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WE')RE' USING GRAVITY TO CREATE MUSIC
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We’ll use sensors to measure change in pressure as a function of gravitational force,

then convert those readings to MIDI messages which your computer will then turn
into musical sounds!

\

We’ll also simulate gravity and make music on our computers.
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DOWNLOADS
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You need three pieces of software. All are free and multi-platform!

Download the Arduino IDE

Osc 2 Volume VOLUME

E g1
Windows Installer, for Windows XP and up EXPORT BROWSE |
Windows zIP file for non admin install OSCILLATORS FEEDBACK

ARDUINO 1.8.10 Windows app Requires Win 810r 10

The open-source Arduino Software (IDE) makes it easy to Get &s
wriLe code and upload it Lo the board. IL runs on
Windows, Mac OS X, and Linux. The envircnment is
written in Java and based on Processing and other open-

- h D
Mac OS X10.8 Mountain Lion or newer FILTER

OO

source software
This software can be used with any Arduino board. Linux 32 bits
Refer Lo the Getting Started page for Installation Linux 64 bits

instructions. Linux ARM 32 bits

Linux ARM 64 bits

Release Notes
Source Code
Checksums (sha512)

Arduino IDE - a software Helm - a software synthesizer

platform used to program to make musical sounds with
your microcontroller. your computer.

https:// www.arduino.cc/en/Main/Software https://tytel.org/helm/



https://tytel.org/helm/
https://www.arduino.cc/en/Main/Software

DOWNLOADS

3.5.3 (3 February 2019)

Windows s4-bit LinuX sa-bit Mac OS X
Windows 32-bit LinuX 32-bit
Linux arm

(running on Pi?)

Processing IDE - a software
platform used to create simple
programs.

https://processing.org/download/


https://processing.org/download/

FILES
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Workshops this term are at CML! All sessions run 3:30-5:30pm at Critical
Media Lab, located in Communitech, 151 Charles St. W., Kitchener.

Sept. 18th: Deformation - MIDI Balloons: DeformationFiles.zip

Oct. 2nd: Gravity - Shruti Box: GravityFiles.zip _
Oct. 23rd: Continuity - Seaboard and Bop Pad

Nov. 6th: Complexity - Modular Synthesis

Nov. 20th: Exploration - Co-play Patch Tables

ERSITY OF WATERLOO T}

Files are available as a ZIP at https://uwtmc.com



https://uwtmc.com

LET'S DO IT!

Matt will explain everything,
so follow along with him on
the big screen. Ask questions if
you’re unsure - other people
are probably in the same boat.



SIMULATING GRAVITY
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SIMULATING GRAVITY

B GravityMIDI
<

Date Modified

Locations

[] Matt's MacBook B Boundary.pde 2019-09-25, 12:45 PM

R GravityMIDI.pde Todaypiaddaiid

Q Remote Disc _ e
B Particle.pde Today, 7:08 PM

€ Network

iCloud
@ iCloud Drive

Favorites
(..] Desktop
£ Recents
k" Documents
0 Downloads
/> Applications
B8 SYDE161-F2018

Open “GravityMIDI.pde”, the other files will automatically load.



SIMULATING GRAVITY - INSTALL LIBRARIES

.’ Processing File Edit Sketch Debug Tools Help

00 ] GravityMIDI | Processing 3.5.3

00

GravityMIDI Boundary Particle

il // The Nature of Code
) // Daniel Shiffman
B} // http://natureofcode.com

¥ // Modified by Matt Borland for UWTMC to make music by sending out MIDI messages

// Press keys 1in the "A" to ";" row of your keyboard to create particles
e} // where your mouse cursor is located.
) // Each particle has a note associated with its radius and will send a
il // MIDI message when it contacts a boundary or another particle

¥ // Install the following Llibraries by going to the menu bar -> Sketch/Import Library/Add Library/
i€l // Then search for and install:

i) // "the MidiBus"

i} // "Box2D for Processing"

ifd import themidibus.x; //Import the library "The Midibus"

B} MidiBus myBus; // Create a MIDI bus instance to send and receive MIDI messages FOllOW these lnStruCtlonS

k] int channel = 0; // Zero-referenced MIDD channel to send messages on (values from 0-15) . .

Il th d
2l // There are 10 keys you an press, so you nheed 10 pitch values here or else you'll create an error — tO lnSta t e requlre
b // message and the program will crash

* L]
P8l // These use the standard MIDI note numbers llbrarles.

int[] pitch = {60, &2, 64, 67, 69, 72, 74, 76, 79, 81}; //

// Import a bunch of libraries associated with the Box2D for Processing library

Il Thara TSsheravsars mnerAiada +hha AN nhimcscar madaAa Al TlTl wimrAa +Aa ~Seiil ada seaviS 400

EM Console A Errors Updates @




SIMULATING GRAVITY - RUN THE CODE

3 Processing File Edit Sketch Debug Tools Help
®®@® ] GravityMIDI | Processing 3.5.3

00

GravityMIDI Boundary Particle

il // The Nature of Code
)] // Daniel Shiffman
&) // http://natureofcode.com

¥ // Modified by Matt Borland for UWTMC to make music by sending out MIDI messages

PT@SS the Tun bUttOTl tO i // Press keys in the "A" to ";" row of your keyboard to create particles

g} // where your mouse cursor is located.
tr tO ,run the COde e} // Each particle has a note associated with its radius and will send a
y ¢ il // MIDI message when it contacts a boundary or another particle
2 // Install the following Llibraries by going to the menu bar -> Sketch/Import Library/Add Library/

It’s not going to Work ik} // Then search for and install:

iR // "the MidiBus"
i} // "Box2D for Processing"

because we need to set

idd import themidibus.x; //Import the library "The Midibus"
B} MidiBus myBus; // Create a MIDI bus instance to send and receive MIDI messages

your mldl port, but you k] int channel = 0; // Zero-referenced MIDD channel to send messages on (values from 0-15)

C
2l // There are 10 keys you an press, so you nheed 10 pitch values here or else you'll create an error =
bl // message and the program will crash

need to run it to see
8Y // These use the standard MIDI note numbers
What midl’ pOTtS are 24 int[] pitch = {60, &2, 64, 67, 69, 72, 74, 76, 79, 81}; //

i // Import a bunch of libraries associated with the Box2D for Processing Llibrary

available. B L e meadda Hn AR mbmdan mmda AT 1T rimn ba mde] Ak e

EM Console A\ Errors Updates @




USING GRAVITY - VIRTUAL MIDI PORT ON MAC
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On Mac OS you may
have to turn on a
virtual MIDI port.
Open “Audio MIDI
Setup” to get a
window that lists all
of your MIDI
instruments. Double
click “IAC Driver”,
and make sure the
“device is online” box

1s checked.

Make a note of the port name - this is used in the Processing code.



SIMULATING GRAVITY - SET MIDI PORT

@ Processing File Edit Sketch Debug Tools Help
© 00 7 GravityMIDI | Processing 3.5.3

00

GravityMIDI Boundary Particle

// The Nature of Code The MIDI dgVice name

// Daniel Shiffman
// http://natureofcode.com

here is used in the setup

// Modified by Matt Borland for UWTMC to make music by sending out MIDI messages

// Press keys in the "A" to ";" row of your keyboard to create particles COde fO‘r the program’

&) // where your mouse cursor s located.
J // Each particle has a note associated with its radius and will send a

// MIDI message when it contacts a boundary or another particle SO make note OfWhat

// Install the following libraries by going to the menu bar -> Sketch/Import Libg#ry/Add Library/

// Then search for and install: Options you have‘

// "the MidiBus"
8 // "Box2D for Processing"

6 . .
d import themidibus.x; //Import the Tlibrary "The Midibus" Your 0ptlon5 Wlll be
M MidiRiie mvRiie* // Create a MTDT hiie dnetance tn <end and recedive NT mescages
. .
different than mine!

Available MIDI Devices:

"vMIDI"
"Real Time Sequencer"
Output
"Gervill"
"vMIDI"
"Real Time Sequencer"
_UniCharInfo_LinearCount:888

EM Console A Errors Updates @




SIMULATING GRAVITY - SET MIDI PORT

@ Processing File FEdit Sketch Debug Tools Help

@ @ '] GravityMIDI | Processing 3.5.3
GravityMIDI Boundary Particle v

( // Create the empty list SCT'Oll down tO the

64 particles = new Arraylist<Particle>();

[

66 // Create the Boundary elements Setup Oop SO you Can
67 walll = new Boundary(width/2, height-5, width, 10);

] el = new Boundary (width/2, -5, width, 10); set your MIDI ports’

70 // List the available MIDI ports
71 MidiBus.list(); // List all available

73 // Connect the MidiBus to an available port -
74 // check what's available in the "console" in this window below the text editor
myBus = new MidiBus(this, "vMIDI", "VvMIDI"); // Create a new MidiBus

Q1

) void draw() {

// Redraw the bhackoroniind white earh time (this hA e affact 0 caring the <rreen)

On Mac this variable

should match the name
of the port found in

p— “Audio MIDI Setup”

[ ]
output two slides ago.
"Gervill"
"vMIDI"
"Real Time Sequencer"
_UniCharInfo_LinearCount:888

Available MIDI Devices:

EM Console A Errors Updates @



SIMULATING GRAVITY - RUN THE CODE AGAIN

3 Processing File Edit Sketch Debug Tools Help
®®@® ] GravityMIDI | Processing 3.5.3

00

GravityMIDI Boundary Particle

il // The Nature of Code
)] // Daniel Shiffman
&) // http://natureofcode.com

¥ // Modified by Matt Borland for UWTMC to make music by sending out MIDI messages

Press the run buttOn tO il // Press keys in the "A" to ";" row of your keyboard to create particles

g} // where your mouse cursor is located.
e} // Each particle has a note associated with its radius and will send a

try tO T'un the COde. 1;:: // MIDI message when it contacts a boundary or another particle

11
l lo e ull it WOT"kS this 2 // Install the following Llibraries by going to the menu bar -> Sketch/Import Library/Add Library/
p )/ el // Then search for and install:

iR // "the MidiBus"

time, i3 // "Box2D for Processing"
[ ]

idd import themidibus.x; //Import the library "The Midibus"
B} MidiBus myBus; // Create a MIDI bus instance to send and receive MIDI messages
k] int channel = 0; // Zero-referenced MIDD channel to send messages on (values from 0-15)

C
2l // There are 10 keys you an press, so you nheed 10 pitch values here or else you'll create an error =
bl // message and the program will crash

8Y // These use the standard MIDI note numbers

28 int[] pitch = {60, 6[2, 64, 67, 69, 72, 74, 76, 79, 81}; //

i // Import a bunch of libraries associated with the Box2D for Processing Llibrary

Il Thara TsSsheravSdars mnerAavsda +lhha AN nhimrscars madaAa Al TlTl wimAa +Aa ~Seii ]l ada seaviS 40

EM Console A\ Errors Updates @




SIMULATING GRAVITY - CHANGE VARIABLES

These are the variables
in the code you can
change easily. Follow
the instructions and
think about what each
one means. You can
make the program
crash if you choose bad
numbers, so if your
code stops working,
come back tot these
values.

[ Processing File Edit Sketch Debug Tools Help

| ] GravityMIDI | Processing 3.4

Boundary Particle v
The Nature of Code
Daniel Shiffman
http://natureofcode.com

Modified by Matt Borland for UWTMC to make music by sending out MIDI messages

Press keys 1in the "A" to row of your keyboard to create particles
where your mouse cursor 1is located.

Each particle has a note associated with 1its radius and will send a
MIDI message when it contacts a boundary or another particle

Mma.n
b

Install the following libraries by going to the menu bar -> Sketch/Import Library/A
Then search for and 1install:

"the MidiBus"

"Box2D for Processing"

i import themidibus.*; //Import the library "The Midibus"

7/
/]
/

8 MidiBus myBus; // Create a MIDI bus instance to send and receive MIDI messages
1 int channel = 0;

// Zero-referenced MIDD channel to send messages on (values from 0

There are 10 keys you an press, so you need 10 pitch values here or else you'll cre
message and the program will crash
These use the standard MIDI note numbers

M i1:[] pitch = {60, 62, 64, 67, 69, 72, 74, 76, 79, 81}; //

g //

B4 int smallRadius = 10; // the smallest particle size

g int bigRadius = 100;

Some variables to set the properties of the physics simulation

// the largest particle size

M int GravityValue = -100; // the value of the gravity in the world

e // Import a bunch of libraries associated with the Box2D for Processing library

/7

These libraries provide the 2D physics code we'll use to simulate gravity

1 import shiffman.box2d.x*;
M import org.jbox2d.common.x;
g import org.jbox2d.dynamics.joints.*;

EM Console A Errors




SIMULATING GRAVITY - RUN THE CODE

Your screen should fill up
with the program running
the simulation.

Press keys in your “A”
to “;” row to create
particles which will
follow the laws of
gravity.

Each collision will send a MIDI message which we’ll
interpret in a synthesizer and turn into sound!



OPEN HELM - SOFTWARE SYNTHESIZER

Helm - a software synthesizer
to make musical sounds with
your computer.

https://tytel.org/helm/


https://tytel.org/helm/

SETUP HELM

Click here to open the
/ menu to select a sound

Pad

<
COA Lofi Soft Pad 1

SAVE

Factory Presets
User Patches

0ld Factory Presets

Import Bank

EXPORT

BROWSE

Arp
Bass
Chip
Harsh
Keys
Lead

Percussion

SFX

Bass

Guthman

Keys

Lead

Pad

SFX

Factory Presets

Cris Owl Alvarez

VOLUME

Helm

CM Epic
CM Soothing
CM Stars

COA
COA
COA
COA
COA
COA
COA

COA
COA
COA
COA
COA

Save Patch As

Ambient Metallic

Broken 0ld Analog

Crispy Pad Organ

Digital Enigma

Digital Wind Ensemble 1
Digital Wind Ensemble 2
Hard Brass Synth Ensemble

Lofi Soft Pad 2
Lofi Soft Pad 3
Pulsating Pad
Resonant Pad

Sad Scifi Strings 1

Delete Patch

FREQUENCY

GATE OCTAVES

Cris Owl Alvarez

Factory Presets

CC-BY

PATTERN

X

Make sure your
laptop’s speakers are
on and turned up!

Try different sounds,
then click done.



SETUP MIDI

Click the HELMet
and then check that
you see IAC driver

Matt Tytel

\is free software and

selected under active
MIDI inputs.

75%

Output: | Built-in Output

Sample rate: | 44100 Hz

Audio buffer size: | 512 samples (11.6 ms)

Active MIDI inputs [W]IAC Driver vMIDI




SETUP HELM
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© init g 111

SAVE EXPORT BROWSE

OSCILLATORS

— MOD -

1v H 1v H
10.00 ce 10.00 ce

UNISON UNISON TRANS TUNE

TUNE TRANS
SUB MIXER

SHUFFLE
-0CT 0SC1 0SC2 SUB NOISE

AMPLITUDE ENVELOPE

MONO LFO 2

MONO LFO 1

s IEVZ |

FREQUENCY

s IRZN S |

FREQUENCY

2 @) (¢

VOICES PITCH BEND VEL TRACK

VOLUME

TRANSPOSE

POLY LFO

174 1

FREQUENCY

Helm

FEEDBACK

TUNE AMOUNT

FILTER
,— 12 24 SH

ENV DEPTH

KEY TRACK

FILTER ENVELOPE

STEP SEQUENCER

s H 174 @|

STEPS FREQUENCY SLIDE

FREQUENCY

STUTTER

FREQUENCY RESAMPLE

SOFTNESS

FORMANT

GATE OCTAVES PATTERN

DISTORTION

TYPE DRIVE MIX

DELAY

FREQUENCY FEEDB MIX

REVERB

FEEDB DAMP MIX

MOD ENVELOPE

KEYBOARD MOD

AFTERTOUCH
NOTE

VELOCITY

\

PORTA

MOD WHEEL

PITCH WHEEL

RANDOM

OFF AUT ON

PORTA TYPE LEGATO

You should hear sound
and see things flashing
and changing on screen
if you have particles
running in your
simulation.
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| FOLLOW MB ON THE PROJECTOR

HOOKING UP YOUR SENSORS
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HOOKING UP YOUR SENSORS! SEE THE SCHEMATIC
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PLUG IN USB AND THE PRESSURE TUBE
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OPEN ARDUINQ IDE - UPLOAD GRAVITYDEBUG.INO

® Arduino File Edit Sketch Tools Help

[ N GravityDebug | Arduino 1.8.7

Program your board with the —p IR

GravityDebug

/ Programmed using the knockoff Pro Micro boards - use Arduino/Genuino Micro as board type.

debugging ﬁle to See ifyou'r // Watch out - your board's name might change and you'll have to select it again in Tools/Port after

// you program it the first time.

N ¢ // Anything on a line after "//" is commented out - the microcontroller will ignore it!
sensor is working and to

// This sketch is just to check your sensor is working
// This is good practice to make sure all your hardware is working the way you are expecting it to

figure out the range of values s
you will see when playing the }

// This loop runs over and over

void loop() {

instrument // Read the pressure sensor and print its value to the serial monitor
[

// Open the serial monitor from the menu bar -> Tools/Serial Monitor
Serial.printlnCanalogRead(A®@));

// Wait 100 ms so we don't overload the serial bus
delay(100);

/Users/mattborland/ownCloud/TEACHING/UWTMC/Public Sessions/F2019/Session 2 - Gravity/GravityFiles/Gravi

Arduino/Genuina Micro on /dev/cu.usbmodem141201



OPEN HELM - RUN GRAVITYDEBUG.INO AND CHECK OUTPUT

@ Arduino File Edit Sketch Tools Help
Auto Format

Archive Sketch
Fix Encoding & Reload
GravityDebug Manage Libraries... G | send

// Programmed using the k ::::;‘Ig;::r icro as boar
// Watch out - your board' t again in T //|284

// you program it the firsERUGHNESIUIEEIEEIEY /7274

A , Board: *Arduino/Genuino Micro® - _ |
// Anything on a line aftcliaem ey e e e Y ill ignore i 263
Get Board Info 261

// This sketch is just to Programmer: "AVRISP mkil" /71258
// This is good practice NSNS y you are ex /71256

e e /dev/cu.usbmodem141201 (Arduino/Genuino Micro)

void setup() { Vv0|253

// Nothing to setup 252
) } (258
271

// This loop runs over and over /7286
void loop(Q) { V0|295
// Read the pressure sensor and print its value to the serial monitor 298
// Open the serial monitor from the menu bar -> Tools/Serial Monitor 304
Serial.printlnCanalogRead(AQ)); 317
317
// Wait 10@ ms so we don't overload the serial bus 304
delay(100); 290
} } 285
277
272
267
263
260
258
255
263
281
306
w327
343
326

® Autoscroll  Show timestamp Newline 9600 baud Clear output

Play the instrument and see
what the biggest value your
sensor typically outputs.

Open the serial monitor from
the menu bar.



OPEN ARDUINQ IDE - UPLOAD GRAVITYCC.INO

@ Arduino File Edit Sketch Tools Help
[ BON | GravityCC | Arduino 1.8.7

GravityCC
E/ Programmed using the knockoff Pro Micro boards - use Arduino/Genuino Micro as board type.

[ ]
// Watch out - your board's name might change and you'll have to select it again in Tools/Port after
PT'Ogram your board Wlth the // you program it the first time.
¢ // Anything on a line after "//" is commented out - the microcontroller will ignore it!
MIDI file to send MIDI CC

// Libraries

// You need to install thse libraries from the menu bar ->

Messages that Correspond to // Sketch/Include Library/Manage Libraries, and then search for the word in front of the .h

#include <elapsedMillis.h>
#include <MIDIUSB.h>

//// MIDI Setup

the pressure level inside the
N N (/ Send MIDI on channel 1
shruti box. You need to adjust int chamnel - 1

// Send Control Change messages on CC #7

the “highP” value with the et
// A variable for the lower pressure limit
int lowP = 0;

number you found as the max e

pressure when using the

// A variable for the high pressure limit - you should set this appropriately after running

// Gravity debug - a value 1in the range 260-300@ is probably right
# int highP = 260;

// A timer variable that is used to limit the number of messages that are sent

debug ﬁle‘ You can Change elapsedMillis timeElapsed;

. . //‘The setup loop runs once:
this and re-upload if the vold setmO { - eadcond:

}

¢ )
instrument doesn’t play the // The nain Loop runs repcatedty forever
void loop(Q) {
* // if 20 ms have elapsed since the last message was sent, send another one

way you want it to. ifCtineELapsed > 20)(
timeElapsed = 0;
// read the pressure and map the current pressure reading to an appropriate MIDI CC
// value in the range 0-127

Arduino/Genuino Micro on /dev/cu.usbmodem141201



OPEN HELM - SOFTWARE SYNTHESIZER

Helm - a software synthesizer
to make musical sounds with
your computer.

https://tytel.org/helm/


https://tytel.org/helm/

SETUP HELM - SOUNDS

Click here to open the
/ menu to select a sound

Pad

<
COA Lofi Soft Pad 1

SAVE

Factory Presets
User Patches

0ld Factory Presets

Import Bank

EXPORT

BROWSE

Arp
Bass
Chip
Harsh
Keys
Lead

Percussion

SFX

Bass

Guthman

Keys

Lead

Pad

SFX

Factory Presets

Cris Owl Alvarez

VOLUME

Helm

CM Epic
CM Soothing
CM Stars

COA
COA
COA
COA
COA
COA
COA

COA
COA
COA
COA
COA

Save Patch As

Ambient Metallic

Broken 0ld Analog

Crispy Pad Organ

Digital Enigma

Digital Wind Ensemble 1
Digital Wind Ensemble 2
Hard Brass Synth Ensemble

Lofi Soft Pad 2
Lofi Soft Pad 3
Pulsating Pad
Resonant Pad

Sad Scifi Strings 1

Delete Patch

FREQUENCY

GATE OCTAVES

Cris Owl Alvarez

Factory Presets

CC-BY

PATTERN

X

Make sure your
laptop’s speakers are
on and turned up!

Try different sounds,
then click done.



SETUP HELM - MAP CC TO OVERALL VOLUME

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Right click on this bar below VOLUME, then click “LEARN MIDI
ASSIGNMENT. You should then see this bar slide back and forth as you
squeeze the shruti box. If the bar is all the way down, you won’t hear
anything because you’ve turned the volume all the way down!

VOLUME

Set to Default Value

The Arduino only sends
- | e . B CC messages, so no
—_— notes will be played.

You need to play them
) papy by using your computer

1v H 1v H
10.00 ce 10.00 ce
UNISON UNISON

SUB MIXER

SHUFF
- 0SC1 0SC2 oIS KEY TRACK FEEDB DAMP  MIX N
AMPLITUDE ENVELOPE FILTER ENVELOPE MOD ENVELOPE keyboardo 1 he A tO

| | y | |
y “L” row are the white

‘ | R | R i *
b
MONO LFO 1 MONO LFO 2 POLY LFO STEP SEQUENCER KEYBOARD MOD keys Of a plano . You ll
AFTERTOUCH MOD WHEEL

see them light up here

1/4
UENCY

NOT! Cl
VELOCITY RANDQM:
FREQ EQUENC STEPS  FREQUENCY  SLIDE aS Ou a t em
L]
AUT ON




NOT WORKING? CHECK THE MIDI PORT

Click the HELMet
to get this dialog
to open.

Matt Tytel

You should see
“Arduino Micro”
as a MIDI input,
with a yellow box
showing it is
selected.




