NC STATE UNIVERSITY

Project 21: Wall Of Sound

Beta Demo

Vectorized Acoustic Deterrence of Elephants Research

Team Members: Arpad Voros, Greyson Fitts, Hunter G. Cook, Morgan
Pyrtle, Nwaf Alamro

Sponsors: Army Research Office: Paul Reid, Stephen Lee
Mentors: Dr. Pitts, Dr. Gupta, Dr. Scheifele



NC STATE UNIVERSITY

Project Background

- Create a passive deterrence system which inhibits
elephants from trespassing on farmland, reducing the
number of casualties of humans and elephants.

- To broadcast 10Hz - 15kHz (range of elephant hearing).
- Not cause any physical or psychological harm to any
organisms.

- Have to accomodate for terrain, vegetation, weather
patterns, and animal interference.
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Project Timeline

characteristics of
transducers using
LCR meter

- Begin designing
amplifying circuit
with transducer as
load

amplifying circuit,
test and debug

- Complete and
purchase mixing
PCB

- Begin microphone
circuit (no PCB)

purchase amplifying
PCB

- Begin 3D modeling
of hexagonal
encasing (LCD
billboard)

- Ensure encasing
includes leads
which connects
commons, audio
source, and power

- If works, use
microphone to
begin radiation
pattern

- Begin
software/MCU SD
card reading of
audio

|_~m

- Begin 3D printing
hexagonal casing,
fit flush with
hexagonal PCB

- Radiation pattern, if
not done already

- Complete MCU
audio reading, start
on a simple Ul

Circuit Design

Purchase PCB

PCB encasing

Radiation
Pattern

MCU/Software

CDR Post CDR Alpha Prep Alpha Beta Prep Beta
February 12th Feb. 12 -29 Mar. 1 -18 March 18th Mar. 18 - Apr. 16 April 16th
- Measure - Complete - Complete and

- Play various audio
files from MCU

- Simple Ul for
selecting audio,
stopping and
playing of sound
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Beta Plan Changes

- Add variable amplifier to output (and/or every port)

Larger traces to match other board.

Amp / - Possible changes to fix nonlinearity effect —
Transducer
AR - Create arrangement so pieces can easily branch from one to the other.
Enclosure

- Create an array using multiple microphones to detect radiation patterns

Microphone - Generate stand alone circuit (independent of AD2) which can be recognized as a microphone by a PC and

capture information about analog signal through AUX/USB.
- Order more components to make multiple transducer boards
Misc - Power over ethernet to boards to reduce mess.

Connect PCB encasing to larger structure
Test array outside & anechoic chamber

IN PROGRESS -
GOOD STANDING

IN PROGRESS -
POOR STANDING

COMPLETE
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Member Accomplishments Since Alpha

- Hunter
- Talk with Dr. Garner about low frequencies (it is a bust), flesh out hysteresis procedure with Dr. Pitts,
experiment said procedure (testing different loads, components, and amp setups), talk with Skip about
project possibilities, manifest MATLAB code for digital modulation and test with 96kHz DAC for proof,
research new modulation techniques, find new DAC (192kHz), setup power adapter for ethernet
interface, drink water
- Greyson
- Develop microphone circuit (self powered via USB, detect/record audio), fix unusual amplitude oscillation
from microphone, submit all orders for additional components in preparation for Beta demo
- Nwaf
- Tested out multiple keypads for controlling the soundboard, Found a stackable keyboard shield to
interface with both UTF screen and Arduino, developed Arduino C program for controlling keypad and
LCD, tested the feasibility of stacking the Arduino UNO, uSD card reader, keypad, and UTF screen,
maintained the primary contact between Dr. Skip Scheifele and Team VADER, inquired with Skip
regarding elephants behaviour.
- Arpad
- Lead meeting with Skip (conscribed most of the agenda w/ questions), debugged hysteresis issue to
conclude mixer is at fault, conjured MATLAB GUI to output different modulated sound files, designed
revised amplifier PCB to include modular leads on edge, variable amplifier on input port, optional filtering,
designed revised multiplier PCB but thrown out due to hysteresis fix
- Morgan
- Developed PCB enclosure design; printed the physical PCB enclosure; built the finished test bench
stand; interfaced the enclosure with the larger stand
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Old System
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TransducerA M0 Ultrasonic wave carrying soundwave

40Khz Carrier modulated Reflected Audposi N
with Audio Signal s|gna| T\\*Q} \

2Vpp @ 1.25DC
Audio source

Adjustable amplitude

carrier to multiplier TRIT A (L camodane G
External signal in Sound Board 7
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Revised System



Transducer Arra

NC STATE UNIVERSITY

40Khz Carrier modulated Reflected Audro v‘

with Audio Signal (60Vpp) Signal o\ ™

< N Laptop running
digital modulation
MATLAB code

One hard-wired amp Will }
share signals and power _

with adjacent amp arrays.

W

AR Keq'
w/  Digital Signal
_/ -
/

+-30 and GND carried by 4
Ethernettoanamp array 192 kHz sampling DAC
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Subsystems

10
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TransducerA 00, Ultrasonic wave carrying soundwave — ____ Oage

40Khz Carrier modulated R_eﬂected Audtorsi :
with Audio Signal s|gna| R

Adjustable amplitude

carrier to multiplier

. . 11
External signal in

und Boar
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Subsystem - Sound Board

Sound Shield

- Uses V31053 IC on an Arduino Uno

- Sound files are uploaded on a 16GB micro
SD card.

- Files can be in WAV, MP3, VMA, AAC etc..

- Using the Arduino IDE, you can play, stop,
and change the volume of the tracks.

- VS1053 DAC max output is 50kHz
(unfortunately).

Keypad and LCD Control

- Capability of playing different tracks
- Shows filename on LCD
- No connection to a laptop

12
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Transducer Arra

AN

40Khz Carrier modulated Reflected Aud'or“i N
with Audio Signal (60Vpp) Signal . TN

Laptop running
digital modulation
MATLAB code

\\’ /

T

One hard-wired amp Wil

+-30 and GND carried by

Ethernettoanamp array 192 kHz sampling DAC 3
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Subsystem - Amplifier Circuit

Trying to achieve 60Vpp (£30V)

Linear gain across audible spectrum. Simulated to
be 111 to achieve with conventional DAC

Was the largest perceived issue with Alpha Demo,
so it was addressed heavily. Thus revealing
revisions needed




NC STATE UNIVERSITY

Amplifier Functionality - General

DS0-X 11026, CNSB166223: Tue Mar 16 05:23:10 2021

- Single 40kHz sinusoidal input of : & 900w g A0k IRM0 e g {7
100mvpp Not mixed’ Unloaded (USB de:\rice installed:as "ush" | —‘w

- Output of 11.7Vpp, Gain of over _ ; VAR
111. This is due to using a 113kQ | | g

resistor instead of 110k so there is ; | '
a slightly higher gain here f\ A A A A A /\ A TR

- Frequency bounces between il , o S N L L. 0900909090
39.9kHz and 40.1kHz ’ v V V V V v O el

- Test case was verified with this as _ | '

- —

presented in CDR. - | [I)Jff';;t
S5 ~ Sine, High-Z Settings
Pk-Pk(2): Freqg(2): -5
1407\ 39.904kHz B
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Amplifier Functionality - Clipping

DS0-X 11026, CNS8166223: Tue Mar 16 05:31:08 2021

2 1.00v/ 100.0% 20008/ Buto £ 2 1.20¥
- Single 40kHz sinusoidal input of | T AN
575mVpp. Not mixed, Unloaded ; ‘ T Waelen
- Output of 61.9Vpp (Probe is 1:10) r\ A A Ai A | A /.\ A Waveform
- This was a test for clipping. We . | LD Sine
would expect it to occur at 60Vpp \ l \ [ / \: \ / \ l \ / \ i
due to power supply limitation. X \ 40,00k
- We have decided to drive our - S T A I N e S A | i T T 0 11T T
transducers at this maximum \ \ 575milpp
level, since they are able to \ \ l \ } j\ I \ \ / \ / \ } o
handle a max of 150Vpp U U U :U v u U u T
s " Sine, High-Z Settings
Pk-Pk{2): Freq(2): -
6.19V 39.988kHz |
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Amplifier Functionality - Loaded

Single 40kHz sinusoidal input of
406mVpp. Not mixed, Loaded
Output of 45.4Vpp (Probe is 1:10)
With the load of 4 transducers we
get the same gain and behavior
from the amplifier with a single
tone.

DS0-X 11026, CNaB166223: Tue Mar 16 05:36:43 2021
' 2 1.00%/

100.0%

10.00%/

Auto

£ 2 1.20¥

N

ra
Y

\ /

w

W

Wave Gen
Waveform
"\ Sing.

Frequency
40.00kHz

42 Amplitude Fine
406m\pp

Offset
0.0y

Pk-Pk(2):

4.54Y

GEN
ouT

Freq(2):
40.051kHz

" Sine, High-Z

Settings

17



Amplifier Functionality - Loaded

DS0-X 11026, CNS8166223: Tue Mar 16 06:40:42 2021

200%/ 2 10.0v/ T 1 b”DDS 500.0%/ Auto fw 200%
_ - i, aili. i, I
Now mixed and loaded RV I H"W'! VSO Y DV et
- Same properties exhibited from e
the mixed signal, we have no B | e
issues amplifying the 40kHz HHH\IJHHI [T YT Y T "D'_*a;
carrier modulated with audio.
- No hysteresis in this subsystem - ET s s
2 10.0v/ . 0.0s 1.000%/ Auto fw, 20.8v

42 Amplitude Fine

34pp
Offset
0.0V
S AU Sine, High-Z Settings
Freq(1) Pk-Pk{1]): Pk-Pk{Z] - 18
No signal No signal 45.4Y _
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Amplifier Functionality - Hysteresis

- At Alpha we noticed that there was hysteresis in the system.

- Removing the transducers had no effect, so | decided to test a voltage buffer, different biasing
configs, and different loads as the signal source the input to the amps (the mixer).

- Hysteresis was occurring at the output of the mixer.

- Due to time limitations of finding a new mixer and making a new circuit, It was decided that we
would modulate the audio digitally (in MATLAB) and input that directly into the amp.

- Eliminating the need for a mixer board. OO —

- More on that after discussing the amp PCB T 17 T T T T W

JUCE, | i | U
ARk L LA T Y
Rl |
JOATY |V DL

1]
i
Il
i

Frequency
40.00kH:
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Amplifier Functionality - Revised Amp PCB
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Transducer Arra

AN

40Khz Carrier modulated Reflected Aud'or“i N
with Audio Signal (60Vpp) Signal . TN

Laptop running
digital modulation
MATLAB code

[N N\
A \

+-30 and GND carried by

Ethernettoanamp array 192 kHz sampling DAC 22
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Subsystem - Digital Modulation

- Using MATLAB we are able to modulate a WAV file (containing audio) onto a 40kHz carrier and
export it or play it out of a connected DAC.

- Since we need a 40kHz carrier it is required to sample at or above the nyquist rate. Sampling at
96kHz gives us 8kHz of range (96k/2 - 40k) (This was verified with a 96kHz DAC), where
192kHz would give us as much range as needed for audio. Thus we need a DAC that has a
sample rate of 192kHz.

- Simply put, in MATLAB we resample the input audio at 192kHz, modulate the carrier with the
signal, then output at 192kHz.

- Standard amplitude modulation below (with mod. index = 1), Arpad will discuss different
techniques we found and how this change is going to be useful.

Input Output
%

N N
08 [\
il R

8 2.0009 2.001 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
©108 23
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Digital Modulation Techniques

Article
Distortion Analysis and Reduction for the Experimental Evaluation of Distortion in Amplitude
Parametric Array Modulation Techniques for Parametric Loudspeakers

1 1 . 2 2
Ee-Lang Fan; Woorr Sengiaan; Peieag i snd dun X sng Ricardo San Martin 1*, Pablo Tello !, Ana Valencia ! and Asier Marzo 2

" Nanyang Technological University, School of Electrical & Electronic Engineering, 639798, Singapore ! Acoustics Group, Institute for Advanced Materials and Mathematics—INAMAT,

@ntu.edu.sg, ewsgan@ntu.edu.sg X 3 s s 3 t
elanel@ntu.edu.sg, ewsgan@ntu.edu Universidad Piblica de Navarra, 31006 Pamplona, Spain; tello.106735@e.unavarra.es (P.T.);
% Institute of Acoustic, Chinese Academy of Sciences, Beijing, China ana.valencia@unavarra.es (A.V.)

(&)

UpnalLab, Institute of Smart Cities—ISC, Universidad Publica de Navarra, 31006 Pamplona, Spain;
asiermarzo@unavarra.es

2008 2020

lipeifeng@mail.ioa.ac.cn, jyang@mail.ioa.ac.cn

Modified Amplitude Modulation
(using Orthogonal Carrier)

l:l+mg(1)]sin(q1 ‘
0 e I R A I,
'-l—;m g (1)—§m g (1) |cosa.t

‘P.
!

PR ’ 3 P 1 2 P
Pmas (f) = [1+ ms(t)]sin(wct) - Il - Emzs-[t)]cos(mft),

|
1
4
i
|
\
J

\ % e l y B W l P
pmamz(t) = 1+ ms(t)]sin(wct) + [1 - Em‘s“(t) - gnz“‘s*(_t)]cos(m‘-t}.
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Digital Modulation Techniques - Cont.

Tatal

Hymaonic Distortion (THDY) vs Modulstion Indax

THD = 70 71%

THD x 100%

Figure 6 Comparison of THD between improved AM

THD=2286% ~

imer Moduaton Distarton (MD) v Moduadon index

Conmenlional AM \
————————————— =

03 04 05 05 07 08 09 1
Modulation ledex (m)

and conventional AM

80FIND = T7.15%

ma IMD x 100%

0 at 02

03 04 0s oe 07 os 0s l/

Modul ation Index

Figure 7 Comparison of IMD between improved AM

and conventional AM
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Digital Modulation GUI

Ivds T'O0 53

26


http://www.youtube.com/watch?v=WpxCHUwmi8k
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Transducer Arra

AN

40Khz Carrier modulated Reflected Aud'or“i N
with Audio Signal (60Vpp) Signal . TN

Laptop running
digital modulation
MATLAB code

One hard-wired amp will*
share signals and power

+-30 and GND carried by

Ethernet to an amp array 27
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Subsystem - New Dac (w/ No Sound Board)

Arpad and | reviewed sound board documentation to determine it can only do 50kHz

As previously stated we needed a DAC that could sample at 192kHZ, A USB solution and a
laptop was the fastest and easiest way to accomplish this.

- FFT of entire signal in MATLAB vs actual DAC instantaneous spectrum:

Spectrum of signal
0 T T T T T T

|P1(f)| dB

3 32 3.4 3.6 3.8

42 4.4 46 48 5

4
f(Hz)

28





https://docs.google.com/file/d/14UZa6NFOK9zHAjMN9eQPHp__wErzIrBA/preview
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Transducer Arra

A\ .

40Khz Carrier modulated Reflected Audlo “‘

with Audio Signal (60Vpp) Signal A\ N\ v \

Laptop running
digital modulation
MATLAB code

™~ \\”

One hard-wired amp Wil
share signals and power

30
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Subsystem - Ethernet Power (On Amp Board)

- Benefits of including STRAIGHT-THROUGH CROSS-OVER
ethernet Cable IS to Wiring Standards Used Wiring Standards Used

power IS to Slmply T568A T568A T568A T568B
extend the range of
our PSU. We have not
tested the power draw
& limitations of this

or ROUTER

system yet pair2
- PCBs h NOT Pair 3 (Pair 1) Pair 4
S have /\ m /\

arrived yet, so cannot
show it on the revised
amplifier board

‘ 15688

31
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Subsystem - Ethernet Power (From PSU)

- Created a 3 terminal board that a
bench-top power supply can easily hook
too and routes it directly to an Ethernet
port.

- This gives us much more ease of use in
our system, allowed the power end to
stay setup and for the amp board to
simply plug in and move around.

- Not elegant but effective. Ideally this
would be its own little PCB that sits next
to our power solution.

32



Driving Voltage

- As mentioned before, trying to achieve 45Vpp
(x22.5V)
- This is due to the fact that our transducers were

said to be nominal at 10Vrms. Calculation shown

in CDR that given modulated signal, we need
45Vpp to achieve 10Vrms
- Is confirmed in screenshot to the right

- Butis 10Vrms really nominal? After looking at
datasheet, we are unsure
- Maximum input can go as high as 150Vpp
- Anything greater than 60Vpp is
loud/non-directional, but this statement could be
biased because we tested in an enclosed space
with lots of reflections
- Test outside
- Test in anechoic chamber
- Can and probably will go higher for Beta

eform: V(amp_o X

|\ ||

Mh

..... O s | HH

’\ m H \\'W\fﬁ\'

HHH“'“ I |H \||
\
H\

‘ e ‘“ H ‘rl!
'h il

= 0287
i IHIJ‘ 1

2.

.,| s

RMS: 10.287V —

== o =+
JSS 2.91nF Jfﬁ 2.91nF lCB 2.9;
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A\ .

40Khz Carrier modulated Reflected Audlo “‘

with Audio Signal (60Vpp) Signal ©_\ N v N,

< ~N Laptop running
digital modulation
MATLAB code

NV
One hard-wired amp Wil ‘{
share signals and power

with adjacent amp arrays.

M.

t 3ed g
Wi Digital Signal

N carried by

Ethernettoanamp array 192 kHz sampling DAC 34
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AN

40Khz Carrier modulated Reflected Aud'or“i N
with Audio Signal (60Vpp) Signal .\ TN

Laptop running

, I\ X/ 3y W digital modulation
One hard-wwed amp wik* — Rl MATLAB code

with adjacent amp arrays.

M.

By Lo,
Wi Digital Signal

+-30 and GND carried by

Ethernettoanamp array 192 kHz sampling DAC 36
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Subsystem - Audio Detection

“Te1

~ liouF MEMS_VDD >
e MEMS GND >
USB_Ground > <z Tcz oA MEMS_OUT >

Mic_In>— +10uF _[10uF |10uF
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Microphone Functionality: Removal of Oscillations

C2 | 16384 samples at 48 kHz | 2021-04-12 18:17:17.036

X1:1.210ms  35:2160ms  AX: 950.5us  1/AX: 1.052027027 kHz
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Microphone Recording via Audacity

€ Audacity
File Edit Select View Transport Tracks Generate Effect Analyze Tools Help

2 - 8|5 54 48 42 CicktoStartMonioring 18 12 60
I rdP AERAN = Click to Start Monitoring - - ‘

=] 4 > @ 7 7 i i i i 7 7
1 > | | Qe k| O s o2 3 ]|24 g2 g g

| o if
MME v \!/ Microphone (3- USB PnP Sound De ~ |1 (Mono) Recording Channi v ‘D Speaker/HP (Realtek High Defini v
¥ 1.0 (1.? 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
L n L L A L L 1 L 1 1 L 1 1 n 1 n L n
x| Audio Track w/| 1.0
Mute | Solo
0.51
- +
o
L R | 0.0 - <
° A
Mono, 44100Hz 051
32-bit float =
| seect | |10

0
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Upper and Lower Frequencies

C2 | 16384 samples at 48 kHz | 2021-04-12 19:02:00.976
o= i : v

16384 samples at 96 kHz | 2021-04-13 00:42:56.491

X2:1.310 ms AX: 5.034 ms 1/AX: 198.635477583 HZ’
X1:-3.724 ms Ci:1.95mV A: -310 uV AJAX: -62.33 uV/ms X2: 155.5 us DX: 80.47 us 1/AX: 12.426829268 kHz

~ 3 A A

-300 us -200 us -100 us 100 us 200 us 300 us 400 us
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Microphone Functionality

Product Requirements:

For Alpha:

« Requirement 1.1 - (Detect)
Length from Source
« Pass: Sound is present
« Fail: Sound is not present

For Design Day:

-Generate Radiation Pattern for final
array (MATLAB code is ready)

-Redo soldering in an attempt to
minimize noise.

- Make circuit more portable

For Beta:

* Requirement 1.2?7 - Multidirectionality using
splitting sound waves
* Pass: Microphones pick up sound at
anticipated location
* Fail: Microphones do not pick up sound at
anticipated location

-Generate stand-alone circuit (independent of AD2)
which can be recognized as a microphone by a PC
and capture information about analog signal through
AUX/USB (Done)

-Fix issue with wave oscillation (Done)
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Subsystem - PCB Enclosure

43
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Subsystem - PCB Enclosure

Updated PCB Enclosure Model:

202.68

3.80
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Subsystem - PCB Enclosure

45
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Subsystem - Housing




Subsystem - Housing

Major Changes Since Alpha:

- Accommodates for putting the PCBs much closer together, which allows
for better modular testing

- Using ABS as the filament for the PCB enclosure, which allows for more
outdoor use and flexibility
-  Wheels added to the test bench stand

- Integration of the PCB enclosure and the test bench stand

47
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Modular Enclosure/Housing Functionality

E)duct Requirements Achieved: \ Design Day Plan for Housing:

» Interface an entire array pattern

 The PCBs do not fall out or break (3.3) . Make more modules to support array

» Array housing is not brittle (4.3) pattern

« The PCB enclosure successfully k /
connects to larger structure.

« The larger structure is physically durable.
« The larger structure is easy to assembile;
it requires less than 5 major steps for

general assembly.

« The current layout of it makes it easier to
\ set up and transport. /




Design Day

- Gather data from system
- Multiple modulation techniques + play around with parameters to see
what sounds loud, clear, and not distorted
- Once done and sound recorded, implement predistortion code into the
GUI and test to see if sounds better

- Complete radiation patterns in indoor setting, outdoor setting, and
anechoic chamber

- Carrier leakage
- Video of all full system function (Need those darn PCBs!)
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that's all
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