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PHYSICAL INTERACTION
Keyboard and mouse interaction are 
intrinsically physical, however they 
require little in the way of actual 
body movement or agility.

When we talk about physical 
interaction, we are speaking about 
interactions that require more of the 
body, depend more on movement, 
and may require a greater level of 
agility.

We might also be more concerned 
with the body’s relationship to it’s 
environment.
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HOW OUR BRAINS SENSE OUR 
Our primary motor cortex, the 
parts of our brain responsible 
for our body’s movement, can 
be represented as a Cortical 
Homunculus. Notice how 
disproportionately larger some 
parts of the Homunculus are, 
such as the tongue, and 
fingers. We need more 
processing power for those 
functions in order to maintain 
our fine motor skills.
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WHAT COMPUTERS THINK OF 

Researchers and ITP 
professors Dan O'Sullivan and 
Tom Igoe created this drawing 
to illustrate what computers 
think of humans based on how 
we interact with them.

PHOTO BY DAN O’SULLIVAN & TOM IGOE



INTERACTIVE PROJECTS



WOODEN MIRROR
Daniel Rozin’s Wooden Mirror is 
a mechanical mirror made from 
830 blocks of wood.

A camera embedded in the 
work of art captures whatever 
may be in front of the mirror. 

A computer analyzes each 
frame of video, and then 
controls motors which shift the 
direction of the attached blocks 
causing them to reflect more or 
less light.
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EXPERIMENTAL DEVICES FOR 

Experimental Devices for 
Performance are a series of 
custom made electronic devices 
designed by artist Andrew 
Schneider to augment his 
performances which investigate 
human and technological 
interdependence.
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SHORT++

Short++ is a pair of robotic 
platform shoes worn by artist 
Adi Marom.

The height of the wearer can be 
adjusted in real-time by using 
an iPhone App.

The artist created the shoes so 
that she could investigate how 
height plays a role in the 
interaction of people.
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RAMPS
Ramps is a wheelchair based DJ 
interface created when designers 
John Schimmel, Wlodek Koss, 
and Tristan Perich met disabled 
rapper E$ (pronounced E-Money).

The designers were impressed by 
E$’s wheelchair skills, and wanted 
to create something that took 
advantage of his unique ability.

The system tracks the speed and 
direction of the wheels allowing 
the user to remix music. PHOTO FROM BASE2JOHN.COM

http://base2john.com


EYEWRITER
a tool created by F.A.T. Lab and 
Graffiti Research labs which 
allowed a paralyzed grafitti artist 
to create digital work with his 
eyes. The project used of the 
shelf components and cost only a 
few hundred dollars to make.

PHOTO FROM EYEWRITER.ORG
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SENSORS



SENSORS

Sensors are a range of input 
circuits capable of measuring a 
physical quality.

A sensor acts to convert this 
physical quality into an 
electrical signal that is 
understandable to a 
microcontroller.
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DIGITAL AND ANALOG

Analog- variable voltage

Digital- I2C, SPI, 1-Wire®
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SENSOR CATEGORIES

Some general sensor 
categories

• Sound & Vibration
• Light & Radiation
• Temperature
• Position & Proximity
• Speed & Acceleration
• Pressure & Force
• Gas & Chemical
• Electrical & Magnetic
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SOUND & VIBRATION

Sound & vibration sensors often 
rely on the piezoelectric effect.

The piezoelectric effect is the 
tendency of an electric charge 
to build up in certain materials 
when physical pressure is 
applied.
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LIGHT & RADIATION

One type of light sensor, 
photoresistors (sometimes 
called photocells), are a light 
sensitive variable resistor that 
rely on photoconductivity.

Photoconductivity is the quality 
of certain materials to become 
more or less electrically 
conductive with exposure to 
electromagnetic radiation.
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TEMPERATURE

A thermistor is a type of 
temperature sensor that relies 
on a change in the conductance 
of some materials at varying 
temperatures.
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POSITION & PROXIMITY
Ultrasonic sensors or 
rangefinders use the principles 
of radar.

These devices interpret the 
time it takes an echo produced 
by sound or radio waves to 
return to determine distance.

Another way to determine 
position is to use computer 
vision, a technique of 
programmatically analyzing 
digital images or video. PHOTO BY ADAFRUIT



IR SENSORS
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SPEED & ACCELERATION

Accelerometers are a range of 
devices capable of measuring 
g-forces felt by objects during 
movement.

These sensors, which are 
generally included in smart 
phones, can be used to 
determine position, orientation, 
and velocity in single or multiple 
axes.
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PRESSURE & FORCE

Available in many shapes and 
sizes, force sensitive resistors 
(FSR) and flex sensors vary 
their resistance as pressure is 
applied to them. 
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GAS & CHEMICAL

Gas and chemical sensors can 
be sensitive to a range of 
substances including carbon 
monoxide, alcohol vapors, and 
various combustable gasses.
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ELECTRICAL & MAGNETIC

Electrical properties such as 
current can be measured using 
various sensors.

And magnetic switches can be 
used for control as well as 
proximity detection.

PHOTO BY SPARKFUN



COMPONENTS



SENSOR COMPONENTS

Sensors are generally available 
in component form.

These components are 
manufactured in a variety of 
different packages and 
mounting formats.

Components are often available 
in multiple forms.
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THROUGH HOLE TECHNOLOGY

Through hole technology (THT) 
refers to a type of electrical 
component that has long legs, 
and which is designed to be 
inserted through and soldered 
to a hole in a circuit board.

These are the kinds of 
components that we use with 
our breadboards too.

Many newer components, 
however, are not available in 
this form factor.

PHOTO BY MARK DEMERS



DUAL IN-LINE PACKAGES

Dual in-line packages (DIP) are 
a type of integrated circuit 
package that is designed to be 
through hole mounted.

…
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SURFACE MOUNT TECHNOLOGY

By contrast surface mount 
technology (SMT) components 
are designed to be placed on 
and soldered to pads arranged 
on the top or bottom of a circuit 
board.

PHOTO BY ANDREW MAGILL



SMALL OUTLINE INTEGRATED 

Small Outline Integrated Circuit 
(SOIC) is a type of integrated 
circuit package that is designed 
to be surface mounted.

There are dozens of other 
surface mount packages, 
including Mini Small Outline 
Package (MSOP) AND Thin 
Small-Outline Package (TSOP).
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USING COMPONENTS

Generally speaking, THT 
components are larger, and for 
that reason easier to use than 
SMT components.

Sometimes components can be 
used directly without the need 
for additional parts such as 
resistors, capacitors, etc.

Frequently however, there is a 
need for a more complex 
circuit. PHOTO BY DANIEL SPILLERE ANDRADE



BREAKOUT BOARDS
Companies such as SparkFun, 
AdaFruit, DFRobot, and Seeed 
Studio have begun 
manufacturing breakout boards 
for many sensor components.

The purpose of the breakout 
board is to make the component 
easier to work with.

These breakout boards are 
particularly useful when the 
sensor components rely on 
SMT or require complex 
supporting circuits.
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DATA SHEETS & DOCUMENTATION
When working with a sensor 
component or breakout board for 
the first time, it is  important to 
first familiarize yourself with the 
data sheet and / or find a good 
source of documentation.

Components can be expensive or 
difficult to replace, and they are 
easily ruined by improper use.

Don’t just start plugging wires in if 
you don’t know where to connect 
them. 

PHOTO FROM SEEEDSTUDIO





SMOOTHING SENSOR VALUES

Sometimes the value from a 
sensor can be erratic, either 
because of noise within the 
circuit or within the 
environment.

That being the case, It can be 
desirable to create an average 
of a sensor’s value over time, 
which will have the effect of 
smoothing out much of the 
noise.

PHOTO BY STEVE JURVETSON



SMOOTHING SENSOR VALUES

Sample a series of values and 
averaging them removes 
sudden spikes that sometimes 
happens with analog sensors.

PHOTO BY STEVE JURVETSON



MAP(VALUE, FROMLOW, FROMHIGH, TOLOW, TOHIGH)

Parameters

value: the number to map

fromLow: the lower bound of the value's current 
range

fromHigh: the upper bound of the value's current 
range

toLow: the lower bound of the value's target range

toHigh: the upper bound of the value's target range

Returns

The mapped value.

y = map(x, 0, 1023, 0, 255);



ACTUATORS



ACTUATORS

Actuators are circuits, often a 
type of motor, that causes 
something to happen in the 
physical world, by converting a 
source of electrical energy into 
motion.

Actuators allow a machine to 
operate within the physical 
world.

PHOTO FROM BELLONA FOUNDATION



LINEAR ACTUATORS

Linear actuators are actuators 
that produce linear motion, or 
motion that is constrained to a 
straight line.

Linear actuators are generally 
devices that convert rotary 
motion into linear motion.
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ROTARY ACTUATORS

Rotary actuators are actuators 
that produce rotary motion, in 
other words spinning.

Rotary actuators are generally 
motors.

DC motors produce continuous 
rotary motion while servo 
motors and stepper motors 
produce motion to a specific 
angle.

PHOTO FROM WIKIPEDIA



BRUSHED MOTORS
Brushed motors are a type of 
motor that operate using DC 
power to continuously spin an 
internal commutator.

The commutator is in contact with 
brushes on the inside of the motor 
that create an electrical circuit, 
but do not restrict the movement 
of the motor.

Sometimes a gear is attached to 
the shaft of the motor to provide 
greater torque, or twisting force. PHOTO BY SOLARBOTICS



BRUSHLESS STEPPER MOTORS

Brushless stepper motors are a 
type of motor that operates 
through the coordinated control 
of internal fixed electromagnet 
coils (phases or windings) that 
cause the motor to turn by an 
incremental step.

Steppers are known for their 
reliability and precision, but do 
not have the same continuous 
rotation quality of a brushed 
motor. PHOTO BY MAKERBOT



SERVOS

Servos are small motors with 
integrated gears.

They are frequently used in 
remote control devices such as 
toys and robots, but with 
various mechanical 
applications.

Depending on the servo type, 
you can control position or 
speed through the use of pulse-
width modulation (PWM). PHOTO BY CAMB416



SERVOS GEARING FEEDBACK

PHOTO BY ELECTRICALEASY



SERVO CONTROL

PWM controls the position 
of the servo

PHOTO BY SERVOCITY



SERVO WIRE

Servo motors use three wires, 
but they often vary in color. 
Typical colors include:

• Black, Red & Yellow
• Brown, Red & Yellow
• Black, Red & White

Black or brown is ground, Red 
is power & yellow or white is 
control.

PHOTO BY MIKEBLOGS



SERVO LIBRARY

The Arduino Servo Library is 
built-in to the Arduino IDE and 
allows you to easily control up 
to 12 Servo Motors on most 
Arduinos and even more on the 
Arduino Mega.

PHOTO BY OSAMU IWASAKI



SERVO LIBRARY FUNCTIONS

servo.attach() attaches the 
Servo variable to a pin.

servo.detach() detaches the 
servo from its pin.

servo.read() Reads the current 
angle of the servo motor shaft.

servo.write() writes a value to 
the servo, controlling the motor 
shaft accordingly.

PHOTO BY SPIKENZIE



#include <Servo.h>  
Servo servo; 
void setup() {  
 servo.attach(9); 
}  

void loop() { 
  servo.write(90); 
  delay(500); 
  servo.write(0); 
  delay(500); 
}

SERVO LIBRARY EXAMPLE



Servo and potentiometer



#include <Servo.h>       // include the servo library
 
Servo servoMotor;         //creates an instance of the servo object 
int servoPin = 9;         // Control pin for servo motor
 
void setup() {
 Serial.begin(9600);        // initialize serial

 servoMotor.attach(servoPin);    // attaches the servo on pin 9} 
 }
void loop()
{
int analogValue = analogRead(A0);       // read the input

int servoAngle = map(analogValue, 0, 1023, 0, 179);
 
                      // move the servo using the angle from the sensor:
  servoMotor.write(servoAngle);
}



analog sensor and 10k resistor



Readings: 
Getting Started with Arduino: Chapter 4 – Really Getting Started with Arduino 
Getting Started with Arduino: Chapter 5 – Advanced Input and Output 
Arduino Reference: Servo library 
 

Make: Arduino’s Servo Library: Angles, Microseconds, and “Optional” 
Parameters 

Discussion: 
Physical Interaction, Sensors & Actuators
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