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What is a Microcontroller? 

•  A microcontroller is a kind of miniature computer fo
und in all kinds of gizmos 

•  Generally speaking, if a device has buttons and a digital
 display, chances are it also has a programmable microc
ontroller brain.  



Examples:	
  Refrigerator	
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Microprocessor vs. Microcontroller 

•  A microprocessor is the “brain” of a computer s
ystem 

•  Generally referred to as the central processing uni
t (CPU), the microprocessor by itself is practically
 useless 

•  To be useful, one must have means of communic
ating with it using input and output devices 

•  One must also add memory (ROM and RAM) so 
that the system can be programmed. 



Examples:	
  Car	
  Door	
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Computer	
  EssenFals	
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Microprocessors	
  and	
  Microcontrollers	
  

•  A	
  microprocessor	
  is	
  a	
  processor	
  on	
  one	
  silicon
	
  chip.	
  

• Microcontrollers	
  are	
  used	
  in	
  embedded	
  comp
uFng.	
  

•  A	
  microcontroller	
  is	
  a	
  microprocessor	
  with	
  ad
ded	
  circuitry.	
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Microcontrollers	
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Microcontroller	
  Packaging	
  and	
  Appear
ance	
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From	
  leQ	
  to	
  right:	
  PIC	
  12F508,	
  PIC	
  16F84A,	
  PIC	
  16
C72,	
  Motorola	
  68HC05B16,	
  PIC	
  16F877,	
  Motorola	
  

68000	
  



BASIC Stamp Module Components 

5V Regulator 
Regulates voltage 

to 5V with a supply of  
5.5VDC to 15VDC 

Resonator 
Sets the speed at which 

instructions are processed. 

EEPROM 
Stores the your  

PBASIC program. 

Interpreter Chip 
Reads the BASIC progra
m from the EEPROM an
d executes the instructio

ns. 

Serial Signal 
Conditioning 

Conditions voltage 
signals between PC serial 
connection (+/- 12V) and  

BASIC Stamp (5V) for 
Programming. 



Digital Signal Processors 

Digital Signal Processors (DSP's) are types of microcontrollers th
at are more specialized for a particular application.  DSP represent
 around 20% of the total MCU market.   

DSP's are particularly well suited to real-time operations in which 
a data stream, video, audio, etc.  is modified in someway as it is p
assed along to another device or component 



Mechatronic	
  system	
  components	
  



Thermocouple: Omega 
5TC type J 

Heater: Etched foil 
Kapton insulated 
heater plate Relay 

Thermocouple 
interface: AD594 

Microprocessor: 
PIC16F88 

LED 

Insulation1000°F     
Rescor™ 914 Glass 
Ceramic 

Overall schematic diagram of medical mini-
heater 



Insulation1000°F     
Rescor™ 914 Glass Ceramic 

A dense and vacuum tight, Glass Ceramic Composite that is 
readily machinable on conventional equipment with standard 
cutting tools. 
No post machining heat treatments are required. 
Rescor 914 Glass Ceramic is inert to oxidizing and reducing 
atmospheres and usable to 1000ºF maximum. 
Offers excellent mechanical and electrical properties and has 
dielectric strength of 480 volts/mil. 
Rescor 914's low thermal conductivity, high impact and 
mechanical strength make it an ideal high temperature 
material. 



Ready-made insulated thermocouples  
and Heater: Etched foil Kapton insulated heater plate 

Thermocouple:  

Omega 5TC type J 

Size in inches  Size in mm  Resistances (Ohms)  Effective area (sq in) 

XY XY 0.25 1.00  6.35 25.4  25   0.18 

Etched foil Kapton insulated heater plate 



Thermocouple interface: AD594 
FEATURES 
• Pretrimmed for Type J (AD594) or 
• Type K (AD595) Thermocouples 
• Can Be Used with Type T Thermocouple In
puts 
• Low Impedance Voltage Output: 10 mV/8C 
• Built-In Ice Point Compensation 
• Wide Power Supply Range: +5 V to 615 V 
• Low Power: <1 mW typical 
• Thermocouple Failure Alarm 
• Laser Wafer Trimmed to 18C Calibration Ac
curacy 
• Setpoint Mode Operation 
• Self-Contained Celsius Thermometer Oper
ation 
• High Impedance Differential Input 
• Side-Brazed DIP or Low Cost Cerdip 



PIC16F88 



PIC16F88	
  pinout	
  	
  descripFon	
  





PICBasic	
  Pro	
  Programming	
  	
  

•  PicBasic	
  Pro	
  is	
  a	
  compiler	
  that	
  uses	
  a	
  pseudocode	
  ap
proach	
  to	
  translate	
  user	
  friendly	
  BASIC	
  code	
  into	
  ass
embly	
  language	
  code	
  that	
  is	
  created	
  in	
  a	
  separate	
  *.a
sm	
  file.	
  	
  

•  The	
  assembly	
  code	
  is	
  then	
  compiled	
  into	
  hexadecima
l	
  machine	
  code	
  (*.hex	
  file)	
  that	
  the	
  PIC	
  can	
  interpret.	
  	
  

•  The	
  hex	
  code	
  file	
  is	
  then	
  downloaded	
  to	
  the	
  PIC	
  and	
  r
emains	
  stored	
  semi-­‐permanently	
  in	
  EEPROM	
  even	
  w
hen	
  it	
  is	
  powered	
  off.	
  It	
  will	
  remain	
  in	
  PIC	
  memory	
  un
Fl	
  it	
  is	
  erased	
  or	
  overwri`en	
  using	
  the	
  DEVELOPMEN
T	
  PROGRAMMER.	
  



Blink an LED	
  	
  
Build an LED blinking circuit using a PIC16F88. 
‘lab6a.bas 

‘Example program from to blink an LED connected to PORTB.0 

‘Configure the internal 8MHz internal oscillator 

define osc 8 

osccon.4=1 : osccon.5=1 : osccon.6=1 

loop:    High PORTB.4          ' Turn on LED connected to PORTB.4 

         Pause 500         ' Delay for .5 seconds 

         Low PORTB.4           ' Turn off LED connected to PORTB.4 

         Pause 500         ' Delay for .5 seconds 

         Goto loop         ' Go back to loop and blink LED forever 

         End 

Modify the program so that the LED can blink twice faster! -> Report item. 
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CONTROL BOX - FRONT CONTROL BOX - FRONT 

MAIN PWR PLUG TO 110 V
AC 

CUTTER PLUG TO OU
TLET 

MAIN AIR SUPPLY TO RE
GULATOR 

AIR LINES FROM VAL
VES TO CYLINDERS 

4 5 

7 6 

1 

8 

2 

3 

PART NUMBER TITLE DESCRIPTION QTY 
1 CONTROL BOX GREY, STEEL 1 
2 EMERGENCY STOP PULL TO RESET 1 

3 ON/OFF BUTTON MCMASTER-CARR: 8382K232 1 

4 START BUTTON MCMASTER-CARR: 8382K211 1 
5 STOP BUTTON MCMASTER-CARR: 8382K221 1 
6 ON INDICATOR MCMASTER-CARR: 5339T143 1 
7 START INDICATOR MCMASTER-CARR: 5339T142 1 
8 LCD COUNTER MCMASTER-CARR: 1737T52 1 

SEE APPENDIX A FOR SPECIFICATION SHEETS 



CONTROL BOX - INSIDE CONTROL BOX - INSIDE 



CIRCUIT BOARD – WIRING DIAGRAM CIRCUIT BOARD – WIRING DIAGRAM 



Arduino 
Arduino is a popular “open source” single board 

microcontroller. It is designed to make the process of 
using electronics in multidisciplinary projects more 
accessible. 



Single-Board Computers 
•  A computer on a single board.  Programmable for I/O 

control and the ability to use high level peripherals. 

TI TMS320 chip,  
 Realsys-DSP33-PLUSE 



Raspberry	
  Pi	
  

•  The	
  Raspberry	
  Pi	
  is	
  a	
  credit-­‐card	
  s
ized	
  computer	
  that	
  plugs	
  into	
  you
r	
  TV	
  and	
  a	
  keyboard.	
  	
  

•  It	
  is	
  a	
  capable	
  li`le	
  computer	
  whi
ch	
  can	
  be	
  used	
  in	
  electronics	
  proj
ects,	
  and	
  for	
  many	
  of	
  the	
  things	
  t
hat	
  your	
  desktop	
  PC	
  does,	
  like	
  spr
eadsheets,	
  word-­‐processing	
  and	
  g
ames	
  

•  It	
  also	
  plays	
  high-­‐definiFon	
  video.	
  
•  Mostly	
  it	
  runs	
  a	
  stripped	
  down	
  lin

ux	
  distribuFon	
  
–  You	
  write	
  code	
  similar	
  to	
  how	
  you	
  wo

uld	
  write	
  for	
  Linux	
  
–  Comes	
  with	
  easy	
  to	
  use	
  python	
  scrip

Fng	
  language	
  for	
  programming	
  



Control schematic diagram




Input shaping Experiment





  Pressure sensors 
 Boom-up chamber 
 Boom-low chamber 

  Boom stroke sensor 






Input shaping Experiment





  DSP controller 




  Solenoid actuation control
led by DSP 






Personal Computers 

•  PCs with dedicated I/O and data 
acquisition cards and specialized software 
may be used as controllers. 



NI	
  board	
  controller	
  



Example	
  robot	
  finger	
  demonstraFon	
  



Programming	
  languages	
  for	
  microc
ontrollers	
  

•  Processors	
  are	
  programmed	
  wi
th	
  a	
  machine	
  language	
  hex	
  file	
  

•  It	
  isn’t	
  convenient	
  for	
  humans	
  t
o	
  read	
  this	
  

•  That’s	
  why	
  higher	
  level	
  languag
es	
  are	
  created	
  
–  C,	
  C++,	
  Basic,	
  Assembly	
  (lower	
  lev

el),	
  Pascal,	
  Fortran,	
  etc	
  

–  Makes	
  it	
  simpler	
  for	
  humans	
  to	
  g
enerate	
  instrucFons	
  for	
  the	
  proce
ssors	
  to	
  follow	
  



Compilers	
  and	
  programming	
  enviro
nments	
  

•  You	
  write	
  code	
  in	
  a	
  development	
  environment	
  
–  picBasic	
  Pro	
  
– MPLAB	
  X	
  
–  gcc,	
  etc	
  





Programming	
  the	
  chip	
  

•  The	
  code	
  is	
  then	
  compiled	
  and	
  downloaded	
  in
to	
  the	
  processor	
  

•  This	
  is	
  done	
  either	
  through	
  a	
  “programmer,”	
  o
r	
  using	
  a	
  bootloader	
  
–  Bootloaders	
  work	
  for	
  certain	
  types	
  of	
  processors	
  t
hat	
  are	
  capable	
  of	
  ‘self-­‐programming’	
  

–  Small	
  pieces	
  of	
  code	
  that	
  instruct	
  the	
  processor	
  to
	
  shiQ	
  the	
  rest	
  of	
  the	
  program	
  into	
  memory	
  
• Arduinos	
  typically	
  use	
  this	
  method	
  



Debugging	
  

•  Allows	
  you	
  to	
  step	
  through	
  code	
  and	
  look	
  at	
  v
ariables,	
  execuFon	
  paths,	
  and	
  data	
  

•  Extremely	
  useful	
  and	
  necessary	
  for	
  complex	
  c
ode	
  


