
 

  
New England University Transportation Center 

77 Massachusetts Avenue, E40-279 
Cambridge, MA  02139 

617.253.0753 
utc.mit.edu 

 
 
 
 
 

Grant Number: DTRT12-G-UTC01 
 
 

Project Title: 
 

Efficient Methodology for Traffic Flow 
Model Calibration 

 
Project Number:  Project End Date: Submission Date:  

UMAR24-22A 8/31/15 12/31/15 

 
 
 

 
Principal 
Investigator:  Daiheng Ni 

Title:  Assistant Professor 

University:  
University of 
Massachusetts/Amherst 

Email:  ni@engin.umass.edu 

Phone:  413 545.5408 
 

Co-Principal 
Investigator:  

Title:   

University:   

Email:   

Phone:   

 

 

Year 24 Final Report 

 
The contents of this report reflect the views of the authors, who are responsible for the facts and the accuracy of the information 

presented herein.  This document is disseminated under the sponsorship of the Department of Transportation, University Transportation 
Centers Program, in the interest of information exchange.  The U.S. Government assumes no liability for the contents or the use thereof.

 
The New England University Transportation Center is a consortium of 5 universities funded by the U.S. Department of Transportation, 

University Transportation Centers Program.  Members of the consortium are MIT, the University of Connecticut, the University of Maine, 
th U i it f M h tt d H d U i it MIT i th l d i it



Brief description of project: 
Proactive traffic management and control relies on sound traffic flow models that are central to 
traffic prediction and analysis. One of the challenges faced by such models is the calibration of 
these models to prevailing local conditions. As such, an efficient methodology is called for to 
fine tune model parameters so that they reflect local traffic characteristics. Many calibration 
procedures have been developed in the past with varying transferability, complexity, and 
accuracy. For example, some procedures are customized for certain models and are not easy to 
be adapted to other models; some procedures may involve optimization of multiple levels, so 
calibrating a model becomes a time-consuming job; some procedures optimize only one side of 
the model at the cost of the other inherently related side. The objective of this research is to 
develop a methodology for calibrating equilibrium traffic flow models that is accurate in nature, 
independent on models, efficient in computation, robust to calibration data. The result of this 
research can help traffic analysts and transportation agencies to better understand traffic flow 
characteristics, predict traffic evolution, mitigate traffic congestion, and deploy resources to 
anticipate incidents. 
 
Describe intended implementation of research: 
A calibration problem is essentially to fit a model to a set of empirical data. The model is 
typically known and expressed in a functional form involving some parameters. The mission of 
calibration is to find suitable values for these parameters so that they capture the characteristics 
of the actual system represented by the empirical data. Once the model has been calibrated, it can 
be used to predict how the real system performs given certain inputs. 
 
Typical in model development is another related, but easily confused process called validation. 
While the goal of calibration is to find suitable values for model parameters, the mission of 
validation is to check if the formulation of the model makes sense and, if so, to what extent the 
output of the model approximates that of the real system under study.  The state-of-the-art 
approaches of traffic flow model calibration involve solving a bi-level optimization problem as 
follows. Since the functional form of the model is known, the model is explicitly determined if a 
set of values are assigned to model parameters. Therefore, the lower level optimization tries to 
find the minimum distance from each data point to the model. 
 
The above state-of-the-art calibration methodology is indeed successful in many aspects. 
However, it faces great challenges in the context of online applications. For example, the 
optimization processes typically involve off-line computation in order to use solvers or to solve 
equations. Meanwhile, it may involve greater computational complexity than what can be 
handled in an online setting. The computational complexity comes mainly from factors such as 
the bi-level procedure, fitting model to a large volume of empirical data, the search for minimum 
distance among large number of possibilities, and the search for optimal result among a 
multitude of parameters with each varies between a wide range of values.  
 
With an aim to support online applications, this research proposes to address the computational 
complexity  issues  by: (A) reducing the volume of empirical data before fitting the model, (B) 
revising optimization procedure for more efficient searching, and (C) narrowing the ranges of 
parameter values to realistic levels. 
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Describe anticipated impacts/benefits of implementation: 
The result of this research will be an efficient methodology that can help traffic analysts and 
transportation agencies to better calibrate equilibrium traffic flow models which are frequently 
central to traffic prediction and proactive traffic management. 
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