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Index
Numerics
3.3V pin, 20, 21

5V pin, 20, 21

A
Adafruit, 25, 265, 328, 332

2.8" TFT Touch Shield, 260–261

Arduino Starter Pack, 29

FONA 800 shield, 264

Motor/Stepper/Servo shield 
v2.3, 262–263

Music Maker shield, 259–260

RGB 16x2 LCD shield, 260

Ultimate GPS Logger shield, 263

Adafruit Blog, 265

Adafruit Feather, 25

Adafruit Proto-Screwshield, 259

adhesive putty for soldering, 
172, 182, 187

AI. See artificial intelligence

Albion Café, 155

AliExpress, 29, 334

Amazon, 27, 29

AnalogInOutSerial sketch,  
109–114, 186

circuit, 109–110

code, 110–111

hardware, 109

understanding, 112–114

analog input pins, 19, 104, 106, 
134–135, 242, 310

AnalogInput sketch, 102–108

circuit, 103–104

code, 104–105

hardware, 102

tweaking, 107–108

understanding, 106–107

analogRead() function, Arduino, 107, 217

analog sensors, 106, 212–213, 310

analogWrite() function, Arduino, 87, 
91, 93, 96, 113, 126, 224

Arduino, 1, 7–8, 275

community, 255, 265

history of, 8–10

inputs and outputs for, 14

open source philosophy of, 15, 271

Playground, 15, 277

projects, using AI in, 34–38

Arduino and Processing, 
communication between

drawing graph, 305–314

making virtual button, 293–305

sending multiple signals, 314–323

Arduino Blog, 265, 327
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Arduino boards, 10–11, 17, 21–22. 
See also sketches

components and starter kits, 27–30

official, 22–24

power supply to, 189

securing, 191

using circuit diagrams with, 78–80

Arduino_CapacitiveTouch 
library, 244–245

Arduino Cloud AI Assistant, 38

Arduino Cloud Editor, 32, 33

Arduino-compatible boards, 22, 24–25

Arduino Forum, 15, 265, 328

Arduino GIGA, 23

Arduino IDE, 24, 31, 50, 121, 129, 133, 
266. See also libraries

installation of, 31

key areas of, 32–34

Library Manager, 244–245, 
266, 269–270

ZIP library installation in, 270

Arduino MKR, 23

Arduino Motor shield Rev3, 263

Arduino Nano, 23

Arduino Nicla, 23–24

Arduino Portenta, 23

Arduino Project Hub, 162, 328

Arduino projects, 161–162

Baker Tweet, 155–156

Chorus, 151–153

Compass Lounge, The, 156–158

Good Night Lamp, The, 158–160

Little Printer, 160–161

Push Snowboarding, 153–155

workspace for working on,  
30–31

Arduino Pro Mini, 153

Arduino shield, 178–182

assembly, 181

circuit building, 186–188

header pins, 181–182

laying out pieces of circuit,  
179–181

proto kit, 178–181

testing, 188

Arduino Shield List, 266

Arduino Starter Kit, 29

Arduino Starter Pack, Adafruit, 29

Arduino Store, 25, 265, 331

Arduino Uno, 10, 14, 17–23, 28

built-in LEDs, 21

header sockets, 19–20

R4 Minima, 18–21, 41, 42

R4 WiFi, 18

Renesas RA4M1 microcontroller, 19

reset button, 21, 140

special pin features, 20

USB and power, 20–21

arrays, 141–142, 216–218

artificial intelligence (AI), 34–38

limitations of, 36–37

role in debugging, 35

role in prototyping and creative 
exploration, 36
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role in research, 35–36

tutoring role of, 35

audio shields, 259–260

B
background() function, 

Processing, 287–288

Baker Tweet project, 155–156

Banzi, Massimo, 10

Barragán, Hernando, 9

base (transistor), 120

Basic Stamp, 10

baud rate, 301, 303, 310, 311, 320

Berg, 160–161

binary number system (base-2),  
287–288

bit, 288

blinking an LED, 7, 39

connecting external LED to Arduino 
board, 52–54

identification of board, 41

software configuration, 41–43

Blink sketch, 45–52

code, 193–194

comments, 47–48

finding, 40–41

functions, 48–50

loop() function, 51–52

setup, 49–50

tweaking, 54

uploading, 43–44

BlinkWithoutDelay sketch, 195–200

circuit, 195–196

code, 196–198

hardware, 195

understanding, 198–201

block comments. See 
multiline comments

blogs, 265, 327

Booleans, 236, 300

breadboards, 20, 58–59, 77–78, 81, 164, 
186. See also circuit, building

brushed DC motor. See DC motor

budget starter kits, 29

Burton Snowboards, 153

butane soldering irons,  
167–168

Button sketch, 97–102

circuit, 97–98

code, 98–99

hardware for, 97

tweaking, 101–102

understanding, 100–101

byte, 288

C
Calibration sketch, 219–224

circuit, 219

code, 220–221

hardware, 219–220

understanding, 222–224

Camel Case naming convention, 49

CapacitiveSensor library, 243

capacitive sensors, 243–248
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CapacitiveTouch sketch, 245–248

code, 246–247

hardware, 245

Love Button, 246

understanding, 247–248

Chorus project, 151–153

circuit, building

cleaning, 188

knowing your circuit, 186

laying out your circuit, 187

soldering, 187–188

wires, 187

circuit bending, 12

circuit diagrams, 76–78. See also 
specific sketches

light switch, 77

symbols, 77

using with Arduino board,  
78–80

collector (transistor), 120

color

changing, Processing, 287–290

color-coding, 80–82, 89–90, 94

resistor color charts, 82–84

Color Selector tool, Processing,  
312, 313

comments (code), 47–48

Compass Cards, 157–158

Compass Lounge, The, 156–158

constants, 100

constrain() function, Arduino, 223

continuity tester (multimeter),  
62, 67, 97

copper braid, 175–176

core functions, 49

C (programming language),  
45, 92

crocodile clips, 62, 171, 182

Cuartielles, David, 10

current, 70

Joule’s Law, 75–76

measurement of, 65

Ohm’s Law, 71–73

reverse, 117, 120

D
datasheets, 81–82

DC motor, 29

MotorControl sketch, 123–126

and PWM, 87

spinning, 117–122

Debounce sketch, 200–205

circuit, 201

code, 202–203

hardware, 200–201

understanding, 204–205

declarations, 91–92

delay() function, Arduino, 52,  
114, 194

Deschamps-Sonsino, Alexandra, 158

de-soldering wire, 175–176

DFRobot Gamepad shield v2.0, 261
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DFRobot SIM7600G LTE Shield, 264

Digi-Key, 27, 333

digital display (multimeter), 62

DigitalInputPullup sketch, 227–231

circuit, 227–228

code, 228–229

hardware, 227

understanding, 230–231

digital pins, 19, 20, 119

digitalRead() function, Arduino, 101

digitalWrite() function, Arduino, 51, 
52, 101, 108, 200, 236

dimmer circuit, 109–110, 188, 218

diodes, 29, 73, 117, 120–121

Discord servers, 329

display shields, 259–261

distance measurement, sensors 
for, 249–254

draw() function, Processing, 
299, 314, 322

duty cycle, 87

E
eBay, 27, 29, 334

editor pane, Arduino IDE, 33

EEPROM. See erasable programmable 
read-only memory

electrical polarity

of LEDs, 78, 79

of piezos, 137

of UNO R4, 21

electricity, 69–71

electric motors, 115–116

DC motor, 29, 87, 117–126

servomotors, 28, 117, 126–135

shields, 262–263

electromagnetism, 115–116

electronics, 12, 36

color-coding, 80–81, 89–90, 94

datasheets, 81–82

distributors, 27

old, salvaging, 334

element14, 27

ellipse, drawing (Processing),  
281–282, 286–287

ellipseMode() function, 
Processing, 286–287

else statement, 302

emitter (transistor), 120

enclosures, 189–190, 265

equipment wire, 60–61, 176–177

erasable programmable read-only 
memory (EEPROM), 267

ESP32, 24

Espressif, 24

Ethernet library, 267

eye protection, and soldering,  
177

F
FabLabs, 330

face tracking, 304
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Fade sketch, LED, 87–96

calculation of resistance, 88–89

circuit, 88, 89

code, 90–91

declarations, 92

hardware for, 87

for loop, 96

tweaking, 94–96

variables, 92–94

Farnell, 27

fill() function, Processing,  
288–290

Firmata library, 269

fixed-temperature soldering 
irons, 165–166

float, 248, 299, 313

flux-cored solder, 171

FONA 800 shield, Adafruit, 264

force sensors, 237–239. See also 
toneKeyboard sketch

for loop, 96, 131, 142, 217, 242–243

forward voltage, 73

Fried, Limor “Ladyada,” 25, 332

Fry, Benjamin, 9, 276

functions, 48–49. See also 
specific functions

G
Geiger–Müller tube, 264–265

GitHub, 265, 267, 270, 271

global variables, 199

GND (ground) pins, 20

Good Night Lamp, The, 158–160

graph, drawing, 305

circuit, 305–306

setting up Arduino code, 306–307

setting up Processing code,  
307–309

understanding Arduino Graph 
sketch, 310

understanding Processing Graph 
sketch, 310–314

graphic user interface (GUI),  
10, 32

ground rail (breadboard), 58

GUI. See graphic user interface

H
Hackaday, 265, 329

hacking, 12–13

Hackster.io, 162

handshaking, 321, 322

hardware hacking, 12–13

HC-SR04 sketch, 249–254

circuit, 250–251

code, 251–252

hardware, 250

understanding, 252–254

header pins, 181–182

header sockets, 19–20, 181

helping hand. See third hand 
for soldering

hobby motor. See DC motor

HX711 amplifier board, 239
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I
ICSP (in-circuit serial programming) 

connector, 181

IDE. See integrated development 
environment

IDII. See Interaction Design Institute  
Ivrea

if statement, 93–94, 101, 108,  
126, 194, 205, 210, 218, 230, 
301, 304, 313

infrared proximity sensors, 249

inputs, 14, 29

access, and enclosures, 189

analog input pins, 19, 104, 106, 
134–135, 242, 310

calibration of, 218–224

obstruction by shields, 256

shields, 261–262

Instructables, 162, 329

insulated equipment wire,  
60–61

integrated development 
environment (IDE)

Arduino, 24, 31–34, 50, 121,  
129, 133, 244–245, 266,  
269–270

Processing, 276–277

interaction design, 8–10

Interaction Design Institute Ivrea  
(IDII), 8

Internet of Things (IoT), 23, 155,  
158, 160

int variable, 92, 141

IoT. See Internet of Things

isTouched() method, 248

J
Joule, James Prescott, 75

Joule’s Law, 75–76

jump wires, 60–61

K
keyboards, 12

Kin Design, 156

Knob sketch, 132–135

circuit, 132–133

code, 133–134

hardware, 132

understanding, 134–135

Knock sketch, 232–237

circuit, 232–233

code, 233–235

hardware, 232

understanding, 235–237

L
LDR. See light-dependent resistor

lead-free solder, 170–171

lead poisoning, 170

lead solder, 170

LEDs. See light-emitting diodes

legacy shields, 263–265

Libelium/Cooking-Hacks Geiger-counter 
shield, 264–265
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libraries, 266–267. See also 
specific libraries

additional, installation of, 269–270

community-made, 269, 271

example sketches in, 266, 270

installation from ZIP file, 270

serial communication, 299

for shields, 257

standard, 267–269

Library Manager, Arduino IDE, 244–245, 
266, 269–270

light-dependent resistor (LDR), 28, 213

light-emitting diodes (LEDs), 28, 189

blinking, 7, 39–54

BlinkWithoutDelay sketch, 195–200

built-in, Arduino Uno R4 Minima, 21

connecting external LED to Arduino 
board, 52–54

Fade sketch, 87–96

light switch circuit, 70–71

polarity of, 78, 79

light sensors, 28

Calibration sketch, 219–224

Smoothing sketch, 213–218

light switch circuit, 70–71

diagram, 77–78

running through Arduino board, 78–80

line() function, Processing, 284, 312

LiquidCrystal library, 268

Little Printer, 160–161

load sensors, 237–239

local variables, 199

long, 198, 204

loop() function, Arduino, 51–52, 96, 
101, 107, 108, 113, 122, 131, 205, 
253, 303, 310, 320

M
Make: Makezine, 265

Maker Spaces, 330

manual wire strippers, 173–174

map() function

Arduino, 113, 135, 147, 223

Processing, 314

Max (software), 278

Maxuino library, 278

mechanical wire strippers, 173–174

menu bar, Arduino IDE, 32

message area, Arduino IDE, 34

microcontroller boards, 7, 10, 19

microcontrollers, 7, 10, 14

MIDI protocol, 262

millis() function, Arduino, 199, 222

mode-selection dial (multimeter), 62

Moggridge, Bill, 8

Moog synthesizer, 11

MotorControl sketch, 123–126

circuit, 123–124

code, 124

hardware, 123

tweaking, 125–126

understanding, 125

Motor shield Rev3, Arduino, 263

motor shields, 262–263



25_9781394369591-bindex.indd 343	 Trim size: 7.375 in × 9.25 in� February 16, 2026 2:01 PM

Index      343

Motor sketch, 118–122

circuit, 118–121

code, 122

hardware, 118

understanding, 122

Motor/Stepper/Servo shield v2.3, 
Adafruit, 262–263

Mouser, 27

multicore wires, 61, 176, 187, 191

multiline comments, 47–48

multimeter, 62–63, 174

continuity of circuit, checking, 67, 174

current measurement using, 65

resistance measurement using, 65–66

voltage measurement using, 64

multiple signals, sending

circuit, 314–315

hardware, 314

setting up Arduino code, 315–317

setting up Processing code, 317–319

understanding Arduino 
SerialCallResponse sketch, 320–321

understanding Processing 
SerialCallResponse sketch, 321–323

musical instrument, 143–147

Music Maker shield, Adafruit, 259–260

N
needle-nosed pliers, 61–62, 174

Newark, 27

NewPing library, 250, 251, 253, 254

Nintendo GameBoy, 12

Nokia, 153

non-light-emitting diodes, 73

noStroke() function, Processing, 289

noTone() function, Arduino, 143

NPN transistor, 120

O
Ohm, Georg Simon, 71

Ohm’s Law, 71–73

opacity, changing (Processing),  
288–290

open source, 15, 271

outputs, 14, 29. See also inputs

access, and enclosures, 189

obstruction by shields, 256

P
p5.js, 277–278

p5.serialport library, 278

patching, 10

Pduino library, 278

perfboards, 179–180

phone switchboards, 11

physical computing, 9

piezos, 29, 136, 137, 231–232

Knock sketch, 232–237

PitchFollower sketch, 144–147

toneMelody sketch, 136–143

Pimoroni, 26, 265, 332–333

ping_median() method, 254

pinMode() function, Arduino, 50, 92–93, 
100, 106, 122, 230, 310, 320
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pitches.h, 139–140, 242

PitchFollower sketch, 144–147

circuit, 144–145

code, 145–146

hardware, 144

understanding, 146–147

PNP transistor, 120

point() function, Processing, 283

potentiometer, 28, 103, 105, 109, 111, 
123, 125–126, 131–133, 186, 214, 
305–306, 309, 314, 319

power, 70, 71

calculation of, 74–75

Joule’s Law, 75–76

socket, Arduino Uno, 20–21

and transistors, 119

power rail (breadboard), 58

power shields, 262–263

power supply, 51

and enclosures, 189

power pins, 19

and shields, 256–257

pre-defined variables, 49, 53

pressure pads, 237–238, 249

println() function, 
Processing, 280, 311

probes (multimeter), 62

Processing, 9, 10, 15, 32, 276–277. 
See also Arduino and Processing, 
communication between

IDE, 276–277

installation of, 278–279

toolbar, 280

window, main areas of, 279–280

Processing sketches, 280–282

changing color and opacity,  
287–290

drawing shapes, 282–287

interactions, 290–291

project box, 189–190

projected capacitive sensors,  
243–244

Proto shield kit Rev3, 258

prototyping, 163, 186

shields, 258–259

tools for, 54–67

use of AI in, 36

pull-down resistors, 54, 227, 314

pull-up resistors, 227, 230

pulseIn() function, Arduino, 253

pulse-width modulation (PWM),  
20, 87, 112, 113, 130, 222.  
See also Fade sketch, LED

Pure Data (Pd), 278

pushbuttons, 28, 77–78, 181,  
226–227

bouncing, 200

Button sketch, 97–102

Debounce sketch, 200–205

DigitalInputPullup sketch, 227–231

StateChangeDetection sketch,  
206–212

Push Snowboarding project, 153–155

PWM. See pulse-width modulation
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R
Rapid, 27

Raspberry Pi Pico, 24

Reas, Casey, 9, 276

rectangle, drawing (Processing), 284–287

rectMode() function, Processing, 285, 300

Reddit, 265, 329

relays, 29

Renesas RA4M1 microcontroller, 19

reset button, Arduino Uno, 21, 140

resistance, 71

calculation, LED Fade sketch, 88–89

Joule’s Law, 75–76

measurement of, 65–66

Ohm’s Law, 71–73

resistors, 78

color charts, 82–84

force-sensitive, 237–243

pull-down, 54, 227, 314

pull-up, 227, 230

resistance, measurement of, 65–66

variable, 66, 103, 109

Restriction of Hazardous Substances 
Directive (RoHS), 170

reverse current, 117, 120

reverse polarity, 21

reverse voltage, 73

RGB 16x2 LCD shield, Adafruit, 260

RobotShop, 26

RoHS. See Restriction of Hazardous 
Substances Directive

RS Components, 27, 333

S
SdFat library, 268

SD library, 268

Seeed Studio, 26, 265, 332

Blog, 265

Seeeduino v4.3, 22

Wio LTE Cat.1 Shield, 264

sensors, 225–226

analog, 106, 212–213, 310

capacitive, 243–248

for distance measurement,  
249–254

piezo, 231–237

pressure, force, and load 
sensors, 237–243

pushbuttons, 226–231

serial communication, 108, 230

AnalogInOutSerial sketch, 109–114

library, 299

serialEvent() function, Processing, 
311, 313, 322

serial library, Processing, 310, 321

Serial.list() function, Processing, 
301, 311, 322

serial monitor, 108, 109, 111, 112, 125, 
147, 211, 218, 235, 247, 253

Serial Peripheral Interface (SPI), 268

serial port, 41–43, 86, 113, 147, 210, 216, 
236, 298, 300, 310, 311, 320, 322

Serial.print() function, Arduino,  
113–114

Serial.println() function, Arduino,  
113–114
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Servo library, 129, 133, 134, 268

servomotors, 28, 117, 126–127

Knob sketch, 132–135

Sweep sketch, 127–131

setup() function, Arduino, 49–50, 
92, 100, 113, 122, 130, 135, 142, 
147, 199, 204, 210, 216, 222, 236, 
242, 253, 303

shapes, drawing (Processing), 281–287

shields, 20, 256. See also Arduino shield

audio and display, 259–261

combinations, considerations 
for, 256–257

input, 261–262

latest products, 265–266

legacy, 263–265

motor and power, 262–263

prototyping, 258–259

short circuit, 71, 121

sidebar, Arduino IDE, 33

signal wires, 90

sine waves, 136, 137

single-core wires, 60, 61, 176

single-line comments, 48

size() function, Processing, 282, 291

sketches, 10, 32, 85. See also libraries

AnalogInOutSerial, 109–114, 186

AnalogInput, 102–108

Blink, 40–41, 43–44, 193–194

BlinkWithoutDelay, 195–200

Button, 97–102

Calibration, 219–224

CapacitiveTouch, 245–248

Debounce, 200–205

DigitalInputPullup, 227–231

example sketches in libraries,  
266, 270

HC-SR04, 250–254

Knob, 132–135

Knock, 232–237

making virtual button, 293–305

Motor, 118–122

MotorControl, 123–126

PitchFollower, 144–147

Processing, 280–291

resetting, 21

SerialCallResponse, 314–323

Smoothing, 213–218

StateChangeDetection, 206–212

Sweep, 127–131

toneKeyboard, 239–243

toneMelody, 136–143

uploading, 86

Smoothing sketch, 213–218

circuit, 213–214

code, 214–215

hardware, 213

sockets (multimeter), 63

SoftwareSerial library, 268

soldering, 59, 163–164, 183–184,  
187–188

adhesive putty, 172, 182, 187

assembling a Arduino shield,  
178–182
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equipment wire, 176–177

multimeter, 174

needle-nosed pliers, 174

safety precautions, 177–178

solder, 170–171, 178

solder fumes, 165, 171, 178

solder stations, 169–170, 183

solder sucker, 174–176

solder wick, 175–176

technique, 182–185

thinning the tip, 184, 185

third hand (helping hand), 
171–172, 182

wire cutters, 173

wire strippers, 173–174

workspace for, 164–165

soldering irons

cleaning, 178

handling, 177

tips, 170

types of, 165–169

source code, 15

SparkFun, 26, 265, 328, 332

SparkFun Inventor’s Kit (v5.0), 29

SparkFun MIDI shield, 261–262

Speak & Spell, 12

Special Projects, 153

SPI. See Serial Peripheral Interface

square waves, 136, 137

starter kits, 27–30

StateChangeDetection sketch,  
206–212

circuit, 206–207

code, 207–209

hardware, 206

understanding, 209–212

Stepper library, 268

stripboards, 179–180, 191

Sweep sketch, 127–131

circuit, 128

code, 129

hardware, 127

understanding, 130–131

synthesizers, 11, 12

T
tabs, Arduino IDE, 34, 140

temperature-controlled soldering 
irons, 168–169

temperature sensor, 28

terminal blocks, 190–191

test leads (multimeter), 62

Theremin, 143–147

third hand for soldering,  
171–172, 182

timers, 194–195, 204

Tindie, 333

tone() function, Arduino, 142

toneKeyboard sketch, 239–243

circuit, 239–240

code, 240–241

hardware, 239

understanding, 242–243
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toneMelody sketch, 136–143

circuit, 137–138

code, 138–140

hardware, 137

understanding, 140–143

toolbar, Arduino IDE, 32–33

TouchDesigner, 278

touchRead(pin) function,  
Arduino, 248

transistors, 29, 81, 82, 119–120

triangle waves, 136, 137

trim() function, Processing, 313

U
Ultimate GPS Logger shield, 

Adafruit, 263

ultrasonic range finders, 249–254

United Visual Artists (UVA), 151

Unity, 278

Universal Serial Bus (USB), 108

access, in enclosures, 189

Arduino Uno, 20–21

USB-C cable, 28, 86

USB-C soldering irons, 166–167

unsigned long, 198

USB. See Universal Serial Bus

UVA. See United Visual Artists

V
variable resistors, 66, 103, 109

variables

global, 199

local, 199

pre-defined, 49, 53

ventilated environment, for soldering, 
165, 171, 178

Verplank, Bill, 8

Vin (voltage-in) pin, 20, 21

virtual button, making, 293–294

circuit, 294, 295

setting up Arduino code, 294–296

setting up Processing code, 296–299

understanding Arduino PhysicalPixel 
sketch, 303–305

understanding Processing PhysicalPixel 
sketch, 299–303

Vitamins Design, 153

void draw, 291

void keyword, 49

void loop, 49

void setup, 49

voltage, 70

measurement of, 64

Ohm’s Law, 71–73

W
Waste Electrical and Electronic 

Equipment Directive (WEEE), 170

Watterott Electronic, 26

Watterott, Stephan, 26

watts, 70, 74–75

WEEE. See Waste Electrical and Electronic 
Equipment Directive

Weller solder station, 169, 183

Wheatstone bridge, 238
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while loop, 222, 320

WiFi library, 267

WiFiNINA library, 267–268

WiFiS3 library, 267–268

wire cutters, 173

Wire (I2C/TWI) library, 268

wire strippers, 173–174

wiring, 190–191

terminal blocks, 190–191

twisting and braiding, 190

Wiring project, 9, 10

workshops, 330

workspace

for soldering, 164–165

for working on Arduino projects, 30–31

Y
YouTube, 329

Z
zero indexing, 134, 141

ZIP file, library installation from, 270
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