ESE 150 — Lab 01: Sampling and Quantizing Audio Signals

LAB 01

In this lab we will do the following:
1. Listen to pure audio tones produced by a function generator
View and capture pure audio tones using an oscilloscope
Use a microphone to convert pressure to voltage
View and capture voltage produced by microphone
Build an analog-to-digital converter using an Arduino microcontroller

e wN

Background:

In lecture, you learned that sound is a vibration of particles in the air. A microphone is a device
(transducer) that converts that vibration into voltage. If we sing a pure tone into a microphone
and plot the output of the microphone with time, we’d see a sinusoidal pattern as shown in the
figure below. We note the amplitude of the voltage is changing as time progresses. We recall
that this voltage is continuous with time.
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In lecture, you also learned that in order to “digitize” this signal, we need to break it up into
discrete segments, that the process of digitization is taking a continuous signal and converting it
into a discrete signal that can then be manipulated by a digital computer. A device known as an
analog-to-digital converter (ADC or A2D) is the component needed to digitize our signal. An
A2D will have a sampling rate: meaning how the x-axis (time) will get partitioned. An A2D will
have a quantization value, meaning how the y-axis (voltage) will get partitioned. The A2D will
then take a “sample” or measurement of the voltage at regular intervals and produce a digital
representation of those samples.

In lab today, we’ll take in audio using a microphone and then build our own A2D using an
Arduino microcontroller to digitize a continuous audio signal!
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ESE 150 — Lab 01

As we go to lab, you will do things you’ve never done before. This is a necessary part of

learning. Not everything you do will work perfectly on the first try. This is expected. Included

s Success through Failure: The Paradox of Design that

highlights how we should not fear failure but embrace it and learn from it in design and in our
educational experiences. As he quotes Mason, you should “learn to disassociate failures

M

here is an excerpt from Henry Petroski

resulting from their [your] attempt to succeed from being failures themselves [yourselves].”

15va[ PUE 3DURISTEII JREI] JO ypawd 213 “sarur ST UL IPLE 0T S[FIYM
4310 259] “PPLA [JA([M WTS AP paresodiodut suodesa yenduy
o uwdojasap 33 g “pugdug u asoy Jurpnyout 'speod vl
-y @y Ut i sodasp pue aadaap om Ao ‘s 3 no
yfnomp pafurI s100PHD POZIPIFPUTIS 3 SY WA IO} yénoua
apum Ao Furuado ue yFnonp wodtm opLa-ovl © md ou
PINO# SSIOL 13 JTY) PAITSLD <anduwg urwey oy noydnonp
popesard Yo “Ipias ST, TJOLNE ® popnd ey sas1oy oy
A .\_G wwca.. avad Oﬂu unyl IIpis ouagq oy m.-nv:mﬂn..wur.u 133G Ay
ol ._u_.n.n m._ AU__._.») —ME—A‘U—“A—W .—Duﬁa auces eyl anry 0} WD SIOTEYD
Tes UREIOY [ TS ‘SHWT JUINIUR UT PAIOT 3G QI PAAILRG
§1 m:ﬂ- UM adueysip 110 m—.ﬂ_l—.“v—mg:vno uw wﬁswu..r_n.m satpaut
g 193]  Jo afined proJ[Er pIrpuEs Iyl Jo A0l ey
o ‘eyddaode parapisuod uago ySnoy [, -oouangul e
_rey a1 pue sudsap jo wawdoppaap 1 0 [ERUR UNq
SABM[T DARY IDULPIOAT 534 PUR AUTYIE] *W0Js J0 IFRF IDEIYAA
Nm.v.n:.:.m@..n nmﬂo_’gﬁ Duﬂuc.’—w.n e
§1 uosyejy] "paddeus st azew Ag Jajonb AU ‘IPEIL ATE SIHTISIE
azowr xoponb 3y, HTEW By JO IUPNO UE SDULEIP sdagssin
28013 J0 uIns a1y an¢) ‘daysstur pufts few ses ot Sunpewig
-qurzigey ¥ W POP[OIPUIIY BUIAG 3YIUN 30U S| AL SRS
Hunjewr Aq 31 dew nog TAOUNUN AR deur 03 303 2ANOY “$A]
-p¢ pung pur swop den ag i 210 Az 'usoRun 23
oaut oy AR puodaq oF nod g sasnbas uoyeaouuy, g
SaASI[Q I} , SPATISWAIR Samiy FuTaq Wolf padIns 0} adwa
v 1A woT) Sun[USal SRI[IY] AEDOSUSID 03 WST| SIS
asagm, durod 3 o warg 398 03 sadoy UCSIFTY UL A |1
s —uﬂz s L8 180019y UJSu 0‘-’ um:r—u ATE ISINOD 05 ut ».Eoﬂ.—:m
Tyssa0ans 3suw Y, d NG PRY-PUL ¥ 3 Sspapasd
ssopsn Apuonboyy pue SPUEQTO [[35 0 wdwane pue pyng

9 ulisagy ut 2anpmy puv yEng

—~—

03, QUIPTIS sANNba [ MR, PAMRDPIT YSIN0> oy
ssed 01 13p10 Ul ey o) asmod ulsaey FuusamBuy

S UT sjuapras spadxa 24 e\ :wnwvvv e .bu”-ﬁx.— .—: b_»,c ur
diffuons os sasamaq Asouup) G PRaRsEIag jo UosIL
Foe[ s0ssajaz ‘sBug

) SI95TL 2TIW TIOL) [1duFL

-[Q3 W0if |ISpES| sayeaedos QILL[IEY 03 1OFRI STRN tsepy

Yo 5 U Ae1s

a4 azow aip ‘SHumye sHunp atowr Ay, WAk sE

gdpeyy doi whisap ag) sy {epol sundzasa 1o ann sutews: A
-UR) RUANAUTY 3yl U—3uoiiaad pue—sipod pur saomBus
10§ NI SEAS JRYAA o I[PUBY YL 10 APEG Al AQ ey dsesd
FALSE SN 0D SO S0 24195 JIYIR IR SAATITY Ay

D[S  ju sueaw Aq eapr aeufod € padaauc

sa 30 WEIWIY Y T, 7, AIFA0ISTP B APRUL JAna0 DY LIsIW T
pLw AU oy oy L[qeqord pur fop 101 14 1eym Jnu Fuipuy
£ op 4 ITEM TIA0DSTP UAPO AN SSANINS WOI VB d0u
(PN UNIE} WON WOPSIW UIR] oA | S0Fud|eyd [Eoiuyaay
pue revosrad g8 Surmrodmaao 1y T OIM O 193U
-18u3 jo sydefiong weLowI A 'Swg [Prweg o) Fupiod
-2y "ufisap 03 anhiun a1 $T J0T ‘WAl JOU $1 JudwIUIS YT

ar, W90 [reg aed
TTB1,, S STV 3 paan Ay L, Huoam snosaos 51 unpowos
Uy uom ATreap aep Auewe Supngour sodfaozond jo sassem
Sunerauad Jou s wafoad, w gt 'ajdog o1 Suprosoy 2031100
o Apsod ssa] are A2t vagm ‘ssavoad udisop oy ur Lpres sumap
-qoad Zurnuap: jo suzow v s sadGuicad ySnos pue prdes, jo

UOBINASUO 311 $398 JaYuny ‘O (1] vesy uisop oy 38 1opea|
o1pIIS ¥ “ajA0g s1uuag] “Fuiyl jqidues ¢ ST UoIUATT At 458 0)
s1asn purw sampeq eavaod Fungeus sddzozord o pum ped
120338 [RUQISUDLIP-023) JO 1108, ¥ St Pasadia 3q ued Burdiiososy

JUNTIVA HONOYHL §830008%8 9

Page 2 of 14

ESE 150 - Lab 1



ESE 150 — Lab 01: Sampling and Quantizing Audio Signals

Lab — Prelab:

1. What is the relationship between Sampling Frequency and Delay between samples?
[provide a symbolic equation] For context, read through Section 3 of the Lab.

2. Complete the following table (you will need these values for the later part of Section 3)

Frequency Delay
500Hz

1000Hz
5000Hz

3. Watch the following videos.
a. Triple Output Power Supply https://youtu.be/5ZxPFVS-mul
b. Arbitrary waveform Generator and Oscilloscope https://youtu.be/4iZLtOPcRCQ
c. Screen and Data Capture in Excel Oscilloscope https://youtu.be/YoXMoZSuXpU

4. Answer the following questions based on the videos
a. How would you obtain a voltage of 30V with the Triple Output Power Supply?
What settings would you have to set and where would you put the positive and
negative probe?
b. What is graphed on the X and Y axis of the oscilloscope?
¢. When do you need to reset statistics on the oscilloscope?
Describe the difference between capturing the screen and capturing data from
the oscilloscope.
5. Read through Section 3. Use the Arduino Language reference guide
(https://www.arduino.cc/reference/en/) as necessary to understand the operation of

the code in Section 3.

When you arrive in lab, compare your answers with your assigned partner. If your answers
differ, discuss amongst yourselves and try to resolve your differences.

Early during the lab session, a TA will check you off on prelab. Go ahead and start working
on the lab. It will take some time for the TAs to get around to all the groups.
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Lab Procedure:

Lab — Section 1: Measuring pure tones with an oscilloscope

e A function generator can generate signals whose voltage varies with time, much like the
output of our microphone.

e WEe’'ll have the function generator generate a few sine waves for us, with an exact

amplitude and frequency, so we can measure them with the oscilloscope.

An oscilloscope is a piece of lab equipment that can measure voltage vs. time.

The various pre-manufactured wires are identified by their connector ends: BNC, banana,

and grabber/alligator, as shown below:
BN'C Splitter Banana BNC Alligator/Grabber

_—

1. Look for the function generator on the top shelf of your lab workstation:

2. Obtain a “BNC to BNC” connector wire from your lab bin, connect the yellow output
from the function generator to CH1 on your oscilloscope.
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Run/stop button

Auto-scale button

Trigger button

o Waveform wess = File

= Tools me

Channel 1 BNC Input
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Power button 6 e . P

3. The oscilloscope is shown above, look for the “yellow” BNC connector on it labeled “1” -
attach your cable there.
4. Turn on the oscilloscope with the power button in lower left corner.
5. How does the scope work?
a. There is a horizontal knob that you can use to stretch out the x-axis.
b. Thereis a vertical knob that you can use to stretch out the y-axis.
c. The cursors button and knob can be used to turn on and move the X and Y axis
cursors on the screen to find exact values in the waveform.
6. Configure the function generator as follows:
a. Onthe function generator, press the "Channel" button right above the output:
i. A menu will be displayed along the bottom of the screen; you can select
the options using the blue buttons beneath each one.
ii. Now set the output to High Z.
1. Select “Output Load”.
2. Select “Set to High Z”.
b. Press the "Waveforms" button. You can set the type of wave (square, sine, etc.).
c. Options will be displayed on the bottom of the screen: select "sine".
d. Now you can set the frequency, amplitude, etc. for the sine wave:
i. Pressthe button below frequency.
ii. The field with the value of the frequency should now be highlighted.

iii. Enter 400.
iv. After you enter a #, a list of units appears at the bottom of the screen.
v. Select Hz.

e. Next, adjust the amplitude and offset the same way that you adjusted frequency:
i. Setthe amplitude to 2 VPP (2 Volt — peak to peak).
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ii. Set offset to 1.0V.
f.  Turn the output on by:
i. Pressthe channel button: in the menu that appears at the bottom of the
screen, select the leftmost button to switch the output on.
7. Measure this on the oscilloscope
a. Onthe scope, press “autoscale” and you should see your 400 Hz 2VPP (2V peak-
to-peak) sine wave.
b. Measure the period of the wave using the vertical lines on the screen
i. Convert it to frequency, is it 400 Hz?
c. Measure the voltage range of the wave using the horizontal lines on the screen.
i. Isitindeed 2 Volt Peak-to-peak?
d. Once you’re sure it’s correct, take a screenshot of the waveform to save to Excel,
using the following instructions. You'll need to turn this in.
i. The run/stop button can be used to (un) freeze the screen, allowing for
accurate screen captures.
ii. Open Excel on the lab computer and go to the Add-ins tab.

iii. Click e , and select the Address and ldentified Instruments that show
up, before clicking OK.

iv. To capture the oscilloscope screen, click @ and uncheck the greyscale
box before clicking OK.
v. The screenshot should now be in your Excel workbook.
e. Adjust the function generator to 1kHz.
i. Scale your scope and repeat the previous steps to measure the period
(verifying that it is now 1kHz) and take a picture of the waveform. You'll
need to turn this in.
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Lab — Section 2: Visualizing Audio from a microphone

e In this section of the lab, you'’ll attach a microphone to an oscilloscope and view the output

of the microphone.

o A “power supply” is a piece of lab equipment that can provide power to turn on equipment,

we’ll use it to “power up” a microphone.

1. Obtain a microphone from your TA or lab staff.

2. Obtain a breadboard (it’s a white board with holes in it at your workstation).

a. A breadboard allows you to prototype by connecting

various electric components when inserted. —
b. Each row is designated with a number (1-62). (]
c. The five holes in each row are electrically connected. HE
d. The long columns on the sides of the breadboard, (1
marked by a + or -, are the power rails of the board, (I

where each column is electrically connected.

e. Following is a view of the back of a breadboard that may help explain

holes on the front are connected together.

— —

R RRCE

For reference the front of the bread board is:
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it is shown in the picture below:

7
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3. Attach the microphone to the breadboard as follows:

You'll notice the microphone has electrical pins on the bottom of it.

Insert it into the breadboard as shown in the picture below.

a.

b.

Next, obtain 3 wires (any color) from the lab equipment area (TA will help).
d. Wire them to the microphone using the breadboard as shown in picture below.

C.

e. You'll need to “strip

4. Next, we'll power our microphone up by using a power supply as follows:

The power supply is on top of your lab station

a.

ESE 150 - Lab 1



ESE 150 — Lab 01: Sampling and Quantizing Audio Signals

Attach a red and black wire (banana to grabber wire) as shown in the picture.
Attach one wire between the negative ( - ) terminal and the GND ( | )terminal
d. Also attach the two wires coming from the power supply to your microphone as
shown in this picture (these are the grabber ends of the wire):

o T

e. Next, turn on the power supply and set it to deliver 5V as follows:

i. Pressthe “+6V” button and refer to the video from the prelab to set the
voltage limit to 5V and current limit to 0.100 A.
ii. Pressthe “Output On/Off” button to turn the 5V on.
5. We want to see the output of the microphone, so we’ll attach the output of the
microphone to our oscilloscope by doing the following:
a. Obtain a “BNC to grabber” cable.
b. Attach the grabber ends of the cable to your microphone’s output and ground as
shown in this picture:
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Attach here (BNC
—  to grabber
cables)

Ensure that both the red and black grabber ends of the BNC cable are connected,
where the red is attached to the output, and the black is connected to the
ground. This will allow the oscilloscope to measure the voltage difference.
Attach the other end of the cable (the BNC end) to the oscilloscope’s channel 1.

e fun part...

SING a pure tone...say “AHHHHHHHHH" into the microphone.

Press the “auto-scale” button the oscilloscope.

You are viewing your voice converted from pressure vs. time to voltage vs. time.
Play around a bit and try different “pitches” to see the results.

Trying talking into it!

Take a screenshot or two of interesting figures with Excel. You can freeze the
screen to take a screenshot by pressing the run/stop button while singing into
the microphone. You’ll need to turn these screenshots in with your lab.
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Lab — Section 3: Sampling a pure tone using the Arduino

An Arduino is a microcontroller. This basically means it a little computer that has lots of input
and output and you can control by writing a simple program (we call them sketches on the
Arduino platform)

The goal of this section is to:
e Attach the output of the function generator to the analog input of the Arduino
e Modify a small Arduino sketch to sample the input from the function generator
e Qutput the samples taken over time to the Arduino’s terminal output window
e Capture the output and save it for a future lab!

In this section of the lab, we will use the following code to sample the output of the function
generator with the Arduino:
int incomingAudio[800];

int startTime;
int run = 1;

void setup () {
// put your setup code here, to run once:
Serial.begin(9600) ;
}

void loop () {
// put your main code here, to run repeatedly:

if (run) {
for(int 1 = 0; i < 800; i++) {
incomingAudio[i] = analogRead(A0); // read input from A0

delayMicroseconds (1000) ;
// change line above to change sampling rates

}
for(int 1 = 0; i < 800; i++) {
Serial.println(incomingAudio[i]);

}

An Arduino program is called a sketch and is based on C/C++. For the specifics of Arduino
programming, you can reference the Arduino Language Reference documentation online. The
language is split up into structures, values, and functions. Use this resource to understand the
code snippet shown above, both to familiarize yourself with the language and to understand
the purpose of the code. Note that the Arduino sketch is comprised of these two functions,
setup() and loop(). Effectively, the Arduino sketch behaves like this:
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main() {
setup();

while(true) { loop(); }

}

The Arduino sketches are making it easier by just letting you specify the contents of these two
functions. The setup() is the one-time code. Here, we use this section to set the speed at
which the Arduino communicates to the host computer over the serial port. The loop() code is
the body that is invoked repeatedly, and is usually the main heart of the program. We don’t
actually want the body code to infinitely repeat, so the run variable is used to ensure the
program only executes our logic once. Each time you reset the Arduino (or download new
code), it starts over and runs the implicit main routine, re-running setup() then repeatedly
executing the contents of loop().

1. Set the function generator to a sine wave at 300 Hz, 2V peak-to-peak, and 1V offset.
2. Attach the output of the function generator to the AO pin on the Arduino as follows.
a. Attach a BNC to grabber cable to the output of the function generator.
b. Plug two wires into the Arduino pins: one in ground (GND) and the other in AO.
c. Attach the black grabber cable to the ground pin and the red grabber cable to
AO.
d. Now your Arduino can read the signal from the function generator!
3. Connect your Arduino into the USB on your computer, specifically to the USB ports on
the computer towers (not the monitors).
4. Upload the provided sketch to the Arduino
a. Open the Arduino IDE (open the start menu are search ‘Arduino’).
b. Adjust the settings:
i. Select Tool -> Serial -> COM## (the number will differ depending on your
machine, but it will not be COM1)
ii. Select Tool -> Board -> Arduino Uno
c. Paste the provided code into the IDE.

5. Click the upload button E’] to upload the code to the Arduino. You will see a message
“Done Uploading” once the upload has finished. Once you see this, click to open the
Serial Monitor.

a. You may get an error: "Low memory available, stability problems may occur” —
that’s expected and does not indicate a problem.
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File Edit Sketch Tools Help P .|

Serial Monilor )

6. After a few seconds, a sequence of numbers will be printed into the Serial Monitor. Wait
until it is finished printing numbers, then select all, and copy and paste into Excel to save
the output. You will need to turn in this data.

a. Make sure you’re seeing numbers that range between 0 and 1023 (not all of
them, and maybe not all the way to 1023, but many different values in that
range); if you're seeing all 0’s or only a couple of different values, things
probably aren’t connected correctly.

b. We will use this output for the next lab, so make sure to save the file somewhere
(like your eniac home directory and on the shared google drive noted below) you
will be able to recover it!

c. You should also save your Arduino sketch for use in the lab report.

7. Modify the sketch to sample at 500Hz. You will need to change the delayMicroseconds
function. What is the relationship between sampling frequency and delay (Prelab 1)?

8. Repeat steps 5-6 with the modified code and save the sketch and output. You will need
to turn in the modified sketch and data.

a. Close the Serial Monitor between runs to clear it.

b. To rerun the sampling code, press the reset button on your Arduino.

c. The Arduino’s analogRead() function has a sampling frequency limit of ~ 8kHz.

9. Modify the sketch to sample at 5000Hz, run, and save the sketch and output. You will
need to turn in the modified sketch and data.

10. Before leaving lab, show your data sets to a TA and answer a few questions.

This is the Lab Exit Check-off.

11. Share your data: before leaving lab, make sure both partners have access to the data
collected and sketches saved. One way to do this is to setup a shared Google Drive.
12. Clean up your lab station before you leave.
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HOW TO TURN IN ANSWER TO THE LAB:
e Answer the prelab questions, assemble the data requested, and answer the questions in
the lab.
e Upload a word document or PDF containing your informal lab report including
o Partner’s name
o Prelab answers
o Oscilloscope screen shots (1.7.d, 1.7.e.i, 2.6.f) (highlighted)
o Arduino sketches (Section 3) (highlighted)
e Separately upload your data set samples (3 data sets — 3.6—9) (highlighted)
o Don’t forget to save your data! (We will use it for the next lab)
e Each lab writeup is individual.
® You can see the grading rubric we are using for the lab on Canvas. Review that to make
sure there will be no surprises when your lab is graded.
e Due by Friday 5pm.
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