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If	  you	  wanted	  to	  build	  a	  circuit	  prior	  to	  the	  
1960s,	  chances	  are	  you	  would	  have	  used	  a	  

technique	  called	  wire-‐wrap.	  
	  

	  Wire	  wrap	  is	  a	  process	  that	  involves	  wrapping	  
wires	  around	  conduc?ve	  posts	  a@ached	  to	  
a	  per(oard.	  As	  you	  can	  see,	  the	  process	  can	  
get	  rather	  complex	  very	  quickly.	  Although	  this	  
method	  is	  s?ll	  used	  today,	  there	  is	  something	  

that	  makes	  prototyping	  much	  easier,	  
breadboards!	  







What  is  a  Breadboard?
A	  breadboard,	  some?mes	  called	  a	  proto-‐board,	  is	  a	  
reusable	  plaGorm	  for	  temporarily	  built	  electronic	  
circuits.	  
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How  A  Breadboard  Works
•  Electric	  component	  leads	  
and	  the	  wire	  used	  to	  
connect	  them	  are	  inserted	  
into	  holes	  that	  are	  arranged	  
in	  a	  grid	  pa@ern	  on	  the	  
surface	  of	  the	  breadboard.	  

•  A	  series	  of	  internal	  metal	  
strips	  serve	  as	  jumper	  
wires.	  They	  connect	  specific	  
rows	  of	  holes.	  
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Cut-Away View 

Top View 



Breadboard  Connec=ons
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Why  Breadboard?

1)  It	  takes	  less	  ?me	  (and	  money)	  to	  breadboard	  a	  
circuit	  than	  to	  design	  and	  fabricate	  a	  printed	  circuit	  
board	  (PCB).	  

	  Because	  of	  the	  cost,	  a	  PCB	  should	  be	  reserved	  for	  
the	  final	  working	  design.	  

2)  As	  a	  complement	  to	  circuit	  simula?on,	  
breadboarding	  allows	  the	  designer	  to	  see	  how,	  and	  
if,	  the	  actual	  circuit	  func?ons.	  
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Why  Breadboard?

3)  Breadboards	  give	  the	  designer	  the	  ability	  to	  quickly	  
change	  components	  during	  development	  and	  
tes?ng,	  such	  as	  swapping	  resistors	  or	  capacitors	  of	  
different	  values.	  

4)  A	  breadboard	  allows	  the	  designer	  to	  easily	  modify	  
a	  circuit	  to	  facilitate	  measurements	  of	  voltage,	  
current,	  or	  resistance.	  
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Components:  Resistances

The	  principal	  job	  of	  a	  resistor	  within	  an	  electrical	  or	  
electronic	  circuit	  is	  to	  “resist”	  or	  regulate	  the	  flow	  of	  
electrons	  (current)	  through	  them	  by	  using	  the	  type	  

of	  conduc?ve	  material	  from	  which	  they	  are	  
composed.	  

	  
Resistors	  can	  also	  be	  connected	  together	  in	  various	  
series	  and	  parallel	  combina:ons	  to	  form	  resistor	  

networks	  which	  can	  act	  as	  voltage	  droppers,	  voltage	  
dividers	  or	  current	  limiters	  within	  a	  circuit.	  

	  
Resistors	  are	  what	  are	  called	  “Passive	  Devices”,	  that	  
is	  they	  contain	  no	  source	  of	  power	  or	  amplifica?on	  
but	  only	  a@enuate	  or	  reduce	  the	  voltage	  or	  current	  
signal	  passing	  through	  them.	  This	  a"enua&on	  results	  
in	  electrical	  energy	  being	  lost	  in	  the	  form	  of	  heat	  as	  
the	  resistor	  resists	  the	  flow	  of	  electrons	  through	  it.	  



Components  (2):  Types  of  
Resistance

All	  modern	  fixed	  value	  resistors	  can	  be	  classified	  into	  four	  broad	  groups:	  

•  Carbon	  Composi?on	  Resistor	  –	  Made	  of	  carbon	  dust	  or	  graphite	  paste,	  low	  wa@age	  values	  

•  Film	  or	  Cermet	  Resistor	  –	  Made	  from	  conduc&ve	  metal	  oxide	  paste,	  very	  low	  wa@age	  
values	  

•  Wire-‐wound	  Resistor	  –	  Metallic	  bodies	  for	  heatsink	  moun?ng,	  very	  high	  wa@age	  ra?ngs	  

•  Semiconductor	  Resistor	  –	  High	  frequency/precision	  surface	  mount	  thin	  film	  technology	  

	  



Resistor  Code



Components  (3):  Capacitors
Basically	  a	  capacitor	  is	  formed	  from	  two	  conduc&ng	  plates	  
separated	  by	  a	  thin	  insula&ng	  layer.	  They	  are	  manufactured	  
in	  many	  forms,	  styles,	  and	  from	  many	  materials.	  Capacitors	  

are	  widely	  used	  in	  electrical	  and	  electronic	  circuits.	  
	  

In	  electronic	  circuits,	  small	  value	  capacitors	  are	  used	  to	  
couple	  signals	  between	  stages	  of	  amplifiers,	  as	  components	  

of	  electric	  filters	  and	  tuned	  circuits,	  as	  parts	  of	  power	  
supply	  systems	  to	  smooth	  rec?fied	  current.	  

	  
In	  electrical	  circuits,	  larger	  value	  capacitors	  are	  used	  for	  
energy	  storage	  in	  such	  applica?ons	  as	  strobe	  lights,	  as	  
parts	  of	  some	  types	  of	  electric	  motors,	  for	  power	  factor	  

correc?on	  in	  AC	  power	  distribu?on	  systems	  



Components  (4):  Types  of  
Capacitors

a)  Electroly?c:	  
Electroly?c	  capacitors	  are	  a	  type	  of	  capacitor	  that	  is	  polarised.	  	  
They	  are	  able	  to	  offer	  high	  capacitance	  values	  -‐	  typically	  above	  
1μF,	   and	   are	  most	  widely	   used	   for	   low	   frequency	   applica?ons	  
(frequency	  limit	  if	  around	  100	  kHz)	  -‐	  power	  supplies,	  decoupling	  
and	  audio	  coupling	  applica?ons.	  	  
	  
b)	  Ceramic	  capacitors:	  
Values	  range	  from	  a	   few	  picofarads	  to	  around	  0.1	  microfarads.	  
Ceramic	   capacitor	   types	   are	   by	   far	   the	   most	   commonly	   used	  
type	  of	  capacitor	  being	  cheap	  and	  reliable	  and	  their	  loss	  factor	  is	  
par?cularly	   low	   although	   this	   is	   dependent	   on	   the	   exact	  
dielectric	  in	  use.	  	  
	  
c)	   Polymer	   capacitors:	   Polystyrene,	   Polyester,	   Metallised	  
Polyester,	  Polycarbonate,	  Polypropylene.	  
	  



Components  (5):  LEDs
•  LEDs	  (Light	  Emieng	  Diodes),	  being	  diodes,	  will	  only	  allow	  current	  to	  flow	  in	  

one	   direc?on.	   The	   posi?ve	   side	   of	   the	   LED	   is	   called	   the	   “anode”	   and	   is	  
marked	  by	  having	  a	  longer	  leg.	  The	  other,	  nega?ve	  side	  of	  the	  LED	  is	  called	  
the	  “cathode.”	  Current	  flows	  from	  the	  anode	  to	  the	  cathode	  and	  never	  the	  
opposite	  direc?on.	  	  

	  
•  More	  Current,	  More	  Light:	   	  The	  brightness	  of	  an	  LED	  is	  directly	  dependent	  

on	   how	   much	   current	   it	   draws.	   This	   means	   that	   you	   can	   control	   the	  
brightness	  of	  a	  LED	  by	  controlling	  the	  amount	  of	  current	  through	  it.	  	  

•  If	  you	  connect	  an	  LED	  directly	  to	  a	  current	  source	   it	  will	   try	  to	  dissipate	  as	  
much	  power	  as	  it’s	  allowed	  to	  draw	  and	  it	  will	  destroy	  itself.	  That’s	  why	  it’s	  
important	   to	   limit	   the	   amount	   of	   current	   flowing	   across	   the	   LED	   with	  
resistors.	  Resistors	   limit	  the	  flow	  of	  electrons	   in	  the	  circuit	  and	  protect	  the	  
LED	  from	  trying	  to	  draw	  too	  much	  current.	  



What are LEDs? 

Light Emitting Diodes	  
Diode Symbol + Arrows for light	  
Points to ground	  
 



Parallel Circuit example 



Parallel and Series Circuit Example 



μP	  and	  μC 
Microprocessor	  is	  an	  IC	  which	  has	  only	  the	  CPU	  (central	  processing	  unit)	   inside	  them	  i.e.	  only	  
the	  processing	  powers.	  These	  microprocessors	  don’t	  have	  RAM,	  ROM	  and	  other	  peripheral	  on	  
the	  chip.	  A	  system	  designer	  has	  to	  add	  them	  externally	  to	  make	  them	  func?onal.	  Applica?on	  of	  
microprocessor	  includes	  Desktop	  PC’s,	  Laptops,	  notepads	  etc.	  
Microprocessor	  find	  applica?ons	  where	   tasks	  are	  unspecific	   like	  developing	  sogware,	  games,	  
websites,	  photo	  edi?ng,	  crea?ng	  documents	  etc.	   In	  such	  cases	  the	  rela&onship	  between	  input	  
and	   output	   is	   not	   defined.	   They	   need	   high	   amount	   of	   resources	   like	   RAM,	   ROM,	   I/O	   ports	  
etc.	  The	  clock	  speed	  of	   the	  Microprocessor	   is	  quite	  high	  as	  compared	   to	   the	  microcontroller.	  
Whereas	   the	   microcontrollers	   operate	   from	   a	   few	   MHz	   to	   30	   to	   50	   MHz,	   today’s	  
microprocessor	  operate	  above	  1GHz	  as	  they	  perform	  complex	  tasks.	  	  
	  
Microcontroller	   has	   a	   CPU,	   in	   addi:on	   with	   a	   fixed	   amount	   of	   RAM,	   ROM	   and	   other	  
peripherals	  all	  embedded	  on	  a	  single	  chip.	  At	  ?mes	   it	   is	  also	  termed	  as	  a	  mini	  computer	  or	  a	  
computer	  on	  a	  single	  chip.	  Today	  different	  manufacturers	  produce	  microcontrollers	  with	  a	  wide	  
range	  of	  features	  available.	  
Microcontrollers	  are	  designed	  to	  perform	  specific	  tasks.	  Specific	  means	  applica?ons	  where	  the	  
rela&onship	  of	  input	  and	  output	  is	  defined.	  Depending	  on	  the	  input,	  some	  processing	  needs	  to	  
be	  done	  and	  output	   is	  delivered.	  For	  example,	  keyboards,	  mouse,	  washing	  machine,	  digicam,	  
pendrive,	   remote,	   microwave,	   cars,	   bikes,	   telephone,	   mobiles,	   watches,	   etc.	   Since	   the	  
applica?ons	   are	   very	   specific,	   they	   need	   small	   resources	   like	   RAM,	   ROM,	   I/O	   ports	   etc	   and	  
hence	  can	  be	  embedded	  on	  a	  single	  chip.	  This	  in	  turn	  reduces	  the	  size	  and	  the	  cost.	  

	  



Arduino  DUE  board

The	  Arduino	  Due	  is	  a	  microcontroller	  board	  based	  
on	  the	  Atmel	  SAM3X8E	  with	  a	  ARM	  Cortex-‐M3	  CPU.	  	  

It	  is	  the	  first	  Arduino	  board	  based	  on	  a	  32-‐bit	  ARM	  
core	  microcontroller.	  

	  It	  has	  54	  digital	  input/output	  pins	  (of	  which	  12	  can	  
be	  used	  as	  PWM	  outputs),	  12	  analog	  inputs,	  4	  

UARTs	  (hardware	  serial	  ports),	  a	  84	  MHz	  clock,	  an	  
USB	  OTG	  capable	  connec&on,	  2	  DAC	  (digital	  to	  

analog),	  2	  TWI,	  a	  power	  jack,	  an	  SPI	  header,	  a	  JTAG	  
header,	  a	  reset	  bu@on	  and	  an	  erase	  bu@on.	  

	  
h@ps://www.arduino.cc/en/Main/arduinoBoardDue	  
	  



Arduino  DUE



Serial  Communica=on  –  USB  (2)  

•  Programming	  port:	  The	  programming	  port	  is	  connected	  to	  an	  ATmega16U2,	  which	  provides	  a	  virtual	  
COM	  port	  to	  sogware	  on	  a	  connected	  computer.	  It	  uses	  the	  16U2	  as	  a	  USB-‐to-‐serial	  chip	  connected	  to	  
the	  first	  UART	  of	  the	  SAM3X	  (RX0	  and	  TX0).	  	  
The	  16U2	  has	  two	  pins	  connected	  to	  the	  Reset	  and	  Erase	  pins	  of	  the	  SAM3X.	  Opening	  and	  closing	  the	  
Programming	  port	  connected	  at	  1200bps	  triggers	  a	  “hard	  erase”	  procedure	  of	  the	  SAM3X	  chip,	  
ac?va?ng	  the	  Erase	  and	  Reset	  pins	  on	  the	  SAM3X	  before	  communica?ng	  with	  the	  UART.	  This	  is	  the	  
recommended	  port	  for	  programming	  the	  Due.	  	  

	  
•  Na:ve	  port:	  The	  Na?ve	  USB	  port	  is	  connected	  directly	  to	  the	  SAM3X.	  Opening	  and	  closing	  the	  Na?ve	  

port	  at	  1200bps	  triggers	  a	  'soV	  erase'	  procedure:	  the	  flash	  memory	  is	  erased	  and	  the	  board	  is	  restarted	  
with	  the	  bootloader.	  Opening	  and	  closing	  the	  na?ve	  port	  at	  a	  different	  baud	  rate	  will	  not	  reset	  the	  
SAM3X.	  



Pin  map



Arduino  IDE

The	  IDE	  (Integrated	  development	  environment)	  allows	  us	  to	  write,	  compile	  and	  transfer	  our	  programs	  on	  the	  
arduino	  board.	  

	  

Serial	  Opening	  

Verify:	  performs	  
verifica?on	  of	  the	  
wri@en	  code	  and	  its	  

compila?on;	  

Load	  :	  it	  loads	  the	  
compiled	  firmware	  on	  

board;	  



For  Loop
The	   for	   statement	   is	   used	   to	   repeat	   a	   block	   of	   statements	  
enclosed	  in	  curly	  braces.	  
An	   increment	   counter	   is	   usually	   used	   to	   increment	   and	  
terminate	  the	  loop.	  	  
	  
There	  are	  three	  parts	  to	  the	  for	  loop	  header:	  
	  
for	  (ini:aliza:on;	  condi:on;	  increment)	  {	  
//statement(s);	  
}	  
	  
•  The	  ini?aliza?on	  happens	  first	  and	  exactly	  once.	  
•  Each	  ?me	   through	   the	   loop,	   the	   condi?on	   is	   tested;	   if	   it's	  

true,	  the	  statement	  block	  and	  the	  increment	  is	  executed.	  
•  Then	   t h e	   c ond i ?on	   i s	   t e s t ed	   a g a i n .	   When	  

the	  condi?on	  becomes	  false,	  the	  loop	  ends. 



While  Loop  
while	  loops	  will	  loop	  con?nuously,	  un?l	  the	  expression	  inside	  the	  parenthesis	  becomes	  false.	  
This	  could	  be	  in	  your	  code,	  such	  as	  an	  incremented	  variable	  or	  an	  external	  condi?on,	  such	  as	  tes?ng	  
a	  sensor.	  
	  

while(expression){	  

	  	  //	  statement(s)	  

}	  

	  
Example:	  

var	  =	  0;	  

while(var	  <	  200){	  

	  	  //	  do	  something	  repe??ve	  200	  ?mes	  

	  	  var++;	  

}	  



If/else  Instruc=on
if/else	  allows	  greater	  control	  over	  the	  flow	  of	  code	  than	  the	  basic	  if	  statement,	  by	  allowing	  mul:ple	  tests	  to	  be	  
grouped	  together.	  Each	  test	  will	  proceed	  to	  the	  next	  one	  un?l	  a	  true	  test	  is	  encountered.	  When	  a	  true	  test	  is	  
found,	   its	  associated	  block	  of	  code	   is	   run,	  and	  the	  program	  then	  skips	  to	  the	   line	   following	  the	  en?re	   if/else	  
construc?on.	   If	  no	   test	  proves	   to	  be	   true,	   the	  default	  else	  block	   is	  executed,	   if	  one	   is	  present,	   and	   sets	   the	  
default	  behavior. 	   	   	   	   	   	   	   	  

	   	   	   	  	  

If	  (pinFiveInput	  <	  500)	  

{	  	  //	  ac?on	  A	  

}	  

else	  if	  (pinFiveInput	  >=	  1000)	  

{	  	  //	  ac?on	  B	  

}	  

else	  

{	  	  //	  do	  Thing	  C	  

}	  

	  
	  



Switch
switch...case	  controls	  the	  flow	  of	  programs	  by	  allowing	  programmers	  to	  specify	  different	  code	  that	  should	  
be	  executed	  in	  various	  condi:ons.	  In	  par?cular,	  a	  switch	  statement	  compares	  the	  value	  of	  a	  variable	  to	  the	  
values	   specified	   in	   case	   statements.	  When	   a	   case	   statement	   is	   found	  whose	   value	  matches	   that	   of	   the	  
variable,	  the	  code	  in	  that	  case	  statement	  is	  run.	  
The	  break	   keyword	  exits	   the	   switch	   statement,	   and	   is	   typically	   used	  at	   the	  end	  of	   each	   case.	  Without	   a	  
break	  statement,	  the	  switch	  statement	  will	  con?nue	  execu?ng	  the	  following	  expressions	  ("falling-‐through")	  
un?l	  a	  break,	  or	  the	  end	  of	  the	  switch	  statement	  is	  reached.	  
	  
switch	  (var)	  {	  
	  	  	  	  case	  1:	  
	  	  	  	  	  	  //do	  something	  when	  var	  equals	  1	  
	  	  	  	  	  	  break;	  
	  	  	  	  case	  2:	  
	  	  	  	  	  	  //do	  something	  when	  var	  equals	  2	  
	  	  	  	  	  	  break;	  
	  	  	  	  default:	  	  
	  	  	  	  	  	  //	  if	  nothing	  else	  matches,	  do	  the	  default	  
	  	  	  	  	  	  //	  default	  is	  op&onal	  
	  	  	  	  break;	  
	  	  }	  



PROGRAMMING  WITH  
ARDUINO



The  Arduino  Programming  Environment  (IDE)

The	  Arduino	  Integrated	  Development	  Environment	  -‐	  or	  Arduino	  
Sogware	  (IDE)	  -‐	  contains	  a	  text	  editor	  for	  wri?ng	  code,	  a	  
message	  area,	  a	  text	  console,	  a	  toolbar	  with	  bu@ons	  for	  
common	  func?ons	  and	  a	  series	  of	  menus.	  It	  connects	  to	  the	  
Arduino	  hardware	  to	  upload	  programs	  and	  communicate	  with	  
them.	  

SoWware  Arduino



SoWware  -‐  Download



SoWware  -‐  Installa=on

• Windows	  
arduino.cc/windows	  
Installa?on	  for:	  Windows	  7,	  Vista,	  e	  XP	  

• Mac	  OS	  X	  
arduino.cc/mac	  	  
Installa?on	  for:	  OS	  X	  10.7	  or	  newer	  

•  Linux	  
arduino.cc/linux	  



Communica=on  with  Arduino

•  Launch	  the	  Arduino	  IDE	  (double	  click)	  



•  Based	  on	  C++	  without	  80%	  of	  the	  instruc?ons.	  
•  A	  handful	  of	  new	  commands.	  
•  Programs	  are	  called	  'sketches'.	  
•  Sketches	  need	  two	  func?ons:	  

•  void	  setup(	  )	  
•  void	  loop(	  )	  

•  setup(	  )	  runs	  first	  and	  once.	  
•  loop(	  )	  runs	  over	  and	  over,	  un?l	  power	  is	  lost	  or	  a	  new	  
sketch	  is	  loaded.	  

Arduino  Program  Development



• Open	  the	  sketch	  

•  Numerous	  sample	  
sketches	  are	  included	  
in	  the	  compiler	  

•  Located	  under	  File,	  
Examples	  

•  Once	  a	  sketch	  is	  
wri@en,	  it	  is	  uploaded	  
by	  clicking	  on	  File,	  
Upload,	  or	  by	  
pressing	  <Ctrl>	  U	  



• Open	  the	  Blink	  sketch	  



•  Select	  the	  Board	  



•  Select	  the	  Serial	  Port	  

•  Mac:	  
You	  can	  indifferently	  choose	  between	  	  
/dev/@y.usbmodemXXXXX	  or	  /dev/cu.usbmodemXXXXX	  	  

•  Windows:	  
There	  are	  one	  or	  more	  COM	  ports:	  
choose	  the	  one	  with	  the	  higher	  number	  if	  it	  does	  not	  work	  try	  with	  the	  
other	  proposals.	  



•  The	  connec?on	  to	  the	  
serial	  port	  is	  reported	  in	  
the	  code	  window	  in	  
bo@om	  right	  



•  Loading	  the	  Blink	  sketch	  
on	  the	  board	  through	  the	  
Upload	  bu@on	  



•  It	  will	  take	  a	  few	  seconds,	  
during	  this	  opera?on	  you	  will	  
see	  that	  the	  LEDs	  RX	  and	  TX	  
(receive	  and	  transmit)flash.	  



If	  everything	  will	  be	  succesfull	  
you	  will	  be	  returned	  message	  
"Done	  uploading.”	  in	  the	  
staus	  bar,	  and	  the	  LED	  L	  starts	  
flashing	  



Programming



Parts  of  the  IDE  main  screen
Name	  of	  current	  sketch	  
Main	  menus	  
Ac?on	  bu@ons/icons	  

Verify	  (AKA	  compile)	  
	  

Upload	  (send	  to	  Arduino)	  
	  

Start	  a	  new	  sketch	  
	  

Open	  a	  sketch	  (from	  a	  file)	  
	  

Save	  current	  sketch	  (to	  a	  file)	  
	  

Open	  Serial	  Monitor	  window	  



The	  development	  cycle	  is	  divided	  into	  4	  phases:	  

Edit	   Compile	   Upload	   Run	  

Compile:	  Compile	  means	  to	  translate	  the	  sketch	  into	  machine	  language,	  also	  
known	  as	  object	  code	  
Run:	  Arduino	  sketch	  is	  executed	  as	  soon	  as	  terminates	  the	  step	  of	  uploading	  on	  
the	  board	  



The  structure  of  an  Arduino  Sketch



•  The	  first	  one	  is	  “setup()”.	  Anything	  you	  put	  in	  this	  
func?on	  will	  be	  executed	  by	  the	  Arduino	  just	  once	  
when	  the	  program	  starts.	  

	  
•  The	  second	  one	  is	  “loop()”.	  Once	  the	  Arduino	  
finishes	  with	  the	  code	  in	  the	  setup()func?on,	  it	  will	  
move	  into	  loop(),	  and	  it	  will	  con?nue	  running	  it	  in	  a	  
loop,	  again	  and	  again,	  un?l	  you	  reset	  it	  or	  cut	  off	  
the	  power.	  



•  pinMode(pin,	  mode)	  
•  Configures	  a	  digital	  pin	  to	  read	  (input)	  or	  write	  (output)	  a	  digital	  value	  

•  digitalWrite(pin,	  value)	  
•  Writes	  the	  digital	  value	  (HIGH	  or	  LOW)	  to	  a	  pin	  set	  for	  output	  

•  digitalRead(pin)	  
•  Reads	  a	  digital	  value	  (HIGH	  or	  LOW)	  on	  a	  pin	  set	  for	  input	  

•  analog	  versions	  of	  above	  
•  analogRead's	  range	  is	  0	  to	  1023	  (for	  Arduino	  Uno)	  
•  The	  Due	  and	  the	  Zero	  have	  12-‐bit	  ADC	  capabili?es	  that	  can	  be	  accessed	  by	  changing	  the	  

resolu?on	  to	  12.	  This	  will	  return	  values	  from	  analogRead()	  between	  0	  and	  4095.	  

•  serial	  commands	  
•  print,	  println,	  write,	  delay	  

•  Other	  example	  	  
h@ps://www.arduino.cc/en/Reference/HomePage	  

Arduino  Specific  Func=ons



First  Program  
  

Blinking  LED



Arduino  DUE



Breadboard



LED



Circuit

•  Arduino	  board	  
•  1	  breadboard	  
•  1	  led	  	  
•  1	  resistor	  of	  150	  ohm	  	  
•  wires	  



Code  analysis  1/7



Code  analysis  2/7

Iden?fies	  where	  
the	  instruc?on	  

ends	  

Iden?fies	  a	  block	  
of	  instruc?ons	  



Code  analysis  3/7

int	  led	  =	  13;	  
	  
A	  variable	  is	  a	  way	  for	  naming	  and	  storing	  a	  numerical	  
value	  for	  later	  use	  by	  the	  program.	  All	  variables	  must	  
be	  declared	  before	  they	  can	  be	  used.	  Declaring	  a	  
variable	  means:	  
•  define	  the	  type	  of	  value	  that	  can	  assume:	  int,	  

long,float,	  etc	  …	  
•  assign	  a	  name	  
•  and	  op?onally	  assign	  an	  ini?al	  value.	  
These	  opera?ons	  are	  carried	  out	  only	  once	  in	  
program,	  but	  the	  value	  of	  the	  variable	  can	  be	  changed	  
at	  any	  ?me	  using	  the	  arithme?c	  or	  using	  assignments.	  
The	  following	  example	  stated	  that	  LED	  is	  an	  int,	  
(Integer	  type)	  and	  that	  its	  ini?al	  value	  is	  equal	  to	  13.	  
This	  is	  called	  a	  simple	  assignment.	  



Code  analysis  4/7



Code  analysis  5/7

pinMode	  (LED,	  OUTPUT);	  
	  
pinMode	  is	  an	  instruc?on	  that	  specifyes	  how	  a	  
par?cular	  pin	  is	  defined.	  In	  the	  parentheses,	  
topics	  that	  can	  be	  numbers	  and	  le@ers	  are	  
specified.	  Digital	  pins	  can	  be	  used	  as	  INPUT	  or	  
OUTPUT.	  In	  this	  case,	  	  we	  want	  to	  flash	  the	  
diode,	  for	  this	  reason	  LED	  must	  be	  define	  as	  
OUTPUT	  pin.	  The	  INPUT	  and	  OUTPUT	  words	  are	  
defined	  constants	  



digitalWrite	  (led,	  HIGH);	  
	  
The	  digitalWrite	  instruc?on	  has	  two	  
arguments:	  the	  first	  one	  defines	  the	  pin,	  the	  
second	  one	  indicates	  the	  status.	  
If	  the	  pin	  is	  configured	  as	  an	  OUTPUT,	  
digitalWrite()	  will	  enable	  (HIGH)	  or	  disable	  
(LOW)	  the	  internal	  pullup	  on	  the	  output	  pin	  	  
(it	  turns	  on	  or	  off	  an	  LED).	  The	  'pin'	  can	  be	  
specified	  as	  a	  variable	  or	  a	  constant.	  If	  the	  
pin	  state	  is	  HIGHT,	  it	  means	  that	  is	  applied	  a	  
voltage	  of	  	  3,3V	  (5V	  for	  Arduino	  Uno),	  while	  if	  
the	  state	  is	  LOW	  the	  applied	  voltage	  is	  0V.	  

Code  analysis  6/7



delay	  (1000);	  
	  
delay	  ()	  Pauses	  the	  program	  for	  the	  amount	  
of	  ?me	  (in	  miliseconds)	  specified	  as	  
parameter.	  (There	  are	  1000	  milliseconds	  in	  
a	  second).)The	  instruc?on	  has	  a	  single	  
numeric	  argument;	  It	  indicates	  the	  number	  
of	  milliseconds	  to	  wait.	  

Code  analysis  7/7



Programming  our  sketch

Just like before we need to set our LED as an output. 

We have a new piece of code here:  Serial.begin ( ) 
 
Sets the data rate in bits per second (baud) for serial data transmission. So 
basically we are going to transfer 9600 bits per second to the computer. Old 
modems attached to our phone lines used to work at this speed. This was 
considered FAST back in the day, until 14400 finally came out.  



Second  Program  
  

Photoresistor  with  LED



Photoresistor

A	  photoresistor	  and	  'a	  resistance	  whose	  impedance	  (and	  that	  means'	  whose	  
capacity	  'to	  circulate	  electricity')	  varies	  according	  to	  the	  light	  that	  strikes	  it.	  While	  
the	  light	  increase,	  the	  resistance	  decreases,	  and	  vice	  versa.	  It	  is	  typically	  an	  analog	  
type	  sensor.	  To	  use	  in	  necessary	  to	  connect	  a	  leg	  to	  an	  analog	  port	  and,	  in	  parallel,	  
to	  a	  10k	  ohm	  resistor	  connected	  to	  ground	  while	  connec?ng	  the	  other	  leg	  power	  
from	  5	  volts.	  The	  analog	  port	  returns	  a	  value	  from	  0	  to	  1023	  (or	  from	  0	  to	  4095	  in	  
12	  bits	  ADC)	  that	  varies	  according	  to	  the	  light	  that	  strikes	  the	  photoresistor.	  



Circuit  for  photoresistor

•  Arduino	  board	  
•  1	  breadboard	  
•  1	  photoresistor	  
•  1	  led	  	  
•  1	  resistor	  of	  150	  ohm	  
•  1	  resistor	  of	  10.000	  ohm	  	  
•  5	  wires	  



analogReadResolu=on()

	  
Descrip?on	  

analogReadResolu?on()	  is	  an	  extension	  of	  the	  Analog	  API	  for	  the	  Arduino	  Due	  and	  
Zero.	  
Sets	  the	  size	  (in	  bits)	  of	  the	  value	  returned	  by	  analogRead().	  It	  defaults	  to	  10	  bits	  
(returns	  values	  between	  0-‐1023)	  for	  backward	  compa?bility	  with	  AVR	  based	  
boards.	  
	  
The	  Due	  and	  the	  Zero	  have	  12-‐bit	  ADC	  capabili?es	  that	  can	  be	  accessed	  by	  
changing	  the	  resolu?on	  to	  12.	  This	  will	  return	  values	  from	  analogRead()	  between	  0	  
and	  4095.	  
	  
	  



Sketch



Libraries



Arduino  Libraries

•  If	  there	  is	  a	  library	  that	  you	  need	  but	  is	  not	  included	  with	  
the	  IDE,	  you	  can	  install	  it.	  Let’s	  look	  at	  an	  example.	  

•  Download	  the	  ZIP	  file	  on	  your	  computer.	  It	  doesn’t	  ma@er	  
what	  plaGorm	  you	  are	  on;	  the	  libraries	  work	  the	  same	  
regardless	  of	  whether	  you	  are	  on	  Windows,	  Mac	  or	  Linux.	  

•  Also,	  don’t	  worry	  about	  extrac?ng	  the	  files	  from	  the	  ZIP	  
archive.	  The	  newer	  versions	  of	  the	  Arduino	  IDE	  have	  an	  easy	  
library	  installer	  that	  takes	  care	  of	  extrac?ng	  the	  library	  from	  
the	  ZIP	  file	  and	  copying	  the	  files	  to	  the	  right	  loca?on.	  

•  Assuming	  the	  library	  ZIP	  file	  is	  in	  your	  Downloads	  folder,	  
start	  the	  Arduino	  IDE.	  Then	  click	  on	  “Sketch	  →	  Include	  
Library	  →	  Add	  .ZIP	  Library…”,	  like	  this:	  





A  new  dialogue  box  will  pop  up.  Browse  to  the  loca=on  of  the  
ZIP  file,  select  it,  and  click  on  Choose  to  complete  the  process:



• When	  you	  click	  on	  “Choose”,	  the	  dialogue	  box	  will	  
disappear,	  but	  nothing	  else	  is	  going	  to	  happen.	  No	  
confirma?on,	  no	  sound…	  To	  make	  sure	  that	  the	  
Webuino	  library	  was	  actually	  installed,	  you	  can	  look	  
for	  the	  example	  sketches	  that	  most	  libraries	  
include.	  

• Go	  to	  File	  →	  Examples,	  and	  look	  at	  the	  bo@om	  of	  
the	  list	  for	  your	  new	  library:	  




