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® Intro to ArduTouch music synthesizer kit
® Live demo of ArduTouch

® Intro to music synthesis / Digital Signal Processing

.' 41 ‘ @ NlAor —




Soldering Workshops / kits

yo e 'H W

g




ArduTouch Music Synthesizer
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ArduTouch




ArduTouch

Great for
< ] Ko N learning




ArduTouch

Solder it together
—and it works!

And you can also
program
your own synthesizers




ArduTouch

Solder it together
—and it works!

And you can also
program
your own synthesizers

You can also
learn
Digital Signal Processing




ArduTouch

Live demo




Some Types of Synthesizers
Analog

Modular Analog Synthesizer:
e Basic waveform oscillators
 Filters (to muck with sound)




Some Types of Synthesizers
Digital

 Break things into little bits (or create little bits)

* Messwithit




Digital Signal Processing

Analog waveform




Digital Signal Processing

To record it digitally

First slice it
(equal time slices)

01234567 829




Digital Signal Processing

To record it digitally

Then get the values

01234567 829




Digital Signal Processing

To record it digitally

Then get the values

01234567 829




Digital Signal Processing

To record it digitally

Then store the values

0 1



Digital Signal Processing

To record it digitally

This is called:
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Samples stored

Digital Signal Processing l "

Memory

To record it digitally

Waveform is:
“Digitized” ’
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Digital Signal Processing

memory loc|memory contents
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Digitized waveform can be any soundwave



Digital Signal Processing

Converter

Analog to Digital Conversion:
sampling an analog waveform to store it in digital memory



Digital Signal Processing

m memory contents
o ) |ANAlog to Digital| —
03 Converter ;




Digital Signal Processing

How do we play back a digitized waveform?




Digital Signal Processing

e (Digital to ANal0g| p—
Converter o

Digital to Analog Conversion:
Playing back the Digitized waveform



Digital Signal Processing

Converter o

Digital to Analog Conversion:
Playing back the Digitized waveform



Digital Signal Processing

Converter o

D/A




Digital Signal Processing

How do you do
. R b ‘A:f ?




Digital Signal Processing

D/A chip (expensive)

or




Digital Signal Processing

- PWM?




Digital Signal Processing

PWM ?




PWM ?

Digital Signal Processing

25% Duty Cycle

Sv ﬂ ﬂ ﬂ ﬂ H ‘
Ov

Pulse Wave:
ON and OFF at any ratio you like

This waveform: ON for 25% of the time / OFF for 75% of the time



PWM ?

Digital Signal Processing

Pulse Width Mo dulation
0% Du VC'E

Pulse Wave:
ON and OFF at any ratio you like
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0% Du VC'E

Digital Signal Processing

PWM
Pulse Width Modulation



Digital Signal Processing

PWM

1.0
Converter o
-1.0

D/A
Using PWM for playing back the Digitized waveform



Digital Signal Processing

Kind of complicated to code

So, my ArduTouch software makes it easy

* Create “oscillators” with a couple lines of code

M : b l

N . -
= R = I 4y A g A R ‘ll1 A

’__ : i : —

Th 2 NDliNnleo NAOC N aYe - 1N




Digital Signal Processing

Some “Oscillators”:




Digital Signal Processing

Some “Dynamics”:

 ADSR
* Tremolo
* Portamento




Digital Signal Processing

ADSR:

Attack Decay Sustain Release

Sound Waveform
‘Envelope”




Digital Signal Processing

Some “Dynamics”:

.

 ADSR
* Tremolo - constant changing volume




Digital Signal Processing

Some “Dynamics”:

e ADSR
e Tremolo - constant changing volume




Digital Signal Processing

Some “Dynamics”:

e ADSR
e Tremolo - constant changing volume




Digital Signal Processing

Some “Dynamics”:

e ADSR
e Tremolo - constant changing volume




Digital Signal Processing

Some “Dynamics”:

| s [ —

e ADSR
 Tremolo - constant changing volume

dortamento — alide be vVeen NOoTE ™




ArduTouch
Arduino-Compatible

@@ _01_Empty_Synth | Arduino 1.8.5 = m} X

File Edit Sketch Tools Help

©0 BEQ —
: v

Tutorial examples

smySynth );




ArduTouch
Arduino-Compatible

@ _01_Empty_Synth | Arduino 1.

File Edit Sketch Tools Help
_01_Empty_Synth

o)

With
Tutorial examples

Follow examples
01 through 09

to easily learn

to code your own
synthesizers




ArduTouch
Arduino-Compati

o8 _06_OneVoxSynth | Arduino 1.8.5 = O X

£
v

: - With
i eamsaniii extensive
rduino library

to create
your own synths

Arduino/Genuino Uno on COM3



ArduTouch

@@ 06 OneVoxSynth | Arduino 1.8.5 = ] X
File Edit Sketch To

"ArduTouch.h"

.00 )

Complete code for:
 sawtooth waves
Sl ° play with keyboard
 change octaves

e volume control

gmySynth ) ;

srm ongoing Ardu

Arduino/Genuino Lino on COM3



ArduTouch

@@ 06 OneVoxSynth | Arduino 1.8.5 = ] X
File Edit Sketch To

I Easy to add:
e Tremolo
e Portamento
 Envelopes
e Filters
e Effects
e Other waveforms

orm using a O

IoX when we I

gmySynth ) ;

srm ongoing Ardu

Arduino/Genuino Lino on COM3



ArduTouch

File Edit View History Bookmarks Tools Help

O maltman23/ArduTouch: A... X +

& & GitHub, Inc. (US) | https://github.com/maltman?:

o This repository Pull requests Issues  Gist A +- gi -

maltman23 / ArduTouch @ Unwatch~ 4 *Star 9 ¥Fork 0

ode S Pull reque: Settings

ArduTouch is an Arduino-compatible music synthesizer kit. Build it, and it works! Way low cost (target price per kit is $25.) It comes with a

pre-programmed music synthesizer that makes way cool sounds and music and noise. An ArduTouch library is available for programming
in more super nice synthesizer features. For those who want to learn more,... — Edit

7 1 branch > 0re tributor

master v New pull request Create new file  Upload files Find file

Ei maltman23 up mit b5109

https://github.com/maltman23/ArduTouch/commit/9f3176d57b%e8adbb8732f00a104f6c858662ef7

Open Hardware — everything is on Github
maltman23






Learn To Solder
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SOLDERING IS EASY

HERE'S HOW TO DO IT
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(In many different languages.)

download for free at:
http://mightyohm.com/soldercomic




Learn To Solder

SOLDERING IS EASY

HERE'S HOW TO DO IT

, MAN
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download for free at:
http://mightyohm.com/soldercomic




Learn To Solder

Download in the language of your choice for free at:

http://mightyohm.com/soldercomic
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SOULER CEST FACILE
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Learn To Solder

TELECHARGEZ CETTE 8D
ET PARTAGEZ LA AVEC VYOS AMIS 7

NTTP//MISHTYOHM COM/SOLPERCOMIC

Download in the language of your choice for free at:

http://mightyohm.com/soldercomic



Learn To Solder
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DISTRIBLUYE AMPLIAMENTE!

Download in the language of your choice for free at:

http://mightyohm.com/soldercomic



Learn To Solder
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LOTEN IST EINFACH

SO WIRD ES GEMACHT

von: MITCH ALTMANU
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JEFF KEYZER
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Download in the language of your choice for free at:

http://mightyohm.com/soldercomic
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The tools you’'ll need:
soldering lron (35W or less)

solder (60/40 Sn/Pb, rosin core, 0.031" diameter or less)
soldering iron stand

cellulose kitchen sponge (not plastic!)

small wire cutter
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R1 — this is where It goes




R1: Brown, Black, Orange
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Bend leads
before inserting the part
Into the board

wires coming out
from parts are
called “leads™ —

they lead 0 the
part '




R1 — this i1s how it will look before
inserting it into the board



Insert leads Into pads

these are pads




Push part down
all the way
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How to hold a soldering
Iron




The perfect kind of
solder for electronics:

/6
30’) )

60/40 rosin core, "o,

/4
”

meter (or



3 Safety Tips...




Safety Tip #1:




Safety Tip #2:

Lead (Pb) is toxic




Safety Tip #3:

- {fcoming soon/;




2 secrets
‘to good soldering...




R

Secret #1:
&

Clean the tip! y

: X\
(before every solder connection)







Do this quickly (slowly doesn’t work well) — solder in & out in about 1 second

Make sure solder melts on the undefside of the solﬁng iron tip
(not the side or top of the soldering iron tip)!




Do this quickly (slowly doesn’t work well) — solder in & out in about 1 second

Push In
“about 1 mm of solder‘_

Mke sre solder melts on the underside of the soldering iron tip
(not the side or top of the soldering iron tip)!
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Secret #2:

Keep hot tip down
- 1second







A Little Bump
of Solder

EF’IE.,_ ;

.
i
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Perfect !! §



Solder all of the leads of the part to the board

For this part, there are two leads

Here you can see two good solder connections



Now cut the leads short

Hold the lead
while cutling It

all the way down
to the little bump of solder

-

& o

y i

Cutting with the tip of the wire cutter gives you more control



Safety Tip #3:

- Hold or cover the lead !




All done !

No wires sticking out



R1
soldered
to the board

Notice that:

e each connection
IS @ small bump

(not flat)
¢ you cannot see any pad




One part at a time




Till all the parts are soldered




And it will look like this when you’re done.



Let’s start!
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R1: 10K Brown, Black, Orange
R2, R3, R4, R5: 22M: Red, Red, Blue
RO, RY: 2 0: Red, Violet, Brown
R8, R9: 4.7K: Yelow, Violet, Red
R13, R14, R15: 1K Brown, Black, Red
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U1: microcontroller socket:
Inserted correctly

. [@WHEN open harduwere g
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U1: microcontroller socket
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U1: microcontroller socket
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C3, C8:
Long Lead “+”
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Co6, C7:
Long Lead “+”
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LED1, LED2, LED3:
Long Lead “+”

%l‘:g Pin DO
LEDL
Blue

NJM386B

We’'ll use them for the speaker
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S1 black Reset button

Note: The color of this switch is not important (some kits may have different colors).




S2, S3: Red buttons

Note: The color of these switches is not important (some kits may have different colors).
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Indented black dot
Pin 1

Note: Your chip may be marked differently, but “386" will be printed on it somewhere.

Note: Your chip may or may not have the indented half-moon at the left,
it may have a black indented dot at the lower-left corner showing Pin 1.









€1:1414}Y
bend leads
so they’re straight
and parallel




_Ix Pin D1 Rx Pin DO
| @SN Fp1
\EJBlue

Audio
LM38s @ Ot

0000, |©

_ B

| "NJp386B0) 6 Indented black dot
C’ ‘ x..,l ﬁ ﬂ ﬂ o Pin 1
L“'" ?]e 1UF -

. proper
orientation

Note: Your chip may or
may not have the

iIndented half-moon at the

left,
8 it may have a black
s limtl; indented dot at the lower-
left corner showing Pin 1.
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U2: inserted correctly

Indented black dot
Pin 1
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U2 — soldered to board

¢




R10: volume control




R10: volume control




R10: volume control

If necessary,
rotate the white top
so that it looks
like this photo
(rotated half-way)

4¥% COTNFICLD LECITONICS ArduTouch Music Sunthesizer  vi.2  rev C
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J3: headphone / output jack




U1: microcontroller



Note: Your kit's U1 chip may or may not have its pins already bent straight and parallel.
If not, you need to bend them, as shown in the next picture.



Note: Your kit's U1 chip may or
may not have its pins already bent
straight and parallel.

If not, you need to bend them, as
shown in this picture.







proper
orientation







Use two thumbs to push microcontroller into the socket

Make sure all 28 pins
are in place,
and push it into its socket.

ULy S

(This is actually way easier
~ with 2 thumbs.)

. W oper naviunre © | -
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Inspect all pins, and be sure each went into its hole in the socket — not bent.









Speaker



Some kits have a
speaker that looks
like this

Speaker



We'll add leads
to the speaker

from the LEDs

Speaker



Tin one side
of each lead

(i.e., cover with
thin film of melted solder)

Speaker



Solder one lead
to speaker

Notice the
correct place
to solder the wire

Speaker



Solder next lead
to speaker

Notice the
correct place
to solder the wire

Speaker



Some kits have a
speaker that looks
ILCRUIE

Notice the
correct place
to solder the wires

Speaker



Insert
speaker into board

and solder
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Note: Some battery pack
wires have thicker red and
black plastic coatings.

If so,
you can widen the these
two holes by gently
rotating a scissors or small
knife or small Phillips
screwdreiver on the top
and bottom of these two
holes.

Push battery pack
leads through holes.

Make sure Red and Black go
through their correct holes!



Loop one lead into its pad,
and solder.
Then loop the other lead into its pad,
and solder.









Let’s make noise!

Your ArduTouch comes pre-programmed
with a really cool synthesizer, called “Thick”.

“Thick” plays 4 sawtooth waves at once.

the left and right buttons change octaves

long press the left and right buttons to change sounds

the Bottom knob controls the glide rate

the Top knob controls how each of the 4 notes glide separately
Try playing with these and see!




Your ArduTouch comes pre-programmed
with a really cool synthesizer, called “Thick”.

If you are happy playing with “Thick”

then no need to re-program But if you want to
your ArduTouch. program other synths into your
ArduTouch,

the next pages show you how...




Re-programming the ArduTouch

We have written several way cool synthesizers for ArduTouch!
Each is unique, and each way different than the others.

To program in a new synth in your ArduTouch, you will need:
* the Arduino software <http://arduino.cc>

* a USB-Serial adapter cable (such as an FTDI, or equivalent)

a nice one is available at
<https://cornfieldelectronics.com/cfe/products/buy.php?productid=usbcable>

e a synth sketch and the ArduTouch Arduino library
<http://cornfieldelectronics.com/cfe/projects.php#ardutouch>




Arduino is a very powerful tool!
But it Is very easy to use.
It was designed for total beginners to use successfully.

| won’t give a complete tutorial here — just some basics.
For more info, there are many good Arduino tutorials online.

A good place to start is:
<https://www.arduino.cc/en/TutoriallHomePage>

i +lelv|-]
Genuino

ARDUINO

AN QOPEMN PROJECT WRITTEN, DEBUGGED
3 ] EUPPOR 1 BY IDUING.CC AND
THE ARDUING COMMUNITY WORLDWIDE

LEARM MORE ABOUT THE COMTRIBUTORS
OF UL TS on arduino.ccforadits

JOR ¢LloRROLIORN+ ORR O L

Initializing packages...




First:

Download and install the Arduino software
< http://arduino.cc >

Genuino

ARDUINO

AN QPEM PROJECT WRITTEN, DEBUGGCED,
AMD SUPPORTED BY ARDUINOG.CC AND ] 1
THE ARDUING COMMUNITY WORLDWIDE o

i

LEARM MORE ABOUT THE COMTRIBUTORS

of LTINS on arduino.cofcradits

=l O=ld B=f3 X3 On

Initializing packages...




Re-programming the ArduTouch

Second:
Download and install the ArduTouch Arduino library
<http://cornfieldelectronics.com/cfe/projects.php#ardutouch>

Instructions for installing a .zip library are at:
< https://www.arduino.cc/en/Guide/Libraries>
Scroll down till you see the section:

“Importing a .zip Library”




Third:

Download ArduTouch synth sketches
<http://cornfieldelectronics.com/cfe/projects.php#ardutouch>

Store them on your computer anywhere you like.




Connecting your ArduTouch
to your computer

USB-Serial adapter cable

Ones available from Cornfield Electronics look like this:

<https://cornfieldelectronics.com/cfe/products/buy.php?productld=usbcable>




Connecting your ArduTouch
to your computer

USB-Serial adapter cable

Ones available from Cornfield Electronics look like this:

<https://cornfieldelectronics.com/cfe/products/buy.php?productld=usbcable>




IMPORTANT:

VELCEINGCRULE
battery pack on your
ArduTouch
is OFF




After you download and install the Arduino software
start it, and you will see a screen that looks like this:

@ BareMinimum | Arduino 1.8.5 = L] X

File Edit Sketch Tools Help

BareMinimum ﬂ
h;ij setup() {

// put your setup code here, to run once:

}

void loop() f{

// put your main code here, to run repeatedly:

ArduinoiGenuino Uno on COM3



The first time you start your Arduino software
you heed to do two things to set things up

@@ BareMinimum | Arduino 1.8.5 = L] X
File Edit Sketch _TDDIS Help
O o Auto Format Ctrl+T
' Archive Sketch
BareMinimum Fix Encoding & Reload Fi

A Serial Monitor Ctrl+Shift+M Boards Manager...
void setu . . T
i [ Serial Plotter Ctrl+Shift+L ATLING
( 1 ) //f puc Arduino Yun
WiFi101 Firmware Updater

® Arduino/Genuino Uno

‘ h oose Board: "Arduino/Genuino Uno" _ Arduino Duemilanove or Diecimila

Port Arduino Nano

1 Ge n u i n o U n o” Foid. loon Get Board Info Arduino/Genuino Mega or Mega 2560

Arduino Mega ADK
Programmer: "USBtinylSP"

th B d it R Arduino Leonardo
as e Oa r Burn Bootloader Arduino/Genuino Micro
Arduino Esplora

Arduino Mini
Arduino Ethernet

You r Arduino Fio
Arduino BT
Ard UTou Ch board LilyPad Arduino USB
acts LilyPad Arduino

) . Arduino Pro or Pro Mini
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The first time you start your Arduino software
you heed to do two things to set things up
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(After installing
the driver
for your USB-Serial
cable,
with your USB-Serial
cable plugged in,
your operating system
will see a serial port
and it appears here.)




Your Arduino software is now ready to program your ArduTouch!

@ BareMinimum | Arduino 1.8.5 = L] X
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BareMinimum ﬂ
h;ij setup() {

// put your setup
}

void loop() f{

// put your main code here, to run repeatedly:
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You can open an ArduTouch synth sketch from:
File =2 Open...

(I opened “Arpology here)

@ BareMinimum | Arduino 1.8.5 = L] X

4d-voice arpeggiating synth, with an auto-improvisation
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With the USB-Serial cable connected to your ArduTouch board
press the Upload button

2@ Arpology | Arduino 1.8.5 s [ X
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l-voice arpeggiating synth, with an auto-improvisation feature.

y shift the keyboard up an octave tap the right button.
» shift the keyboard down an octave tap the left button.
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y the onboard pots. The two U/

frames for Arpology
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While uploading, you will see a progress bar...
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...and when it’s completed successfully, it says: “Upload done”



ArduTouch

Disconnect your ArduTouch board
from the USB-Serial cable,

turn on your battery pack,







Learn to Solder
with ArduTouch Music Synthesizer kit

and make music, sound, and noise!
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