Chapter 7

An app for nationwide dynamic traffic noise prediction

7.1 Introduction

This article describes the VROOM (Vehicular Reduced-Order Observation-based Model)
app, which was developed using the techniques and models described in Chapter 4, Chapter 5, and
Chapter 6. The app allows for real-time prediction of traffic noise and utilizes user inputs to predict
traffic noise with the spatial, spectral, and temporal resolution desired. It was accepted for the
INTER-NOISE and NOISE-CON Congress and Conference Proceedings, with the publication

forthcoming.

7.2  Required Copyright Notice

The following is the author-submitted version of an article for the INTER-NOISE and
NOISE-CON Congress and Conference Proceedings, entitled “An app for nationwide dynamic
traffic noise prediction”. It is reproduced in its original author-submitted format here by rights
granted in https://www.ieee.org/publications/rights/#author-posting-policy.

I hereby confirm that the use of this article is compliant with all publishing agreements.

7.3  Accepted Article
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Chapter 8

Conclusions

Physics-guided approaches for modeling spatio-spectro-temporal data allow for more
accurate characterization of acoustic environments. By ensuring that spatial, spectral, and temporal
relationships are maintained, models are able to not just represent the data, but are better able to
give physically meaningful predictions. By using physics-guided approaches, wind noise can be
automatically detected and reduced, and both traffic volume and traffic noise are better
characterized and predicted on a nationwide scale.

Much of the research performed for this dissertation was done in collaboration with Blue
Ridge Research and Consulting, LLC, under a U.S. Army SBIR. Results have been instrumental
in furthering characterizing outdoor acoustic environments on a nationwide scale. This research
has applications in many areas, including human health and wellness, bioacoustics, wildlife
conservation, urban and roadway planning, land development and conservation, noise ordinance
legislation, homebuying, and more.

While limitations of the different models were considered in the papers, a few additional
notes should be made. With regard to the wind noise classification and reduction method, the
classifier can fail for high wind speeds. This is because only above the crossover frequency does
the characteristic slope of wind noise approach -26.7 dB per decade. Additional improvements
could be made by searching not just for this slope, but by also searching for the crossover frequency

itself. This could be further improved by explicitly accounting for the temporal variability of wind
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speed. Each time interval was treated independently in the classifier, rather than accounting for
spectra that were temporally adjacent.

For VROOM, the Vehicular Reduced-Order Observation-based Model, the major
limitation is the lack of experimental validation. Analyses were performed to quantify the
uncertainty of the model, though this is not a substitute for experimental validation. Because source
traffic noise levels cannot be measured directly, it is necessary to account for sound propagation
(as well as for barriers and other obstructions near roadways) to compare model predictions with
acoustic measurements. A detailed comparison with measured acoustic data is necessary to
validate the VROOM predictions and remains a topic of further research.

Of particular note, as implied by the title of and the paper presented in Chapter 7, an app
for nationwide dynamic traffic noise prediction has been developed utilizing VROOM. Since the
submission of the article, improvements have been made, and many additional road segments have
been included. The app is now approximately 1.5 GB and is being tested for errors. Efforts are
being made to develop this app for commercial use, and applications of the methods and models
developed are being considered for other private and commercial applications.

VROOM should not be considered as the epitome of traffic noise prediction, but rather as
a tool to improve understanding of the temporal variability of road traffic noise. Further
improvements, particularly in treating road segments as a network rather than independent points,
could improve reliability and accuracy of road traffic noise predictions.

The research and the models presented herein outline some of the present limitations when
dealing with limited data, as well as the advantages of using a physics-guided modeling approach.
While predictions may or may not be proven correct in future, these models are tools for increasing

understanding of some of the most prevalent sources of noise in this present-day world. This
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research can be used to assist others in understanding the usefulness of physics-guided modeling

of acoustic environments using limited spatio-spectro-temporal data.
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