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Chapter 1. Introduction

The United States Department of Transportation (USDOT) initiated the Active Transportation and
Demand Management (ATDM) and the Dynamic Mobility Applications (DMA) programs to achieve
transformative mobility, safety, and environmental benefits through enhanced, performance-driven
operational practices in surface transportation systems management. In order to explore a potential
transformation in the transportation system’s performance, both programs require an Analysis, Modeling,
and Simulation (AMS) capability. Capable, reliable AMS Testbeds provide valuable mechanisms to
address this shared need by providing a laboratory to refine and integrate research concepts in virtual
computer-based simulation environments prior to field deployments.

The foundational work conducted for the DMA and ATDM programs revealed a number of technical risks
associated with developing an AMS Testbed which can facilitate detailed evaluation of the DMA and
ATDM concepts. Therefore, instead of selecting a single Testbed, it is desirable to identify a portfolio of
AMS Testbeds and mitigate the risks posed by a single Testbed approach by conducting the analysis
using more than an “optimal” number of Testbeds. At the conclusion of the AMS Testbed selection
process, five (5) AMS Testbeds were selected to form a diversified portfolio to achieve rigorous DMA
bundle and ATDM strategy evaluation: San Mateo (US 101), Pasadena, ICM Dallas, Phoenix, and
Chicago Testbeds.

In a preceding set of deliverables, the analysis plans developed for the selected AMS Testbeds are
presented. These analysis plans describe the baseline operation scenarios to be considered for each
Testbed. These baseline scenarios were obtained based on a cluster analysis that is conducted to
determine common operational conditions for each Testbed. A primary task of this research project is to
calibrate the traffic network simulation models that are used to simulate the traffic conditions of these
Testbeds to ensure that the models are capable of replicating the observed traffic patterns in the network.

The primary purpose of this report is to document the model calibration effort for the ICM Dallas Testbed
to represent the different baseline scenarios. The ICM Dallas Testbed is developed for the US 75 Corridor
in Dallas, Texas. The corridor is a major north-south radial corridor connecting downtown Dallas with
many of the suburbs and cities north of Dallas. The corridor is a 20.1 mile long stretch of the US 75
freeway with continuous frontage roads and several parallel and crossing major regional arterial streets.
The corridor includes a light-rail line (DART Red Line) and 10 park-and-ride lots.

This Testbed will be used to test several ATDM strategies considering a proactive network management
approach that adopts simulation-based prediction capabilities. These strategies include Dynamic
Shoulder Lane, Dynamic Signal Control, Dynamic Routing, Ramp Metering and Dynamic Priced Parking.
The Testbed is developed using the DIRECT software (Dynamic Intermodal Routing Environment for
Control and Telematics), which was developed by researchers at Southern Methodist University (SMU).

This report is organized into four chapters as follows:

e Chapter 1 — Introduction: This chapter presents the report overview and objective

U.S. Department of Transportation
Intelligent Transportation System Joint Program Office
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Chapter 1 Introduction

e Chapter 2 — Testbed Description: This chapter presents the regional characteristics of the
Testbed, the proposed operational conditions, the results of the cluster analysis and the selection
of the baseline scenarios.

e Chapter 3 — Model Calibration Methodology: This chapter presents the methodology used to
calibrate the DIRECT model against the operational conditions of the baseline scenarios selected
for the Testbed. The methodology describes the process used to adjust the different model
parameters.

e Chapter 4 — Calibration Results: This chapter summarizes the model calibration results. It
provides a comparison between the operational conditions observed for each scenario and the
corresponding model results.

U.S. Department of Transportation
Intelligent Transportation System Joint Program Office
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Chapter 2.

Testbed Description

2.1 Testbed Overview

The US 75 Corridor in Dallas, Texas is used as one of the AMS Testbeds. As illustrated in Figure 2-1, the
US 75 Corridor is a major north-south radial corridor connecting downtown Dallas with many of the
suburbs and cities north of Dallas. It contains a primary freeway, an HOV facility in the northern section,
continuous frontage roads, a light-rail line, park-and-ride lots, major regional arterial streets, and
significant intelligent transportation system (ITS) infrastructure. The length of the corridor is about 21
miles and its width is in the range of 4 miles. The corridor is equipped with 13 Dynamic Message Signs
(DMSs) and numerous cameras that cover all critical sections of the US 75 freeway.

The US 75 corridor is a multimodal corridor where travelers can use the following mode options: a) private
car; b) transit; ¢) park-and-ride; and d) carpooling. Pure transit and park-and-ride travelers are estimated
to represent less than 2% of the traveler population. The freeway consists of four lanes per direction for
most of its sections with the exception of the section at the High-Five interchange which consists of three
lanes only. This lane reduction creates a major bottleneck during the morning and afternoon peak
periods. Traffic incidents are also frequently observed nearby this bottleneck.
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Figure 2-1: The US 75 Corridor in Dallas, Texas [Source: SMU and Google Maps]
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Chapter 2 Testbed Description

For the US 75, the freeway incidents occur at an average frequency of about two incidents per day;
resulting in severe congestion especially during the peak periods. In general, the travel time for about
50% of the peak periods is greater than the average travel time recorded during the peak period for the
US 75 freeway. This pattern is observed for the northbound and southbound directions. Congestion
related to adverse weather conditions has also been observed along the corridor. While such conditions
are not frequently encountered, their impact on the overall operational performance of the corridor is
significant as drivers are generally not used to driving in such conditions. Based on data collected in
2013, the highest level of congestion is observed along the NB direction in the afternoon peak period with
an average speed of about 25 miles per hour. In the morning peak period, congestion is typically
observed along the SB direction with an average speed of about 32 miles per hour. The measured daily
VMT varies by no more than £10% from the average value of all days observed. Another important
observation is that the morning peak period is generally subjected to more variability in the demand level
than the afternoon peak period. The VMT ratio - which is defined as the ration between the VMT recorded
for a peak period and the average VMT for all peak periods in the analysis horizon - ranges from 0.2 to
1.4 in the morning peak period, and it ranges from 0.3 to 1.2 in the afternoon peak periods.

Several operation management strategies have been developed for the US 75 corridor as part of the
ongoing ICM project. These strategies focus primarily on a) providing real-time multimodal traveler
information that allows travelers to better plan their trips using a newly-developed regional 511 system;
and b) implementing efficient traffic management schemes (response plans) to mitigate non-recurrent
congestion. The real-time simulation-based prediction subsystem, DIRECT, is used to quantify the
potential benefits associated with deploying a response plan as recommended by the decision support
system.

2.2 Cluster Analysis Results

A cluster analysis was performed to determine the main operational conditions of the ICM Dallas Testbed.
The detailed approach and results of the cluster analysis are presented in “The ICM Dallas Testbed
Analysis Plan (Task 5)” document. Based on the cluster analysis conducted for the ICM Dallas Testbed,
four main clusters are determined. Each cluster includes a set of peak periods with minimum variation in
terms of the attributes that describes operational conditions of these days.

Table 2-1 provides a description of the main four clusters obtained based on this analysis. The Table
gives the number of peak periods and the average value for each variable used in the analysis.
Comparing the values of these variables against the average values for all data records, we can generally
obtain some meaningful description of these four clusters. For example, comparing the VMT level of
these five clusters with the average VMT value, it can be suggested that Clusters | and IV represent the
medium-high demand level. Clusters Il and Ill represent the high demand level. For the incident severity
level, one can describe Cluster IV as the major incident cluster. In this cluster, the total lane closure is
recorded at about 140 minutes. Clusters | and Il are characterized by lower incident severity. Cluster Ill
could be characterized as medium severity incident. No precipitation is recorded for these clusters
(except one cluster with average precipitation of 1.0 mm) suggesting that they represent dry operational
conditions.

U.S. Department of Transportation
Intelligent Transportation System Joint Program Office
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Chapter 2 Testbed Description

Table 2-1: The Time-Varying Travel Time for the Main Four Clusters Obtained for the PM Peak
Period

Variables Cluster | Cluster I Cluster Il Cluster IV

No. Records
Records (%)

100%

Medium to : High Medllum 0
. High High
High Demand
Demand Demand
Demand i
4 - Medium .
Cluster Description : Minor : High
Minor . Severity .
. Incident . Severity
Incident Incident .
+ Incident
+ Dry + .
Dry Dry Dry
VMT (vehicle-miles) 334,175 324,504 362,694 349,158 332,891
Incident severity (minute-lanes closure) 27.0 12.6 10.2 32.2 141.6
Level of precipitation (mm) 0 0 1 0 0
Travel Time (min) 32 23 32 40 45

Based on this analysis, the following four operational scenarios are proposed to represent the main
operational conditions in the evening peak period.

Baseline Scenario I: Medium-High Demand + Minor Severity Incident + Dry Conditions
Baseline Scenario Il: High Demand + Minor Incident + Dry Conditions
Baseline Scenario lll: High Demand + Medium Severity Incident + Dry Conditions

Baseline Scenario IV: Medium-High Demand + High Severity Incident + Dry Conditions

2.3 ldentification of Baseline Scenarios

Given the results of the cluster analysis, the next step is to pick a peak period from each cluster as a
representative for that cluster. The model is then calibrated to replicate the operational conditions for
each of these days representing the baseline scenarios.

A good representative peak period for a cluster is recommended to be as close as possible to the center
of this cluster. For each cluster, a proximity measure is calculated for each peak period in this cluster.
This proximity measure is computed as the Euclidian distance between the peak period and the center of
the cluster, as illustrated in Equation 1. As mentioned earlier, four main variables are used to describe the
operational conditions for each peak period. These variables include the total vehicle miles traveled
during the peak period, the incident severity, the travel time along the freeway and the level of
precipitations.

U.S. Department of Transportation
Intelligent Transportation System Joint Program Office
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Chapter 2 Testbed Description

Di = J(VMTI - W)Z + (151 - ﬁ)z + (Pl - P)Z + (TTl - ﬁ)Z
1)

Where,
i: Index of peak period in the cluster
D;: The Euclidian distance between peak period i and the center of the cluster
VMT; : The normalized vehicle miles traveled during peak period i
VMT: The normalized average vehicle miles traveled for all peak periods in the cluster
IS; : The normalized incident severity for peak period i
IS: The normalized average incident severity for all peak periods in the cluster
P, : The normalized level of precipitations measured for peak period i
P: The normalized average level of precipitations for all peak periods in the cluster
TT; : The normalized travel time measured during peak period i
TT: The average travel time for all peak periods in the cluster

Figure 2-2 to Figure 2-5 provide a summary of the computed Euclidian distances (proximity to the center)
for the peak periods in the four clusters. As shown in the figures, the Euclidian distances for the different
peak periods in each cluster are sorted from the smallest (left) to the largest (right). Peak periods in each
cluster are examined. A peak period is selected to represent a cluster if it satisfies the following two
conditions: a) the peak period is close to the center of the cluster (i.e., small Euclidian distance), and b)
the congestion pattern observed for this peak period is consistent with the average value observed in the
cluster and the incident information available for this peak period. As shown in the figures, the day
selected for each cluster is marked using a different color.

Table 2-2 provides a summary of the values of the attributes that are used to conduct the cluster analysis.
The values are given for the center of each cluster (the average of all peak periods in the cluster), and the
peak period that is selected to represent this cluster. As shown in the table, the values of the attributes of

the representative peak period are close to their corresponding values of the center of the cluster.

Finally, Figure 2-6 provides a summary of the incidents reported for each selected representative peak
period. The figure illustrates the location of each incident along the US 75 freeway. In addition, the start
time, duration and number of closed lanes of each incident are provided.
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Intelligent Transportation System Joint Program Office

AMS Calibration Report - Dallas || 6



Chapter 2 Testbed Description

o~
—

T

- ® © ¥ N O
o O o o
ajuejsiqg ueapiPng

e€CI1EToC
£060€T0T
0¢0TETOC
60TTETOC
TZ60ET0C
91T11ETO0C
¢OTTETOC
6T0TETOC
S00TETOC
¥160ET0¢C
6760ET0¢C
£TL0ETO0T
T€80ETOT
£180ET0¢C
900T€ETO0C
¢Z60ET0¢
€T0TETOC
970TETO0C
OETTETOC
LTITTETOT
¥Z80ET0T
€0TTETOC
T0ZTETOC
6CITETOC
OTTTETOC

Peak Periods
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Table 2-2: A Summary of the Operational Conditions for the Representative Peak Periods Selected

for the Baseline Scenarios

Cluster Date Attributes Cllrsitzs Selected Day
Average

Cluster | 08-31-2013  VMT (vehicle miles) 324,504 300,420
Incident Severity (closed lanes minutes) 12 26
Precipitation (mm) 0.07 0
Avg. Travel Time (minutes) 23 22

Cluster Il 07-26-2013  VMT (vehicle miles) 362,694 341,048
Incident Severity (closed lanes minutes) 10 12
Precipitation (mm) 0.88 0.50
Avg. Travel Time (minutes) 32 31

Cluster Il 10-22-2013  VMT (vehicle miles) 349,158 359,817
Incident Severity (closed lanes minutes) 32 31
Precipitation (mm) 0.11 0
Avg. Travel Time (minutes) 40 38

Cluster IV 11-13-2013 VMT (vehicle miles) 332,891 332,645
Incident Severity (closed lanes minutes) 142 136
Precipitation (mm) 0 0
Avg. Travel Time (minutes) 45 43
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Chapter 2 Testbed Description
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Figure 2-6: Incidents Reported for Each Representative Peak Period [Source: SMU]
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Chapter 3. Model Calibration
Methodology

This chapter describes the methodology used to calibrate the model against the selected baseline
scenarios identified through the cluster analysis.

This chapter describes the calibration methodology and illustrates how the different model parameters are
adjusted such that the observed traffic pattern and associated congestion phenomena are replicated.

3.1 An Overview of the Calibration Methodology

This section provides an overview of the model calibration methodology which can be summarized using
the following main steps:

1) Identify a representative peak period for each cluster of operational conditions. A good
representative peak period should be as close as possible to the core of the cluster (i.e.,
minimum deviation from the center of the cluster).

2) Obtain the real-world observations for each representative peak period. These real-world
observations include:

a. The hourly volumes for all US 75 freeway detectors

b. The speed profile for all US 75 freeway detectors

c. The time-varying travel time for both directions of the US 75 freeway

d. d) Available vehicle counts along arterial links. It is worth mentioning that this arterial data
is based on one day sample that is collected as part of the ICM system evaluation task.
In other words, they do not represent the traffic pattern for the different baseline
scenarios considered in this study. For instance, if a baseline scenario includes an
incident, the traffic is expected to divert to some of these arterials. As such, these counts
would no longer represent the pattern that the model should replicate. However, based
on our previous model calibration effort for during the Dallas ICM effort, the model shown
to reasonably replicate the vehicle counts observed along the arterials during an average
day of non-recurrent congestion.

e. The location, number of closed lanes and duration of each incident reported on that day
within the study area

3) An iterative procedure is used to calibrate the model against each baseline day. Following this
procedure, the model parameters are iteratively adjusted till model is able to replicate the
observed traffic pattern at a satisfactory level.

4) For the purpose of this study, two model parameter sets are simultaneously adjusted. These
parameters include the time-dependent OD demand table and the parameters of the flow
propagation models for the different highway links. The objective of adjusting the OD demand
table is to ensure that the model reasonably replicates the observed vehicle counts at the
different locations and the associated congestion pattern. The parameters of the flow propagation
models (i.e., parameters of the Greenshield's model that is used model the vehicle movements
on the links) are adjusted such that the model captures the flow and speed patterns along the
different highway facilities.
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5) Based on the obtained demand table, travelers are loaded into the network to obtain a traveler-
path file that represents the travelers’ historical route choice behavior. In this simulation run, the
traffic is moved using the calibrated propagation models for the different links. The travel-path file
lists all travelers in terms of their trip start time, origin, destination and route.

6) For baseline days with incidents, an incident input file is created to replicate the incidents
reported on those baseline days. The incident file describes the different incidents to be simulated
within the simulation horizon including the link on which the incident occurred, number of closed
lanes, start time and end time.

7) Given the traveler-path and the incident input files, another simulation run is performed to
emulate the travelers' response (e.g., route diversion) to the non-recurrent congestion resulting
from the incident.

8) Based on this simulation run, the estimated vehicle counts, speed profiles and travel times are
extracted from the model and compared to their corresponding observed ones.

9) If the calibration results are satisfying, the procedure is stopped. Otherwise, steps (4) to (8) are
repeated with further parameter adjustments based on the results obtained in the current
iterations.

3.2 Time Dependent Origin-Destination Demand Adjustment

The time-dependent OD demand adjustment process for the different baseline scenarios involves the use
of a combination of a) an optimization-based demand estimation methodology and b) manual adjustment
to the demand. The objective is to obtain a time-dependent OD demand pattern that replicates the
observed congestion pattern in the network. The optimization-based methodology is used to prepare a
base demand pattern that represents the so-called average day of operations along the corridor network.
The manual adjustment process is used to tweak this base demand to replicate the demand pattern that
corresponds to the observed congestion pattern along the different baseline peak periods.

The optimization-based methodology is applied as part of the ICM project. The input to this methodology
is the average traffic volume on the different links in the network considering a long horizon (multiple
months). The output is a time-dependent demand matrix that could be a starting point for further
adjustments to represent the operations conditions of the different baseline scenarios. In this study, the
corridor network is divided into 100 demand zones with a departure time interval equal to one hour.
Considering a peak period from 4:00 pm to 7:00 pm, a simulation horizon of six hours is considered. The
horizon includes shoulder intervals of two hours before the peak period and one hour after the peak
period. Thus the simulation horizon extends from 2:00 pm to 8:00 pm.

The optimization-based demand estimation methodology used to prepare the base demand pattern is
developed by researchers at Southern Methodist University. It determines the time-dependent OD
demand pattern that minimizes the difference between the estimated and observed link flows. As such,
the methodology tends to provide good demand estimation results only when the network is not
congested. As the network got congested, flow breakdowns is expected to occur which affects the
algorithm's ability to estimate the correct demand pattern. Thus, for the purpose of this study, the
optimization-based methodology is used to obtain the overall demand pattern in the network and the
manual adjustment procedure is considered to improve the results of the optimization-based
methodology. It is worth mentioning that the process involves several demand iterations that involves the
demand estimation and the assignment until an acceptable pattern that replicates the observed traffic
flows is obtained.

The demand estimation methodology used in this study takes advantage of the structure of the
conventional least-square error minimization formulation of the OD demand estimation problem. It adopts
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a separable programming approach to derive an approximate linear formulation of the problem, which can
be efficiently solved.

Assume the network is divided into a set of zones Z. Also, the estimation horizon R is divided into R¢
departure intervals and RS observation intervals. Traffic originates from origins I € Z to destinations | € Z
during the different departure time intervals T € RY. Define P as the demand assignment matrix such that
an element p;?“jtT in this matrix represents the portion of vehicles observed on link a € A ininterval t € R®

that belongs to the OD pair ij and departure interval t € RY.

This link-flow proportion matrix is generated using the network state estimation module. The simulation-
based DTA model, DIRECT, assigns the vehicle trips to routes and tracks their movements along the
links of these routes till these reach their final destination. Thus, the link proportion values pf}‘T € P are
estimated for the demand estimation horizon. The conventional formulation of the OD demand estimation
problem in the form of a least-square error minimization as follows.

Z Z (Yar — ZZZ Pt dijr)?
Tt

Minimize ac A teR® i (2a)

dii‘t :_> 0
Subject to: Vi, jand T (2b)

Where, y,; is the observed vehicle count on link a in observation interval t, and am is the estimated
demand between OD pair ij in departure interval t.

The program above consists of a quadratic objective function with linear constraints, which can be
decomposed into terms such that each term includes only one variable that is represented by a convex
function. Such structure of the problem allows the use of the separable programming approach to
efficiently solve the problem. The idea of separable programming is to solve an approximation of the
problem through providing a piecewise-linear approximation of the non-linear terms. Efficient algorithms
are developed to convert the mathematical program in (1) into its equivalent linear formulation, and to
retrieve the solution from this linear formulation to a time-dependent OD demand table.

Given the time-dependent OD matrix that represents the average operation conditions along the corridor.
A manual adjustment is applied to replicate the congestion pattern for the different baseline scenarios.
The manual demand adjustment procedure consists of several steps. These steps can be summarized as
follows:

1) Perform a simulation run using the base demand pattern and record the time-varying estimated
vehicle counts on all links that are equipped with detectors. The simulation run is marked as the
first iteration in the process.

2) Identify n highway links in the network with the highest difference between the estimated and
observed link flows.

3) Based on the route assignment results obtained from the preceding iteration, identify OD pairs
with the highest contribution (e.g., top 10 OD pairs) to the traffic flow on each of the links
identified in (2). An OD pair is contributing to the estimated flow on a link, if the vehicles traveling
between this OD pair is using a path that includes this link. OD pairs could be then ordered in
terms of their number of generated vehicles that use a link. This information is readily available by
the model.

4) Adjust the demand of these OD pairs based on the difference between estimated and observed
link flows. For instance, if the estimated vehicle count on a link is underestimated, the demand
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value of OD pairs and departure time intervals that contribute to the flow on this link are
increased. In this step, we try to avoid modifying OD pairs that their demand might impact the
vehicle counts on other links that do not need correction. In other words, if changing the demand
of an OD pair is expected to impact the estimated vehicle count for a link which perfectly matches
the observed count, this OD pair is not modified to maintain this match between the estimated
and observed counts.

5) As all links with estimation error are scanned, the new adjusted demand matrix is simulated and a
new estimated link flows are obtained for all links.

6) Compare the estimated and observed link flows.

7) Repeat steps (2) to (6) until the difference between the estimated and observed links flows is
acceptable by the analyst.

3.3 Demand Adjustment: Comparison among the Different
Baselines

This section provides an example to illustrate how the demand adjustment is used to replicate the
observed traffic pattern for the different baselines. As explained above, the time-dependent OD table is
adjusted such that when this demand is assigned into the network, the difference between the estimated
and observed hourly traffic volumes for all detectors is minimized.

In this example, an illustration on how the demand is adjusted across the different baseline scenarios to
reduce the difference between the estimated and observed traffic hourly volumes for two freeway links
along the NB direction of US 75 is presented in Figure 3-1. The first link is in the northern section of the
corridor (north of President George Bush Turnpike (PGBT)) and the other link is located in the middle
section (north of LBJ freeway and south of PGBT).

Figure 3-1: Location of Highway Links Used to lllustrate Demand Adjustment for the Different
Baseline Scenarios [Source: SMU]
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Table 3-1 to Table 3-4 provide a summary of how the demand adjustments impacted these two links in
the different baseline scenarios. In each table, the top ten OD pairs with the highest contributions to the
estimated flows on these two links during the PM peak are identified. As mentioned above, based on the
path assignment results, the model records the path of each vehicle. Thus, if a vehicle belonging to an
OD pair is recorded on a link that is part of the vehicle's path, the OD pair is marked as an OD pair that
contributes to the flow on that link. OD pairs that contribute to the flow on a link could be ordered in terms
of the value of their contribution (i.e., number of vehicles).

The tables give the IDs of these OD pairs (from-to) along with their number of generated vehicles. The
table shows the top 10 OD pairs with contribution in the entire simulation horizon (six hours). In other
words, there are many other OD pairs that contribute to the flow on these links but with smaller number of
vehicles. For completeness, the tables also give a comparison between the estimated and observed link
flows for the different hours in the PM peak period (4:00 pm to 7:00 pm). Please note that the sum of the
OD contributions is not equal to the observed counts as not all OD pairs that contribute to the link flow are
included in the table. Also, the count contribution from the different OD pairs is recorded for the entire
simulation horizon and not for the peak period hours.

For example, Table 3-1 provides the data for these two links in the first baseline scenario (Cluster I). As
shown in the table, the model estimates 953 vehicles from OD pair z219-z236 that use Link 1 as part of
their trips. The second largest number of vehicles (847 vehicles) that use Link 1 as part of their paths are
traveling between OD pair z161-z236. Similarly, for Link 2, 1233 vehicles that use this link are traveling
between OD pair z1005-z34, and 939 vehicles use the link as part of the routes between OD pair z144-
z219. Adjusting the demand for these OD pairs in the successive iterations is done such that the
difference between the estimated and observed hourly volumes is minimized. The table gives the
estimated and observed hourly volumes for both links as the termination of the demand adjustment
process.

To match the hourly volumes in the different baseline scenarios, the demand for the different OD pairs
that contribute to the flow on the different links is adjusted. The data in the tables below could be used to
provide an illustration of how the demand is adjusted to match the vehicle counts for these two links. For
instance, for Link 2, the list of top ten OD pairs is unchanged across the different baselines. However, the
demand between these OD pairs is adjusted to capture the different congestion levels observed for these
scenarios. For Link 1, the list of top ten OD pairs that contribute to the estimated vehicle count on that link
has been changed across the different baseline scenarios with few entries/exits. Also, the demand values
for OD pairs that are common among the different baselines have been modified.
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Table 3-1: Demand Adjustment to Match the Observed Link Flows for Two Links in Cluster |

Cluster ID  OD Pairs with the Highest Contribution Hourly Traffic Counts Comparison

to the Estimated Link Flows during PM

Peak Period
mert | uka
Cluster | 7000
0D Pair No. of vehicles m Observation mEstimation
2219-2236 953 ™ 6000
2161-2236 847 5 5000
-
732-2236 544 =
Z 4000
2250-2236 521 =
[=)
2227-2166 504 L 3000
Q
736-2236 485 2 2000
257-2236 352 o
> 1000
234-7236 347
280-z169 300 0
22192162 286
SUM 4385 Time Inteval

o | ukz
Cluster | 7000

0D Pair No. of vehicles B Observation ™ Estimation
21005-z34 1233 ™ 6000
=
2144-2219 939 S 5000
-
2140-2255 743 =
Z 4000
280-234 511 E
[=]
242-734 506 U 3000
L
144-z34 476 =
ke 2 2000
284-2227 382 &)
- 1000
2140-z32 377
282-2227 350 0
2140-2227 341
SUM 5858 Time Inteval
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Table 3-2: Demand Adjustment to Match the Observed Link Flows for Two Links in Cluster I

Cluster ID  OD Pairs with the Highest Contribution Hourly Traffic Counts Comparison

to the Estimated Link Flows during PM
Peak Period

el e
Cluster Il . : 7000

oD Pair No. of vehicles m Observation = Estimation
753-2236 2336 6000

21003-2236 1630 % 5000

2219-2236 875 =
232-2236 605 £ 4000

2250-2236 543 8 3000

21612236 533 >

236-2236 494 -,;_’ 2000

235-2168 382 = 1000

757-2236 366

22272166 316 0

SUM 2080 4-5 PM 5-6 PM 6-7 PM

Time Inteval

Link 2
cusernn | INGAZY [ 7000  wObservation WEstimation

0D Pair No. of vehicles

2532236 2336 6000
z10032236 1630 5000

z1005z34 900
4000

21442219 581
21402255 527 3000

2140232 457
= 2000

z80z34 456
21442255 443 1000
21402227 364 0

2842227 357 4-5 PM 5-6 PM 6-7 PM
SUM 8051 Time Inteval

Vehicle Counts (veh/hr)
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Table 3-3: Demand Adjustment to Match the Observed Link Flows for Two Links in Cluster lll
Cluster ID OD Pairs with the Highest Contribution Hourly Traffic Counts Comparison

to the Estimated Link Flows during PM
Peak Period

Link 1
Custerm | umki | 7000
0D Pair No. of vehicles ¥ Observation ™ Estimation
6000
253-2236 1345 o~
—_—
235-7166 1256 ‘T-; 5000
21003-2236 866 2
2 4000
2219-2236 775 g
=]
21005-2166 630 O 3000
Q
32-2159 605 =
et -2 2000
[¥)
232-2166 603 2
259-7159 544 1000
2227-2166 535 0
242-7166 531 4-5 PM 5-6 PM 6-7 PM
SUM 7690 Time Inteval

Link 2
cuserm | uma2 | 7000

- - " . .
0D Pair No. of vehicles Observation Estimation

6000
7532236 1345 o
=
7144734 1231 5 5000
=
210032236 866 2 4000
21402255 734 g
210052166 630 % 3000
24272166 519 -2 2000
]
z35z166 480 =
1000
784734 449
280234 422 0
2140232 416 4-5PM . 5-6 PM 6-7 PM
SUM 7092 Time Inteval
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Table 3-4: Demand Adjustment to Match the Observed Link Flows for Two Links in Cluster IV

Cluster ID 0D Pairs with the Highest Contribution Hourly Traffic Counts Comparison
to the Estimated Link Flows during PM
Peak Period
Link 1 7 ~
Cluster IV Link 1 7000 . o
. . B Observation ™ Estimation
0D Pair No. of vehicles
6000
2532236 1558 =
210032236 1115 % 5000
>
22192236 911 % 4000
21612236 869 g
2322236 591 % 3000
22502236 579 ._g 2000
22272166 503 =
2362236 493 1ooo
2352236 426 0
2572236 392 4-5 PM 5-6 PM 6-7 PM
SUM 7437 Time Inteval
Link 2
Cluster IV Link 2 7000
0D Pair No. of vehicles W Observation M Estimation
. 6000
2532236 1508 =
=
210032236 1101 E 5000
2129234 1029 Z 4000
c
21447219 572 z
0 3000
21402255 459 )
-1
2144734 450 5 2000
-
z140z34 405 1000
2140232 377
0
80z34 367
- 4-5PM 5-6 PM 6-7PM
21402250 308 Time Inteval
SUM 6576

Figure 3-2 provides a summary of the demand distribution for the PM peak period for the four baselines.
The demand pattern is presented in the form of an OD demand matrix between six super-zones as
presented in the figure. Each super-zone includes a subset of the demand zones considered in the
model. As shown in the figure, each blue dot represents the centroid of one of the original demand zones.
Based on the location of the centroid, we assigned the zone to a super-zone as illustrated in the figure.
The aggregated demand matrices provide an overview of how the demand pattern is modified for the
different baselines to replicate their vehicle counts. They are also used to ensure that the manual demand
adjustment process of the individual OD pairs does not cause a significant deformation of the overall
demand pattern in the network.
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Baseline Scenario | : S ] /
1 2 3 4 5 6 .
1 39361 | 22957 | 11236 | 6891 4103 2274
2 25329 | 31343 | 34859 | 4266 3677 2436
3 18796 | 34754 | 37447 | 19922 4314 4182
< 10052 | 4982 | 26773 | 40727 | 14738 | 7740
5 7415 4423 4379 | 26063 | 64722 | 9256 |
6 3067 2846 1886 5619 13090 | 15520 I
/
Baseline Scenario |
1 2 3 4 5 6
1 41821 | 26185 | 8131 6960 4054 2314
2 23720 | 33302 | 36966 | 4634 4171 2690
3 16546 | 36926 | 40174 | 22852 5221 4454
2 11107 | 5293 | 27137 | 43272 | 15659 | 10120
5 7878 4705 4958 | 27692 | 68768 | 9834
6 3259 3024 6933 5970 | 13508 | 16450
Baseline Scenariolll ]
1 2 3 4 5 - ]
1 44065 | 25125 | 9521 | 11586 | 4358 2416
2 26990 | 33302 | 37038 | 5575 3907 2588
3 21671 | 36926 | 39788 | 21167 5221 4454
- 13110 | 7440 | 23380 | 43272 | 15552 | 9505
5 7878 4705 4958 | 27398 | 68211 | 9834
6 3620 3024 €466 8979 21387 | 19571
Baseline Scenario IV
1 2 3 - 5 6
1 41821 | 22830 | 10721 | 15717 | 4359 2416
2 27726 | 32895 | 37038 | 4532 3907 2588
3 17166 | 39368 | 39788 | 21932 7242 4454
2 17005 | 7042 | 22615 | 43782 | 15659 | 10120
5 7878 4705 4958 | 27692 | 68768 | 9834 ‘ Zonel
6 3259 3024 5234 5870 | 13908 | 164%0 ¢

Figure 3-2: Demand Distribution in the Corridor Network for the Different Baseline Scenarios
[Source: SMU]

3.4 Flow Propagation Model Adjustment

As described earlier, the DIRECT model adopts mesoscopic simulation logic to replicate the vehicle
movements along the different highway links. The logic adopts the modified Greenshield's model which is
implemented at the lane level. For each simulation interval, the average speed for all vehicles traveling on
the lane is determined as a function of the average density of that lane. Equation (3) describes how the
Greenshield's model is adopted in the DIRECT model to determine the average speed for each lane in
each simulation interval.

(1)

ai
kt

a
max

ai _ ,.a _
Ve = Vnax 1

®)
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Where,

a: Index of all links

i: Index for the lanes of link |

t: Simulation interval (six seconds)

7: Model adjustment (calibration) interval

V5 4. The free flow speed of link a (~ speed limit)

kiqx: The jam density of link a (200 pcu/mile/lane)

v#: The average speed of lane i on link a in simulation interval t
k&: The traffic density of lane i on link a in simulation interval t

«® (7): A model parameter to be estimated for each link a in each interval

Based on the available time-varying speed observations for the different highways links, the model allows
adjusting the parameter «<? (1) for each of these links such that the model replicates the observed time-
varying speed pattern. One can think of the parameter «® (7) as variable that is used to represent all
missing information on the link that are not represented using a mesoscopic simulation logic (e.qg.,
geometrics (grades and curvature), intensive weaving maneuvers). To obtain the value of «< (7) for each
link in each calibration interval, a routine is developed as part of the DIRECT model. As presented in (4),
given the average observed speed during calibration interval 7, the routine computes the value of x* (1)
such that the model produces an average speed value for the link during this interval 7 that is equal to the
observed value. The obtained «¢ is used for all lanes that are part of link a.

a (observed)
T

inl1-Y

v%’lax
a
ln{f—T
kmax ( 4)

o (1) =

Where,
vaobserved): The ghserved speed of link a in calibration interval T (for all lanes)

k2: The average density of link a in calibration interval T (for all lanes)

In this calibration exercise, the link speed observations are available at five minutes resolution. Thus, we
allowed the model to estimate a new value for the parameter x* every five minutes. Within each calibration
interval, the value of the density k& for each lane is updated every six seconds (i.e., the length of the
simulation interval) and the corresponding average speed for that lane during this six seconds interval is
obtained as illustrated in Equation (3).
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To provide a closer look the flow propagation model calibration across the different baseline scenarios,
we present the calibration results for a link along the NB direction of US 75. As presented in Figure 3-3 to
Figure 3-6, the estimated and observed time-varying speed profiles are given along with the
corresponding value of the parameter o for that link for all baseline scenarios. The results are presented
for the entire simulation horizon (2:00 pm to 8:00 pm). As shown in these figures, the adjustment process
of the flow propagation model allows achieving close match with the observed time-varying speed profile.
As mentioned earlier, the flow propagation adjustment is conducted simultaneously with the demand
adjustment such that the model replicates both the speed profile as well as the flow pattern for the
different links. A detailed representation of the calibration results based on this methodology is presented
in the next section.
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Figure 3-3: Time-Varying Speed Profile and Associated Alpha for a Freeway Link in Baseline |
[Source: SMU]
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Figure 3-4: Time-Varying Speed Profile and Associated Alpha for a Freeway Link in Baseline I
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[Source: SMU]
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Figure 3-6: Time-Varying Speed Profile and Associated Alpha for a Freeway Link in Baseline IV
[Source: SMU]
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Chapter 4. Calibration Results

As described above, analyzing the operational conditions along the US 75 Corridor has resulted in
identifying four main clusters that define the dominant operational condition for the corridor. A
representative peak period is identified for each of these clusters as explained in Chapter 2. An intensive
calibration effort is then performed to ensure that the model is realistically able to replicate the traffic
pattern for each representative peak period. Thus, the model is calibrated to represent four different
baseline scenarios.

This chapter summarizes the results of the model calibration effort. It provides a comparison between the
model estimation results and the corresponding real-world observations. The results are presented for
each representative peak period.

4.1 Calibration Metrics

A set of comparison metrics are generated for each calibrated baseline conditions. The metrics include:

1. The percentage error between the observed and estimated hourly traffic volumes for all freeway
detectors for both directions.

This error is computed as the absolute difference between the observed hourly volume and the estimated
hourly volume as a percentage of the observed volume. The percentage error is calculated for each hour
in the evening peak period (4:00 pm to 7:00 pm) and for each available detector. In addition, the
percentage error is recorded for the entire peak period for each detector. The error considering all
detectors is also recorded for each hour in the peak period. A color code is used for all figures that show
this comparison to indicate the magnitude of error. A green color indicates less percentage error (< 15%)
while a red color indicates a high percentage error (> 40%).

2. Correlation between the observed and estimated hourly traffic volumes for all freeway detectors
for both directions

A correlation chart is generated to illustrate the overall correlation between the observed and estimated
hourly traffic volume. One chart is produced for the detectors in each freeway direction. The slope of the
best-fitting line provides an insight on how the estimated vehicle counts matches the observed ones. In
general, low (< 1) or high (> 1) slope values indicate the model underestimates or overestimates the
traffic demand in the network. As the slope of the best-fitting line is close to one, the model generally
captures the correct demand level in the network.

3. Visual comparison between the observed and estimated speed profile for both freeway directions

The estimated time-varying speed profile for each detector is compared against its observed one. The
detectors are ordered based on their sequence along the freeway and the speed is recorded for each
observation interval (10 minutes). A color code is used to indicate the level of congestion with the green
representing high speed, yellow and orange representing moderate speed and red representing slow
traffic. A visual inspection is used to conduct this comparison. The objective is to ensure that the model is
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Chapter 4 Calibration Results

generally able to capture the bottleneck patterns and speed reduction associated with non-recurrent
congestion, if any.

4. Time-varying travel time comparison for both freeway directions

The estimated and observed total travel time for both freeway directions are recorded at five-minute
intervals. A graph that depicts the estimated and observed time-varying travel time is generated for both
freeway directions. Those graphs are visually inspected to ensure that the model is able to replicate the
time-varying travel time along the US 75 freeway including delays associated with non-recurrent
congestion situations.

4.2 Calibration Results for Baseline Scenario |

As described earlier, based on the conducted cluster analysis, the operation conditions of Cluster |
represent a baseline scenario in which medium demand, with minor incident, and dry conditions are
considered. A representative peak period that represents this cluster is selected. Figure 4-1 through
Figure 4-4 illustrate the model calibration results against the observed traffic pattern for this
representative peak period.

Figure 4-1 and Figure 4-2 give the percentage error in the hourly traffic volumes for the US 75 freeway
for the NB and SB directions, respectively. As shown in Figure 4-1 a, which provides the percentage error
for the NB direction, 65% of the hourly observations have percentage error less than 15%, and 79% of
the observations have percentage error that is less than 25%. No hourly observations with error that is
greater than 40% have been recorded. Considering the entire peak period, out of the 30 detectors
available on the freeway in the NB direction, a percentage error of less than 15% is recorded for 21
detectors, an error that is greater than 15% and less than 25% is recorded for three detectors, and six
detectors are recorded with error that is greater than 25% and less than 40%.

Considering all detectors along the NB directions (the last row), the percentage error in the first hour of
the peak period (4:00 to 5:00) is recorded at 15.04%. This error is recorded at 13.64% and 14.08% for the
second and third hours of the peak period, respectively.

As shown in Figure 4-1 b, the slope of the best-fitting line between the observed and estimated hourly
volumes is recorded at 1.003, which indicates that the model is generally capturing the overall demand
level along the NB travel direction.

For the SB direction, as illustrated in Figure 4-2 a, 50% of the hourly observations have percentage error
that is less than 15%, and 81% of the observations have percentage error that is less than 25%. No
observations with error that is greater than 40% have been recorded. Considering the entire peak period
for the SB direction, out of the 38 detectors available along that direction, a percentage error of less than
15% is recorded for 22 detectors, 14 detectors have error that is greater than 15% and less than 25%,
and two detectors have an error that is greater than 25% and less than 40%. Considering all detectors
along the SB directions, the percentage error is recorded at 13.55% for the first hour, 14.66% for the
second hour, and 16.57% for the third hour. As shown in Figure 4-2 b, the slope of the best-fitting line
between observed and estimated hourly volumes is recorded at 0.9184, which indicates that the model is
generally capturing the overall demand level along the SB travel direction.

The estimated and observed US 75 speed profiles are given in Figure 4-3 for both NB and SB directions.
As mentioned above, the estimated and observed speed is recorded for each detector at 10 minute
intervals. The top of the figure gives the speed for the north section of the freeway (City of Plano), while
the bottom of the figure gives the speed for the south section (north of downtown Dallas).
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Chapter 4 Calibration Results

As illustrated in these figures, the model is generally replicating the observed speed profile in both
directions. For instance, in the NB direction, the model replicates the slight reduction in the speed in the
south and north sections of the freeway. The model also the reduction in speed observed along the SB
direction during the period of 5:00 pm to 6:00 pm. Finally, the comparison between for estimated and
observed time-varying travel time for both directions is given in Figure 4-4. The figure shows that model
generally replicates the travel time along the freeway for both directions. For both directions, the RMSE
between the observed and estimated travel time is less than 0.5 minute.
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Chapter 4 Calibration Results

Detector Location

5586-21226%US 75 N Exchange Pkwy TO Stacy RJ$USTS$NE

52887-55883US 75 N Allen Or TO Exchange Pkwo$USTESNE

5927-58874US 7S N McDermott Dr TO Allen Dr$USTSENE

S588-5583%US 7S N Bethany Dr TO McDermott DiUSTSENE

21213-5588¢US 7S M Bethany Dr TO McDermott Dr$USTSENE

5792-5781#US 75 N Enterprise Elvd TO Bethany Dri#USTSENE

5815-5732%U5S 75 N Chase Dsks Blvd TD Ridgemont Dr#lS7S5$NE

5523-5515%U5 75 N Legacy Dr TO Chase Oaks Blud$USTS$NE

5664-5823%US 75 N Spring Creek Pkwy TO Legacy Dir#USTS$NE

S5632-5664$US 75 N Spring Creek Pkwy TO Legacy Dr#USTS$NE

S631-56923US 75 N Parker Rd TO Spring Creek Plwu$USTS5$NE

21214-56913%US 75 N Parker Bd TO Spring Creek PlwyEUSTS$NE

5732-212143US 7S N Parker Rd TO Spring Creek Pkwy$US7S5$NE

83-533US5 75 N Park Blvd TO Parker RA$USTS$NG

§2-300004FUS 75 N 15th St TO Park Blwd$USTS$NE

4414-44 75335 75 N Plano Plwy TO 15th Si#USTS$NE

4314-4457$US 75 N SH 190/President George Bush TPKE TO Plano Pkwy$UJST

4081-4353%US 75 M Campbell Rd TO Galatyn Pkwy$USTS$NE

4073-4051$US 75 N Collins Blvd TO Campbell Rd$USTS$NE

4075-40733US 75 N Arapaho Rd TO Collins Blvd$USTS$NE

188-183%1JS 75 N Belt Line Rd TO Arapaho RA$USTS$NE

3283-3230%US 75 N Spring Valley Rd TO Belt Line Rd$USTS$NE

F306-3307$US 75 N Midpark Rd TO Spring Valley RJ$USTS$NE

3087-3034$US 75 N Cottorw ood Creek TO Midpark R4$USTSENE

2144-573%$1JS 75 N Meadow Rd TO Roval Ln$USTS$NE

2163-2145%US 75 N Walnut Hill Ln TO Meadow RA$USTS$NG

2152-2169%US 75 N Park Ln TO Walnut Hill Ln$USTS$NE

2084-2056$US 75 N University Blvd TO Lovers Ln$#USTS$NE

2083-2084$US 75 N SMU Blvd TO University Blvd$USTSENE

735-737$US 7S N Mockingbird Ln TO SMU Blvd$USTSENE

Percentage Errors Observed Values
4-5 PM|5-6 PM|6-7 PM| All PM 4-5PM|5-6 PM|6-7 PM| Al PM
211 3412 3410 3145 9967
20.28 EXik 3597 3422 | 10736
4373 4478 4281 13138
4316 4438 4128 12342
2168 4770 4845 4452 | 14067
4145 4148 3994 | 12287
3851 3347 3701 11433
23.47 2875 2945 2637 8457
25.87 2703 2125 24.77 4236 4271 4146 | 12653
17.96 2154 18.05 3230 3103 2814 3153
26.43 28.16 533 4352 4153 13174
16.69 3536 321 3134 9541
| 2152 29.63 18.63 3134 3226 2875 9235
28.70 37.63 21.97 29.62 4552 4540 4263 13731
3710 3625 3323 10664
22.25 34.42 24.73 27.10 5345 S0ET 4530 15322
4657 4679 4416 13745
5352 S80S 54868 | 17245
5548 5631 5466 | 17007
5330 5723 5454 17113
2718 2791 3815 30.88 4006 4003 3670 11685
57ad 5813 5345 | 16346
2813 3230 2691 2915 4960 4824 4476 | 14262
6566 6725 6127 19418
716 7212 6730 21118
5671 5777 5466 16914
5789 5802 5476 | 17065
29.55 3773 465838 4243 | 12704
26.06 3252 2846 2897 3869 3727 3630 241
201 4102 3872 3554 1528

All Detectors

| sod [EEIEEEIEEY [ 155255 [ 157736 | 123073 [405080

Error Legend

=15%

15-25%

d

25-40%

==40%

a) Hourly Traffic Volume Comparison for US 75 Freeway - NB
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Figure 4-1: Hourly Traffic Volume Comparison for US 75 Freeway NB - Cluster | [Source: SMU]
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Chapter 4 Calibration Results

Ubserved Values
Detector Location 5-6 PM| 5-6 PM | 6-7 PM | All PM |
Z12Z7-587680US5 75 S Enchange Pkwy 10 Allen Di3US 75858 A EETE] A064 3887 EES
SE7E-587 7#US 75 S Allen Or 10 MeDermot Di#USTE3SE . 4602 4557 4464 13623
S877-5317%U5 75 S Allen O T0 MeDermott Di#LISTS$SE 4216 4241 ESEE] 12645
S530-5531#US 75 S McDermott D TO Bethany DitUSTS$SE 4080 4113 918 1z
SE91-Z121780U5S 75 S Mol O TO Bethany Di$US 75858 4625 4633 EEE _077
S772-58093US 75 S Ridgemont Or TO Chase Olaks Blud$US7S5$SE . 4556 4377 4367 13300
S803-5010$US 75 S Ridgement D TO Chase Oaks Blvd$US7S$5E8 3955 ATES 3945 TIEES
SE10-S811$US 75 S Ridgemont O TD Chase Daks Blvd$S 75856 4394 4410 4439 13188 |
SEN1M-5662%US 75 S Legacy O TO Spring Creek Plw u$UST7S5#58 3813 3855 3632 1300
SE662-5663%US 75 S Legacy Dr TO Spring Creek Plkw y$USTS$SE 2150 22.94 4133 4148 417 12398
SHEE-SEE9$LIS 75 5 Spring Creek Plwy 10 Parker Ad#LIS 15§56 zz.a6 [ISEN ECE] 3444 32687 10314
SE83-5690%US 75 S Spring Creek Pkwy 10 Parker RdSUSTSESE X 2192 2525 S578 S050 5140 15808
SEA0-Z 121335 75 5 Parker Ad 10 Park Blvd$US 758568 EEEE] 3335 3570 0746
Z1Z13-57 3185 75 S Parker Rid T0 Park Bled$US /5856 3542 3448 3316 03506
20-4482%US 75 S Park Blvd TO 15th St#USTS$SE 3644 3400 F505 10545
A409-944 10805 75 5 15th 5t 10 Plano Pkw a5 758568 EECR 3245 S063 675
4456-4310%U5 75 5 5H 190iPresident George Bush TPRE T0 Renner Ad$US 4150 372z 4285 12157
A4510-4311%US 75 S Renner Bd TO Dallas Collin County Line$UST5$5E 3 3477 150 3565 10155
4363-43643U5 75 S Galatun Plwy TO Campbell Rd3US 75858 3538 3276 3564 0378
4350-40628U5 75 5 Campbell Hd T0 Collins Blvd$US 153850 190 5053 5337 15560
A082-Z1180$S 75 S Collins Blvd 10 Arapaho Rd$LUSTS$SE b S023 4853 S220 15056
ZT180-4085%US 75 S Collinz Blvd 10 Arapaho ADIUS 75858 5320 164 Sa67 15951
TB0-187$0S 75 S Arapaho Ad 10 Belt Line Ad$US 75850 3618 3368 3361 0347
S279-32913$U5 75 S Bel Line Ad 10 Spring Valley Rd$US 158568 317 S026 S35 15456
3251-3292#UUS 75 S Bel Line Ad 10 Spring Valley Ad$LUSTS$SE 3762 3505 3561 10828
SE00-33093U5 75 5 Spning Yalley Fd TO Midpark AdSLS 75850 4663 EEEE] 4956 9190,
F304-3106%0S5 75 5 Midpark Rd 10 Cottonw ood Creek$Us 15850 A 6407 5353 5373 18333
S15386-3190%US 75 S Forest Ln TO Park Central $USTS$SE 28.35 2264 S6E3 3422 407 10512
I164-5S868US 75 S Park Central TO Roysl Ln3US 75858 19.71 3 4371 a042 ERES 12578
21224-566%U5 15 S Royal Ln 10 Meadow Rd$US 75850 5232 4503 4632 REXI-K
S88-2139%US 75 S Meadow Rd TO Walnut Hill Ln#USTS$SE i . 3281 2862 7293 6935 BEES 20303
2140-21543US 75 S Walnut Hill Ln TO Park Ln3US75$SE 2173 17.03 5809 5427 5296 16532
2154-2155%1S 75 S Park Ln TO Nonhpark Dr#USTS$5E 20,53 SE50 S401 52390 16341
Z155-2013%805 75 5 Northpark D 10 Loop 12/Noithw &5t Hw s S5 75858 X z8.82  18.77 4708 a4z73 a972 13453
ZTI0-2033%US 75 S Southwestern Blud TO Lovers Ln#UST75%568 3923 3152 3267 10335
2055-2058%US 75 S Lovers Ln T0 University Blud$UST75$SE 3350 3385 3733 10468
2090- 733805 75 S Mockingbird Ln T0 MoCommas Bhd$US 75858 3705 3424 3537 0EEE
733-734%US 75 5 Mockingbird Ln 10 McCommas Blvd$US 715350 F306 4062 4050 12046
| All Detectors 168351 | 160512 | 161903 | 490766

a) Hourly Traffic Volume Comparison for US 75 Freeway - SB
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b) Correlation between Observed and Estimated Traffic Volumes for the US 75 Freeway - SB

Figure 4-2: Hourly Traffic Volume Comparison for US 75 Freeway SB - Cluster | [Source: SMU]
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Estimation Observation
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a) Speed Profile Comparison for NB Direction
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b) Speed Profile Comparison for SB Direction
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Figure 4-3: Estimated and Observed Time-Dependent Speed Profile for US 75 Freeway - Cluster |
[Source: SMU]
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US 75 Northbound Travel Time RMSE=0.31 minutes
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Figure 4-4: Estimated and Observed Travel Time for US 75 Freeway - Cluster | [Source: SMU]
4.3 Calibration Results for Baseline Scenario Il

As described earlier, based on the conducted cluster analysis, the operation conditions of Cluster Il
represent a baseline scenario in which high demand, with minor incident, and wet (precipitation)
conditions are considered. A representative peak period that represents this cluster is selected. Figure 4-
5 to Figure 4-8 illustrate the model calibration results against the observed traffic pattern for this
representative peak period.

Figure 4-5 and Figure 4-6 give the percentage error in the hourly traffic volumes for the US 75 freeway for
the NB and SB directions, respectively. As shown in Figure 4-5 a, which provides the percentage error for
the NB direction, 62% of the hourly observations have percentage error less than 15%, and 85% of the
observations have percentage error that is less than 25%. No hourly observations with error that is
greater than 40% have been recorded. Considering the entire peak period, out of the 31 detectors
available on the freeway in the NB direction, a percentage error of less than 15% is recorded for 21
detectors, an error that is greater than 15% and less than 25% is recorded for six detectors, and four
detectors are recorded with error that is greater than 25% and less than 40%.
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Chapter 4 Calibration Results

Considering all detectors along the NB directions (the last row), the percentage error in the first hour of
the peak period (4:00 to 5:00) is recorded at 11.86%. This error is recorded at 13.95% and 12.64% for the
second and third hours of the peak period, respectively.

As shown in Figure 4-5 b, the slope of the best-fitting line between the observed and estimated hourly
volumes is recorded at 0.956, which indicates that the model is generally capturing the overall demand
level along the NB travel direction.

For the SB direction, as illustrated in Figure 4-6 a, 53% of the hourly observations have percentage error
hat is less than 15%, and 72% of the observations have percentage error that is less than 25%. No
observations with error that is greater than 40% have been recorded. Considering the entire peak period
for the SB direction, out of the 35 detectors available along that direction, a percentage error of less than
15% is recorded for 21 detectors, 11 detectors have error that is greater than 15% and less than 25%,
and three detectors have an error that is greater than 25% and less than 40%. Considering all detectors
along the SB directions, the percentage error is recorded at 15.44% for the first hour, 14.35% for the
second hour, and 13.48% for the third hour. As shown in Figure 4-6 b, the slope of the best-fitting line
between observed and estimated hourly volumes is recorded at 0.953, which indicates that the model is
generally capturing the overall demand level along the SB travel direction.

The estimated and observed US 75 speed profiles are given in Figure 4-7 for both NB and SB directions.
As mentioned above, the estimated and observed speed is recorded for each detector at 10 minute
intervals. The top of the figure gives the speed for the north section of the freeway (City of Plano), while
the bottom of the figure gives the speed for the south section (north of downtown Dallas).

As illustrated in these figures, the model is generally replicating the observed speed profile in both
directions. For instance, in the NB direction, the model replicates the high reduction in the speed in the
south and north sections of the freeway during the period of 3:30 pm to 7:00 pm. The model also
replicates the high reduction in speed observed along the SB direction during the period of 4:20 pm to
5:30 pm. Finally, the comparison between for estimated and observed time-varying travel time for both
directions is given in Figure 4-8. The figure shows that model generally replicates the travel time along
the freeway for both directions. The RMSE between the observed and estimated travel time is less than
one minute for the NB direction and about 1.15 minute for the SB direction.
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Observed Yalues

4-5 PM| 5-6 PM| 6-7 PM | All PM|
44582 4585 4281 13348
4654 4673 4500 13963
5544 5378 5437 | 18953
S4E7 S7ES 5252 16458
S755 6370 5796 17321
4645 4330 4596 14471
4624 4504 4601 14029
3374 3679 3644 1237
4594 4260 4512 13466
4351 4326 4173 12856

Detector Location

S5888-21228%15 75 N Eschange Pkwy TO Stacy Rd$USTSENE
S8E87-586840US 7S N &llen Or TO Exchange PkwydUSTS$NE
5327-5887$US 75 N McDermott Or TO Allen Dr#USTS$NE
S5588-558930US 75 N Bethany Or TO McDermott Dr#LUSTSENE
21213-55858%1US 75 N Bethany Dr TO MoDermott DrUSTSSNE
STIZ2-5TE1$US 75 N Enterprise Blud TO Bethany Dr¥USTS$NE
S5815-5732%US 75 N Chase Daks Blvd TO Ridgemont Di$USTS$NE
5823-58153U5 75 N Legacy Dr TO Chase Oaks Blvd$USTS3NE
SE64-5823%15 75 N Spring Creek Pkwy TO Legacy O3 ISTSENE
SE632-56643U5S 75 N Spring Creek Pkwy TO Legacy Dr¥USTS$NE

S6I1-5632#US 75 M Parker Bd TO Spring Creek Pkwu$USTSENE 27.97  34.64 17.97 26.30 SE17 5121 S103 15841
21214-56318US 75 N Parker Bd TO Spring Creek PkwySUSTS3NE 193 4753 4435 4536 13844
5732-212148US 75 N Parker Rd TO Spring Creek Pkwy$USTS$NE 1737 4536 4365 4320 13221
B3-53%US5 75 N Park Bled TO Parker Rd$USTS$NE 26,52 3678 2955 30.85 G002 S67TS 5881 17558
S2-300004 %15 75 N 15th St TO Park Bled$USTSENE S0439 4632 4541 1q522
4414-4478%US 75 N Plane Plwy TO 15th St#USTSENB 23.68 2716 27.00 25.94 E591 5413 6533 19537
4314-4457$U5 75 N SH 190/President George Bush TPKE TO Plano Pkwy$UST 5633 5603 5637 15333
4353-4367$IS 75 N Galatyn Pkwy TO Dallas Collin County Line$LUISTS$NE 15.86 30.43 15.44 4346 4315 3763 12427
4081-4353%US5 75 N Campbell Rd TO Galatyn Pkw y#USTS$NE E148 5962 G421 18531
4073-4051#US 75 M Collins Blud TO Campbell RI$USTSENE | 23.05 15.76 71E 6872 6823 2081
4078-4079%US 7S N Arapaho Rd TO Collins Bled$¥USTS$NE 16.26 6572 6381 6545 13438
155-1833US 7S M Belt Line Rd TO Arapaho RI$USTS3NE B3 3153 21.45 5112 4301 4643 14656
3283-3290%S 75 N Spring Valley Rd TO Belt Line Rd$USTS$NE 15.08 BEST EE37 5521 13875
3306-3307#US 75 N Midpark Rd TO Spring Valley Rd$USTo$NE o477 5454 5380 1631
573-212204U5 7S N Royal Ln TO Park Central$USTS$NE 5110 52582 4523 15021
2144-573%US 75 N Meadow Rd TO Royal Ln#USTSENE 23.849 29.88 25.70 4405 3504 4055 12364
2169-21453%US 75 N Walnut Hill Ln TO Meadow RJ$USTSSNE 18.36 2001 4313 4503 4438 13254
2152-2163%US 75 N Park Ln TO W alnut Hill Ln#USTS$NE 24.88  20.65 17.46 4148 4454 4101 12733

2084-2056%115 75 N University Blud TO Lovers LnUSTSENE dEET 4304 5282 14853
2053-2084%US 75 N SMU Blvd TO University Blud$US75$NE 4357 4513 4215 13331
TI5-TITEUS 7S N Mockingbird Ln TO SMU Blud$USTS$NE 20.40 3940 4208 4238 12446

Error Legend
==15%

15-25%
25-40%
>=40%

| All Detectors

|158723 158373 | 155323 | 473037

a) Hourly Traffic Volume Comparison for US 75 Freeway - NB
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b) Correlation between Observed and Estimated Traffic Volumes for the US 75 Freeway - NB

Figure 4-5: Hourly Traffic Volume Comparison for US 75 Freeway NB - Cluster Il [Source: SMU]
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Percentage Errors 2

Observed Values _|
4-5PM | 5-6 PM | 6-7 PM | All PM|
4213 4571 4224 13008
4608 5188 4306 14702
4400 5164 4646 14210
4153 4437 4333 12983
4611 5106 4356 14673
5026 5394 5097 15517
3802 4161 3336 11833
4385 4572 4423 13686
3827 4062 3825 714
4280 4663 4253 13136
3326 4247 3871 12044
5465 5803 5148 16416
4020 4233 4011 12264
3304 4124 3804 1832
3773 3359 3737 11554

Detector Location

21227-58763US 75 S Exchange Pkwy TO Allen Dr$UST5$SE
SET7E-5877$US 75 S Allen Dr TO MeDermaott Dr$USTS$SE
S877-5917$US 75 S Allen Dr TO McDermott Dri$USTS$SE
5530-5591$0LS 75 5 McDermott Or TO Betharny Dr#USTS$SE
5531-21217$US 75 S McDermott Dr TO Bethany Dr$lUS75$56
5772-5809%US 75 S Ridgemont Dr TO Chase Oaks Blvd$US7S$SE
5803-5510%US 75 S Ridgemont Or TO Chase Oaks Blud$US7S$SE
5810-5811#US 7S S Ridgemont Dr TO Chase Oaks Elnd$JS75$56
SE11-5662%US 75 S Legacy Dr T0 Spring Creek Plwu$S75458
5662-5663%US 75 S Legacy Or TO Spring Creek Pkwu$USTS5$SEB
S6856-56893US 75 S Spring Creek Pkwy TO Parker RJ$USTS$SE
5683-56303US 75 S Spring Creek Pkwy TO Parker Rd$US75$5B
S630-212133U5S 75 5 Parker Bd TO Park Blvd$US7S5$56
21213-57313US 75 S Parker Bd TO Park Blud$UST545E
20-4482%U5 75 5 Park Bled TO 15th St#US75$%56

4403-44104S 75 S 15th St TO Planc Pkwy$USTSESE 3726 4115 3662 1s03
4456-4310$S 75 S SH 190/President George Bush TPKE TO Renner Rd$US 41582 4153 4237 12603
4310-4311$US 75 S Benner Rd TO Dallas Collin County Line$USTS$5E 3034 2840 3674 3EES 3510 10843
4363-43643US 75 S Galatyn Pkwy TO Campbell RI$UST75$5B 3860 3672 3724 11256
43558-405823U5 75 S Campbell Rd TO Collins Elwd$JS75$5B 5701 5404 5232 16337
4082-211803US 75 S Collins Bled TO Arapaho Rd$UST5$5B 5340 5658 5453 17057
21150-40853US 75 5 Callins Bled TO &rapahao R4$USTS$5E 5335 S5T7S SEGT 17440

180-187¢US 7S S Arspaho Rd TO Belt Line RJ$USTS$SE 183 4553 4204 3318 12575
3273-3231%US 75 5 Belt Line Rd TO Spring Valley Rd¥USTS$5E | 26.16 29.96 21.24 25.87 G036 5352 5627 17675
3291-3292¢1S 75 S Belt Line Rd TO Spring Yalley RI$USTS$SE 4633 4376 3957 13032
F300-33043US 75 S Spring Valley Rd TO Midpark Rd$UUS 75856 16.70 4835 5126 4371 14332
3304-31084S 75 S Midpark Aid TO Cottorw cod Creck$JSTESSE | 2838 3319 3 27.03 6470 6733 5355 13164
3138-31408US 75 S Forest Ln TO Park Central$JS75$568 18.07 29.33 2113 3027 3057 2337 3081

3164-586%1S 75 S Park Central TO Rousl LndUSTS$SE 31.30 2130 17.18 4238 4436 4051 12785
21224-58881US 75 S Royal Ln TO Meadow RJ$1US75$5B 30.53 18.27 17.86 SEE6 5781 5292 16733
2155-20133U5 75 S Nonthpark Or TO Loop 12MMarthw est He u3UUST7S5$5E6 28.17 4435 4537 4073 13413
2110-2093$US 75 S Southwestern Blvd TO Lovers Ln$US7S$5E 20.03 2398 4270 4174 3617 12061
2053-2058$US 75 S Lovers Ln TO University Blud$US75$SE 24.43 4321 4071 3525 1917

2030-7333US 75 5 Mockingbird Ln TO McCommas Blvd#UST7SE5E | 2148 = 4603 4417 3763 12735
733-7343US 75 S Mockingbird Ln TO McCommas Eld$J575$5B | 24.98 2448 18.47 4852 4743 4203 13738

[ All Detectors [ 544 DNSSINNSREINNEIER] [ 153545 | 154580 | 152647 | 476775
Error Legend
==15%

15-25%
25.40%
= 40%

a) Hourly Traffic Volume Comparison for US 75 Freeway - SB
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b) Correlation between Observed and Estimated Traffic Volumes for the US 75 Freeway - SB

Figure 4-6: Hourly Traffic Volume Comparison for US 75 Freeway SB - Cluster Il [Source: SMU]
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Figure 4-7: Estimated and Observed Time-Dependent Speed Profile for US 75 Freeway - Cluster I
[Source: SMU]
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US 75 Northbound Travel Time RMSE=0.97 minutes
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a) Travel Time Comparison for NB Direction
US 75 Southbound Travel Time RMSE=1.15 minutes
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Figure 4-8: Estimated and Observed Travel Time for US 75 Freeway - Cluster Il [Source: SMU]

4.4 Calibration Results for Baseline Scenario Il

As described earlier, based on the conducted cluster analysis, the operation conditions of Cluster Ill
represent a baseline scenario in which high demand, with medium incident, and wet (precipitation)
conditions are considered. A representative peak period that represents this cluster is selected. Figure 4-
9 to Figure 4-12 illustrate the model calibration results against the observed traffic pattern for this
representative peak period.

Figure 4-9 and Figure 4-10 give the percentage error in the hourly traffic volumes for the US 75 freeway

for the NB and SB directions, respectively. As shown in Figure 4-9 a, which provides the percentage error

for the NB direction, 56% of the hourly observations have percentage error less than 15%, and 82% of
the observations have percentage error that is less than 25%. 3% of the hourly observations have
percentage error greater than 40%. Considering the entire peak period, out of the 35 detectors available
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on the freeway in the NB direction, a percentage error of less than 15% is recorded for 24 detectors, an
error that is greater than 15% and less than 25% is recorded for eight detectors, and three detectors are
recorded with error that is greater than 25% and less than 40%.

Considering all detectors along the NB directions (the last row), the percentage error in the first hour of
the peak period (4:00 to 5:00) is recorded at 14.67%. This error is recorded at 14.29% and 10.35% for the
second and third hours of the peak period, respectively.

As shown in Figure 4-9 b, the slope of the best-fitting line between the observed and estimated hourly
volumes is recorded at 1.019, which indicates that the model is generally capturing the overall demand
level along the NB travel direction.

For the SB direction, as illustrated in Figure 4-10 a, 64% of the hourly observations have percentage error
hat is less than 15%, and 91% of the observations have percentage error that is less than 25%. No
observations with error that is greater than 40% have been recorded. Considering the entire peak period
for the SB direction, out of the 39 detectors available along that direction, a percentage error of less than
15% is recorded for 27 detectors, 12 detectors have error that is greater than 15% and less than 25%,
and No detector has an error that is greater than 25% and less than 40%. Considering all detectors along
the SB directions, the percentage error is recorded at 11.59% for the first hour, 11.71% for the second
hour, and 12.78% for the third hour. As shown in Figure 4-10 b, the slope of the best-fitting line between
observed and estimated hourly volumes is recorded at 0.964, which indicates that the model is generally
capturing the overall demand level along the SB travel direction.

The estimated and observed US 75 speed profiles are given in Figure 4-11 for both NB and SB
directions. As mentioned above, the estimated and observed speed is recorded for each detector at 10
minute intervals. The top of the figure gives the speed for the north section of the freeway (City of Plano),
while the bottom of the figure gives the speed for the south section (north of downtown Dallas).

As illustrated in these figures, the model is generally replicating the observed speed profile in both
directions. For instance, in the NB direction, the model replicates the high reduction in the speed in the
south and north sections of the freeway during the period of 3:20 pm to 7:00 pm. The model also
replicates the high reduction in speed observed along the SB direction during the period of 5:10 pm to
7:00 pm. Finally, the comparison between for estimated and observed time-varying travel time for both
directions is given in Figure 4-12. The figure shows that model generally replicates the travel time along
the freeway for both directions. The RMSE between the observed and estimated travel time is less than
two minute for the NB direction and less than one minute for the SB direction.
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1
- Percentage Ermmors < Observed Yalues
Detector Location a-5 PM|5-6 PM|6-7 PM| All PM 4-5PM | 5-6 PM | 6-7 PM | All PFI
S5885-212258%US 75 N Exchange Pkwy TO Stacy Rd#USTS$NE 17.88 4364 4675 4245 13284
SE57-55585%5 7S N Allen Or TO Exchange Pkw u$USTS$NE 4735 S054 4635 14457
5327-56887#U5 75 N McDermott Dr TO Allen Dr¥USTS$NE | 1875 17.33 5622 6215 5731 17565
SE508-55098U5 75 N Bethany Dr TO McDermott DS T58NE 19.97 5322 B045 5486 | 16853
21213-55883US 75 N Betharw Dr TO McDermott Dr3LISTSENE 15.47 15.22 S817 E6541 G063 12427
S5732-5781%US 75 M Enterprise Bled TO Bethany Dr#USTSEMNE 22.88 4476 4762 4635 13923
S5515-5732$US 75 N Chase Oaks Blvd TO Ridgemort Dr¥USTS$NE 25.52 24.35 15. 86 4E6T 4TET 4715 14152
5B823-58158US 75 N Legacy Dr TO Chase Daks Bivd$USTS$NB 2141 21.30 3318 3778 3935 B3
SE664-5823%S5 7S N Spring Creek Pkwy TO Legacy Dri#USTS$NE 18.82 17.05 4478 4511 4638 13627
5692-56643US 75 N Spring Creek Plwy TO Legacy Dr3US7S53MNE I 1831 20.30 4244 4381 4288 12913
5691-56928US 75 M Parker Bd TO Spring Creek Pkwu$ JSTSENE 19.46 25.84 15.99 5463 5315 5302 16086
21214-56918U5 75 N Parker Rid T0 Spring Creek Plw y$US T5$NB, 227 492 4576 4343 3411
STIZ-21214%US 75 N Parker Bd TO Spring Creek Phw y#USTSENE | 1&36 28,44 4254 4405 4016 12675
T3-53%US 75 N Park Blvd TO Parker Rd¥USTS$MNE 1737 3123 17.53 G265 G043 STET 15041
G2-300004%US 75 N 15th St TO Park Blud¥USTS$MNE 32.78 16.43 5137 4375 G645 14755
A458-44143US 75 N Planc Pkwy T0 15th St3US TS8NB 15.85  34.12 18.78 5084 4950 4769 | 14003
4314-4457$US 75 N SH 190/President George Bush TPKE TO Plano Pkwy#USTS$NE SETT S222 S 16190
4312-4314$U5 75 N Renner Bd TO SH 190/President George Bush TPEEFUSTS$NE 25.03 17.58 4524 4163 4265 12961
4353-4367$US 75 N Galatwn Pkwy TO Dallas Collin County Line$USTS$NE 3876 4175 4303 12354
A081-43533US 75 N Campbell Rd T0 Galatyn Pkwy$LIST53NB 5517 Sd64 5343 | 16924
4073-4051$US 75 N Collins Blvd TO Campbell RI$USTSSNE 23.59 S919 327 EE00 12346
4078-40734US 75 N Arapaho Fd TO Collins Bled$USTS$MNE 18.19 5515 5861 G040 17416
188-189%US 75 N Bel Line Rd TO Arapaho RA¥USTS$NE 19.63 20.48 28.25 EEEE] 4375 4561 126249
J28I-IFZ30FUS 75 N Spring Valley Bd TO BEelt Line Rd$USTSHNE S047 S632 6055 1ET3I4
SF307-3283%#5 75 N Spring Valley Bd TO Belt Line RJ3USTSENE 26. 76 30.19 33.96 4133 4333 4575 13110
3306-3307$U5 75 N Midpark Rd TO Spring Walley Rd$USTS$NE 4625 4676 s072 14373
3087-3094%US 75 N Cottorw ood Creek TO Midpark Rd$US TS$NE 5858 5288 6303 | 17443
3135-3136%US 7S N Coit Bd TO Churchill W ay$lUSTS$NE STdd 4503 5357 15604
573-21220%8U5S 75 N Rowal Ln TO Park Central3USTS3NE 37.45 I5.70 31.10 28.43 4820 4400 4721 13941
2144-573%S 75 N Meadow Pd TO Royal LnEUSTSENEB 16.03 T135 E208 7396 0739
2163-21458US 75 N Walnwt Hill Ln TO Meadow Rd$US TS$NB 5460 4630 087 | 16237
2152-2169% S 75 M Park Ln TO Yalnwt Hill Ln#USTSENE 5519 4581 S964 16364
Z054-2Z056%US 75 N University Bled TO Lovers Ln$¥USTSEMNE 20.65 1542 G735 G260 5281 15333
Z083-2084%US5 75 N SMU Blvd TO University Bled$USTS$NE 2195 6311 SE4 T S223 17 7E1
T35-T37$US 75 N Mockingbird Ln TO SMU Blvd$USTS$NE 15.02 2180 5565 3868 5992 15425

[ All Detectors eSSl [ ie0755 | 177074 | 182268 | 54007

Error Legend
==15%
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25-40%
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a) Hourly Traffic Volume Comparison for US 75 Freeway - NB
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b) Correlation between Observed and Estimated Traffic Volumes for the US 75 Freeway — NB

Figure 4-9: Hourly Traffic Volume Comparison for US 75 Freeway NB - Cluster Ill [Source: SMU]
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. Percentage Ernors > Obszcrved Values
Detechor Loasisoen 4-5 PM|5-6 PM|6-7 PM| All PM 4-5PM|5-6PM|6-7PM

Z1227-SB763US 75 S Enchangs Pkwy T0 Allen Di$US 75858 3899 4328 a057
5876-5877#US 75 S Allen Dr TO MoDermot Di$US 754568 16.56 4313 4544 4531
557 7-59173$L5 75 S Allen Or T0 McDermott DS 75856 a5z aTzs aq65
5590-55918U5 75 S MeDermott Dr TO Bethany DisUSTS$50 27.28 28.37 _ 23.18 3794 4360 4050
5591-212173US 75 S MoDermott Or TO Bethany Dr#US 75$58 ad14 S002 a738
5772-5803%US 75 S Fidgemont O TO Chase Daks Bed#USTS$SE 19.58 4330 4836 4656
SE03-5610%US 75 S Ridgemont Or TO Chase Oaks Blvd$US 75356 z3.29 25.85 17.61 3529 4057 3757
SE810-5811$US 75 S Ridgemont Or TO Chase Oaks Blvd$US75$58 4270 4720 4265
SE11-56624US 75 S Legacy O TO Spring Creek PlwytUSTS$S5E 3643 4034 3545
5662-5663%8US 75 S Legacy Dr T0 Spring Creek PkwySUSTS$56 15.05 17,96 4007 4453 4050
SE60-5609%8U5 75 5 Spring Creek Pkwy 10 Parker RA$US (53506 18.50 30.33 18.63 5508 G102 5569
SE689-5690%US 75 S Spring Creek Pkwy TO Parker RISUSTS$5B 18.50 2314 17.17 5096 S800 S10
5690-21213%US 75 S Parker Bd TO Park Blhvd$US 758568 15.39 2843 15.27 3587 4278 ESE]
Z1213-57318US 75 S Parker Bid TO Park Blvd$US 753508 20.19 36.42 2127 5437 a07z 5399
20-44828US 75 S Park Blvd TO 15th St8US 758568 3565 4017 3575
43405-44103US 75 S 15th S5t 10 Plano Pkwy3US 7153568 15.39 18.82 3372 az71 3639
4456-4310%US 75 5 SH 190/President George Bush TPKE 10 Renner AdSUS 3362 4107 4z63
4310-43118US 75 S Renner Fid TO Dallaz Collin County Line$UST5$58 16.21 2818 2244 2233 3633 3717 ECER]
4563-4364%US 75 S Galatun Pkwy T0 Campbell RIS 75356 3906 3855 4031

5. 76 SO7T SE03 S600

18.92 5934 5977 53965 |
2ME0-4085%S 7S S Collins Bled TO Arapaho RAEUSTS$SE Z0. 94 B117 6012 5363
180-187$US 75 S Arapaho Rid TO Belt Line RA$US 75350 4666 4592 4515
3279-32918U5 75 S Belt Line Ad TO Spring Yalley RA$US 75#568 6799 6757 6328
S291-32928U5 75 5 Belt Line Rd 10 Spring Yalley RA$US 75856 S067 qE9z 617
3300-3304%US 75 S Spring VYalley Rd TO Midpark RA$US 153508 5833 5460 Sa7z
3304-31088US 75 S Midpark Rd 10 Cottornw ood Creek$US 758568 7536 7438 T4z
S5 7-31368S 75 S Coit Bd T0 Forest Ln3US 15856 5563 4566 S09
3135-31408US 75 S Forest Ln TO Park Cenual$US 75850 5727 4599 S240
F164-586%US 75 S Park Central TO Roval Ln3US 75568 6774 641 6611
21224-5556%US 75 S Rowal Ln TO Meadow RASLISTS$SE 5337 4264 5553
588-2139%US 75 S Meadow Rd TO Walnut Hill Ln$US75358 6810 6702 7230
2140-21543US 75 S Walnut Hill Ln TO Park Ln#US 75358 SE21 5599 6331
Z154-2155%U5 75 S Park Ln 10 Nothpark DS 1S$50 Sem 5426 [EREE]
Z155-20 1330S 75 S Northpark O TO Loop 12/Northw =t Hw oS T5$58 S054 3534 3653
2110-2099%US 75 S Southw estern Blvd TO Lovers Ln#US7T5$58 5030 5554 5405
20593-205684US 75 S Lovers Ln TO University Blvd$US75$SB 4942 S866 4768
Z050-733%0U5 75 S Mockingbird Ln 10 MeCommas BvdiUST5356 Sa54 6190 5353
T33-739%S 75 S Mockingbird Ln TO McCommas Blvd$US 75350 6225 5960 G449

Aetecon I ESEEEa] [ 50055 | roos | woeos [sreee

Error Legend
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a) Hourly Traffic Volume Comparison for US 75 Freeway - SB

8000
y =0.9636x
7000
6000
5000
4000

3000

Estimation (y)

2000

1000

2000 3000 4000

5000

Observation (x)

6000

7000

8000

b) Correlation between Observed and Estimated Traffic Volumes for the US 75 Freeway — SB

Figure 4-10: Hourly Traffic Volume Comparison for US 75 Freeway SB - Cluster Il [Source: SMU]
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Figure 4-11: Estimated and Observed Time-Dependent Speed Profile for US 75 Freeway - Cluster
Il [Source: SMU]
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b) Travel Time Comparison for SB Direction

Figure 4-12: Estimated and Observed Travel Time for US 75 Freeway - Cluster Il [Source: SMU]
4.5 Calibration Results for Baseline Scenario IV

As described earlier, based on the conducted cluster analysis, the operation conditions of Cluster IV
represent a baseline scenario in which high demand, with major incident, and dry conditions are
considered. A representative peak period that represents this cluster is selected. Figure 4-13 to Figure 4-
16 illustrate the model calibration results against the observed traffic pattern for this representative peak
period.

Figure 4-13 and Figure 4-14 give the percentage error in the hourly traffic volumes for the US 75 freeway
for the NB and SB directions, respectively. As shown in Figure 4-13 a, which provides the percentage
error for the NB direction, 54% of the hourly observations have percentage error less than 15%, and 81%
of the observations have percentage error that is less than 25%. 2% of the hourly observations with error
that is greater than 40% have been recorded. Considering the entire peak period, out of the 35 detectors
available on the freeway in the NB direction, a percentage error of less than 15% is recorded for 21
detectors, an error that is greater than 15% and less than 25% is recorded for ten detectors, and four
detectors are recorded with error that is greater than 25% and less than 40%.
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Considering all detectors along the NB directions (the last row), the percentage error in the first hour of
the peak period (4:00 to 5:00) is recorded at 16.48%. This error is recorded at 18.62% and 15.87% for the
second and third hours of the peak period, respectively.

As shown in Figure 4-13 b, the slope of the best-fitting line between the observed and estimated hourly
volumes is recorded at 0.900, which indicates that the model is generally capturing the overall demand
level along the NB travel direction.

For the SB direction, as illustrated in Figure 4-14 a, 65% of the hourly observations have percentage error
that is less than 15%, and 89% of the observations have percentage error that is less than 25%. No
observations with error is greater than 40% have been recorded. Considering the entire peak period for
the SB direction, out of the 38 detectors available along that direction, a percentage error of less than
15% is recorded for 30 detectors, eight detectors have error that is greater than 15% and less than 25%,
and one detector have an error that is greater than 25% and less than 40%. Considering all detectors
along the SB directions, the percentage error is recorded at 16.01% for the first hour, 13.23% for the
second hour, and 16.91% for the third hour. As shown in Figure 4-14 b, the slope of the best-fitting line
between observed and estimated hourly volumes is recorded at 0.962, which indicates that the model is
generally capturing the overall demand level along the SB travel direction.

The estimated and observed US 75 speed profiles are given in Figure 4-15 for both NB and SB
directions. As mentioned above, the estimated and observed speeds are recorded for each detector at 10
minute intervals. The top of the figure gives the speed for the north section of the freeway (City of Plano),
while the bottom of the figure gives the speed for the south section (north of downtown Dallas).

As illustrated in these figures, the model is generally replicating the observed speed profile in both
directions. For instance, in the NB direction, the model replicates the high reduction in the speed in the
south and north sections of the freeway during the period of 4:00 pm to 8:00 pm. The model also
replicates the high reduction in speed observed along the SB direction during the period of 4:50 pm to
6:50 pm. Finally, the comparison between for estimated and observed time-varying travel time for both
directions is given in Figure 4-16. The figure shows that model generally replicates the travel time along
the freeway for both directions. The RMSE between the observed and estimated travel time is around two
minutes for both directions.
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Detector Location

SE55-21225%US 75 N Eschanges Pkwy TO Stacy Rd$USTSENE
E887-58858US 75 N Allen Dr TO Enchange Plwy$LS 1SENB
E927-58673US 75 N McDermot Or 10 Allen Di#US 1S$NE
S588-5589%US 75 M Bethary Or TO McDermott Dr$LISTSEMNE
21219-5588%US 75 N Bethany Dr TO MoDermot DisUS TS$NB
STIZ-5TE1FUS 75 M Enterprise Blud TO Bethany DriUSTSENG
SE15-57923US 75 N Chase Oaks Blvd 10 Rid t Dr$USTSSNE
S8253-5815%11S 75 M Legacu O TO Chase Oaks Bled$USTSENE
S664-58238US 75 N Spring Creek Pkwy TO Legacy Di$USTSENE
SEIZ-S664EUS 7S M Spring Creek Plkww TO Legacy DrsUISTSENG
SE31-S6923US 75 N Parker Fid TO Spring Creek PhwydUS TS$NE
Z1213-56913US 75 N Parker Aid T0 Spri
5732-21219$US 7S N Parker Bd TO Spring Cresk PkwuiUSTSENE
B83-533US 75 N Park Blvd TO Parker RASUSTSSNE
S2-300004305 75 M 15th St TO Park BludELISTSEMNE
4458-44193S 75 N Planc Plwy 10 15th Si3US 75 3NE

45312-45314%US 75 N Renner Bd TO SH 190{Fresident George Bush TPEEFUSTS$MNE
4353-4367#US 75 N Galaryn Pkwy TO Dallas Collin Courty Line$#USTS$ENE
2051-4353%US 75 N Campbell BRd TO Galatyn PkwyUSTSENG

4073-40313US 75 N Collins Blvd TO Campbell RJ$USTSENE

4075-4073IFUS 75 N Arapabo Rd TO Collins Blud$¥USTS$NE

155-159%LIS 75 M Belt Line Bd TO Arapaho Rd$USTS$MNE

3283-3230%US 75 N Spring Yalleu Rd TO Belt Line R4$LUISTSENE

3I307-3283%S 75 N Spring Valley Bd TO Belt Line RJ$USTS3MNE

220E-3I207FUS 75 N Midpark Bd TO Spring Vallsw RJEUSTESMNE

J0TT7-3034%FUS 75 N Couwonw ood Cresk TO Midpark RA$USTSHND

F155-3136%US 75 N Coit Bd TO Churchill WauslUSTSEMNE
STI-Z212203US 7S N Foval Ln TO Park Central3USTSENE
2144-573%US 75 N Meadow Rd TO Rowal Ln3 IS TSSNE
2169-215%US 75 N Walrwe Hill Lo TO Meadow BJ$USTS$NE
Z152-2163%US 75 N Park Ln TO 'walnwet Hill Ln3USTSENE
2054-2056%US 75 M University Blud TO Lovers Lo#IS7SEMNE
2083-2084%US 75 N SMU Blvd TO University Bled$USTEENE
TID-TITHIS 75 N Mockingbird Ln TO SMU Blwd¥USTSENG

Percentage E Dbserved Values I
4-5PM | 5-6 PM | 6-7 PM | All
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Figure 4-13: Hourly Traffic Volume Comparison for US 75 Freeway NB - Cluster IV [Source: SMU]
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Figure 4-14: Hourly Traffic Volume Comparison for US 75 Freeway SB - Cluster IV [Source: SMU]
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Figure 4-15: Estimated and Observed Time-Dependent Speed Profile for US 75 Freeway
- Cluster IV [Source: SMU]
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US 75 Northbound Travel Time RMSE=2.14 minutes
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b) Travel Time Comparison for SB Direction

Figure 4-16: Estimated and Observed Travel Time for US 75 Freeway - Cluster IV [Source: SMU]

4.6 Comparison against the Calibration Criteria

This section provides a summary of the calibration criteria targeted in this analysis. In addition, it
compares the calibration results, presented in the previous four subsections for the different operational
scenarios, against these criteria. As illustrated in Table 4-1, four main criteria are targeted. The first
criterion compares the aggregated traffic volume estimated by the model and its corresponding observed
one. The second criterion pertains to limiting the difference between the estimated and observed hourly
volumes to less than 15% for at least 85% of the hourly volume observations. The third criterion ensures
that the model accurately replicates the observed travel time. Finally, visual audit criteria are considered
to compare the observed and estimated bottleneck patterns.

Table 4-2 and Table 4-3 compare the results obtained for the different operational condition scenarios
against these two criteria. As illustrated in Table 4-2, the percentage error between the aggregated
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observed and estimated traffic volumes is less than 5% for all cases, which indicates that the model
captures the overall congestion level in the network. Table 4-3 provides the comparison for the hourly
volumes in criterion 2. The percentage of detector observations that satisfy a threshold error of 15%, 20%
and 25% are given in Table 4-3 a to Table 4-3 c, respectively. As shown in the tables, at 15% error
threshold, the percentage of detectors that satisfy such threshold of is less than 85%. However, as this
error threshold is relaxed to 20%, the percentage of links increased to close to the targeted percentage of
85%. As the error is further relaxed to 25%, a high percentage of the links meet such error threshold. For
criterion 3, Figure 4-17 to Figure 4-20 show the percentage error between the observed and estimated
time-varying travel time during the peak period. As shown in the figure, the error is less than 15% for
almost all observations. Finally, based on the visual audits of the bottlenecks given in the previous

subsection, the model replicates the tempo-spatial congestion patterns along the NB and SB directions of
the US 75 freeway at a satisfactory level.

Table 4-1: Target Calibration Criteria Used in the Analysis

1. Sum of all link flows Within 5% of sum of all link counts

2. Traffic flows within 15% of observed volumes for links with For 85% of cases for links with peak-period volumes
peak-period volumes greater than 2,000 vph greater than 2,000 vph

3. Travel Time Error is within 15% For 85% of cases

Visual Audits

Individual Link Speeds: Visually Acceptable Speed-Flow To analyst’s satisfaction

Relationship

Visual Audits

: . To analyst’s satisfaction
Bottlenecks: Visually Acceptable Queuing 4

Table 4-2: Comparison of Aggregated Traffic Volume

Us75 Us75
Northbound Southbound
Estimated Observed Estimated Observed
Operational Conditions sum of sum of sum of sum of
hourly hourly % Error hourly hourly % Error
(Cluster) volumes for volumes for volumes for volumes for
all detectors  all detectors all detectors all detectors
1 403,745 405,080 0.33% 472,058 490,766 3.81%
2 456,549 473,031 3.48% 464,155 476,775 2.65%
3 559,191 540,077 3.54% 568,188 578,447 1.77%
4 463,867 485,281 4.41% 553,096 566,519 2.37%
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Table 4-3: Percentage of Detector Observations that meet a Certain Percentage Error
a) Percentage Error between Estimated and Observed Hourly volumes: 15%

US 75 UsS 75
Northbound Southbound
Number of % of Number of % of
Operational Conditions | Total number detectors detectors Total number detectors detectors
(Cluster) of detectors with <15% with <15% of detectors with <15% with <15%
error error error error
1 30 21 70.00% 38 22 57.89%
2 31 21 67.74% 35 21 60.00%
3 35 23 65.71% 39 27 69.23%
4 35 22 62.86% 38 30 78.95%
b) Percentage Error between Estimated and Observed Hourly Volumes: 20%
US 75 UsS 75
Northbound Southbound
Number of % of Number of % of
Operational Conditions | Total number  detectors detectors Total number  detectors detectors
(Cluster) of detectors with <20% with <20% of detectors with <20% with <20%
error error error error
1 30 23 76.67% 38 30 78.95%
2 31 25 80.65% 35 31 88.57%
3 35 30 85.71% 39 36 92.31%
4 35 29 82.86% 38 34 89.47%
c) Percentage Error between Estimated and Observed Hourly Volumes: 25%
US 75 Us 75
Northbound Southbound
Number of % of Number of % of
Operational Conditions | Total number  detectors detectors Total number  detectors detectors
(Cluster) of detectors with <25% with <25% of detectors with <25% with <25%
error error error error
1 30 24 80.00% 38 37 97.37%
2 31 27 87.10% 35 32 91.43%
3 35 32 91.43% 39 39 100.00%
4 35 31 88.57% 38 37 97.37%
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US 75 Northbound Travel Time-Cluster 1
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a) Travel Time Comparison for the US 75 NB Direction

US 75 Southbound Travel Time-Cluster 1
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b) Travel Time Comparison for the US 75 SB Direction

Figure 4-17: Percentage Error between Estimated and Observed Time Varying Travel Time -
Cluster | [Source: SMU]
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US 75 Northbound Travel Time-Cluster 2
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a) Travel Time Comparison for the US 75 NB Direction

US 75 Southbound Travel Time-Cluster 2
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b) Travel Time Comparison for the US 75 SB Direction

Figure 4-18: Percentage Error between Estimated and Observed Time Varying Travel Time -
Cluster Il [Source: SMU]
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US 75 Northbound Travel Time-Cluster 3

14.00%
X 12.00%
S 10.00%
e
v 8.00%
=
=  6.00%
g 4.00% ‘ | | ‘ | ‘ |
®
= 2.00%

0_00<%I | | _|III_II| - I IIII II -

4:00 4:10 4:20 4:30 4:40 4:50 5:00 5:10 5:20 5:30 5:40 5:50 6:00 6:10 6:20 6:30 6:40 6:50 7:00
PM PM PM PM PM PM PM PM PM PM PM PM PM PM PM PM PM PM PM
Time
a) Travel Time Comparison for the US 75 NB Direction
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b) Travel Time Comparison for the US 75 SB Direction

Figure 4-19: Percentage Error between Estimated and Observed Time Varying Travel Time -
Cluster Ill [Source: SMU]
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b) Travel Time Comparison for the US 75 SB Direction

Figure 4-20: Percentage Error between Estimated and Observed Time Varying Travel Time -
Cluster IV [Source: SMU]

4.7 Summary

This report presents the methodology used to calibrate the DIRECT model for the baseline scenarios that
were identified to examine the effectiveness of the different ATDM strategies in the ICM Dallas Testbed.
The calibration methodology involves simultaneously adjusting the time-dependent demand pattern and
the flow propagation models for the different links in order to replicate the observed traffic congestion
pattern for these baseline scenarios. Based on the calibration effort conducted in this study, a set of
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results that illustrate the estimated and observed time-varying link flows as well as the speed and travel
time profiles are presented.

It is worth mentioning that the calibration of such large-scale simulation models is a challenging task. The
large number of model parameters and the lack of a comprehensive data require the analyst to apply her
own judgment in the process. In addition, models generally have limited degrees of freedom compared to
their real-world systems. These limited degrees of freedom are due to the simplification/assumption used
to model many of the complex phenomena inherited in these systems (e.g., travel behavior, flow
propagation, etc.).

Completing the calibration of the baseline scenarios is a significant milestone for this project. The next
steps involve finalizing the experimental design and perform the simulation experiments to answer the
research questions defined as part of this project.
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