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How | got here — my education

* Twelve years of public-
school education

e Currently a rising senior at
Chantilly High School, Fairfax
County, Virginia

* Applying for colleges!

* Most likely to study
electrical engineering,
applied physics or
mechanical engineering




How | got here — spring of 2017

* Are unexplainable lab results always due to
“instrumentation error?”

. ARMY EDUCATIONAL
* Is that the real lab experience? OUTREACH PROGRAM

* Wanted to know what STEM research is like .
in a real lab T e RS

P

 AEOP’s Science and Engineering
Apprenticeship Program (SEAP)

* Will they take me? | really don’t have much
to offer!




A turning point —summer of 2017

ARL and my mentor took me!

Assignment: port Matlab-based shock-
and-vibration toolbox into Python

Mentor taught me about basics of signal

processing

Solid 8 weeks of work wrestling with

Python

At the end of summer, started working on
a sound-puzzle that mystified me for

more than 8 years
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Student: Justin Wang, justin.s.wang.ctr@mail.mil
Abstract Mentor: Morris Berman, morris.s.berman.civ@mail.mil

A Matlab-based toolbox for analyzing shock-and-
vibration data is partially ported to a Python-based
framework using Python 2.7 and highly vectorized
SciPy libraries such as NumPy and MatPlotLib. Two
major tasks were accomplished. First, twenty basic data
analysis functions and two more complicated signal-
processing functions have been implemented. Second,

| accomplished the design and implementation of four
“loader” functions to load data stored in four different file
formats.

Background

To improve the analysis of experimental shock-and-
vibration data, XYData -- a Matlab-based toolbox -- was
developed to achieve three goals: 1) providing a
common analysis framework for heterogeneous data
sources generated by the shock-and-vibration
community, 2) supporting tight coupling of measured
data and its metadata, and 3) keeping track of what
procedures have been applied to the data for future
replication.

199 return X¥Data (

Toolbox Development and

Usage _ Discussion/Path Forward

In porting from Matiab to Python, | began with With the short eight weeks of my internship, | realize
implementing basic data manipulation and analysis that there will be some aspects of the toolbox that |
functions. Throughout the porting process, [ had torely  might not be able to implement, such as the GUI. In
heavily on the NumPy, MatPlotLib and SciPy libraries addition to the four implemented loader functions, the
which are highly vectorized and can perform toolbox would benefit from the addition of more loader
Eomp?tatsogs °’t‘ Larg‘i da‘a;ﬁ'cf%”tly Furlr“\erf m(:]re, I functions as well as more signal-processing capabilities.
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of the original data while the loaded data undergo a mst.ructlon that he has provided in helping me with this
variety of transformations. project.



Many pleasant surprises —my junior year

* Won grand prize at Northern V
Science Fair = Intel ISEF finalis

* Won 1% place at Virginia State
Junior Science and Humanities
Symposium (JSHS)

* Won 2"9 place (physics category) at

National JSHS

* Army S & T Symposium invited me
to share my journey of science
exploration (education outreach)

The Effect of Spectral Content on Acoustic and Synthesized Timbre

Justin Wang
Chantilly High School

[ absract [l Wethods/Materials W Resuts

* What contributes to the perceived differences between
‘acoustic violins and synihesizers? Can we remove the
unrealistic vibratos from synthesizers?

+ 3-D visualization of the spectral content and ANOVA
tests were performed -- the inharmonic content
contributes most significantly to the perceived
differences in timbre

+ To remave vibrato, modified spectral components are

Data Collection
Record tones from two
violins and two

synthesizers as WAV -
o w

Spectral Analysis
Perform spectral g
. o Ay

subsequently converted back to the time-domain audia
signals. Listening tests and visualization provide further
evidence of successful removal

Introduction / Background

« Learned signal processing for shock and vibration —
DaD internship 2017

+ Played violin and piano since 4 grade

+ Synihesized string tones are most unrealistic

Existing literature presents conflicting information

regarding what atfributes to our perceptual difierences

in timbre quality

+ I it harmonic or inharmonic content?

+ Hypothesis: There are differences in how specral
energles are distributed in instruments' “timbral
content”

+ 3 scales and B ~ 12 harmonics

+ Goal 1: To obain a complete understanding of what
contributes o the unrealistic perception of string tones
generated by synthesizers, through detailed speciral
content analyses at macra and micro levels

« Goal 2: To design and implement an algarithm to
rémove a tone's vibrato - a rapid, pulsating change of
pitch but rather mechanical and unrealistic - ganerated
by synthesizers

visualization of each Y

scale or note T
Tots Lo Do L L
Python's SciPy. Lo o e Wl

modules (NumPy,
WalPlotLib, Stat, and
Signal)

ANOVA Tests on the Four Spectral Structures

Investigative Question 10-1: Are there any limbral
difierences among v1, v2, 51, and s2?
4 Null Hypotheses (one for each imaral structure)

10:2: Any timbral diferences
between V and §7

4 Nl Hypotheses

10-4: Any timbral flerences.
betwean 51 and 27
4 Null Hypotheses

40-3: Any timbral differences
between v1 and v27
4 Null Hypatheses
Spectral Analysis of Vibrato
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Steps for Vibrato Removal

# 1: Recard the fone with vibrato
# 2: Transform in W to frequancy F
# 3: Find local maxima of F using neighborhood size W
# 4: Sharpen the ampltude of local maxina

# 5: Remova the local maxima

#6: Loop Steps 3~ 6 n limes 1o dull the amplitudes

# 7: Generafe a new W based on modified spectrum

# 8 Listen fo the new W

#9: Visuaiize the new spectrum and spectrogram
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Visualization of Spectral Content
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ANOVA Test Results
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Spectrogram of Vibrato Removal

Goal 1: Understand spectral content's impact on
timbre

* Visualization of the spectral content of harmanics and
inharmonics demonstrates differences exist in their
timbre content

+ Logical series of four ANOVA tests provided evidence
that the inharmonic content contributes the most in
terms of the timbral differences between acoustic
violins and synthesizers

« Experimental results support musical literature
conceming synthesizers which could not easily
replicate the timbre of a string instrument due to its
inharmonics (Berg and Stork). Hawever, the results

" i liefs that timbral
from harmonic content (Smith)

Goal 2: Remove synthesizer's vibrato to enhance
timbre

+ Best resulls obtained uiilized a simple yet quite
elegant method by adjusting the speciral amplitudes
naar the harmonics of the tone
Modified spectral components were subsequently
converted back to the time-domain WAV audia
signals

+  Listaning tests of the modifiad WAV audio and
visualization of its coresponding specirogram
provided further evidence of successful removal of
the vibrato

Continue to develop the toal for young vilinists to
analyze richness of spectral content before buying their
first instruments

+ Develop features lo examine the quality of sounds
attributed to acoustic violins and bows by isolating them
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Back to ARL again —summer of 2018

* Concerned about congressional budget; I ""“‘“g;;@@ae
glad to be back "
* Worked on a project developing a self-
cooling chip B
e Used last summer’s shock-and-vibration
toolbox efforts to simplify data handling
this summer £ )
* My contribution: convergence study of bl . — I B
heat transfer from temporal and spatial r—
p e rsp e Ct|Ve S -r,I_.,.h"IT:":}I:'":'I':'_T‘:"‘::'.:"::.:Mh .

* Have learned tremendously, again




Reflection — 16 weeks of internship at ARL

* No better way to spend the two summers
» Sense of responsibility
e Use of public transportation!
* Improve my technical skills

* Meet other like-minded high schoolers,
undergraduates, and graduate students

e Clear my doubt regarding “instrumentation
error”

* Meaningfully contributed to my mentor’s
project
* Solidify my selection of an engineering
career

* Engineering physics or electrical engineering




Reflection — 16 weeks of internship at ARL

* Remove any doubt whether math and
physics are essential

* See how they are used in a real lab
Use of instrumentation
Math modeling & model comparison
Heat transfer and phase change materials
Data processing and programming
Use of HPC systems — HPCMP ORS

* | really like the staff at ARL

* They treated me like | am one of them

* Hope to come back to intern for four more
summers while in college




Reflection — DoD-sponsored JSHS
competitions

* Competition format encourages
communication

e Written & oral

e Judges are college professors or experts in the
judging field

* Competition categories

* Environmental, biomedical, life, medicine,
engineering, math & computer, physics, chemistry

* Great to see so many like-minded future
scientists

* Speakers and panelists for the National JSHS
were fantastic

e Toured many DoD facilities




Where can | go from here — back to school

* None of the above could be possible
without
* AEOP: SEAP & JSHS & ARL
* Time and energy my mentor spent on me

* ARL colleagues’ open arms & great
projects

* Countless people from ARL and AEOP

* 8-week is really too short

e Getting momentum to contribute around
week 6

e Almost time to wrap up!
e But | have not finished the assignment yet
* May | stay a bit longer?




Extending beyond an 8-week apprenticeship

* Recalled past conversations with
students who participated in science
competitions —

* | explored a very simple idea of my own F  unBRRtiante and RiBRities sympoiEm
* Many other students continue ‘
investigations from larger projects

originated from government or
university research labs

* Is it possible to extend duration of
the internship beyond summer?

* Benefit of the mentor’s project and the
apprentice

e Guest researcher?




Parting words

* SEAP and JSHS opened my eyes to the world of

STEM lab career SCIENCE, MATHEMATICS

& RESEARCH FOR

e ARL has changed my future prospect TRANSFORMATION
* Grateful for my ARL mentor-and-colleagues’ A EDUCATION PROGRAM

guidance and support
* Hope to participate in 2019 DoD-JSHS

competition _ ARMY SCIENCE & TECHNOLOGY
* Look forward to coming back to ARL for college SYMPOSIUM AND SHOWCASE
internships:

* DoD’s SMART Scholarship for Service Program
 AEOP’s URAP
 AEOP’s CQL

* | plan to be back to present a technical topic at
a future Army S & T Symposium & Showcase!




