
 

 
 

Real-Time Traffic Prediction for Advanced 
Traffic Management Systems: Phase I 

 
 
 
 

 
Final Report 

 
 
 
 

 
 

Pr e p a r e d b y: 
 

G a ry A . D a v is 
Yorg os J. St e p h a n e d es 

J e o n g- G yu K a n g 
 

Department of C ivil Engineering 
University of Minnesota 

 
 
 

 
C TS 95-05 



Technical Report Documentation Page 
1. Report No. 2. 3. Recipients Accession No. 
CTS 95-05             
4. Title and Subtitle 5. Report Date

Real-Time Traffic Prediction for Advanced Traffic Management 
Systems: Phase I 

October 1995 
6.
      

7. Author(s) 8. Performing Organization Report No. 
Gary A. Davis, Yorgos J. Stephanedes, Jeong-Gyu Kang       
9. Performing Organization Name and Address 10. Project/Task/Work Unit No. 
Department of Civil Engineering 
University of Minnesota 
500 Pillsbury Drive SE 
Minneapolis, MN 55455 

      
11. Contract (C) or Grant (G) No. 

CTS Project #1992002 
 

12. Sponsoring Organization Name and Address 13. Type of Report and Period Covered 
Intelligent Transportation Systems Institute 
200 Transportation and Safety Building 
511 Washington Ave. SE 
Minneapolis, MN 55455 

Final Report 
14. Sponsoring Agency Code 
      

15. Supplementary Notes 
http://www.its.umn.edu/Publications/ResearchReports/ 
16. Abstract (Limit: 250 words) 
 

It has been recommended that Advanced Traffic Management Systems (ATMS) must work in real-time, must respond to 
and predict changes in traffic conditions, and must included areawide detection surveillance.  To support such ATMS, 
this project developed a tractable, stochastic model of freeway traffic flow and travel demand which satisfies three 
primary objectives.  First, the model should generate real-time estimates of traffic state variables from loop detector data, 
which can in turn be used as time-varying initial conditions for more comprehensive simulation models, such as 
KRONOS or FREESIM.  Second, the model should generate its own predictions of mainline and off-ramp traffic 
volumes, as well as calculate the expected error associated with these predictions, thus supporting the use of both 
deterministic and stochastic optimization for determining traffic management actions.  Third, the model should be 
capable of full on-line implementation, in that it should be capable of estimating required parameters from traffic 
detector data. 
 
The basic model was developed by combining ideas from the theory of Markov population processes with a new for the 
relationship between traffic flow and density, producing a stochastic version of a simple-continuum model.  Kalman 
filtering was then applied to the basic model to develop algorithms for (1) estimating from loop detector counts the 
traffic density in freeway sections broken down by destination off-ramp, (2) predicting main-line and off-ramp traffic 
volumes from given on-ramp volumes and, (3) computing adaptive estimates of the freeway's origin destination matrix 
from loop detector counts.  Monte Carlo simulation tests were used to evaluate three different methods for off-line 
estimation of model parameters, as well as to assess the accuracy of the density estimates and volume predictions.  The 
results indicated that the estimation and prediction model tends to be robust with respect to the parameter estimation 
scheme, and that the model generates a reasonable characterization of estimation and prediction uncertainty.  Limited 
tests with field data tended to confirm the simulation results, and to emphasize the importance of real-time estimation of 
freeway origin-destination matrices in generating accurate predictions. 
17. Document Analysis/Descriptors 18. Availability Statement 
Advanced traffic management systems, Traffic models, Traffic 
flow, Markov processes, Freeways, Traffic forecasting, 
deterministic prediction, Stochastic processes 

No restrictions. Document available from: 
National Technical Information Services, 
Alexandria, Virginia  22312 

19. Security Class (this report) 20. Security Class (this page) 21. No. of Pages 22. Price 
Unclassified Unclassified 121       

 



Real-Time Traffic Prediction for Advanced Traffic 
Management Systems: Phase I 

 
 

 
Final Report 

 
 
 

 
Prepared by: 

 
Gary A. Davis 

Yorgos J. Stephanedes 
Jeong-Gyu Kang 

 
Department of Civil Engineering 

University of Minnesota 
 

 
 
 

October 1995 
 

 
 
 
 

Published by: 
 

Intelligent Transportation Systems Institute 
University of Minnesota 

200 Transportation and Safety Building 
511 Washington Ave. SE 

Minneapolis, Minnesota 55455 
 
 
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 use thereof.  This report does not necessarily reflect the official 
views or policies of the University of Minnesota. 
 
The authors, the University of Minnesota, and the U.S. Government do not endorse products or manufacturers.  Any 
trade or manufacturers’ names that may appear herein do so solely because they are considered essential to this 
report. 














































































































































































































































	Technical Report Documentation Page
	Executive Summary

	1. Introduction

	1.1 Problem Statement

	1.2 Issues in Traffic Prediction

	1.3 Objectives of This Project and Organization of This Report


	2. Review of Traffic State Estimation and Parameter Identification Methods

	2.1 Introduction

	2.2 Traffic Flow Methods and State Estimation

	2.3 Parameter Estimation for Traffic Flow Models


	3. Development and Testing of a Stochastic Freeway Traffic Flow Model

	3.1 Introduction

	3.2 Markov Compartment Model of Freeway Traffic Flow (MARCOM)

	3.3 Development of a New Transition Rate Function for Freeway Traffic Flow

	3.4 Testing of Markov Compartment Model of Freeway Traffic Flow (MARCOM)


	4. Large Population Approximation and Formulation of Kalman Filter for Destination-Specific Density Estimation

	4.1 Introduction

	4.2 Large Population Approximation of a Stochastic Traffic Flow Model

	4.3 Formulation of Kalman Filter for Destination-Specific Density Estimation


	5. Development and Testing of Parameter Estimators

	5.1 Introduction

	5.2 Approaches to Parameter Estimation

	5.3 Development of Off-line Version of Parameter Estimators

	5.4 Evaluation of Off-line Parameter Estimators via Monte Carlo Tests

	5.5 Development and Testing of Recursive Version of O-D Parameter Estimator


	6. Preliminary Testing and Validation of the Filtering Model

	6.1 Introduction

	6.2 Testing with Simulation Data

	6.3 Preliminary Testing of a Parameter Adaptive Filter with Field Data


	7. Summary and Conclusions

	7.1 Summary

	7.2 Conclusions and Future Work


	References


