
 

New way to predict how traffic will flow
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This diagram shows how researchers compute average traffic flows through a
wider system of highways.

A reliable way of predicting the flow of traffic could be a great
convenience for commuters, as well as a significant energy-saver. During
an emergency evacuation following a natural disaster, reliable
predictions of the best routes could even be a lifesaver. Now a team of
researchers from MIT, the University of Notre Dame, and elsewhere has
devised what they say is an effective and relatively simple formula for
making such predictions.
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The findings are reported in a paper in the journal Nature
Communications by researchers including Marta Gonzalez, an assistant
professor of civil and environmental engineering and engineering
systems at MIT and Zoltan Toroczkai and Yihui Ren at Notre Dame.

The authors, all physicists by training, have been applying their
knowledge of the computational modeling of complex systems to human-
scale systems, such as traffic flows or the spread of disease. Their work
has found patterns in these human systems similar to those seen in
models of physical systems, the researchers say.

Traffic has traditionally been modeled using so-called gravitational
models, but these have severe limitations, Gonzalez says. For one thing,
such models have great difficulty adapting to changes in a network, such
as those reflecting construction or emergencies—but the new model can
handle such changes easily.

The system deals with the difficult-to-model human choices of
destination sites, as well as the similarly difficult problem of choices of
travel paths. In earlier work, Gonzalez and her colleagues developed a
variation for the first ingredient of what is known as a "radiation model."
Such models are increasingly being used, but for traffic predictions,
Toroczkai and Ren modified the model to include cost-based constraints
for travel in the network, with travel time as the "cost" to be minimized.

In this application, certain locations—for example, daily destinations for
many people, such as the MIT campus—are "absorbers," pulling in
vehicles from many directions; the locations where people live are
"emitters." In the new formula, the average number of travelers planning
to go from point "A" to point "B" each day corresponds to voltage in an
electrical system—essentially, the "pressure" between any two
points—and the average number of travelers who actually follow a given
road during that commute corresponds to the electrical current, or the
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actual amount of flow in such a system.

  
 

  

These diagrams depict the widely used “radiation” model used to analyze traffic
flows (a) and the modified version (b) used by this research team, which adds a
measure of the “cost” (in this case, time spent) of each possible route between
two locations. That model is then used to compute average traffic flows through
a wider system of highways, as depicted in the first image.

As input to the model, the researchers entered data on population
distribution, from the U.S. census, as well as information on where
people work and the basic structure of the highway network. Predictions
made from the model have been tested, and found to correlate very well
with actual traffic.

The radiation formula has enough flexibility that, having been tested and
calibrated with U.S. traffic, it can be applied in areas where initial data is
much more sparse. "It has been tested in South America and Africa,"
Gonzalez says, with good results.
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Actual data on traffic times through the U.S. highway system (a) and a closeup
view of one region (b) are compared with comparable data obtained through the
simulation system devised by the researchers (c and d), showing a good
agreement between the two.

In disaster situations, the model might make it easier "to know how the
system is going to be disrupted," she says, and identifies critical points
that may produce bottlenecks. The same basic modeling can be applied
to any network flows that include human choices, including predicting
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patterns of the spread of disease.

"This work fills a gaping hole in our understanding of—and ability to
predict—network flows," says Stephen Eubank of the Network
Dynamics and Simulation Science Lab at Virginia Tech, who was not
involved in the study. "This work introduces a defensible approximation
method that takes maximal advantage of available data and is well-
calibrated to actual flows, yet can be applied to hypothetical
circumstances. These features ensure that it will have a significant
practical impact on transportation planning."

This story is republished courtesy of MIT News
(web.mit.edu/newsoffice/), a popular site that covers news about MIT
research, innovation and teaching.

Provided by Massachusetts Institute of Technology

Citation: New way to predict how traffic will flow (2014, November 7) retrieved 24 April 2024
from https://phys.org/news/2014-11-traffic.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

http://web.mit.edu/newsoffice/
https://phys.org/news/2014-11-traffic.html
http://www.tcpdf.org

