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Introduction
In early 2022, the Acoustical Society of America (ASA) 
announced a student challenge problem on the topic of 
additive manufacturing (AM) and acoustics. The chal-
lenge was sponsored by the Structural Acoustics and 
Vibrations (SAV) and Engineering Acoustics (EA) Tech-
nical Committees (TCs) and funded as a joint technical 
initiative between both TCs to award prizes to first-, 
second-, and third-place entries. This perspective sum-
marizes the winning entries, discusses the motivation for 
setting up this challenge, and provides an overview of the 
evaluation of the entries.

Award Winners
Twelve video submissions were received. The first prize was 
awarded to Lara Díaz-García (Figure 1) who is pursuing 

a PhD in electronic and 
electrical engineering at 
the Centre for Ultrasonic 
Engineering (CUE) at the 
University of Strathclyde 
(Glasgow, Scotland, United 
Kingdom). Her entry was 
entitled Novel Biomimetic 
Acoustic Sensors Inspired 
by Insect Hearing and is 
a part of the bioacoustics 
research theme at CUE 
that focuses on mechanisms of biological acoustic systems 
to inspire new developments in acoustical and ultrasonic 
engineering research. Lara received an $800 cash prize and 
a $600 stipend for travel to attend the 183rd meeting of 

Figure 1. Lara Díaz-García.

Figure 2. Images from the first-prize submission by Lara Diaz-Garcia. a: microelectromechanical system (MEMS) acoustic-sensing 
device was designed based on inspiration from the hearing organ of the nocturnal moth Achroia grisella. b: device was then fabricated 
using additive manufacturing. c: directional sensitivity patterns of the MEMS microphone at two different frequencies. Left: model 
results; right: experimental observations.
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the ASA in Nashville, Tennessee, to present her work as an 
invited speaker in a special session on AM and acoustics. 

Lara’s submission presented a microelectromechani-
cal system (MEMS) microphone that was designed to 
determine the direction of arrival of an acoustic wave 
for acoustic signals whose wavelengths are much larger 
than the device itself (i.e., the microphone is “acoustically 
small”). Such direction finding typically relies on an array 
of devices that are comparable in size to the wavelength 
of the incoming acoustic wave. However, some insects are 
able to localize sound from predators such as bats using 
acoustically small organs with unique sensing structure. 

This is the case of the hearing organ of the noctur-
nal moth Achroia grisella (Figure 2a) from which the 
winning design took inspiration. The moth has a mem-
brane-type ear whose sensitivity has a surprisingly strong 
dependence on the direction of arrival. A finite-element 
model of an approximate representation of the moth’s 
sensing mechanism was conducted and a scaled proto-
type designed. The design was then fabricated using AM 
(Figure 2b), the directionality of the final device was 
measured, and it compared favorably with the model 
predictions (Figure 2c). 

The second-prize cash award of $600 was given to Natalie 
Chang and Sabine Meurs (Figure 3), both pursuing a 
Bachelor of Science in biomedical engineering at the 
University of Michigan (Ann Arbor), for their entry 
3D Printing in Biomedical Acoustics Applications. This 
submission presented an AM technique to print bio-
compatible hydrogels. Hydrogels are polymer materials 
that do not dissolve in water, are highly absorbent and 
are often used in the delivery of bioactive payloads. 
Hydrogels have a prescribed stiffness based on their 

composition, and the stiffness of the material can be 
changed by activating vaporization of an emulsion 
inside the polymer using acoustic activation. Chang 
and Meurs used bioprinting to deposit hydrogels with 
a defined shape and layering and then spatially localized 
activation of the payloads using ultrasound.

The third-prize cash award 
of $200 was given to Arisa 
Kuramoto (Figure 4) at 
Waseda University, Tokyo, 
Japan for her entry Shaku-
hachi Reconstruction from 
X-ray CT Images by Addi-
tive Manufacturing. In this 
submission, a shakuhashi, 
which is an end-blown 
bamboo flute of Japanese 
origin, was re-created 
by reconstructing the instrument structure found using 
X-ray computed tomography (CT) scans and then fab-
ricated using AM. Because shakuhachi are made from 
bamboo, repairs are extremely difficult, which motivates 
the creation of replica instruments. The project provided 
a detailed description of how data from X-ray CT scans, 
which are capable of mapping a three-dimensional (3D) 
structure with micron precision, was used to create a 
3D computer model of an existing bamboo shakuhashi 
instrument. The computer model of the shakuhachi was 
then printed using AM, and the original AM-fabricated 
instruments were played by a professional musician, dem-
onstrating very similar sound production.

Motivation for the Student Challenge
The student challenge was motivated by the recognition 
that AM, also known as 3D printing, has wide utility 
across multiple domains in acoustics, including biomedi-
cal, musical, engineering, and structural acoustics to name 
a few (Naify et al., 2022). Because of this broad application 
base and ease of access to AM technology by most stu-
dents, a challenge problem asking students to explore the 
intersection between acoustics and AM had the potential 
to receive submissions from a significant cross section of 
the Society and stimulate student creativity. 

The SAV and EA TCs posed the following broad prob-
lem statement to the student community: “Use additive 
manufacturing (3D printing) to advance the field of 

Figure 4. Arisa Kuramoto.

Figure 3. Natalie Chang (left) and Sabine Meurs (right).
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acoustics or acoustics to advance the field of additive 
manufacturing.” The requirements for submission were 
that the work be done by a current (as of the time of 
submission) undergraduate or graduate student from any 
university, with no restrictions on country, discipline, or 
affiliation with the ASA. Groups of students were allowed 
to submit together, with all students in the group splitting 
the prize money equally. Submissions were in the form of 
a video no longer than five minutes in length, explaining 
the motivation, concepts, and results of the project. The 
winning submissions can be found in Multimedia Files 
1-3 (see acousticstoday.org/naifymedia). The due date 
was May 31, 2022, with the winners decided on June 22, 
2022. Submissions were evaluated by a group of judges 
from a range of TCs, with judging criteria based on clar-
ity, creativity, rigor, and insight.

The organizers of this competition thank all the students 
for their entries. The judges were impressed by the range, 
creativity, and rigor of all the entries received. The organiz-
ers also acknowledge judges Stephanie Konarski (Johns 
Hopkins University Applied Physics Laboratory, Baltimore, 
Maryland), Robert White (Tufts University, Medford, Mas-
sachusetts), and John Granzow (University of Michigan) 

who evaluated all the entries. Their time spent evaluating 
video entries and providing thoughtful comments and dis-
cussion on all submissions is greatly appreciated.
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