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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: 

 Chapter 1 – Introduction: This chapter presents the report overview and objective
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 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.   

 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.  

 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. 
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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; c) 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.   

 
Figure 2-1: The US 75 Corridor in Dallas, Texas [Source: SMU and Google Maps]
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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 I and IV represent the 

medium-high demand level. Clusters II and III 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 I and II are characterized by lower incident severity. Cluster III 

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

Variables All Cluster I Cluster II Cluster III Cluster IV 

No. Records 124 25 42 32 10 

Records (%) 100% 20% 34% 26% 8% 

Cluster Description  

Medium to 

High 

Demand 

+ 

 Minor 

Incident 

+ 

Dry 

High 

Demand 

+ 

 Minor 

Incident 

+ 

Dry 

High 

Demand 

+ 

 Medium 

Severity 

Incident 

+ 

Dry 

Medium to 

High 

Demand 

+ 

High 

Severity 

Incident 

+ 

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 II: High Demand + Minor Incident + Dry Conditions  

Baseline Scenario III:  High Demand + Medium Severity Incident + Dry Conditions  

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

2.3 Identification 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. 
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    (1) 

Where, 

i: Index of peak period in the cluster 

Di: The Euclidian distance between peak period i and the center of the cluster  

VMTi : The normalized vehicle miles traveled during peak period i  

VMT̅̅ ̅̅ ̅̅ : The normalized average vehicle miles traveled for all peak periods in the cluster 

𝐼𝑆𝑖 : The normalized incident severity for peak period  i 

𝐼�̅�: The normalized average incident severity for all peak periods in the cluster 

Pi : The normalized level of precipitations measured for peak period  i 

P̅: The normalized average level of precipitations for all peak periods in the cluster 

TTi : The normalized travel time measured during peak period i  

TT̅̅̅̅ : 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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Figure 2-2: The Proximity of the Peak Periods in Cluster I to its Center [Source: SMU] 

 

 
Figure 2-3: The Proximity of the Peak Periods in Cluster II to its Center [Source: SMU] 

 

 
Figure 2-4: The Proximity of the Peak Periods in Cluster III to its Center [Source: SMU] 
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Figure 2-5: The Proximity of the Peak Periods in Cluster IV to its Center [Source: SMU] 
 

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

Cluster Date Attributes 
Cluster 
Average 

Selected Day 

Cluster I 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 II 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 III 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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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 Rd 

departure intervals and Rs observation intervals. Traffic originates from origins I ∈ Z to destinations J ∈ Z 

during the different departure time intervals τ ∈ Rd. Define P as the demand assignment matrix such that 

an element pijτ
at  in this matrix represents the portion of vehicles observed on link a ∈  A in interval t ∈ Rs 

that belongs to the OD pair ij and departure interval τ ∈ Rd.  

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 pijτ
at  ∈ 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. 

  Minimize        (2a) 

 Subject to:                        ∀ i, j and  τ  (2b) 

Where,  yat is the observed vehicle count on link  a in observation interval t, and d̂ijτ is the estimated 

demand between OD pair ij in departure interval τ.  

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 Illustrate 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 I  
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Table 3-2: Demand Adjustment to Match the Observed Link Flows for Two Links in Cluster II  
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Table 3-3: Demand Adjustment to Match the Observed Link Flows for Two Links in Cluster III  
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Table 3-4: Demand Adjustment to Match the Observed Link Flows for Two Links in Cluster IV  

 

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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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.  

    (3) 
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Where,  

𝑎: Index of all links 

𝑖: Index for the lanes of link l 

𝑡: Simulation interval (six seconds) 

𝜏: Model adjustment (calibration) interval 

𝑣𝑚𝑎𝑥
𝑎 : The free flow speed of link 𝑎 (~ speed limit) 

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

𝑣𝑡
𝑎𝑖: The average speed of lane 𝑖 on link 𝑎 in simulation interval 𝑡 

𝑘𝑡
𝑎𝑖: The traffic density of lane 𝑖 on link 𝑎 in simulation interval 𝑡 

∝𝑎 (𝜏): A model parameter to be estimated for each link 𝑎 in each interval  𝜏 

 

Based on the available time-varying speed observations for the different highways links, the model allows 

adjusting the parameter ∝𝑎 (𝜏) for each of these links such that the model replicates the observed time-

varying speed pattern. One can think of the parameter ∝𝑎 (𝜏) as variable that is used to represent all 

missing information on the link that are not represented using a mesoscopic simulation logic (e.g., 

geometrics (grades and curvature), intensive weaving maneuvers). To obtain the value of ∝𝑎 (𝜏) 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 𝜏, the routine computes the value of ∝𝑎 (𝜏) 

such that the model produces an average speed value for the link during this interval 𝜏 that is equal to the 

observed value. The obtained ∝𝑎 is used for all lanes that are part of link 𝑎. 

     (4) 

 

Where,  

vt
a (observed)

: The observed speed of link a in calibration interval τ (for all lanes) 

kt
a: The average density of link a in calibration interval τ (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 ∝𝑎 every five minutes. Within each calibration 

interval, the value of the density 𝑘𝑡
𝑎𝑖 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 ∝ 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. 

Figure 3-3: Time-Varying Speed Profile and Associated Alpha for a Freeway Link in Baseline I 
[Source: SMU] 
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Figure 3-4: Time-Varying Speed Profile and Associated Alpha for a Freeway Link in Baseline II 

[Source: SMU] 
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Figure 3-5: Time-Varying Speed Profile and Associated Alpha for a Freeway Link in Baseline III 

[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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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 I 
As described earlier, based on the conducted cluster analysis, the operation conditions of Cluster I 

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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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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Figure 4-1: Hourly Traffic Volume Comparison for US 75 Freeway NB - Cluster I [Source: SMU] 
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Figure 4-2: Hourly Traffic Volume Comparison for US 75 Freeway SB - Cluster I [Source: SMU] 
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Figure 4-3: Estimated and Observed Time-Dependent Speed Profile for US 75 Freeway - Cluster I 

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

4.3 Calibration Results for Baseline Scenario II 
As described earlier, based on the conducted cluster analysis, the operation conditions of Cluster II 

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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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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Figure 4-5: Hourly Traffic Volume Comparison for US 75 Freeway NB - Cluster II [Source: SMU] 
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Figure 4-6: Hourly Traffic Volume Comparison for US 75 Freeway SB - Cluster II [Source: SMU] 
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Figure 4-7: Estimated and Observed Time-Dependent Speed Profile for US 75 Freeway - Cluster II 

[Source: SMU] 
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Figure 4-8: Estimated and Observed Travel Time for US 75 Freeway - Cluster II [Source: SMU] 

4.4 Calibration Results for Baseline Scenario III 
As described earlier, based on the conducted cluster analysis, the operation conditions of Cluster III 

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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Figure 4-9: Hourly Traffic Volume Comparison for US 75 Freeway NB - Cluster III [Source: SMU] 



Chapter 4 Calibration Results 

 

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

AMS Calibration Report - Dallas |39 

 

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

III [Source: SMU] 
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Figure 4-12: Estimated and Observed Travel Time for US 75 Freeway - Cluster III [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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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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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 

Calibration Criteria and Measures Calibration Acceptance Targets 

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 

peak-period volumes greater than 2,000 vph 

For 85% of cases for links with peak-period volumes 

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 

Relationship 

To analyst’s satisfaction 

Visual Audits 

Bottlenecks: Visually Acceptable Queuing 
To analyst’s satisfaction 

 

Table 4-2: Comparison of Aggregated Traffic Volume 

   
US 75 

Northbound 
  

US 75 

Southbound 
 

Operational Conditions 

(Cluster) 

Estimated 

sum of 

hourly 

volumes for 

all detectors 

Observed 

sum of 

hourly 

volumes for 

all detectors 

% Error 

Estimated 

sum of 

hourly 

volumes for 

all detectors 

Observed 

sum of 

hourly 

volumes for 

all detectors 

% Error 

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 

Northbound 
  

US 75 

Southbound 
 

Operational Conditions 

(Cluster) 

Total number 

of detectors 

Number of 

detectors 

with <15% 

error 

% of 

detectors 

with <15% 

error 

Total number 

of detectors 

Number of 

detectors 

with <15% 

error 

% of 

detectors 

with <15% 

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 

Northbound 
  

US 75 

Southbound 
 

Operational Conditions 

(Cluster) 

Total number 

of detectors 

Number of 

detectors 

with <20% 

error 

% of 

detectors 

with <20% 

error 

Total number 

of detectors 

Number of 

detectors 

with <20% 

error 

% of 

detectors 

with <20% 

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 

Northbound 
  

US 75 

Southbound 
 

Operational Conditions 

(Cluster) 

Total number 

of detectors 

Number of 

detectors 

with <25% 

error 

% of 

detectors 

with <25% 

error 

Total number 

of detectors 

Number of 

detectors 

with <25% 

error 

% of 

detectors 

with <25% 

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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Figure 4-17: Percentage Error between Estimated and Observed Time Varying Travel Time - 

Cluster I [Source: SMU] 
 

a) Travel Time Comparison for the US 75 NB Direction 
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Figure 4-18: Percentage Error between Estimated and Observed Time Varying Travel Time - 

Cluster II [Source: SMU] 
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Figure 4-19: Percentage Error between Estimated and Observed Time Varying Travel Time - 

Cluster III [Source: SMU] 
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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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