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PHYSICAL COMPUTING  
& ROBOTICS

1. MECHANICAL MOTION 
!

2. ACTUATION with hardware 
!

3. SIMPLE MACHINES 
!

4. SOFTWARE LIBRARIES 
!



1. Types of Motion 
!

!

!

  

1. MECHANICAL MOTION



1. Linear 
2. circular (around an axis) 
3. oscillation or periodic motion  
4. vibration [reciprocating] 
5. random [Brownian] 

1. TYPES OF MOTION 



One dimensional: Motion along a straight line 
!
A. uniform (constant velocity, no acceleration) 
B. variable velocity 

LINEAR



ELBOW 
KNEE 

LINEAR



Around a fixed axis, or on a circular path 
!
A. uniform (constant velocity, no acceleration) 
B. variable velocity 

CIRCULAR



SHOULDER 
HIP 

BALL IN SOCKET



ROTATION



!

OSCILLATON
Periodic : back and forth at regular intervals 
Reciprocation : repetitive back and forh



movement around one equilibrium point 

VIBRATION



Random moving of particles suspended in a fluid

RANDOM



A. Actuators to create motion 
!

-with motors:  
 - servos, steppers, DC 
!

-without motors 
 - air, muscle wire 
!

B. Converting Motion 
!

- cranks, cams, linkages

2. HARDWARE ACTUATION



2. ACTUATORS
servo motors (continuous or ~180) 
!
linear actuators 
!
stepper motors 
!
dc motors (w/ encoders) 
!
motorless (muscle wire, air) 
!
!



Fluid Pressure  
Hydraulics 
Pneumatics 
!
“Artificial Muscle”  
 Memory Alloy 
 Nitinol wire 
 Polymers 
!
  

MOTORLESS MOTION



LOW POWER ROBOT



NITINOL



NITINOL



NITINOL



Cranks  
Cams 
Linkages 
!

!

  

CONVERTING MOTION



Cranks  
Cams 
Linkages 
!
!
  

CRANKS
Rotary to oscillating motion



CAMS
The cam turns and the cam 

follower moves up and down



LINKAGES
Connection between units, at a joint





1. Gears 
2. Pulleys 
3. Levers 
4. Wheels 
5. Screws 
6. Inclined Planes 
  

6 SIMPLE MACHINES



GEARS
Spur Gears 
Worm Gears 
Rack and Pinion



Wheel on an axel supports movement of a 
cable

PULLEYS



1st class lever:  
!
!
!
!
!
2nd class lever: 

LEVERS



Rotation around the axel

WHEELS



Mechanical advantage = length/height

INCLINED PLANES



Special type of inclined plane around interior 
shaft 

SCREWS





!

!

Types of Algorithms for motion:  
!

 -Oscillation 
 -sine waves  
     -frequency, period, amplitude, wavelength  
 -Inverse Kinematics 
  

3. SOFTWARE



github.com/gabriella/exploringBiomimicry

CODE 



Sine wave 
Inverse Kinematics 
!

 

MOTIONS IN CODE



  

SINE WAVE
y = A * sin(b) 
!

A = amplitude of the wave 
b = period (cycles between 0 and 360 degrees 

(2PI) ) 
!

!

!

!

!

!



  

SINE WAVE
A = 1 
A = 2 
A = 1/2 
!

!

!

!

!

y = A * sin(b) 



  

SINE WAVE
y = sin(x) 
y = sin(1/2x) 
y = sin(2x) 
!

!

!

!

!

y = A * sin(b) 



  

SINE WAVE

y = A * sin(b) 



  



  



  

INVERSE KINEMATICS



  

INVERSE KINEMATICS



  

INVERSE KINEMATICS



  

INVERSE KINEMATICS
some code





Stores 
!

Tutorials 
!

Repositories

RESOURCES



learn.sparkfun.com/tutorials 
!

learn.adafruit.com 
!

instructables.com 
!

Making Things Move, by Dustyn Roberts  
makingthingsmove.com

TUTORIALS 

http://learn.adafruit.com
http://instructables.com
http://makingthingsmove.com










!

507 Mechanical Movements  
(http://507movements.com/index03.html) 
!

KMODDL (http://kmoddl.library.cornell.edu/bib.php) 

!

FLYING PIG / ROBIVES (robives.com/mechs) 
!

	

 GEARS AND LINKAGES

http://507movements.com/index03.html
http://kmoddl.library.cornell.edu/bib.php
http://robives.com/mechs






SPARKFUN (kits & hobby sensors, motors) 
!

ADAFRUIT (kits & hobby sensors, motors) 
!

LYNXMOTION (robotic parts) 
!

MCMASTER CARR (mechanical components,  
 construction materials) 

	

 RETAIL STORES & KITS





Solarbotics.com  
!

pololu.com 
!

robotshop.com 
!

smallpartsinc.com 

	

 MOTORS & PARTS

http://smallpartsinc.com








Build it green (bignyc.org) 
!

Materials for the arts (mfta.org) 
!

inventables.com 

	

 MATERIALS

http://bignyc.org
http://mfta.org
http://inventables.com






thingiverse.com (3d printed parts) 
!

instructables.com (projects) 
!

github.com (code) 

	

 REPOSITORIES
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