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ABSTRACT

According to the 2007 Transportation Statistics Annual Report of the Research and

Innovative Technology Administration (RITA), highway travel times increased 82%

between 1995 and 2005 in 15 of the 85 urban areas studied by the Texas Trans-

portation Institute, and it took 30 percent longer, on average, in 2005 to make a

peak period trip in these 85 urban areas compared with the time it would take if

traffic were flowing freely. In addition, the transportation sector used 19 percent

more energy in 2006 than it did in 1995.

Traffic management promotes efficient and effective utilization of the current road

facilities. Benefits of traffic management include reducing: (1) fuel consumption, (2)

pollutant emissions, (3) travel time, (4) speed variation, and (5) accidents, injuries,

fatalities, and property damage.

The goal of this research is to develop a portfolio of sensor technologies that takes

into consideration the reliability of the technology itself and of the data collected,

type of roads where they can be deployed, and costs associated with deployment and

maintenance. This portfolio provides reliable and timely data, which are crucial for

the decision making process of traffic management, to provide efficient and effective

decisions.

Reliable and timely data are crucial to provide efficient and effective decisions. Re-

liable data is related with the chance of failure. Reliability is a measure of the

difference between the true value and the observed value of a traffic variable, and

it is often reported in terms of probability. Timely data means that data must be

available in a time interval short enough to be used in a decision making process

such that the application of that decision has an impact on the traffic conditions.

The research methodology includes three components. In the first component, the
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reliability of each technology and the reliability of the data collection are computed.

Reliability measures include confidence intervals based upon the frequency distribu-

tion of the data. In addition, forecasts of the link travel times and their confidence

intervals are computed and the trade-off between reliability and timeliness of the

forecasts is shown.

The second component of the research methodology focus on developing a multi-

sensor data fusion technique. Data collected from different sensors not only refers

to different traffic measures, but differ on their reliability, recording time intervals,

completeness (missing data), coverage, and spatial configuration. Raw data from

each source are first transformed to link travel times and then combined to ensure

that the resulting information is more reliable and timely than the information that

could be extracted from each source individually. Reliability measures are obtained

for the fused data.

The third component consists of a robust solution for the sensor location and se-

lection problem. This research provides an effective and generic offline formulation,

expressed as a mixed-binary optimization problem, to determine when and where to

deploy fixed and portable sensors. The online optimal solution is approximated by

initializing the sensor network with the results obtained from the offline approach

and then solving the mixed-binary optimization problem for mobile sensors.

For the case study and validation of the proposed research, data from a middle-

size urban metropolitan network have been collected. The network includes urban

freeways with speed limit of 65 mph, arterials, and local roads. Data from passenger

vehicles were collected from three different type of sensors: volume and spot speed

from fixed sensors (loops and tubes), travel time from portable sensors (E-ZPass

tag readers), and vehicle position every one minute from mobile sensors (probe

vehicles with GPS technology). Traffic data include measurements under normal

conditions, during a special event, and through construction zones. In addition, a

micro simulation of the network has been developed to validate the methodology.

2


