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Chapter 1

Introduction

Embedded technology - easily-programmable miniature electronics - has endless
applications in the theatre industry. Recent innovations have made this technology
more accessible than ever. The only thing standing between the theatre world and the
world of embedded electronics is the need for a basic understanding of the technology
and its potential uses. That’s where this book comes in.

1.1 What is Embedded Electronics?

Embedded electronics is the use of tiny computers, called microcontrollers, to operate
electronic elements. Among many other things, they can control the behavior of lights
and motors, read data from sensors and react accordingly, and create communication
links between electronic devices. Essentially, microcontrollers allow us to manipulate
electronics in ways that would be difficult, cumbersome, or sometimes impossible with
an ordinary computer.

1.2 How is this Useful in Theatre?

There are endless applications for embedded electronics in the theatre, and no two
productions will use them in exactly the same way. Here are a few examples of
potential applications, some of which you’ll find instructions on building later in the
book:

17



1.3. How do I Use this Book?

e (Create a spaceship control console with blinking LEDs for a production of
Forbidden Planet. Using the methods you’ll find in this book, the LEDs
could simply blink in a random pattern, or they could react to button pushes,
sliders, proximity of actors, or even noise around them. They could also be
programmed into light cues and controlled through a wireless DMX link.

e Build a spinning windmill for The Wizard of Oz. The windmill could be easily
cue-able through DMX, and could speed up during the storm and slow down
again when it’s over.

e Attach a practical elevator dial to a moving piece of scenery. The dial could
be operated from offstage via a simple wired knob, or it could be controlled
wirelessly via DMX.

e Have a ghost pop out from behind a wall in a haunted house. Use a proximity
sensor to detect when people approach, programming the ghost to jump out
at them automatically when they’re close, then reset after a certain period of
time.

1.3 How do I Use this Book?

Embedded Electronics for Theatre is a boot camp approach to learning the basics of
electronics, geared specifically towards the information that is useful in the theatre.
We'll start with the fundamentals of electricity, then work our way through the parts,
pieces and tools you'll need to start building electronic devices. We’ll touch on some
very basic programming concepts, and then we’ll show you how to build and program
a variety of gadgets that have practical theatrical applications.

The book covers a lot of material, but it doesn’t delve more deeply than what you
need to know to actually build electronic devices that work. We also cover a good
bit of math, since there are critical formulas and mathematical functions you’ll need
to understand to build electronic circuits. However, we will only go into the math
when we need to. Understanding why the math works is far less important here than
simply knowing how to plug some values into a formula.

If you get stuck in a section, just skip to the next one. Many topics are introduced
in one place, explained in more detail later, and then finally implemented in the last
few chapters. Everything will become clearer as you get further into the book. If you
already have an understanding of the basic fundamentals of electronics and circuit
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building, you may want to go directly to the later chapters that deal specifically with
creating devices for theatre, referring back to earlier chapters if you need a refresher
on a particular topic.
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Chapter 2

How to Read This Book

Throughout this book, we’ll be using quite a bit of math and referring frequently to
circuit diagrams. Before delving into any of that, we’ve included quick refreshers on
the necessary math and the basics of reading circuit diagrams. If you're comfortable
with these topics already, just skip to the next chapter and jump right in!

2.1 Using the Glossary

Throughout the book, when a new term is introduced, it will show up slightly
differently, like so: resistor. You’ll find the definition of these terms in the Glossary,
starting on page 233.

2.2 Math Refresher

While most of you reading this will have taken high-school Algebra, it may help to have a
short refresher course. Here are the basics of what you need to know:
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2.2.1 Arithmetic

We hope you are comfortable with the concepts of addition(+), subtraction(—), multiplication(x
or -), and division (/ or +). Here are some examples in case you're rusty:

13+7 = 20
18—4 = 14 21)
3x5 = 15
2/6 = 71

When multiplying the same number times itself multiple times, exponents are used as
shorthand. For example, 22 means the number 2 should be multiplied by itself three times:
25=2.2.2=238

Parenthesis () are operators that group parts of the equation together. For instance, to
subtract 4 from 18 and then multiply the result by 4, it can be expressed with parentheses:
(18 —4) x4 =14 x4 =56

2.2.2 Order of Operations

When there are multiple operators in an equation, it’s important to know what order to
use them in. The order from first to last is: Parenthesis, Exponents, Multiplication and/or
Division (left to right), and then Addition and/or Subtraction (left to right). A good
mnemonic device for this is PEMDAS: Please Excuse My Dear Aunt Sally.

For instance: 1+ 2 x 3 is equivalent to 1 + (2 x 3) NOT (1+2) x 3

2.2.3 Variable Substitution

When an exact value isn’t known, a letter, like x, can be used in place of the number. The
x is referred to as a variable and lets us use the value in an equation without knowing the
exact number.

Variables behave just like numbers, so we can do things like 3 - 4 = 12z. A number that
is directly before a variable is its coefficient and should be multiplied by the variable, so
4x means the same thing as 4 - z.

Variables can also have subscripts, like this: V; or R. This is just a way of “tagging”
different variables to distinguish them from one another. One common use of subscripts
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2.3. Circuit Diagrams

in this book is to differentiate the input value of something from the output value. For
example, if V' is the variable for voltage, V; would be the input voltage and V,, would be
the output voltage.

2.3 Circuit Diagrams

A circuit is a collection of wires and components that perform some function. Circuits are
so named because the wires and components generally make a loop (or circuit) allowing
electricity to flow. A circuit is said to be closed when electricity can flow all the way around
the loop. A circuit is said to be open when there is a gap in the circuit that prevents the
electricity from flowing all the way around.

A circuit diagram is a simplified drawing that lets us communicate what’s important about
the way a circuit is constructed, without having to draw the components in too much detail.
Electrical components are drawn with wires connecting them. Where wires cross, they can
either be connected or not connected.

Figure 2.1: Wire Crossing: Not Connected

Figure 2.2: Wire Crossing: Connected

As you can see, if we draw wires that cross or intersect each other but do not connect, we’ll
show them without a dot at the intersection, or with a little jump showing that one crosses
over the other. If the wires do connect, there will be a dot at the intersection.
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2.3. Circuit Diagrams

The following are electrical symbols for commonly found components. We’'ll go into detail
about what these components are and how they’re used later; for now, use this as a general
key to follow and refer back to.

Two different, but equivalent, symbols for a

resistor. (See 5.1.) _—

Two different, but equivalent, symbols for a

variable resistor. (See 5.8.) ‘¢|—

A capacitor that does not care which way it is
plugged in is unpolarized (left). A capacitor ‘I |¥ _+| F
that reacts differently based on its orientation

is polarized (right). (See 5.2.)

An inductor. (See 5.4.) Y Y

Table 2.1: Circuit Diagram Symbols
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Collector

A Transistor (See 6.2) Base

Emitter

A transformer. See 5.4.4.

An integrated circuit (IC). (See 6.5.)

An inlet/test point. Used on diagrams to Qi
indicate a connection point.

A switch. See Chapter 7. —O/Qi

Table 2.2: Circuit Diagram Symbols
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A battery or DC (direct current) voltage +] .
source. Polarity indicated by + and —. (See | | | || I
3.1.)

An AC (alternating current) voltage _@_
source. (See 3.1.)

V+ Supply: indicates connection to the V+ /I\ ?
supply. (See 3.1.)

Ground: indicates connection to the 0V |
reference. (See 3.1.) =

Table 2.3: Circuit Diagram Symbols

Additional notes next to each component on a diagram will provide specific information
about it, such as capacity, rating, etc.
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9V battery, 40

AC, 26, 27

acceleration, 136
accelerometer, 136, 192, 193
accidental coupling, 82
accumulator method, 85
active, 61

active filter, 68

ADC, 111

Algebra, 21

aluminum electrolytic capacitor, 48
amp, 29

Amplitude Shift Keying, 96
analog circuit, 27

analog to digital conversion, 111
anode, 61

Arduino, 105, 109

Arduino Fio, 97, 106
Arduino LilyPad, 107
Arduino Pro Mini, 106
Arduino Uno, 106

array, 154

ASK Radio, 96

assignment operator, 155
asynchronous serial, 89, 114
ATMega328, 107

ATX, 42

balanced, 91

balanced signaling, 82
ball tilt sensor, 137
band-pass filter, 58, 71

battery, 26, 27, 39
beat frequency, 120
bias network, 92
binary, 152

biphase bit encoding, 96
bipolar, 129

bit, 152

bit-banging, 112

BJT, 64-66
bootloader, 107, 110
breadboarded, 141
breakout board, 170
bridge rectifier, 63
broadcast address, 102
bus, 91

capacitance, 33

capacitor, 24, 33, 45, 48

car battery, 224

carbon composition resistors, 46
cathode, 61, 175

ceramic capacitor, 48

ceramic resonator, 55

circuit, 23, 27

circuit board, 147

circuit diagram, 23

circuit diagram symbols, 24
closed circuit, 23

code, 151

coefficient, 22

common-mode choke, 51
communication, 87, 90, 112, 164
compile, 105
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compiler, 152
conditional operator, 157
CR2032, 40

crystal, 54

current, 29

cycling, 42

DC, 27

DC motor, 127, 182

DC Motors, 123

dead short, 40

delay, 163

development environment, 105, 166
digital circuit, 27

digital signal, 87

dimming, 119, 224

diode, 34, 45, 62

discharge curve rating, 40
display, 189

DMX, 202, 203, 211, 214, 225
DMX-512, 92

double-layer capacitor, 49
duty cycle, 54

EL Wire, 118

EL wire, 176, 211

electromagnet, 35
electromechanical devices, 73, 186
environment, 161

equation, 22

equivalence operator, 155
executable, 152

exponent, 22

farad, 48

ferrite bead, 51
FET, 66
firmware, 152
flash space, 110
flashing, 152
float, 154
flyback diode, 34

frequency, 53

Frequency Modulation, 88
FTDI, 166

full bridge rectifier, 43
function, 156

gain, 67

gamut, 118

gearbox, 125

general purpose input output, 110
generator, 27

global variable, 156

GPIO, 87, 110, 194

ground, 26, 28

grounded emitter circuit, 64, 65
gyro sensor, 138

H-bridge, 127, 183
hardware, 151

heat, 30

henry, 51
hexadecimal, 152
high-pass filter, 55, 70
hot-air rework, 149

I?C, 113

IGBT, 66

in circuit programming, 109
inductive load, 67
inductor, 24, 34, 45, 51
infrared, 95, 195

inlet, 25

integer, 154

integrated circuit, 25, 67
interface data rate, 102
interface 1C, 91

internal resistance, 40
IR, 95, 195

IR reflectance sensor, 135
IR transmitter, 195

ISP, 109
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joystick, 77

latching relay, 79
LCD, 189

LCD display, 189
lead-acid battery, 224
LED, 115-117, 220
level shift, 32

light dependent resistor, 133, 179
light sensor, 179
light sensors, 133
lighting, 115

Lilypad, 107

line voltage, 27
linear power supply, 42
LiPo, 106

LiPo (Battery), 42
Lithium Ion, 42
Lithium Polymer, 42
local variable, 156
logic analyzer, 144
low-pass filter, 57, 69
lumen, 117

lux, 133

magnetic field, 35
mesh networkable, 97
metal film resistors, 46
microcontroller, 105
milliamp-hour, 39
momentary switch, 73
MOSFET, 66

motion sensor, 136, 193
motor, 37

motor control, 126, 127, 129-131, 182-184

moving window, 193
multi-turn pot, 59
multimeter, 143

negative temperature coefficient, 138
negative temperature coefficient resistor, 58

Nickel Metal Hydride, 42
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NiMH, 42

noise, 57, 90
nominal, 46
nominal voltage, 28
normally closed, 73
normally open, 73
NTC, 138

NTC resistor, 58

ohm, 30

Ohm’s Law, 30

Ohm’s law, 30

on-off keying, 195
op-amp, 46, 67-71
open circuit, 23
opto-isolator, 121
Order of Operations, 22
orientation 1C, 137
oscilloscope, 143, 144

packet, 89, 92, 102, 194
packetization timeout, 102, 194
parallel, 28

parasitic capacitance, 81
parasitic inductance, 81
parity, 89

passives, 45

peak voltage, 28
PEMDAS, 22

period, 88

permanent magnet, 35
piezo buzzer, 176

pin, 105, 162

Pin Through Hole, 45
PIR motion sensor, 136
pitch, 192

plumbing, 27, 29, 30, 34
polarity, 48

polarized, 48

pole, 73

PORTD, 191
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positive temperature coefficient resistor, 58
potentiometer, 59

power, 30

power supply, 28

primary cell, 28
programming, 109, 151
projector dowser, 214
protocol, 87

proximity sensor, 135

PTC resistor, 58

pull-down, 46

pull-up, 46, 114

Pulse Width Modulation, 88
pulse-width modulation, 111
PWM, 88, 111, 131

RAM, 151

RC Servo, 130

RC servo, 181
real-time clock, 164
rectifier, 62

reed relay, 78
register, 153

relay, 36, 78, 216
resettable fuse, 58
Resistance, 30
resistance, 30
resistor, 21, 24, 30, 45, 46
RGB, 117

RGB LED, 117, 118
rotor, 37

RS-232, 91

RS-485, 91, 92
RTC, 164

running time, 163

safety, 29, 48, 217
saturation current, 65
schottky diode, 64
semiconductor, 61, 121
sensor, 133

serial, 89

serial programming, 110
series, 28

servo, 199, 214

signed, 154

significant figure, 154
slide switch, 76

small signal diode, 62
software, 151

soldering, 149

soldering iron, 141
solderless breadboard, 169
solenoid, 35, 73

solid state relay, 79
SPI, 113

splined shaft, 131

SSR, 79

stall current, 123
statement, 156

stepper motor, 129, 184
supercapacitor, 42, 49
supply, 26

Surface Mount Device, 45
switch, 25, 73, 186
switch debouncing, 83

switch-mode power supply, 51

switching time, 62
synchronous serial, 89

tact switch, 74

tactile joystick, 77
tactile switch, 74
tantalum capacitor, 49
temperature sensor, 138
terminal, 28

test point, 25
thermistor, 58, 138
thermocouple, 139

thermocouple amplifier, 139

throw, 73
tilt, 192
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time constant, 50 yaw, 192

timeout function, 209

toggle switch, 76 zener, 62, 63
transformer, 25, 37, 52 zero-crossing, 120
transistor, 25, 61, 64 zighee, 97

triac, 119, 121

TTL, 91

TWI, 113

twisted pair, 83

UART, 110, 114, 164, 205
ultrasonic range finder, 135
unbalanced, 91

unipolar, 129

unit load, 91

unsigned, 154

variable, 22

variable resistor, 24, 58, 59
variable voltage divider, 59
virtual ground, 32

vise, 147

volt, 28

voltage, 27

voltage divider, 31, 179
voltage regulator, 63

wall wart, 42, 119
watt, 30

watt-second, 39

West Virginia, 30
wire resistance, 81
wire-wound resistors, 47
wireless technology, 95
Wiring, 105

wiring, 161

Wixel, 103, 195

work, 27

X-CTU, 99, 194, 207, 219
Xbee, 97, 99, 106, 194, 203, 216, 225
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