complete information” hourly volumes from traffic

assignment, will be copied to the file of hourly volumes with the field names similar
to the ones with the “no information” link volumes, using the combination of “LB”,
day type abbreviation, period abbreviation, “VOL”, and time span code. The “LB”
represents the lower bound of workzone link volumes, which are the “complete
information” link volumes. The definitions for day type abbreviation, period
abbreviation and “VVOL” are the same as the definitions for the “no information”
link volumes. The time span code is a serial number to distinguish different time
spans, each of which represents the time span between when a project starts or ends
and the next time a project starts or ends, or a special day occurs (Figure 6.5). The
first time span is always for the period between the first day of the specific month
and the first time a project starts or ends in the month. The following time spans
are defined as between the time when a project starts or ends and the next time a
project starts or ends. The final time span is between the last time when a project
starts or ends before the end of the month and the end of the month. For example,
there is a special day in the first time span of a specific month, which is between the

first day of the month and the time the first project starts or ends. The field name of
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the “complete information” hourly volumes during AM-peak period for a typical
weekday in the first time span is “LBWDAMVOLL1”, and the field name of the
hourly volumes during the off-peak period for the special day in the first time span

is “LBSP1OFFVOLL1.”

A.2.1.2 Delay verifications

The main menu for verifying possible delays according to the forecasted volumes will
appear after the volume forecasting process (Figure A.18).
Step 1: Inputs for delay verification
The inputs required are the day type, time of day and a selected link for evaluation.
They are addressed as follows.
(1) Day type
The day type options are read from the peak period factor file that is given in the
modeling input menu (Figure A.18). The day type, together with the time of day in
the following input items, determine which field of hourly volumes in the file of
hourly volumes to retrieve for verifying delays.
(2) Departure time
The “Departure time” is to specify a departure time for delay estimation. The
“Departure time” is in one-hour increments. The delays during the one-hour period

are estimated based on the corresponding forecasted hourly volumes.
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(3) A selected link
The link for evaluation is selected by clicking on the “Select a link” button on
the menu first. The pointer of the mouse will become a cross when the mouse is
moved on the map. The user may select a link by clicking on it.
Step 2: Execution and the outputs for delay verification
When a link on the map is selected, the color of the link is changed to red and a
pop-out message box with information of estimated delay is shown. The upper bound
delay is shown if only the “no information” link volumes are forecasted (Figure
A.19). The adjusted delay is shown if both the “complete information” and the “no
information” link volumes are available (Figure A.20). Users can continue the delay
evaluation without having to click on the “Select a link” button again if the pointer of
the mouse remains a cross while moving the mouse over the map. When the link
delays are not acceptable, users may either adjust the peak period factors in the peak
factor file (Figure A.9) or regenerate the peak factor file by changing the “Annual

Growth Factors” in Figure A.4 or the definitions of peak periods in Figure A.8.

A.2.1.3 Delay database generation and conversion

Step 1: Delay database generation
If both the “no information” link volumes and the “no information” link volumes
are available and the accuracy of the estimated delays is verified by the user, the delay
database can be generated by clicking on the “Generate delay database” button on the
main menu (Figure A.18). The file of the delay database can be saved in dBaselV

format (*.dbf). The name of the file can be input in the pop-out dialog box (Figure
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A.21). After the delay database is generated, the tasks in the TransCAD GISDK
interface are finished.
Step 2: Delay database conversion

The delay database needs to be converted into Microsoft Access format before the
public can access it. The file conversion process under Microsoft Access 2000 begins
by creating a new empty database. Select the option “Blank Access database” under
the group “Create a new database using” (Figure A.22) or by selecting “File” and then
“New” from the menu bar. By selecting “File”, “Get External Data” and then “Import”
from the menu bar, a pop-up dialog box will appear, asking which file to import (Figure
A.23). Users need to change the “Files of type” to “dBaselV (*.dbf) and then select the
file name of the delay database from the file lists. After importing the data, the delay
database in Microsoft Access format can be uploaded to the web server for public
access. An example delay database in Microsoft Access format is shown in Figure

A.24.

A.2.2 Project scheduling menu
The functions provided for project scheduling personnel are to maintain the project
schedule database and to evaluate current scheduling strategy. Maintaining the schedule
database involves adding, updating and/or deleting construction projects including the
start date, end date, number of lane closures and a brief description of the project content.
Evaluating current scheduling strategy uses two performance indices: “Link delay” and
“Total delay.” “Link delay” is used to check a specific link that is under construction,

while “Total delay” is for checking the system performance for the current scheduling
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strategy. Because the purpose of evaluating current scheduling strategy is to calculate

performance indices based on a schedule database, this function is embedded in schedule

management. (See Figure A.11.)

Step 1: Inputs to the project scheduling subsystem

If the option “Project Scheduling” is chosen in the “User Group” of the HTIS main
menu (Figure A.12), the project scheduling management input menu (Figure A.25) will
appear. Users may provide different combinations of input files to perform two
different combinations of functions.

(1) The inputs required for scheduling management include:

e A network file in TransCAD map format (*.map);
e Either an existing construction schedule file in dBaselV format (*.dbf) or a file
name for storing construction schedules.

(2) The inputs needed for evaluating current scheduling strategy depend on the purpose
for evaluation. If the purpose is to get a rough idea of the impacts on traffic, only the
“no information” analysis, which produces the upper bound of link delays, is needed.
If the evaluation is for considering the effects of construction during transition period
when the workzone is not known to most of the travelers, both the “no information”
and the “complete information” analyses are required.

e Inputs for the “no information” analysis
- A map file in TransCAD map format (*.map) (see Figure A.15);
- A peak factor file in dBaselV format (*.dbf) (see Step 3 in Section A.1 and

Figure A.9);
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- An existing construction schedule file in dBaselV format (*.dbf) (see Step 2 in
this section);

- An existing hourly volume file in dBaselV format (*.dbf) (see Step 3 in Section
A.2.1.1 and Figure A.16).

e Inputs for both the “no information” and the “complete information” analyses

A map file in TransCAD map format (*.map);

A peak factor file in dBaselV format (*.dbf);

A construction schedule file in dBaselV format (*.dbf);

An existing hourly volume file in dBaselV format (*.dbf) or a file name for

storing hourly volumes.

An O-D matrix file in TransCAD matrix format (*.mtx) (Figure A.17).
Step 2: Schedule management
The main menu for project scheduling management will appear after the required
inputs are provided (Figure A.26). This menu is a simple database management system
with the function of connecting the database to the geographic attributes. Each record
in the scheduling database contains fields for the project beginning date, end date,
workzone capacity, a brief description of the project, link ID as noted in TransCAD,
and the coordinates of two end nodes for the link. The link 1D and node coordinates are
automatically linked to the inputs above.
(1) “Add”, “Save edited”, and “Delete” functions
Users must select a link by clicking on the “Select a link” button on the menu
before adding, editing and deleting any records. The function of “Select a link” here

is the same as it was in the delay verification menu in the modeling subsystem. Once
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the button is clicked, the pointer of the mouse will change into a cross when the
mouse is moved over the map. Users may select a link on which to apply
construction constraints, by clicking on the button “Add”, “Save edited” or “Delete”
to add, edit or delete a record in the construction schedule database. These three
buttons are disabled if no link is selected, because no geographic attributes can be
linked to the manual inputs. Each time a record is added, edited or deleted, the
modifications are directly saved in the database. Therefore, there is no need to save
the database.
(2) “Clear” function
The function of “Clear” in Figure A.26 is to empty the current manual inputs to
allow more convenient entry of a different set of inputs.
(3) “Show all” function
The function of “Show all” is to show the existing records in the scheduling
database. When there are records in the scheduling database, both the records and the
locations will be displayed in a table and on the map when the “Show all”” button is
clicked. The records in a table are shown in a new window and the locations on the
map are shown in thick dark green lines (Figure A.27). This function is disabled
when there is no record in the scheduling database.
Step 3: Evaluation of current scheduling strategy
The function of evaluating current scheduling strategy provides two performance
indices: “Link delay” and “Evaluate schedule.” These two functions are embedded in

the schedule management menu (Figure A.26).
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(1) “Link delay” function

The function of “Link delay” is to display the estimated delay on any selected
link, given to the current scheduling strategy. When this function is chosen, the
project scheduling subsystem is linked to the “no information” and the “complete
information” link volume forecasting in the modeling subsystem. After finishing the
“no information” and the “complete information” link volume forecasting, the users
in the project scheduling group will be led to the delay verification menu in the
modeling subsystem (Figure A.18). It should be noted that this function may require
a long execution time depending on the number of day types and the number of
combinations of different construction projects active at the same time. The
execution time for a single day type and a set of construction project active at the
same time is about 40 to 50 minutes. The user should use this function only if all
schedules have been updated. If not all of the inputs for evaluating current
scheduling strategy are provided in the input menu for the project scheduling
subsystem (Figure A.25), this function is disabled.

(2) “Evaluate schedule” function

Using the function “Evaluate schedule”, the total delay on all workzone links for
selected periods is calculated. The user is led to the scheduling evaluation menu
(Figure A.28). This function may also take a long time to execute. As with the
execution time for the function “Link delay”, the total execution time depends on the
number of day types and the number of combinations of different construction
projects active at the same time. The execution time for a single day type and a set of

construction project active at the same time is about 40 to 50 minutes. The user
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should use it only if all schedules have been updated. If not all of the inputs for
evaluating current scheduling strategy are provided in the input menu for the project
scheduling subsystem (Figure A.25), this function is disabled.
The “Evaluate schedule” function is completed with the following two processes.
e Determine evaluation period
Users may determine the evaluation period for total delay in two ways.

- Click the “Select a link” button in Figure A.28 and then click on a desired link
that belongs to a construction project. The total system delay during the time
when the specific construction project is in progress within the month specified
in the peak factor file will be calculated.

- By entering the start date and the end date as evaluation period: The total delay
during the evaluation period will be calculated.

e Calculate expected delay for all links

After defining the evaluation period, users are led to the modeling subsystem to
calculate the expected delays of all links under construction during the specified
evaluation period. The sum of the product of the expected delays and volumes for
each workzone link is defined as the total statewide delay for the specific period of
time. The total delay for the specific period of time is then passed back to the
project scheduling subsystem and shown in a message box (Figure A.29).

The calculation of total delay may be done again in two ways.

- Change the evaluation period in the scheduling evaluation menu (Figure A.28)

and calculate the total delay based on the existing scheduling strategy;
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- Press the “Back” button to the schedule management menu (Figure A.26),
change scheduling strategy, and then press the “Evaluate schedule” button to
return to the schedule evaluation menu for calculating total delay based on the
updated scheduling strategy. Schedule strategies can be changed by inputting
different project beginning dates, project end dates, or number of lanes closed
that is reflected by entering different workzone capacities. The scheduling
evaluation can be repeated until the project schedules have been improved as

much as possible, according to the judgment of the project scheduler.

A.3 Web Access Interface

The framework of the web access interface is shown in Figure A.30. The web access
subsystem is an interactive interface for highway travelers to get information about
delays at workzones via web browsers. Travelers may repeatedly query the subsystem by
changing the departure time.

Step 1: Enter web access interface
Currently, the web access subsystem is uploaded to a temporary web server that
supports ASP scripting. The temporary web address for the web access subsystem is

http://domaindlx.com/shuling/test/htis.htm. The official web address for the subsystem

will be determined by INDOT.
Step 2: Inputs for the web access interface
The homepage of the web access subsystem is shown in Figure A.31. Travelers
may follow the instructions on the page to obtain delay information for a specified time.

Two inputs are required for the web access subsystem:
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(1) Departure date
The departure date can be any date between current date and the end of the next
month. More information can be provided if the construction schedules can be set
more than one month in advance. See Section 6.3 for more explanations.
(2) Departure time
The departure time is in hourly periods. If a traveler plans to departure at
7:30AM, the departure time of 7:00AM ~ 8:00AM should be selected.
Step 3: Outputs for the web access interface
After the two required inputs are given, travelers may click on the “Submit” button
to view estimated delays due to workzones at the specific time. Figure A.32 shows the
response page of the query results. Because the delay database has not been
established, the ATR station database is used for illustration purpose. The search
criteria for the ATR station database is “County ID” in contrast to the search criteria
“Departure Date” and “Departure Hour” for the delay database. Each icon in Figure
A.32 is supposed to represent a construction project workzone expected to be in place
during the time specified by travelers.
The web access subsystem provides two ways to view delay information for each
project:
(1) By moving the mouse on top of a workzone icon
A “tip box” will appear, showing the estimated delay for that workzone. For
example, the tip box in Figure A.32 shows “Site 2 on US 52: Delay = 46 minutes”

when the mouse is moved on top of the workzone Site 2.
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(2) By clicking on the workzone icon
The detailed information about the corresponding project will appear in the
textbox to the right of the map. For example, the detailed information in Figure A.32
shows “Site 2 on US 52: Delay = 46 minutes. This project will be finished by 9
December 2000.” when the icon of the workzone Site 2 is clicked. Each time an icon
is clicked, the contents of the textbox is automatically changed.
Travelers may input a different departure date and time right under “New search” in
the same page without having to go back to the homepage (Figure A.32). Because the
processing time for each query is only a few seconds, travelers can query many times in

a few minutes and decide on the best departure time for their trips.
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5 " By date: I vI " By day of week: I vI I vI & Mone

|1D- " By date: I vI " By day of week: I vI I vI & Mone ‘

Cancel |

Figure A.7 Special days input menu in the Excel VBA interface
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Peak periods for May |

Type of dar-f:| ek days j
— Peak Periods aM-peak PM-peak
Rural-I [of ~ [ 12 | 15~ 18
Rural-0 | q ~| 12 | 15 ”| 13
Ubant 6 =[5 | 15~ 18
Uban-o 7 =~ [ 1p | 15~ 18
Reset | Ok | Cancel

Figure A.8 Definitions of peak periods for different day types and road classes
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Microsoft Excel - peakfac.dbf

J File Edit Wiew Insert Format Tools Data ‘Window Help _|E’|ﬂ|
DEHSRY Rt v-c @z 683 @Psr -0,
| aial v10v|B1H|§§ |$€% - .
Al - =| ROADCLASS

A B [ ¢ [ o [ E | F | & | H | 1 [0 ] Ko
1 [ROADCLASS IDAYTYRE AMPEAK PMPEAK  OFFFEAK  AMBEGIN AMEND  PMBEGIN FMEWD  TGRCWTH REMARK —
[ 2 | [ 0 00290 00391 00193 3 12 15 18 1.1387 May 1999
| 3 | 1 0 00330 00434 00183 B 3 15 18 1.0693 May 1993
| 4 | 2 0 00330 00395 00188 B 3 15 18 1.1609 May 1999
| 5 | 3 0 00330 0043 00183 B 3 15 18 1.0656 May 1993
| & | 0 1, 00355 00358 00163 3 12 15 18 Mary 1989
E3 1 1, 00348 00362 00180 3 12 15 18 Mary 1989
| 5 | 2 1, 00315 00347 00164 3 12 14 17 Mary 1989
ER 3 1, 00327 00384 00183 3 12 12 15 Mary 1989
|10 | 0 2 00341 00453 00214 11 12 16 17 the 2nd Sun.
|11 | 1 2 DO03BT 00427 00211 11 12 12 13 the Znd Sun.
|12 | 2 2 00355 00420 00208 11 12 16 17 the 2nd Sun.
113 | 3 2 00353 00444 00214 11 12 12 13 the Znd Sun.
|14 |
|15 |
|16 |
|17 |
|18 |
|19 |
| 20 |
| 21 |
| 22 |
| 23 |
| 24 |
| 25 |
| 26 |
| 27 |
| 26 | T
| 29 | -
A | » [ M peakfac |14 | L'J_I
Ready | | [ =

Figure A.9 The output file of the peak period factors from the Excel VBA interface
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4 Microsoft Excel - maytr98adt.xls

J File Edit Wew Insert Format Tools Data \Window Help ;liliﬂ
DeE ERY iR d v o &= £ 83 0o -0,
| arial -0 - B 7 U|EiifE S €%, @8 & -.
Al | =| Station

A | B | ¢ | D FG|H|I|J|K|L§
1 |Station  IRoadClass DayType MADT
| 2 | 2100 0 0 29134
| 3 | 2100 0 1 27879
| 4 | 2110 0 0 37289
| 5 | 2110 0 1 33601
| 6 | 2120 0 0 1777
| 7 | 2120 0 1 16014
| 8 | 3100 0 0 21395
| 9 | 3100 0 1 20445
| 10 | 3110 0 0 30656
| 11 | 3110 0 1 28764
| 12 | 3120 0 0 12650
| 13 | 3120 0 1 11546
| 14 | 3200 0 0 3722
| 15 | 3200 0 1 3056
| 16 | 1200 1 0 14042
| 17 | 1200 1 1 15080
| 18 | 1230 1 0 13635
| 19 | 1230 1 1 13080
| 20 | 1300 1 0 2474
| 21 | 1300 1 1 2423
| 22 | 1310 1 0 857
| 23 | 1310 1 1 756
24 1320 1 0 1897 J;I
44 » M, Sheet1 § shestz /£ Sheet3 |14 |l

Ready

- N B | B

Figure A.10 The output file of MADTSs from the Excel VBA interface
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HTIS

TransCAD
main menu
v v
Modeling Project scheduling
»  subsystem @ |[¢&—— E_XCGI VBA__, subsystem
input menu interface input menu

|
v v

Execute | Exit |

M

A 4

A 4

v v
Execw Exit |

Delay Schedule
verification » management |«
menu menu

v v

Back Select : Evaluate Select
| a link Link delay | schedule a link
v v
A
Delay Schedule e
database evaluation Save
generatlon menu

\ 4

—

Execute |

Delay
database

o

Back

~ Delete |

Web access
interface

Figure A.11 Framework of the TransCAD GISDK interface
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2%, TrangCAD -- Academic License [Mot for Commercial/Contract Research Use]

File Edit Map Dataview batie Lapout Tools

=== B

Frocedures  ‘window Help

eGSR REE

I @

Pleasze Choose an Application

TransCAD

Figure A.12 Screen capture for entering the TransCAD GISDK interface for HTIS
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. Highway Travel Information System m

User Group S
& Modeiing

Froject

Scheduling Exit

Figure A.13 Main menu of the TransCAD GISDK interface

232



. Modeling subsystem input menu

Figure A.14 Input menu for TransCAD GISDK interface in modeling subsystem
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EYROADS & Temp LRS [_ (O] x]

=
]

Figure A.15 A map file in TrnsCAD map format (*.map)
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TransCAD -- Academic License [Not for Commercial/Contract Regearch Use) - [Dataview]

File Edi

Map Dataview Matnix

Lapout

Tools

Procedures  Window Help

- Hrly0599]

@ E % IAII Records

=I5

B b

LINKID FHWA_FC| FROM_LAT|FROM_LOM TO_LAT TO_LON HRCAP

19436 1 41860562 -86615222 41860562 -86615222 5533.00 5533.00 -- _I

19475 11 41963647 -B7746992 41963647 -87746992 6354.50 6354.50 -

19481 11 41990766 -87867754 41990766 -87867754 6354 .50 6354 50 --

19615 98 37697157 -87103489 37697157 -87103489 49999950 459995950 --

19613 98 37944147 -88125943 37944147 -88125943 49999950 49999950 --

19465 11 41521296 -87990430 41521296 -87930430 6354 .50 6354 50 --

19469 11 41760206 -87890694 41760206 -87890694 6354 .50 6354 50 --

19467 11 41486062 -881396539 41486062 -88196539 6354 .50 6354 50 --

19466 11  414B6062 -88196539 41486062 -88196539 6354 .50 6354 50 --

19589 98 41385933 -88556974 41385933 -88556974 49399950 4599995950 --

19530 98 41237587 -88222400 41237587 -88222400 49999950 49999950 --

19470 11 416714206 -88162720 41614206 -88162720 6354 .50 6354 50 --
4335 14 39844030 -86108272 39844030 -86108272 1183.50 1183.50 667.80 944 64 L
4357 11 39846616 -86044208 39846616 -86044208 F176.00 #176.00 7326.64 9005.66 411
4372 14 39845420 -86007792 39845420 -86007792 856.00 856.00 686.99 971.79 4.
4375 14 39856493 -85985198 39856493 -85985198 551.00 551.00 626.89 886.78 3
4429 6 40045686 -859910239 40045686 -85991029 591.00 591.00 421 84 h72.50 2
4445 6 39818871 -87236612 39818871 -87236612 434 50 434 50 148 47 201.50 £
4475 ¥ 39818696 -87104400 39818696 -87104400 417.00 417.00 37.45 50.83 :
4600 7 3B0B2545 -B6029685 38082545 -86029685 439.50 439.50 56.91 F7 24 3
4642 ¥ 3B241116 -85H983324 38241116 -85983324 h73.50 573.50 106.13 14404 |
4648 1 38265391 -85999853 38265391 -85999853 3528.00 3528.00 111276 126037 7.
4805 6 38489776 -86003701 38489776 -86003701 486.50 486.50 2837 38530 1:
4870 7 3Bh8BB4Z2 -BB023578 38588842 -86023578 394 50 394 50 29 34 39.82 3
h013 ¥ 39817458 -B6657007 39817458 -8665H7007 417.00 417.00 3384 4593
5032 7 39856518 -B6637613 39856518 -86637613 417.00 417.00 46.15 62 63 e

i »

Figure A.16 An existing hourly volume file in dBase 1V format (*.dbf)
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BR Estimated Matrix (ODME) [_[O] x|

310413|  310546|  310547|  310548]  310543] 310550  310551| 4
310413 1431.30 0.21 0.21 0.22 0.25 0.76 0.76 _|
310546 0.21 1.16 1.16 1.16 1.16 1.16 1.16
310547 0.21 1.16 1.16 1.16 1.16 1.16 1.16
310548 0.21 1.16 1.16 1.16 1.16 1.16 1.16
310549 0.24 1.16 1.16 1.16 1.16 1.16 1.16
310550 0.76 1.29 1.29 1.29 1.29 1.29 1.29
310551 0.76 1.29 1.29 1.29 1.29 1.29 1.29
310552 1.65 1.29 1.29 1.29 1.29 1.29 1.29
310553 212 1.29 1.29 1.29 1.29 1.29 1.29
310554 0.44 5.26 5.26 5.26 5.26 5.26 5.26
310555 0.15 3.83 3.83 6.50 6.50 6.50 6.50
310556 0.30 1.26 1.26 2.91 2.91 2.91 291 5

Figure A.17 An O-D matrix file in TransCAD matrix format (*.mtx)
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E TransCAD — Academic License !Em

File Edit Map Dateview Matrix Layout Tools Procedures  MNetworks/Paths  Planning  Window  Help

BIEI&]”Merged Nodes LI| i @I yl

£ ROADS & Temp LRS

Day type in May 1999
" Weekdays
 Weekends
~iSp y.
: [May7, 1999 =]

Departure Time

Select a link |

Generate delay database |

Exit |

@] < |O|0| || H |7
Bl ] 1

)

Map scale: 1Inch = 11.84858 Miles (1:750,726) It

Figure A.18 Main menu for delay verification for TransCAD GISDK interface in
modeling subsystem
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_h4 TransCAD -- Academic License [Not for Commercial/Contract Research Use)

File Edit Map Dataview Matiz Lavout Tools  Frocedures  Window Help

e I EM] RSB OT R4 F @
~[o/x]
ART_YYYY|START_MM|START_DD|END_YYY «
8 ol 28 1999
Clelay "uri'i-::.ar.u 6 1qg‘l

-

Drap type in kap 1999
" wleekday: 'I
& Weekend: |3 'I

15 peciE | Ey

Al =
Departure Time I'IE 'I

Select a link |

[sErErate delay database I

Back I

Mote

@ Queueing Delay on IN5T-065-73 = 13.87 min

. ",

[Map scale: 1 Inch = 2.38475 Miles (1:151,0881 | =] [X]|

Figure A.19 Output of delay verification for upper bound analysis only
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s TransCAD -- Academic Licensze [Mot for Commercial/Contract Research Use)

File Edit Map Dataview Matig Lapout Toolzs Procedures  Window Help

EE e ra——= Rl RS

. /basenew.map - ROADS & Temp LRS - O] =] =] 3 =
R<_T ART_YYYY|START_MM|START_DD|END_YYY «

LClelay werification

Day type in kay 1933
& wieekdap: |11 vl
 wieekend: 'l

15 neciE ey

8| El
Departure Time |15 'l

Select a link |

Generate delay databasze |

Back |

@ Queueing Delay is 14.54min on EB INST-070-32 and 13.28min on 'WE INST-070-32

flel [D[O]= R Y [®

(] ¢ [O[T] | H |57

Map scale: 1 Inch = 453586 Miles [1:287,379) [~ [ %]

Figure A.20 The output of delay verification for
both upper bound and lower bound analyses
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Enter a new file name to store delay database |

Savejn:l —d 1023 j ﬁl

2| Hily0533 bl
HRLYWOLO0539.DEF
neakfac0599 dbf

SCHEDULEQS99.DBF

File name: I"_dl:uf Save I
Save as ype: IdBase [*.dbf] j Cancel |

Figure A.21 The dialog box for inputting the file name for delay database
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Microzoft Access E |

—Create a new database using

% Blank Access database;
=lJ

™ Access database wizards, pages, and projects
=

é? ™ Dpen an existing file

oA TRIDICAYS, SSDESK TOR dbl
H:'projectivolumelworksheetpeakfac
H:'projecthwalumebworksheet peakfacl

C:Program Filestmicrosaft office, . \adpl j

K I Cancel |

Figure A.22 Dialog box for creating a new Access database
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Look in: Ig Pucc (2 j = | @ v ~ Tools -

acadrl3 [ kemp
adobeapp 1 windows. 95
av_gis30 . peakfac,dbf
f-priot

freehand &

hpa

idapi

kpcms

maklabri 1

rcad

mouse
proe
progranm files
sas

shpci

File: marne: I j = Import I
Files of type: [dBasE 1v (*.dbf) =l Cancel |

Figure A.23 Dialog box for importing a dBaselV database
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Microsoft Access - [TEST0599 : Table]

M= e

Figure A.24 An example delay database
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J File Edit ‘iew Insert Format Records Tools Window Help ;Iiliﬂ
- HESRY sy o @i YE . A Ba- D).
PROJECT | TIME | NAME | AB DELAY | BA DELAY | LON | LAT | END_YYYY 4|
| |R23500 051513 INST-055-79 ] ] 158 194 1999
| |R23500 051514 INST-065-79 277 277 155 194 1999
| |R23500 051515 INST-055-79 8.32 8.32 153 194 1999
| |R23500 051516 INST-065-79 13.87 13.87 155 194 1999
| |R23500 051517 INST-055-79 526 526 153 194 1999
| |R23500 051518 INST-065-79 i} i} 155 194 1999
| |R23500 051519 INST-055-79 0 0 153 194 1999
| |R23500 051520 INST-065-79 i} i} 155 194 1999
| |R23500 051521 INST-055-79 0 0 153 194 1999
| |R23500 051522 INST-065-79 i} i} 155 194 1999 —
| |R23500 051523 INST-055-79 0 0 153 194 1999
| |R23500 051600 INST-065-79 i} i} 155 194 1999
| |R23500 051601 INST-055-79 0 0 153 194 1999
| |R23500 051602 INST-065-79 i} i} 155 194 1999
| |R23500 051603 INST-055-79 0 0 153 194 1999
| |R23500 051604 INST-065-79 i} i} 155 194 1999
| |R23500 051605 INST-055-79 0 0 153 194 1999
| |R23500 051606 INST-065-79 i} i} 155 194 1999
| |R23500 051607 INST-055-79 0 0 153 194 1999
| |R23500 051608 INST-065-79 i} i} 155 194 1999
| |R23500 051609 INST-055-79 0.12 0.12 153 194 1999
| |R23500 051610 INST-065-79 0.35 0.35 155 194 1999
| |R23500 051611 INST-055-79 0.55 0.55 153 194 1999
| |R23500 051612 INST-065-79 0.01 0.01 155 194 1999
RZ3500 051613 INST-055-79 0 0 158 194 1999 _I;I
Remord: 1| I 1 v |»1le#] of 10416 1] | ,
|Datasheet Wiew l_ I_ l_ l— l— W l_ l_



Figure A.25 Input menu for TransCAD GISDK interface
in project scheduling subsystem
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Schedule management menu

Froject Prefix |F Mo IEBEEIEI

Start Date End Date

Mbt [01 || bM [07 : i
po [22 || oo [n

e [1338 | ey [1993 SaveEdied |
Delete |
Ma. af lane closures - EI2
directions Clear |
Femark |BETWEEM 1.71 MI N Show Al |
OF SR 43 AND 1T MIN o
OF REST AREA-WHITE :
Co Link Drelay |

Evaluate zchedule |

Back |

Fleaze select a link from the map.

Figure A.26 Schedule management menu for TransCAD GISDK interface
in project scheduling subsystem
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| Stalt”J User. shuling | htisappﬁ.doc | htisappAfig.do...l @TransCAD Gl... |

% TransCAD .. | @AAbsoluteFTP | |<EIEE 332 PM

File Edit Map Dataview batiz Lapout Tools Procedures Window Help

B a ke x =
=) lel| 5] Records | PR 9% €| 35
1. basenew.map - R S & Temp LRS = =] B3

il Dataview1 - Current Schedule
LINKID [PROJ_PREF|PROJ_NO|NAME

[START_¥¥¥|START_MM|START_DD|END_YYY «

12684 R 23500 IN5T-065-79 1998 o 28 1999
12685 R 23500 INST-D65-79 1998 ol 28 1999
12574 R 23500 IN5T-065-79 1998 o 28 1999
14530 R 23500 INST-065-91 1998 ol 28 1999
14531 R 23500 INST-065- 1 1000 1999

Ul mianage

Froject Prefis | Mo, |23500

12718 R 23500 INST-06 1999

4 I I 3
- = — Start Date— —~ End Date Select a link | Z
] [
- T bt b ID‘I b ID.'-" R
il b [z oo &
vy [7555 v [ros | seveEdted |
Delete |
Mo, of lane clogures - 2|2
directians Clear |
—_— Remark |BETWEEM 1.71 MI N Shaw &1
OF SR 43AND TMIN —|°W
OF REST AREAMWHITE .
co Link Delay |
Ewvaluate schedulel
Back |
Please select a link from the map.
D ataview: Records 1 -6 of 140 IE IE|

Figure A.27 The existing records in the scheduling database are shown
in a new table and on the map
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w. Schedule evaluation !EIB

This system provides two ways to evaluate workzone
schedule:

1. Select a link from the map that corresponds to the
wortkzone being evaluated. or

2. Inputthe evaluation period in the following fields.

Start Date ———————— End Date
bibd | betbd [
oD | oD |

vy [ vy [

Selectalink Execute Back

Figure A.28 Scheduling evaluation menu in project scheduling subsystem
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L |

@ The total delay between 05/09/1339 and 05/09/13599 iz 1.33E 406 veh-hrs.

Figure A.29 The total delay of a specific period of time
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TransCAD
GISDK
interface

HTIS
web access
main menu

' '

&
<

P035|ble Delays
of links under
construction

l ! l

Zoom in View details Re-submit
(Click on map) (Click on icon)

Figure A.30 Framework of the web access interface
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/3 Test of Highway Travel Information System

J File  Edit Miew Favortes Tools  Help |

JAQIdress I@ hittp: ##domaindlis. com/shiulingdtesthtis. ktm j |J FCRE A @ ﬁ | @ @ @ | %'

Indiana Highway Travel Information System

The Indiana Highway Travel Information Systern 15 offered to assist
highway users m pre-trip planning. This system prowvides travel
mformation on possible delays at worlczones for both the remamder
of the current month and the entire next month. After you select a
desired departure date and time below and press "Subrmit’, the
system will provide an estimate of delays at highway construction
zones. The estimated delays are based on expected traffic volumes
for the date and time you choose. Because traffic patterns can vary,
the delay estimates should be treated as approximations.

Deparure Date:  |08-24-2000 (Thu) =
Departure Hour: 12:DDAM”D‘I:DDAMj

Subrnit | Reset |

|@ Done l_’_|‘ Internet

Figure A.31 User’s interface for travel information access subsystem
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ndiana Highway Travel Information Spstem - Hetscape

File  Edit “iew Go Communicator Help
v “'Bookmarks ./ Location:|htlp:Ndomaindlx.com!shulingx’test.”test&asp j 17 what's Related m

SRR

Indiana Highway Travel Information System

Tou've zelected the departure time 09:00AN~10:00ADT on 05-31-1999 (Mon).

Mowve vour mouse to any icon to see
the expected delay for that road
construchon site.

Click on the icon to wnew detaled
miormation about that work zone

LAPORTE DISTRICT
below.

FORT WAYNE DISTRICT

Workzone on INIT-070 &)
BETWEEN 0.5 MILE W
OF 3R Z67 AND
MARICN/HENDRICKS
COUNTY LINE - EB
delay: 10.56
minutes; WEB delay:
9.91 minutes. This
project is expected

‘GREENFIELD DISTRICT

to end hy
i i =l
[IHST-070-- EB delay: 10.56 minutes, WE delay: 901 rinntes | il
New Search =
MG U DI TR Departure Date:

[05-29-1999 (Sat) ]
Departure Hour:
[12:00AM~01:004M =]

Subrmnit | Reset |

VINCENNES DISTRICT

Expected Delays on each construction site

Road Delay End date Remark
Ezpected delay: 0 BETWEEN WABASH EIVER AND 2.6 MILES E OF
Baclk TET-074 mintes 08-15-155% STRINGTOWN ED

Expected delay: 0 1) 15 1950 | BETWEEN 0.5 MILE W OF SR 32 AND WALNUT FORK

Back INST-074 |
— INULE s

iip;?:d delay 0 ¢ 01-1999 BETWEEN SR 9 AND MIDDLETOWN INTERCHANGE -

e == | Sl % AP g o2 |

Back IET-074

Figure A.32 Output screen for travel information access subsystem
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