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Abstract

The microscopic traffic simulation software program, VISSIM, has been used in the analysis of many large freeway sections in North America and Europe.   Currently, there is little guidance on calibration and validation methods for freeways modeled in VISSIM.  General guidelines exist that can be applied to simulation models, but little research has been focused on freeway calibration and validation specific to VISSIM.

The research presented focuses on two elements associated with the calibration and validation process; 1) calibration and validation methods for microsimulation traffic models and 2) adjustment of calibration parameters for freeway models.  Calibration parameters can be separated into two categories, system calibration parameters and operational calibration parameters.  System calibration involves the investigation of model input assumptions and operational calibration focuses on detailed driver behavior characteristics that affect overall traffic operations in the model.  

A sensitivity analysis is conducted on operational calibration parameters in VISSIM, including car following behavior, necessary lane changing behavior, and lane changing distances.  Recommendations for parameter adjustments by freeway facility type are presented in the research.  
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1 Introduction
1.1 Overview of Microscopic Traffic Simulation
Microscopic traffic simulation software tools have become increasingly more popular in recent years to analyze traffic operations on freeway corridors.  Traffic simulation models use stochastic processes to model traffic conditions given a set of geometry, traffic demand, vehicle routing, and driver behavior inputs.  A key component of simulation modeling is the calibration and validation stage of the model building process. Calibration is defined as the adjustment of computer simulation model parameters to accurately reflect prevailing conditions of the roadway network.  Examples of adjustable model parameters include driver lane changing aggressiveness, car following behavior, lane change gap acceptance, route choice, vehicle speed distributions, and vehicle acceleration distributions. 

Validation is defined as the process of comparing simulated model results with field measurements in order to determine the accuracy of the simulation model.  The goal of the model validation stage is to identify parameter settings in the simulation model which produce outputs that closely reflect measured field results.  Once the validated parameter settings are identified, they are maintained as baseline settings that reflect the overall driving behavior and operational characteristics of the roadway section being modeled.  These baseline parameter settings are not modified when analyzing future scenarios.

Once a model is validated, it can then be used with confidence to analyze future scenarios which may include modifications to trip distribution, travel demand, or changes in the geometrics of the roadway.  Care must be taken when analyzing future scenarios with the baseline settings.  If significant changes occur to the roadway geometry or classification in future forecast models, the baseline parameter settings may not be valid for forecast models.  Engineering judgment must be used in cases where it can not be confidently stated that the future roadway will operate in a similar manner as the existing roadway. [15]
1.2 Goals and Objectives

The proposed research develops practical guidelines for the calibration of freeway models using the VISSIM software package.  Much of the research that exists today is theoretical in nature. This paper bridges the gap between theoreticians and practitioners of the VISSIM software package.  The proposed research uses general simulation model calibration guidelines and enhances them so they can be applied specifically to freeway models using the VISSIM software package.

The research is conducted in two stages.  The first stage of the research presents a calibration methodology which outlines the planning of the calibration and validation process, selection of validation measures of effectiveness, data collection requirements, determination of validation targets, and stages of the calibration process. The second stage of the research provides guidance on the adjustment of VISSIM driver behavior calibration parameters specific to freeways.  A sensitivity analysis on driver behavior parameters is conducted to determine the most influential calibration parameters.  Recommendations for calibration parameter modifications are presented for different types of freeway facilities.
2 Literature Review

A literature review was conducted to determine research efforts related to the calibration and validation of freeway models using VISSIM.  The review is separated into two separate categories; general microsimulation modeling and microsimulation modeling using the VISSIM software package.  Both categories were studied to determine where additional research is needed for both general freeway traffic simulation as well as applications specific to VISSIM.  

2.1 General Traffic Simulation and Calibration
Hourdakis et al. [4] outlines a practical approach to calibrating and validating traffic simulation models.  They present statistical procedures for the validation of simulation models as well as a three stage approach to calibrating simulation models.  The three stages are 1) Volume-based calibration, 2) Speed-based calibration, and 3) Objective-based calibration.  Their research does not address specific parameters to modify and details on data requirements.  In addition, their research was conducted using the Paramics simulation software platform.  

Chu et al. [1] proposes a calibration approach that can be used for all traffic simulation models.  They identified a four-step approach consisting of modifications to 1) Driver behavior, 2) Route choice, 3) OD estimation, and 4) Model fine-tuning for calibration of traffic simulation models.  The main focus of their research is on OD estimation techniques for larger networks.  They do not address calibration procedures specific to VISSIM or freeway networks.

The Federal Highway Administration [15] presents general guidelines for model building, traffic simulation project planning, model calibration and validation, and analysis of results.  The guidelines are not specific to any software in particular and lack specifics on which parameters to modify based on the type of network being modeled.

Separate studies by Kim et al. [5] and Zhizou et al. [13] provide theoretical approaches using genetic algorithms and simplex methods to calibrate microsimulation models.  Neither study provided a formal comprehensive procedure for modifying calibration parameters using VISSIM. 

Park et al.[9] presents a formal comparison between multiple traffic simulation software packages.  They also presented calibration procedures using genetic algorithms for all software packages.  They did not present a formal methodology in applying calibration techniques specifically to freeways.

Sacks et al. [11] develops a statistical framework for the validation of traffic simulation models.  They describe general guidelines related to data requirements and validation procedures using statistical techniques for the Corsim simulation software platform.  They do not present details related to specific parameters in VISSIM or for freeway models. 

2.2 Traffic Simulation and Calibration with VISSIM

Park et al. [9] proposes a nine-step procedure for the calibration and validation of a coordinated actuated signal system in the VISSIM simulation software package.  The nine steps include 1) Determination of MOEs, 2) Data collection, 3) Identification of calibration parameters, 4) Experimental design, 5) Run preliminary simulations, 6) Develop a surface function, 7) Determination of parameter sets, 8) Evaluation of parameter sets, 9) Collection of new data sets for validation.  The research is mainly focused on arterial network operations and does not discuss specific calibration parameters to modify in VISSIM for freeway modeling.

Gomes et al. [3] presents a case study of the model building and calibration of a freeway model using VISSIM software.  Their research presents specific parameter details related to VISSIM.  However, a standardized calibration and validation is not presented in their research.

Fellendorf et al. [2] provides a discussion of the car following and driver behavior logic that is incorporated in the VISSIM software package.  The paper includes a detailed analysis on the Wiedemann driver behavior model implemented in the VISSIM software.  No formal guidelines are proposed for the calibration of a network model.

Case studies by Pitaksringkarn et al. [8] and Ni et al. [6] provide details on model building procedures for freeways using the VISSIM software package.  Both of the studies discuss calibration and validation only briefly and do not provide any information on what calibration parameters should be modified in VISSIM.

3 Methodology for Calibration of Freeway Simulation Models
The calibration of microsimulation traffic models is a key component to the success of the simulation modeling project.  An effective calibration effort results in confident future analysis of the study area.  The proposed calibration methodology includes three major stages; 1) base model development, 2) planning of calibration approach, and 3) model calibration and validation. Details of each of the three stages are presented in the following sections.  Figure 3-1 presents a flowchart of the calibration methodology proposed.  
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                     Figure 3-1.  Calibration Methodology
3.1 Base Model Development
The first stage of the calibration process is the development of the base simulation model.  The base model provides the input to the calibration planning stage.  Careful considerations on the selection of the study area size, data collection requirements, and selection of time periods should be made during the base model development stage to ensure that the model will not encounter problems during the calibration stages.  Thorough error checking should occur during this stage also.
Potential calibration problems that may be avoided during the base model development stage include creating too large or too small of a study area that excludes key bottlenecks or includes areas that do not coincide with the overall goals of the simulation project.  Another potential problem is selecting a simulation analysis time that is too long or too short for the project goals.  Since significant time and resources are required during the base model development stage, building the base model while considering future calibration objectives can increase the overall efficiency of the project.
3.2 Planning of Calibration Approach

The second stage of the calibration process involves the planning of the calibration approach.  Major steps of the calibration planning stage include 1) selection of measures of effectiveness (MOE), 2) determination of validation targets, and 3) data collection for calibration and validation. 
3.2.1 Selection of Measures of Effectiveness for Validation

The validation stage compares simulated values for chosen measures of effectiveness to field values of the same measures of effectiveness.  The validation process is used to determine how closely the simulation model replicates real world field conditions by comparing simulated results with field counts, based on the same locations and same measures.
Validation measurements can be quantitative or qualitative.  Quantitative MOEs are easily measured in the field.  Conversely, qualitative data is not easily quantifiable and requires judgement or field observations in order to be an effective tool for evaluation.  Both types of MOEs are normally required for the calibration and validation of a simulation model. 
Some MOEs can be both quantitative and qualitative in nature, depending on the extent and feasibility of the data collection efforts for the project.  Examples of MOEs that can be considered as both quantitative and qualitative under different circumstances are queuing and congestion.  Queuing and congestion are easily recognizable traffic phenomena that can be identified through non-measurable sources (video, field inspection) but can also be quantified through data collection efforts.  Typical examples of quantitative validation MOEs include throughput, travel times, vehicle speeds, congestion maps, vehicle acceleration rates, and queue lengths.  Typical qualitative MOEs include visual inspection of queuing, off-ramp lane changing distances, car following characteristics, lane changing acceleration rates, and identification of frequency of freeway congestions and bottlenecks.  

The type and number of MOEs selected is dependent upon the size and complexity of the project.  At a minimum level for freeway calibration, MOEs relating to throughput and congestion should be used during the calibration process.  In cases where complex operations exist, additional quantitative data and qualitative measures related to operational characteristics should also be considered.
3.2.2 Determination of Validation Targets
Validation targets are used to determine if the calibration process has reached a level of acceptability between the simulated model and field MOEs.  The Federal Highway Administration, Caltrans, and the Wisconsin Department of Transportation are all agencies that currently have established validation standards and targets for microscopic simulation models.  The FHWA Traffic Analysis Toolbox Volume III has an example set of validation target guidelines included in the document. [15]
3.2.3 Field Data Collection

Field data is necessary for the validation of the base simulation model.  It is important that the field data collected be consistent with the validation MOEs selected.  The field data collected and validation MOEs should be chosen so that the strengths of both the modeling software and the field data availability are used.  For example, if the study area being modeled has speed and volume data available, a natural choice for the validation MOE are speeds and throughput.

Quantitative data sources are those that can be measured in the field. Qualitative data sources include information and data that has been collected that cannot be measured.  The majority of qualitative data is collected in the form of field observations, videos, or through photos.  Another source of qualitative data is from daily commuters who are familiar with a specific corridor’s operations.  Since quantitative data collection is often limited by time and budget constraints, qualitative data is, in many cases, essential to ensure that the simulation model accurately represents field conditions.
Common quantitative data collected include field measurements for corridor travel times, speed and occupancy data from loop detectors, traffic volumes, traffic routing, corridor travel times, and vehicle mixes.  Typical qualitative data measurements include observations in the form of video, site visits or local expertise for lane changing behavior, car following behavior, queuing, and bottleneck locations.    
3.3 Model Calibration and Validation
The model calibration stage can be broken into three steps.  Initial model validation occurs directly after the base model development and calibration planning stages.  The model calibration and validation check steps occur in an iterative loop after the initial validation.  Model calibration is broken into two categories, 1) system calibration and 2) operational calibration.  After each time the model calibration step is completed, the outputs from multiple runs of the simulation model are compared to the data collected and checked against the validation targets to determine if additional calibration is required.  
3.3.1 Initial Model Validation

Before the calibration process begins, an initial validation is conducted to determine a starting point for the calibration process.  The initial model validation stage is conducted after the base model development and calibration planning stages have occurred.
3.3.2 Model Calibration

Model calibration is the process of modifying and determining the set of model parameters, based on modeling judgement and data collected, that accurately represents the prevailing field conditions of a given study area.  Model calibration is separated into system calibration and operational calibration.
System Calibration 

The system calibration stage is the highest level of calibration where the goal is to verify all model operations based on the assumptions of the system.  The main task of system calibration includes the checking of assumptions of all inputs associated with the model.  Since traffic operations in the field are influenced by many more factors that can be implemented in a simulation software package, the system calibration stage is crucial to the overall success of the project.
The objective of the system calibration stage is to identify where uncertainties were introduced in the base model building process and to determine their effect on the overall system operations. If after reviewing the validation data after an iteration run, the differences in the simulated measures and field measures can be attributed back to assumptions associated with the base model, a further investigation into system calibration parameters should be undertaken.  The calibration during this stage relies heavily upon goals of the project and evaluation of the inputs to the model.
System level calibration parameters include assumptions on vehicle route choice, traffic demand inputs, traffic compositions, study area boundaries, seeding period, and temporal distribution of demand and routing.  In addition, the input data such as ramp terminal timings, ramp metering timing and algorithms, roadway speed distributions, and roadway geometry characteristics should also be checked for consistency between the other inputs to the model.
Operational Calibration

Operational calibration is the process of modifying model parameters that affect the overall traffic operations of the study network.  Operational calibration consists of modifying detailed driver behavior parameters that affect the overall capacity of the transportation facilities, aggressiveness of drivers, and locations for lane changing.  The operational calibration step is essential for modeling freeway bottlenecks and local driving behavior that can affect overall traffic flow, speeds, facility capacity, and congestion in a given study area.  
Examples of operational calibration parameters include car following characteristics (headway, standstill distance, safety distance), lane changing accepted deceleration rates, routing lane change distance, and lane selection.  The operational calibration requires the most time and resources to complete.

3.3.3 Validation Check
The validation check is the final step in the iterative calibration process.   The validation check determines how closely the simulation model is replicating the actual study area, based on the validation targets set during the calibration planning stage.  Visual inspection of the simulation model to identify potential inconsistencies should also occur during this stage.  If a model meets all of the requirements set forth by the validation targets, the model is ready to be analyzed for future scenarios and the calibration process is complete.  If targets are not met, the network and operational calibration process is revisited in order to make more modifications to the simulation model.  
If validation targets are not met, data from the validation check should be evaluated to determine the best parameters to modify during the next calibration iteration.  Experience in simulation modeling and knowledge of the study area are important elements during this process to ensure an effective calibration process.  In general, during the initial iterations of the calibrations process, there will be more system level modifications being conducted.  As the validation targets are closer to being met during later stages of the calibration process, operational calibration parameters will generally need to be modified.
4 Calibration Parameters in VISSIM
An understanding of the calibration parameters available in VISSIM is essential to the calibration process.  This section discusses the main calibration parameters associated with freeway modeling in VISSIM, as well as provides results from a sensitivity analysis on the major operational calibration parameters. 
4.1 Description of Calibration Parameters
This section will outline the key VISSIM parameters that should be used during the calibration of freeway models.  System calibration and operational parameters are discussed in detail in the following sections.
4.1.1 System Calibration Parameters
System calibration parameters are the high-level parameters that are related to the assumptions of the model study area size, traffic demand, vehicle routing, and geometry and network inputs.  The system calibration parameters may be modified when the validation check clearly shows that the differences between the simulation and field measurements are a result of model inputs or assumptions about the base model. 
Study Area and Study Time Period

The study area boundary conditions play an important role in the calibration of a freeway simulation model.  If the study area is not properly defined, congestion may not be accounted for by bottlenecks outside of the study area that affect operations within the study area.  Two types of bottlenecks should be considered when determining the study area.  Inbound bottlenecks are defined as bottlenecks that exist within the study area and can affect queuing outside of the study area, and outbound bottlenecks just outside the study area that can affect queuing within the study area should be identified and modeled. [15]  
The study time period may also need to be investigated to ensure that operations are being accurately modeled.  The study time period should include the entire time period where significant congestion occurs in the study area.  A length of an initial seeding period also needs to be considered to load the network with vehicles before data collection from the simulation model begins. 
Volume and Routing Inputs

Vehicle inputs in VISSIM should be represented by traffic demands.  Typical sources of traffic demand include a regional travel demand model or counts from a field study.  If the calibration process shows simulated volumes that are too high or low, the traffic demand assumptions associated with the model may need to be investigated further to determine if they are the source of the discrepancies.  In some cases, an investigation of the regional travel demand model assumptions may need to be undertaken to identify any differences in assumptions that may exist between the regional model and the simulation model.    

Vehicle routing assumptions in VISSIM are similar to traffic demand.  Sources of route choice data include regional travel demand models or measurements from the field.  The calibration of route choice parameters plays an important role in the calibration process when a model has multiple paths from one origin to a destination.  Route choice assumptions should be investigated if roadway volumes on parallel paths are higher or lower than expected in the simulation model.
Assumptions about traffic compositions in VISSIM should be investigated if counts related to vehicle type mix (i.e., % cars, trucks, HOV, buses) are not consistent with data collected from the field.  Traffic compositions, especially in the case where heavy vehicles and HOV vehicles exists, can have large impacts on the overall traffic operations of a simulation model. 
Geometry and Network Inputs

Geometry and network inputs include all other inputs to the model that are not associated with the volumes, traffic compositions, or routing decisions in VISSIM.  The main geometry and network inputs that are relevant to freeway modeling include ramp metering and ramp terminal signals, vehicle type characteristics, and geometry assumptions.
Assumptions on the ramp metering and ramp terminal signals, geometry coding, roadway speed distributions, and vehicle type characteristics can affect the simulated traffic operations of a model.   For example, in instances where ramp metering algorithms are assumed or shoulder driving is permitted but not modeled, traffic operations may not be accurately represented.  In cases where the differences between simulated and field measurements are significant, geometry and network assumptions should be investigated.
4.1.2 Operational Calibration Parameters
Operational calibration parameters in VISSIM control the driver behavior characteristics of individual vehicles in the simulation model.  Operational parameters are generally modified in VISSIM to modify the capacity of mainline segments, merges, diverges, and weaving sections of freeways. They play a large role in the capacity calibration of a model.  The main categories of operational calibration parameters include car following behavior, necessary lane changing behavior, and lane changing distances.
Car Following Behavior

The car following model in VISSIM is based on the continued research of Wiedemann.  Details on the model are presented in research by Wiedemann [12] and Fellendorf et al [2].  The basic premise of the Wiedemann model states that a vehicle is in one of four states of car following; free, approaching, following, or braking.  The following state changes when a threshold based on speed difference and distance differences between the lead and following vehicles are crossed.  Figure 4-1 shows a graphical description of the Wiedemann car following model.
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Figure 4-1.  Wiedemann Car Following Logic
Source:  VISSIM 4.1 User’s Manual
The Wiedemann 99 car following model was developed in 1999 to provide greater control of the car following characteristics for freeway modeling in VISSIM.  The Wiedemann 99 model consists of ten calibration parameters, all labeled with a ‘CC” prefix.  Each of the parameters controls a unique aspect of the car following model. The ‘CC’ parameters are categorized by how they affect the car following thresholds for Dx, car following thresholds for Dv, and acceleration parameters.  Table 4-1 provides a description and the default values for each of the ‘CC’ parameters associated with the Wiedemann 99 model.
Table 4-1. Wiedemann 99 Parameters

	Category
	VISSIM Code
	Description
	Default Value

	Thresholds for Dx
	CC0
	Standstill distance:
Desired distance between lead and following vehicle at v = 0 mph
	4.92 ft

	
	CC1
	Headway Time:
Desired time in seconds between lead and following vehicle
	0.90 sec

	
	CC2
	Following Variation:
Additional distance over safety distance that a vehicle requires
	13.12 ft

	
	CC3
	Threshold for Entering ‘Following’ State: Time in seconds before a vehicle starts to decelerate to reach safety distance (negative)
	-8.00 sec

	Thresholds for Dv
	CC4
	Negative ‘Following’ Threshold:
Specifies variation in speed between lead and following vehicle
	0.35 ft/s

	
	CC5
	Positive ‘Following Threshold’:
Specifies variation in speed between lead and following vehicle
	0.35 ft/s

	
	CC6
	Speed Dependency of Oscillation:
Influence of distance on speed oscillation
	11.44

	Acceleration Rates
	CC7
	Oscillation Acceleration:
Acceleration during the oscillation process
	0.82 ft/s2

	
	CC8
	Standstill Acceleration:
Desired acceleration starting from standstill
	11.48 ft/s2

	
	CC9
	Acceleration at 50 mph:
Desired acceleration at 50 mph
	4.92 ft/s2


Source:  VISSIM 4.1 Manual, PTV AG, Karlsruhe, Germany (2005)
Another important parameter related to the car following behavior in VISSIM is the number of time steps per second.  VISSIM allows for the user to choose from one to ten time steps per second while running the simulation.  Increased time steps per second provide more accurate results of the simulation.  Utilizing a lower time step per second introduces the potential for overcompensation by vehicles.  
Necessary Lane Changing Behavior

A necessary lane change is defined in VISSIM as lane change that is necessary for a vehicle to reach its final destination in the network.  VISSIM lane changing behavior is characterized by maximum and accepted deceleration rates for the merging (own) and trailing vehicle.  Driver aggressiveness can be controlled by modifying the maximum and accepted deceleration rates as well as the reduction rate of the deceleration value as the vehicle approaches its merge point. [14]
VISSIM also allows the modeler to specify the general lane driving behavior of the model.  VISSIM has two options for the lane driving behavior, right-side rule or free lane selection. The right-side rule allows overtaking of other vehicles in the left lane with restrictions, and free lane selection allows overtaking of other vehicles in any lane. [14]
Other parameters related to the necessary lane changing behavior include the emergency stop distance and the waiting time before diffusion.  The emergency stop distance is the distance before a destination connector that a vehicle will stop and wait for a gap to merge.  The waiting time before diffusion defines the maximum time that a vehicle will wait at its emergency stop distance before it will be removed from the network. [14]
Lane Changing Distance
The lane change distance in VISSIM is a connector and routing decision based parameter.  It defines the distance behind a destination connector that a vehicle will start to search for a lane change to reach that connector.  In order for the lane change distance to utilize its full value, a vehicle must pass the start of the destination routing decision at a point that is equal to or greater than the lane change distance.  Otherwise, the vehicle will only start searching for a lane change at the point that it passes the start of the destination routing decision.
4.2 Sensitivity Analysis of Driver Behavior Parameters
A sensitivity analysis was conducted on selected driver behavior parameters to determine what parameters have the greatest impact on traffic operations.  An analysis was conducted on the car following behavior logic, necessary lane change logic, and lane change distance parameters.
4.2.1 Car Following Behavior

A sensitivity analysis was conducted on the Wiedemann 99 car following model parameters to determine the parameters that have the most influence on the capacity of the mainline section.  A one lane conceptual model was created in VISSIM to determine the influence of the Wiedemann car following models.  Four separate scenarios were created for each parameter, two each with values higher and lower than the default value.  For each scenario, all other parameters were kept at their default values.  The maximum flow rate was then collected from VISSIM based on ten simulation runs. 

The following assumptions were made about the test VISSIM network:
· Mean speed = 75 mph, Standard deviation of speed = 5 mph
· 2% trucks in the traffic stream

· Default vehicle characteristics were used

· Simulation time steps of 10 steps/second

· Demand Volume = 3,500 veh/hour

Table 4-2 shows the results of the car following sensitivity analysis.  Maximum flow rates and percentage difference over default values are presented in the table.  
Table 4-2. Wiedemann 99 Sensitivity Analysis
	Wiedemann 99 Parameters
	Maximum Flow Rate
(veh/hr)
	% Difference

	CC0
	CC1
	CC2
	CC3
	CC4
	CC5
	CC6
	CC7
	CC8
	CC9
	
	

	*
	*
	*
	*
	*
	*
	*
	*
	*
	*
	2437^
	-

	3.0
	*
	*
	*
	*
	*
	*
	*
	*
	*
	2486
	2.02%

	4.0
	*
	*
	*
	*
	*
	*
	*
	*
	*
	2458
	0.84%

	6.0
	*
	*
	*
	*
	*
	*
	*
	*
	*
	2420
	-0.71%

	7.0
	*
	*
	*
	*
	*
	*
	*
	*
	*
	2401
	-1.49%

	*
	0.70
	*
	*
	*
	*
	*
	*
	*
	*
	2748
	12.73%

	*
	0.80
	*
	*
	*
	*
	*
	*
	*
	*
	2530
	3.81%

	*
	1.00
	*
	*
	*
	*
	*
	*
	*
	*
	2380
	-2.33%

	*
	1.10
	*
	*
	*
	*
	*
	*
	*
	*
	2268
	-6.92%

	*
	*
	8.0
	*
	*
	*
	*
	*
	*
	*
	2547
	4.50%

	*
	*
	10.0
	*
	*
	*
	*
	*
	*
	*
	2504
	2.76%

	*
	*
	16.0
	*
	*
	*
	*
	*
	*
	*
	2368
	-2.84%

	*
	*
	18.0
	*
	*
	*
	*
	*
	*
	*
	2323
	-4.68%

	*
	*
	*
	4.0
	*
	*
	*
	*
	*
	*
	2440
	0.11%

	*
	*
	*
	6.0
	*
	*
	*
	*
	*
	*
	2435
	-0.08%

	*
	*
	*
	10.0
	*
	*
	*
	*
	*
	*
	2439
	0.07%

	*
	*
	*
	12.0
	*
	*
	*
	*
	*
	*
	2439
	0.07%

	*
	*
	*
	*
	0.15
	0.15
	*
	*
	*
	*
	2436
	-0.05%

	*
	*
	*
	*
	1.00
	1.00
	*
	*
	*
	*
	2430
	-0.28%

	*
	*
	*
	*
	1.50
	1.50
	*
	*
	*
	*
	2376
	-2.53%

	*
	*
	*
	*
	2.00
	2.00
	*
	*
	*
	*
	2128
	-12.68%

	*
	*
	*
	*
	*
	*
	4.00
	*
	*
	*
	2435
	-0.10%

	*
	*
	*
	*
	*
	*
	5.50
	*
	*
	*
	2435
	-0.10%

	*
	*
	*
	*
	*
	*
	7.50
	*
	*
	*
	2440
	0.10%

	*
	*
	*
	*
	*
	*
	9.00
	*
	*
	*
	2439
	0.08%

	*
	*
	*
	*
	*
	*
	*
	0.50
	*
	*
	2575
	5.66%

	*
	*
	*
	*
	*
	*
	*
	0.70
	*
	*
	2440
	0.11%

	*
	*
	*
	*
	*
	*
	*
	1.14
	*
	*
	2406
	-1.30%

	*
	*
	*
	*
	*
	*
	*
	1.25
	*
	*
	2398
	-1.61%

	*
	*
	*
	*
	*
	*
	*
	*
	9.00
	*
	2437
	0.00%

	*
	*
	*
	*
	*
	*
	*
	*
	10.5
	*
	2440
	0.11%

	*
	*
	*
	*
	*
	*
	*
	*
	12.5
	*
	2439
	0.08%

	*
	*
	*
	*
	*
	*
	*
	*
	13.0
	*
	2438
	0.02%

	*
	*
	*
	*
	*
	*
	*
	*
	*
	3.0
	2438
	0.05%

	*
	*
	*
	*
	*
	*
	*
	*
	*
	4.0
	2437
	-0.02%

	*
	*
	*
	*
	*
	*
	*
	*
	*
	6.0
	2438
	0.05%

	*
	*
	*
	*
	*
	*
	*
	*
	*
	7.0
	2438
	0.02%


* Default parameter were used
^ Maximum flow rate using Wiedemann 99 default parameters

Based on the sensitivity analysis, the following parameters showed the greatest influence on the capacity of a mainline freeway section:
· CC1 – Headway

· CC2 – Car Following Variation
· CC7 – Oscillation Acceleration
Additional VISSIM models were created with all combinations of the CC1, CC2, and CC7 parameters and were run to determine maximum flow rates for the different parameter sets.   Table 4-3 shows the expected maximum flow rate based on the different parameter combinations.
Table 4-3.  Maximum Flow Rates for selected CC parameters
	Headway (CC1)
	Entering Distance (CC2)
	Oscillation Acceleration 
(CC7) - ft/s2

	
	
	0.60
	0.82
	1.05

	0.80 sec
	8 ft
	2688
	2638
	2600

	
	13 ft
	2609
	2530
	2499

	
	18 ft
	2562
	2451
	2397

	0.90 sec
	8 ft
	2588
	2547
	2513

	
	13 ft
	2502
	2440
	2407

	
	18 ft
	2394
	2324
	2295

	1.00 sec
	8 ft
	2529
	2488
	2452

	
	13 ft
	2430
	2381
	2349

	
	18 ft
	2308
	2257
	2233


In addition, the standstill distance parameter (CC0) and car following threshold parameters (CC4 and CC5) also have a considerable influence on the maximum flow rate of freeway sections.  The standstill distance parameter (CC0) begins to affect the capacity when the values are modified by +/- 2 feet.  The car following parameters affect the maximum flow rates when values are greater than 1.00 ft/sec and offer considerable maximum flow rate reductions as values approach and exceed 2.00 ft/sec.
4.2.2 Necessary Lane Changing Behavior

A sensitivity analysis was conducted on the necessary lane changing behavior in VISSIM.  The lane changing behavior was tested on a conceptual freeway merge section using VISSIM.  Modifications to the maximum deceleration rates for the merging and trailing vehicles and car following headways were conducted to determine the effect on the mainline and ramp throughput of merge section.  The upstream and downstream speeds and throughputs for mainline and ramp volumes were collected in VISSIM using ten simulation runs.
Figure 4-3 shows a screenshot of the conceptual merge model used in the sensitivity analysis.  The following assumptions were made about the model.

· 2 Lane mainline section with 1 lane ramp merging

· Mainline demand = 4,000 veh/hour

· Ramp demand = 1,000 veh/hour

· 2% trucks in the traffic stream

· Default vehicle characteristics were used

· Simulation time steps of 10 steps/second

· Average speed = 70 mph

· Free lane selection

· Default Wiedemann 99 car following (CC) parameters
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Figure 4-3. VISSIM Conceptual Merge Model
Table 4-4 shows downstream volumes and speeds for all vehicles, vehicles originating from ramps, and vehicles originating from the mainline based on the necessary lane change sensitivity analysis. 
Table 4-4.  Necessary Lane Change Sensitivity Analysis Results

	Headway
(CC1)
	Merging (Own)
	Trailing
	Volume (veh/hr)
	Speed (mph)

	
	Max Deceleration
(ft/s2)
	Max Deceleration
(ft/s2)
	All Vehicles
	Ramp
	Mainline
	All Vehicles
	Ramp
	Mainline

	default
	default
	default
	4449
	868
	3580
	41.1
	30.0
	43.6

	0.9 sec
	-13
	-10
	4439
	844
	3594
	41.1
	30.1
	43.2

	
	-13
	-16
	4451
	991
	3459
	38.0
	30.0
	40.4

	
	-16
	-10
	4430
	781
	3649
	43.0
	30.8
	45.1

	
	-16
	-16
	4473
	982
	3490
	38.3
	30.1
	40.6

	0.8 sec
	-13
	-10
	4494
	712
	3782
	44.8
	31.3
	47.2

	
	-13
	-16
	4598
	957
	3641
	39.0
	30.6
	41.1

	
	-16
	-10
	4553
	856
	3697
	42.5
	31.6
	45.0

	
	-16
	-16
	4581
	982
	3599
	38.5
	31.0
	40.7


Based on the results of the sensitivity analysis, modifying the deceleration rates for the merging (own) and trailing vehicles, as well as modifying the car following headway (CC1) parameter has the greatest effect on the maximum flow rate of a freeway merge section.
In general, increasing the deceleration rate for the trailing vehicle will provide more throughput from the ramp and increasing the deceleration rate for the merging (own) vehicle will provide more throughput to the mainline section.  In addition, increasing the headway (CC1) will provide more priority to the mainline section and decreasing the headway (CC1) will provide more priority to the on-ramp section.
4.2.3 Lane Change Distance
A sensitivity analysis was conducted on test diverge section using VISSIM.  A two lane freeway section was tested, using default lane changing and car following parameters for the Wiedemann 99 model.   Figure 4-4 shows a screenshot of the conceptual diverge model used in the sensitivity analysis.  The following assumptions were made about the conceptual model.
· 2 Lane mainline section with 1 lane off-ramp (diverge)
· Demand of 2,250 veh/hr/lane 

· 20% or 30% of vehicle routed to off-ramp
· 2% Trucks in the traffic stream

· Default lane changing and car following parameters

· 10 time steps per second

· 75 mph with 5 mph standard deviation

[image: image4.png]Fle Edt Vew GaceDea Tiafc Sgnel Conrol Evaluafion Simufion Preserfation Test 7

B A

susten jd 4 - DUEL D DI

=l=lx

(*E%voE

=@ J[p>®|%

|

x(’;l

Jans

traffic mobiliy logistics.
N

530:664:00

=





Figure 4-4. VISSIM Conceptual Diverge Model

Multiple simulation runs were conducted to determine the effect of modifying the percentage of vehicles routed to the off-ramp and the look back distances for the diverge connector.  Table 4-5 shows the percentage of demand served for upstream and downstream mainline sections and the off-ramp.  
Table 4-5.  Lane Change Distance Sensitivity Analysis Results
	Lane Change Distance
(ft)
	% of Demand Served

	
	20% Routed to Ramp
	30% Routed to Ramp

	
	Upstream
Mainline
	Ramp
	Downstream Mainline
	Upstream
Mainline
	Ramp
	Downstream Mainline

	300
	80.09%
	78.75%
	80.24%
	72.35%
	71.02%
	72.72%

	656
	85.55%
	84.56%
	85.67%
	80.23%
	78.96%
	80.73%

	1250
	86.86%
	85.91%
	87.05%
	84.68%
	83.70%
	85.06%

	2000
	86.48%
	85.53%
	86.66%
	82.97%
	81.93%
	83.38%

	2500
	86.54%
	85.57%
	86.74%
	78.15%
	77.17%
	78.52%


Based on the results of the sensitivity analysis, increasing the lane change distance generally provides a higher demand served for the mainline sections and ramp.  For the 20% routed scenario, the percentage of demand served plateaus and begins to slightly decrease at a look back distance of approximately 1,250 feet.  The 30% routed scenario plateaus at approximately the same point as the 20% routed scenario, but decreases at a much faster rate.  One limitation of VISSIM is the inability to create a distribution for lane change distances. 

4.3 Recommendations for Freeway Calibration

Based on the analysis of the relevant calibration parameters for freeway modeling in VISSIM, recommendations for system and operational calibration are presented in the sections below.  

4.3.1 System Calibration
System calibration involves the investigation and modification of high level parameters based on assumptions of the model.  Study area size, analysis period, volume, route choice, traffic control, network speeds, and roadway geometry assumptions are the most important parameters to investigate during the system calibration stage.

4.3.2 Operational Calibration
The most important parameters to modify when calibrating for freeway mainline capacity sections are the Wiedemann 99 car following parameters.  Of all of the Wiedemann parameters, the headway (CC1), following variation (CC2), and oscillation acceleration (CC7) are the most influential when calibrating maximum flow rates for mainline freeway sections.  In addition, modifying the standstill distance (CC0) or increasing the car following threshold parameters (CC4 and CC5) cause considerable changes to the maximum flow rates of a freeway.
Freeway merging sections rely most heavily on necessary lane changing and the Wiedemann 99 car following parameters during the calibration stage.  Modifying a combination of the deceleration rates for the merging (own) and trailing vehicles as well as the car following headway parameter (CC1) will enable to modeler to give throughput priority to the mainline section or the ramp section.

Freeway diverges are most affected by the necessary lane changing and lane change distance parameters during the calibration stage.  The percentage of vehicles routed to the off ramp and the number of lanes of the mainline section can affect the values required for the lane change distance and lane changing parameters.

Calibration of freeway weaving sections are more complicated than both merge and diverge facilities and utilize parameters related to both merging and diverging sections.  The most important parameters to consider when calibrating weaving sections are the necessary lane change behavior, lane change distances, and the car following headway parameter (CC1).  Careful consideration should be taken when modifying the parameters due to the complexity of weaving operations.

5 Concluding Remarks
5.1 Summary of Research

As microscopic traffic simulation becomes a more popular form of analyzing freeway operations, a better understanding of calibration and validation methods for microsimulation models is required.  The research proposed in this paper presents a calibration methodology that includes stages related to initial model building, planning of the calibration approach, and model calibration and validation.  In addition, the research presents analysis results and recommendations for calibration parameters specific to the VISSIM software package and freeway modeling.
Model calibration can be separated into two categories, system calibration and operational calibration.  System calibration involves the modifications and investigation of assumptions associated with study area, time analysis period and network inputs.  Operational calibration focuses on specific driver behavior characteristics that can affect the overall traffic operations of a system.  Operational calibration parameters can be separated into car following behavior, necessary lane changing behavior, and lane change distances.  
Model validation is the process of comparing simulated results with field measurements to determine how close the simulation model emulates field conditions.  Model validation requires the selection of validation measures of effectiveness and the establishment of validation targets.  The model calibration and validation stage is an iterative process where output from the validation check step is an input to the next iteration of model calibration. 
The VISSIM driver behavior logic is based on the continued research of Wiedemann.  The car following model allows for the modification of specific details of the car following process, including headway, car following variation, and oscillation acceleration.  The necessary lane changing behavior in VISSIM is modified by adjusting the deceleration rates of merging and trailing vehicles and the car following headway.  Lane change distances in VISSIM are controlled by properties in the connector that modify the upstream location of a lane change required by a routing decision.
5.2 Lessons Learned

Decisions made during the base model development stage of the model building process provide the overall direction of the simulation project.  The planning of the calibration approach is necessary to ensure an effective and efficient calibration process.  Time and budget constraints may require the use of a combination of quantitative and qualitative data during the calibration and validation stage.  The base model development should be conducted with future goals of the calibration process in mind to prevent problems from occurring at a later time.
System calibration is an important step to the calibration process and should not be overlooked.  The objective of the system calibration step is to identify and investigate assumptions of the model that may have an effect on the overall traffic operations of the study area.  A key element related to the system calibration stage is the selection of the number of time steps utilized in the model.   Using the maximum number of ten time steps allowed in VISSIM is recommended to prevent overcompensation of vehicles.
Results from the sensitivity analysis showed that the headway (CC1), following variation (CC2), and oscillation acceleration (CC7) were the most influential Wiedemann 99 parameters for calibration of mainline freeway sections.  Modifications to the standstill distance (CC0) and car following threshold parameters (CC4 and CC5) also can provide significant changes to maximum flow rates for mainline sections.  
For freeway merges, headway (CC1) and deceleration of merging (own) and trailing vehicles were most influential.  Necessary lane change behavior and lane change distances were the most important parameters when calibrating freeway diverges.  Weaving sections utilize both merging and diverging section calibration parameters.  Care should be taken when calibrating weaving sections due to their complex operations and interdependencies between merging and diverging vehicles.

In order to fully understand the effect of the operational calibration parameters, additional research is required on the car following, necessary lane change, and lane change distance parameters.  In addition, system calibration parameters should be further studied to identify their overall effect on the traffic simulation model performance.
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