Intro to Physical Computing

Jeff Feddersen, ITP/NYU




Class 1 Agenda

e \Welcome!

e (Class overview

 Big picture
e (Course logistics

e Your intros

e |ntro fantasy device project

e Quick workshop tour

e [Break]

e Fantasy device group project

e Distribute parts

e Connect Arduino (if we have time)
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Why?

(required class... but why else?)



Purpose

Support/Expand/Enable creative expression...
...with technology...

...focused on physical, embodied interaction.



Method

“...with technology”

N

Programming Microcontrollers and Circuits

to be Cool*

“Enable creative expression... /

“...focused on physical, embodied interaction.”



Circuits

Circuits

'd

Electrical properties (voltage, resistance)
Basic components and simple circuits
Breadboard prototyping

Testing and measuring

Handling higher power



Microcontrollers

Microcontrollers

\

e Small cheap single-task computers
e Can sense and output voltages

e Fast (compared to us)



Programming

Programming

\ e Simple Development Tools

e Programming basics

e Pseudocode
 \ariables, memory

e Structure, control flow



to be Cool*

to be Cool*



to be Cool*

to be Cool*

*Up to you



Metaverse

Bret Victor’s
“Pictures under glass”
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Light Sound

Motion
Pressure

Smell

Temperature
P elc...






Light Sound

Motion
Pressure

Smell

Temperature
P elc...
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Methods for handling larger projects
Fabrication
Play testing and User Testing

Presenting and documenting
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Ci was an
undergraduate
student in my
2022 IMA Energy

course.

UT-Tisch School of the Arts - Sophomore
Interactive Media Arts

He had a little pomp
experience, and wanted to
make a solar-powered
video game for the class
final.
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e T

Song, Ci

= " 1. Arduino board (e.qg., Arduino Uno or Nano)
UT-Tisch School of the Arts - Sophomore [ 2 MonOChrOme 1'3" 128X64 OLED Graphic Dlsplay (e.g.’ SSD1306-based)
Interactive Media Arts s 3 A pushbutton

= 4. Breadboard and jumper wires

~ Feel free to modify the code to improve the game or add extra features like different obstacles,
~ variable jump heights, or a high score feature.

User: could you make the cactus more randomly

ChatGPT: Sure! You can use the ‘random()" function to generate random distances between the
cacti. Here's an updated version of the code that introduces random spacing between cacti:

‘ LY \Cpp
#include <Wire.h>

User: why is the shape of the cloud look like a heart

ChatGPT: You're right, the cloud shapes in the code might resemble a heart due to the position of
the circles used to create the cloud. We can adjust the cloud shape to make it look more like a
traditional cloud by adding more circles and changing their positions. Here's the updated

‘displayClouds()" function with a more cloud-like shape: : Excerpt Of abo ut 50

. 'pages pf interactlon of
\\\Cpp \ \ l




processing of the IMU's data. | would like to be
able to detect when the arduino is tapped,

probably by looking at a sudden spike (positive or e

to be

negative) in the z axis accel data. The Arduino ,
. sitive or
should add a seventh parameter, "tap" that is uino
- . at is
either O (no tap) or 1 (tap occuring). It should be  judbe
" [ " " I nOt
debounced, so once it is triggered, it does not me; but it
should be able to detect taps as close as 250ms
apart. After that is implemented, we'll work on
integrating the tap gesture into the game.

Thought for 54s

Awesome—Ilet's add tap detection on the Arduino side and append it as a 7th
CSV field ( tap = 0/1). This version:

» Samples IMU at ~100 Hz

» Uses a simple high-pass (LPF baseline) on Z accel to spot spikes (positive

or negative)

Debounces with a short hold (so you don't get flicker)

Enforces a refractory period so you can still detect taps as close as 250
ms apart

Prints: ax,ay,az,gx,qy,qz,tap

If you want to keep your current p5 sketch running (it expects 6 fields),

temporarily set OUTPUT_TAP to @ below; we'll switch it back to 1 when we
update p5.

N2

ChatGPT can make mistakes. Check important info.

X

Tilt Marble P5 (script

let port;

const BAUD = 115200;

let connectBtn;

const NL = String.fromCharCode(10);

let ax = @, ay
let gx = 0, gy
const acclLPF =
const accAlpha

Tilt-Table Marble — IMU — p5
Status: Disconnected

Last data: —s ago

Roll (deg): 0.0

Pitch (deg): 0.0

C: Calibrate R: Rel
Score: 0/ 1000
Shields: 2




ChatGPT

This sounds great. Now add a B section that
alternates with the current pattern every four
measures

Got it—let's add a B section and make the sequencer alternate:

» Play your current (A section) patterns for 4 measures
« Switch to B section patterns for 4 measures

» Then backto A, and so on.

We'll just add an alternate set of arrays ( melodyPatternB, bassPatternB,
percPatternB ) and track which section we're in. The sequencer already
advances by steps, so we just need a measure counter. Since each measure =

16 steps [ 4 beats (at 4 ticks per beat), we can count measures easily.

Here's the modified sketch excerpt (only the new/changed parts shown for
clarity):

(¥ Copy code

#define STEPS 16

const int8_t melodyPatternA[STEPS]
72, 76, 79, 76, 74, 77, 81, 77,
76, 74, 72, 71, 72, 74, 76

int8 t bassPatternA[STEPS] =

48, 36, 36, 43, 43, 41, 4
48, 36, 36, 43, 43, 41, 41

ChatGPT can make mistakes. Check important info.

X

Sequencer Code

static const SAMPLE_RATE = 22050,
static const TICKS_PER_BEAT = 4;
static BPM = 120;

volatile samplesPerTick;

volatile tickSampleCounter = 0;

USE_HPF 1

static const
static const
static const
static const

VOL_MELODY =
VOL_BASS
VOL_NOISE
VOL_KICK

typedef struct {
phase;
1nCr;
vol;
targetVol;
env;
envMax;
gate;




How about the pitch? [] Arduino LPC Speech Synthesis & o

—

, L 2 * NATO Phonetic Alphabet & Number Announcer using real-time LPC Speech Synthesis
v Show thinking v 3 * for Arduilno Nano 33 IoT.
4 x
That's another great question about the S * This program uses the "Talkie" library to say a random word from

"
=
=
o

O phonetlic alphabet or a number from @-9

fundamentals of how this works.

-l

8 * --- LIBRARY ---
Similar to the speed, the pitch is also "baked 9  * You MUST install the "Talkie" library by Peter Knight.
into" the LPC data for each word. The library 10 * Go to Sketch > Include Library > Manage Libraries... and search for "Talkie
doesn't have a simple function like LL
_ . . 12 * --- HARDWARE ---
voice.setPiteh() tochangeit. 13 * 1. An audio amplifier (like an LM386 module) and a speaker.
14 * 2 CrAannan * tha ramnalifFfiariasa dnnatr A Ardiiina nain £
The LPC data for a word like "ALPHA" contains 15 x 3 Filter b - 0
. . . . ler 6 files (108 ms) in  ArminJofTalkie X Save
information that essentially says, "for the next 16 * 4 y (108 ms) in fTalkie
- . . 17 x/
few milliseconds, create a buzzing sound at this
- . . = <> Cade 6 v [ LTI e
specific frequency and pass it through a filter 19 ;:j_ncl 7 == README.md ® Markdown - § master
shaped like this." The library's job is to follow 20 #ine (4) Issues 2 _ \ — . o . .
. 5 139 | "ENABLE_PITCH | disabled | Talkie.h | If defined we interprete second parameter
that recipe exactly. 22 /7 68 1% Pull requests 0 ‘aSampleRateForPitch’ of ‘say()' and.
To aet a different pitch. vou would need to re 23 Talk 146 ._DEFAULT | 800@ | Talkie.h | f you want to globally set pitch for Talkie, you can
| itch, you wou - : ;
S o PECR. ¥ | | 24 D Discussions 0 change this value, this saves the o..
encode the original .wav files using the LPC 25 /108
: . 26 Iy -0- Commits 1 166 .. from 2017, based on Peter Knights version [extended with pitch, speed and bendin
tools and change the pitch of the source audio 26 /18 ’ 9 [ i + 5P 9}
. _ 27 77 (https://github.com/technologiescoll..
before you create the data. This would give you s 1R 80 Packages 0
: : ff 164 - Adding parameter "aSampleRateForPitch and macro ENABLE_PITCH .
a completely new set of voice data (e.qg., a high- 29 /7 .
] 1] Wikis 0
nitehad vacahiilarvy and a lawnitechad ana) 30 sp
31 sp
. . ie SP Languages v Src/Talkie.h ® C++ - ¥ master
() What do you want to build? 33 sp
‘1 sp @ Markdown 42 //#define ENABLE_PITCH // requires around 160 bytes of program space
+ 2% ® Canvas X $ 35 /1
36 sp © C++ 45 . ORIGINAL_SAMPLE_RATE // If you want to globally set pitch for Talkie, you can
37 Sp change this value, this saves the o..
Your New York University chats aren’t used to improve our models. Gemini can ® C
make mistakes, so double-check it. Your privacy & Gemini 82 .nst uint8_t *xaWordDataAddress, unsigned int aSampleRateForPitch =
(® More languages... ORIGINAL_SAMPLE_RATE); // Blocking version with pitch

83 .st uint8 t *aWordDataAddress, unsigned int aSampleRateForPitch = ORIGINAL SAMPLE RATE};

// Queuing version. Returns fr..

Advanced

125 ¥ - Adding parameter aSampleRateForPitch and macro ENABLE_PITCH.

() Owner




Introduce yourself!

Bonus Question: What’s something you’ve
learned in the last year that you’re excited
about?



VCV Rack

‘ X bernoulli gate /.:4
o © a @ ®

OUT ~ OUTB




Introduce yourself!

Bonus Question: What’s something you’ve
learned in the last year that you’re excited
about?



Fantasy Device

Physical Interaction
Goal/purpose



Resources

SIUETJIE

https://itp.nyu.edu/physcomp/
Schedule, assignments, labs, videos

2025 Residents Weekly Help Sessions

Christina Tang, Octavio Figueroa Moya, Mondays 12:30-2pm and Thursdays 1:30-3pm
Andres (Tobi) Franco Villamizar, Andre Lira

Drop-in Office Hours

Mine, other professors, residents.

Other students

If you can, do your homework at ITP and learn by osmosis!


https://itp.nyu.edu/physcomp/

