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ABSTRACT 

 

This talk describes a set of modeling, simulation and analysis tools for planning and executing traffic operations management 

strategies in freeway corridors. These tools were originally developed to provide quick and quantitative assessments of the benefits 

that transportation management center control policies can provide, in order to decrease congestion in a freeway traffic corridor. The 

tools are based on macroscopic models, which run at a significantly faster rate than conventional microsimulation models, and are 

easily and reliably calibrated using traffic data collected from existing infrastructure mainline loop detectors. The tools are now being 

used in the development of a decision support system for active traffic management of freeway corridors in order to perform 

short-term traffic density and flow forecasts and to evaluate possible traffic management strategies.  
 

1. Introduction 

 

Vehicular traffic congestion remains one of the major 

worldwide sources of productivity and efficiency loss, 

wasteful energy consumption, and avoidable air 

pollution. This talk describes a set of modeling, 

simulation and analysis tools for planning and executing 

traffic operations management strategies in freeway 

corridors and their use as part of a real-time decision 

support system [1].  A freeway corridor typically 

comprises a 40-kilometer freeway segment on a highly 

populated urban area, together with its adjoining major 

urban streets or arterials. The movement of vehicles in a 

corridor is regulated by programmable field control 

elements including arterial intersection signals, 

ramp-metering signals, and message signs that announce 

emergency conditions, set speed limits and tolls, and 

provide driver information.  Traffic data is   primarily 

collected through inductive loop detectors buried 

roughly every kilometer along the freeways' payment, as 

well as detectors located in some of the major corridor 

arterials. 

 

2. Model calibration, imputation and sensor fault 

detection and handling  

 

The modeling, simulation and analysis tools that will 

be described in this talk utilize a self-calibrated Cell 

Transmission Model (CTM) [2] traffic macroscopic 

simulator. This simulator relies on a well-accepted 

theoretical model of traffic flow; it is parsimonious and 

does not require parameters that cannot be estimated 

from traffic data; and has been tested for reliability on 

several freeways [3].  Moreover, it is fast, running 

several hundred times faster than real time, which can be 

used with real-time measurements and statistically 

predicted short term future traffic demands to keep track 

of the current freeway traffic state, as well as make 

short-term predictions.  

  

We first present system identification, fault detection 

and fault handling methodologies for automatically 

building calibrated models of freeway traffic flow. The 

algorithms that are presented work with loop detector 

data that are gathered from California freeways. The 

system identification deploys a constrained linear 

regression analysis that estimates the so-called 

fundamental diagram relationship between flow and 

density at the location of a given sensor.  

 

Subsequently, we present an imputation algorithm 

for estimating the ramp flows in a freeway network [4]. 

We use measurements along the freeway - flows and 

densities collected by the existing loop detectors, to 

estimate the flows entering and exiting the system using 

ramps. The algorithm is based on the Link-Node Cell 

Transmission Model (CTM), which describes the traffic 

dynamics along the freeway, once the on-ramp demands 

and the off-ramp split ratios are provided as inputs. The 

model based imputation algorithm estimates the 

on-ramp flows and off-ramp split ratios that match the 

observed mainline measurements of density and flow. 

We employ a two-step procedure in the algorithm. In the 

first step, we find an effective demand parameter (which 

captures the aggregate input into a freeway section), by 

matching the model-calculated densities with the 

observed densities. This step employs an adaptive 

iterative learning algorithm, which continuously updates 

the effective demand parameter across iterations until 

sufficient convergence is achieved. In the second step, 

the effective demand parameter is split into the on-ramp 

flows and off-ramp split ratios using flow measurements. 

In this step, we derive the ramp flows using a linear 

program with an objective that minimizes the error 

between the model calculated flows and detector 

measurements. Finally, we demonstrate the application 

of the algorithm with a synthetic example and also using 

real life data from Several California freeway sections. 

 

A fault detection algorithm, which has been 

developed to facilitate the automatic model building 

procedure, is also discussed in this talk. CTM models 



 

require consistent observations along the modeled 

freeway section for an accurate calibration to be possible. 

When detectors are down or missing, the model has to 

be modified to a less accurate representation, in order to 

conform with a configuration where a sensor is assigned 

to each cell of the model. In addition, on most California 

freeways the ramp flows in and out of the mainline are 

not observed. Since the estimation of these unknown 

inputs to the system also hinge on healthy mainline data, 

the identification of faulty mainline sensors becomes 

crucial to the automatic model building process. The 

model-based fault detection algorithm presented herein 

analyzes the parity between simulated and measured 

state, along with estimated unknown input profiles. 

Subsequently, it makes use of look-up table logic and a 

threshold scheme to flag erroneous detectors along the 

freeway mainline. 

 

A fault-handling algorithm that accompanies the 

fault detection aims to revert the model to its original 

configuration after the aforementioned modifications are 

made to the model due to missing or bad sensors. Using 

a relaxed model-constrained linear optimization, this 

algorithm seeks to fill in the gaps in the observations 

along the freeway that are a result of poor detection. 

This method provides a reconstruction of the 

unobserved state that conforms to the rest of the 

measurements and does not produce a state estimate in a 

control theoretical sense. 

 

The identification of fundamental diagram 

parameters and the estimation of unknown ramp flows 

produce a complete model. Simulated densities and 

measurements contour plots along the freeway provide 

an important visual inspection tool to assess if the model 

is able to replicate the congestion patterns and important 

bottleneck locations on the freeway.  

 

 
In these contour plots, the horizontal axis is the spatial 

coordinate whereas the vertical coordinate axis 

corresponds to the time of day in hours. The plots show 

a single day, i.e. a 24-hour period. The traffic flows from 

right to left in these particular plots. The color palettes 

next to the plots define the color vs value matching for 

the contours. This example shows a calibrated 23-mile 

stretch of eastbound I-80 on August 15h, 2008 for a 24 

hour time range. 

 

3. Coordinated Ramp Metering and Variable Speed 

Limits 

 

A computationally efficient model predictive controller 

for congestion control in freeway networks is presented 

in this talk. The controller utilizes a modified Link-Node 

Cell transmission model (LN-CTM) to simulate traffic 

state trajectories under the effect of ramp metering and 

variable speed limit control and compute performance 

objectives. The modified LN-CTM introduced here 

simulates freeway traffic dynamics in the presence of 

capacity drop and ramp weaving effects. The objective 

of the controller can be chosen to represent commonly 

used congestion performance measures like total 

congestion delay measured in units of vehicle hours. 

The optimal control formulation based on this modified 

model is non-convex making it inefficient for direct use 

within a model predictive framework. Heuristic 

restrictions and relaxations are presented which allow 

the computation of the solution using optimal solutions 

of a sequence of derived linear programs. Mainly, the 

freeway is cleverly divided into regions, and limited 

restrictions are placed on solution trajectories to allow 

us to derive computationally efficient control actions. In 

the absence of capacity drop, this solution strategy 

provides optimal solutions to the original optimal 

control problem by solving a single linear program. The 

properties of the solution are discussed along with the 

role of variable speed limits when capacity drop is 

present/absent. Examples are provided to showcase the 

computational efficiency of the solution strategy, and 

scenarios are analyzed to investigate the role of variable 

speed limits as a congestion control strategy. 

 

The use of these tools as part of a decision support 

system for a freeway traffic management system will be 

discussed in this talk. 
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