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Time-frequency signal analysis provides information about
a source from the sound that it makes.
A Student Challenge problem has been proposed under the auspices of the Technical
Committee on Signal Processing in Acoustics (TC-SP) of the Acoustical Society of
America (ASA). The problem is to estimate relevant parameters for a vehicle traveling along a road using a wav file recorded using a microphone located near the side
of the road as the truck passes by. This problem, in which considerable information
is to be extracted from a single sensor recording, is both realistic and relevant. Although sensor arrays provide directionality and under some conditions even range
to a contact, in addition to array gain, sensors are expensive and a network of sensors
is not necessarily easy to install and operate. Thus it is not uncommon to find that a
signal of interest appears on only a single sensor recording. In this case it is important to extract as much information as possible from that recording.
In general there are two approaches to using acoustics to detect or determine information about an object: they are termed passive and active. Passive acoustic systems
make use of the sound emitted by a source while active acoustic systems transmit
sound and analyze the echo. Passive acoustic systems have the advantage that they
generally do not reveal the position of the receiving system and, thus they are covert.
The disadvantages of passive systems are that they usually provide only bearing to
the contact and not range and they do not function well when the amplitude of the
signal emitted by the target is low or when interfering background noise is high. In
this case one must turn to active systems. Active systems are not covert except in
very special cases where their transmissions are masked in some way. Active systems generally provide both bearing and range, which is very useful for tracking the
source. And while active systems require that the echo from the contact be louder
than the interfering noise (which consists of ambient noise and echoes from objects
other than the contact, or clutter), they do not depend upon transmissions from the
target and are thus useful for quiet targets.
TC-SP is one of thirteen Technical Committees in ASA and is the most recently established Technical Committee. It was created by conversion from an Interdisciplinary Technical Group in December 2000. Signal processing involves the representation, generation, transformation, and manipulation of signals. It can be thought of as
an enabling technology for the extraction and interpretation of information about a
source by processing its acoustic signature (i.e., the sound that it makes).
The TC-SP develops initiatives to enhance interest and promote activity in signal
processing in acoustics. The first initiative was the Gallery of Acoustics which had its
inaugural exhibition at the 130th Meeting of the ASA during November 27-December 1, 1995 in St. Louis, Missouri. The winning entry, Acoustic Dunes, became the
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students are given an
opportunity to distinguish
themselves by solving a
challenging problem in
acoustic signal processing.
logo for ASA members with a common interest in
acoustic signal processing – see Figure 1. The image
shows the variation with frequency and wavenumber of the acoustic energy received by a line array
of hydrophones towed below the sea surface. Each
acoustic dune feature can be ascribed to a source of
acoustic energy such as the tow vessel, surface ship
contacts, or the array self-noise which propagates as
extensional waves in both directions along the array
structure. A discontinuity in a line of constant bearing is due to spatial aliasing, which occurs when the
acoustic field is spatially undersampled (Ferguson,
1998).

Figure 1: Acoustic Dunes is a three-dimensional image of a multisource
sound field.
Figure 2: Joint Wigner-Ville time-frequency distribution for the sound received by a microphone during the flyover of a propeller-driven aircraft; the
vertical frequency axis spans 50 – 200 Hz, the horizontal time axis 0 – 3 s.

The Gallery of Acoustics has endured and retained
its popularity with the most recent exhibition at
the 166th Meeting in San Francisco, December 2-6,
2013. At this Meeting another TC-SP initiative was
realized, namely the Smartphone Acoustic Signal
Processing Student Competition featuring innovative mobile phone applications created by our students. Also, the TC-SP organized a tutorial lecture
on Time-Frequency Analysis which was given by
Professor Leon Cohen of the City University of New
York and Professor Patrick Loughlin of the University of Pittsburgh. The fundamental idea of time-frequency analysis is to describe situations where the
frequency content of a signal is changing with time.
Joint time-frequency analysis enables the frequency
components of a signal to be determined at a particular time and uses a time-frequency distribution
to display the frequencies that exist at each instant in
time. An example in acoustics is the apparent change
of frequency when a sound source and an observer
move relative to each other. In 1842, Christian Doppler explained this phenomenon having noticed that
sounds seemed to be of higher pitch when the listener and the source of the sound were approaching each other and of lower pitch when they were
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moving away from each other.1 The Doppler Effect is readily experienced by a casual listener when a propeller-driven
aircraft transits overhead. If the listener is replaced by a microphone and a time-frequency analysis method is applied
to the digital time series output of the microphone, then a
visual representation of the Doppler Effect can be displayed.
Figure 2 is the Wigner-Ville time-frequency distribution of
the acoustic energy received by a microphone during the flyover of a turboprop aircraft. This joint time-frequency distribution shows the received energy as a function of both time
(horizontal axis: 0 – 3 s) and frequency (vertical axis: 50 –
200 Hz). The dominant feature in the source spectrum is the
spectral line corresponding to the propeller blade-passage
rate, which is equal to the product of the shaft rotation rate
and the number of blades on the propeller. The frequency of
this line, when received by a stationary sensor on the ground,
changes with time due to the acoustical Doppler Effect. This
is clearly demonstrated in Figure 2. When compared with
the emitted frequency, the received frequency is observed to
be higher during the approach phase and lower as the aircraft
recedes. From the variation with time of the Doppler-shifted
blade rate, the speed and altitude of the aircraft are estimated
to be 280 km/h and 215 m (respectively), with the source (or
rest) frequency of the blade rate being 117 Hz (Ferguson and
Quinn, 1994).
A New TC-SP Initiative
The tutorial lecture in Time-Frequency Analysis prompted
a new TC-SP initiative to give students an opportunity to
distinguish themselves by solving a challenging problem in
acoustic signal processing. This latest initiative is called the
International Student Challenge Problem in Acoustic Signal
Processing for 2014. The idea is to provide a student with a
sound file (truck.wav), which is a digital recording of some
everyday acoustic phenomenon with which the student is familiar (the sound emitted by a passing truck). The student
applies a signal processing technique (short-term Fourier
transform) to the recorded data and then analyzes the output (spectrogram) to extract information about the source
(e.g., its speed). The overall process is an example of timefrequency analysis and the problem (below) was posed by
the authors on behalf of the TC-SP.

1

http://de.wikisource.org/wiki/%C3%9Cber_das_farbige_Licht_der_Doppelsterne_und_einiger_anderer_Gestirne_des_Himmels

28 | Acoustics Today | Spring 2014

International Student Challenge Problem
in Acoustic Signal Processing 2014
Background: A truck with a 4-stroke diesel engine travels
along a straight road with constant speed. Near the road is a
microphone that senses the radiated acoustic noise from the
truck during its passage past the microphone. The output of
the microphone is sampled at the rate of 12,000 samples/second and 30 seconds of data are recorded during the truck’s
transit which can be found in the attached file: truck.wav
https://acousticstoday.org/international-student-challengeproblem-in-acoustic-signal-processing/#.U4igQpRdUto.
During the recording of the data, the speed of sound propagation in air is a constant 347 m/s.

Problem: Assuming that the truck is a point source,
Plot the spectrogram of the acoustic data file truck.wav
Given that the strongest spectral line is the engine firing rate,
calculate the:
(1)
engine firing rate (in Hz),
(2)
cylinder firing rate (in Hz),
(3)
number of cylinders,
(4)
tachometer reading (in revolutions/minute),
(5)
speedometer reading (speed in km/hour),
(6)	distance (in meters) of the closest point of approach
of the truck to the sensor, and
(7)	time (in seconds) at which the closest point of
approach occurs.
Your solution should detail your approach and reasoning to
solve the problem, as well as your best estimates of the above
parameters.
Send your solutions (with your contact details) to asa@aip.
org by 31 July 2014 with the subject line “Student Challenge
Problem Entry.”
Cash awards of $500 and $250 will be awarded to the first
and second place winners, respectively. Winners are invited
to prepare and present a poster no larger than 4’ x 8’ at the
168th Meeting of the Acoustical Society of America in Indianapolis, Indiana, October 27-31, 2014. A travel subsidy will
be available.
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