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ABSTRACT

This project is to make an automatic vending machine by using a micro
controller as the data processing and collecting in order to command the machine
to release product correctly for user’s demand .Besides, it is the study of how to use
a micro controller and DC motor drives. For this project, We bring DC motor drives to
apply with the automatic vending machine. DC motor drives are the main factor
which pushes a product to release for meeting the user’s demand. It is ordered
through remove control towards a micro controller by the user so as to process the
data and sent the control signal to DC motor drives. This method makes DC motor
drives can push the correct product. Form this experiment and vending machine
structure design, we discover that this project can command DC motor drives in

pushing the right product for the user’s demand.
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2.4.4 N1IMIVAULUY PWM (Pulse Width Modulation)
Pulse Width Modulation (PWM) fie inafiadwiumunnsmanuasauslagls

Ty wnauuuAIneavedlilasiussawesmununisihauvesdyaiss PWM

gﬂﬁ 2.10 uansdoyeyos PWM flumnsingiy 3 SRR

Taogu n uansdtyeyins PWM 9 10% Duty Cycle Aodgyanalunisesuasiiiu 10%

Y03 uazazaonidu 90% vesrudin

- Tnegu @ uanadyayias PWM 7 50% Duty Cycle fip Foyeyauluniseouazidu 10%
Y03AUFYYIM wazavaariu 50% vesaudyayio

- Taogu A uanadyay i PWM 91 90% Duty Cycle #o Fyaluniseeuazidu 10%
Yo udn wazavoevilu 10% vesnudygu
1 61 Power Supply i1 12V ua¥ Duty Cycle Wu 10% wlaleding 1.2v
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2.5.2 lulasaaulnsaiass AVR

lulrsraulnsaaes AVR uledlulasreulnsaiaeiveausim Atmel flaaiiinenssy
aelulunuy RISC (Reduced Instruction Set Computer) Taalddyarauniiniiles 1 gn
TunsuiAanlu 1 A (nstructions in a Single Clock Cycle) 1ililasneulnsatas it
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sUM 2.11 AVR Lwa$ ATmega328

2.5.2.1 pudulilulasreulnsaaas AVR ATMEGA328
- Lilasreulvsaaesoun 8 Ua UszAnBnmgs ulindiusilunszna AVR
- @y (CPU) Wuaanilnenssuwuy RISC
ﬁ'qm Ardaldany 131 fds uardulngidsedldyananniniios 1 anlums
Uszanawa
- Biawetdmiuldiuidlioun 8 Tn 1w 32
- vhaligeaeit 20 Suidsraiundt ilelidyaauniinn 20 wnudsy (MHz)

2.5.2.2 via8AuE

- wiheANud1 Rom WU Flash awia 32 flalud (kB)

- mhaawddeyaluy EEPROM (filvuadosiunmiseaius) sune 1 Alalus
- A ug1teyal Uy SRAM us 2 Alalus

- ansadisuuazauléifie 100,000 asa

L4 ' o o = ' a -
- iiutayaldnit 20 U Ngaumgll 85 ssrnealdea waznin 100 Uilgaumadl 25 sarn
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2.5.2.3 auantanisi¥eusaiugunsainiuen

1 4
ot

- fifinauaziiueuin 8 9 S1uau 2 faftlaunsawsninuanisviiauanduld 2
Tvunfie Prescaler uay Compare

- fdnauaziafurung 16 On Swu 1 Awenbmenisviendld 3 Tuuede
Prescaler Compare Wag Capture

- fffunanae (Real Time Counter) fiken19asivuanuald

- Tugaadsdaysyros PWM (Pulse Width Modulator) fiswau 6 dasdayeyios

- lugaudasdygrameurdonluiineasuin 10 On

EJ 1 L3 v :.1
- lugaitieusiegunsaleynsuuuy SPI ldisnmsifumames (Master) uazaiaw (Slave)
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- Tugaideusegunsafeynsuuuudnsasdumedyyia 2 @y wwudseyaideslud
(Byte Oriented)

- lugallTeuiisuuseduleuzien (Analog Comparator)

- ffmanauuneadieniiaiutsafunnsvials Tnsausauendayaauiing
1aandn

- MITaefumsdBumesTURLarnsIN-SW (Wake Up) iilefinisiudsuuuaninduiuy,

YDITN

2.5.2.4 anauUARLAY
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HaUnR
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- filnaanisvineruady 6 wuudae ldle, ADC Noise Reduction, Power-Save, Power-
Down, Standby Wag Extended Standby

2.5.2.5 I/O uasnang
_ flgnwes /O fianunsarivuanisvineuld 23 o
- 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
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3.2.4 ET-OPTO-DC MOTOR
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- veiay 7 Wuiiudygal 5vde nueinlulasreulnsaaes

Ui 3.12 Sameanlnsa
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2.1 AMUARILUISLASHUIELaYNY
const int timeDelayDownMotorl = 7000; //millisec

const int timeDelayDownMotor2 = 7000; //millisec
const int timeDelayDownMotor3 = 9000; //millisec
const int btnProduct1 = 0;

const int btnProduct2 = 13;

const int btnProduct3 = 2;

const int btnEnter = 3;

const int mortorl 1= 5;

const int mortorl 2= 4;

const int mortor2_1= 6;

const int mortor2 2= 7,

const int mortor3_1= §;

const int mortor3 2= 9;

const int sensorl = 10;

const int sensor2 = 11;

const int sensor3 = 12;

int btnProduct1_state = 0;
int btnProduct2_state = 0;
int btnProduct3_state = Q;
int btnEnter_state = 0;

int sensorl_state = 0;

int sensor2_state = 0;

int sensor3 state = 0,

int clearReg=0;

int checkTimeEnter;

int SetpointProduct1=0;
int SetpointProduct2=0;
int SetpointProduct3=0;
int actionProduct1=0;

int actionProduct2=0;

int actionProduct3=0;
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int pressknter=0;
int stepProcess=0;
int stock1=6;

int stock2=6;

int stock3=4,

1.2 AVUABUNA LIWWALAZNITUAIRINGUNsA]

void setup() {

Serial.begin(9600);
pinMode(btnProduct1, INPUT);
pinMode(btnProduct2, INPUT);
pinMode(btnProduct3, INPUT);
pinMode(btnEnter, INPUT);
pinMode(mortor1_1, OUTPUT);
pinMode(mortorl 2, QUTPUT),
pinMode(mortor2_1, OUTPUT);
pinMode(mortor2_2, OUTPUT);
pinMode(mortor3 1, OUTPUT);
pinMode(mortor3_2, OUTPUT);
pinMode(sensorl, INPUT);
pinMode(sensor2, INPUT);
pinMode(sensor3, INPUT);

void loop()

{
//Serialprintin("==============z=z======"),
btnProduct1_state = digitalRead(btnProduct1);

btnProduct2_state = digitalRead(btnProduct?2);
btnProduct3 state = digitalRead(btnProduct3);
sensorl_state = digitalRead(sensor1),
sensor2_state = digitalRead(sensor2);
sensor3_state = digitalRead(sensor3);

readEnterBtn();




if (btnProductl_state == LOW)
{
SetpointProduct1++;
delay(300);
}
if (btnProduct2_state == LOW)
{
SetpointProduct2++,
delay(300);
}
if (btnProduct3_state == LOW)
{
SetpointProduct3++;
delay(300);
}
//Serial.println(btnEnter_state);
//Serial.println(pressEnter);
//Serial.println(stepProcess);

9.3 TUSHNSUaISUTNeIY

if (btnEnter_state == HIGH && pressEnter==1)

{
Serial.printin('==================z==="),
Serial.print("Order1=");
Serial.printn(SetpointProduct1);
Serial.print("Order2 = ");

Serial.println(SetpointProduct2);
Serial.print("Order3 = ");
Serial.println(SetpointProduct3);
Serial.printin(*================z====="),
Serial.print("Product1 = "),
Serial.println(actionProduct1);
Serial.print("Product2 = ");
Serial.println(actionProduct2);
Serial.print("Product3 = ");
Serial.println(actionProduct3);
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Serial.print("Stockl = ");
Serial.println(stock1);
Serial.print("Stock2 = ");
Serial.println(stock2);
Serial.print("Stock3 = ");
Serial.println(stock3);
pressEnter=0;
if(stepProcess==0)
{
stepProcess = 1;
}
delay(800);
}
controlProduct1();
controlProduct2();
controlProduct3();

}

a
v.4 Wsunsuatuauduaviian 1

void controlProduct1()
{

int i

if(SetpointProductl>actionProduct1 && stepProcess==1)

Serial.println("==========control motorl=========="),

if(sensorl_state==LOW)
{
stopAllMotor();
actionProduct1++;
stockl—;
Serial.print("Stockl = ");
Serial.println(stock1);
if(stock1==2)
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{Serial println('================Warning=================")}
iflstock1==0)
{Serial.println("================Stop&Reload================");}
delay(2000);

iflactionProductl % 2 ==0)
{
motorl _down();
delay(timeDelayDownMotor1);
stopAllMator();
delay(1000);
}
}
else
{

motorl_up();

}

}
if(SetpointProduct1==actionProductl && stepProcess==1)

{
stepProcess=2,;
}
}

a o
0.5 Tusunsupavaududnviian 2

void controlProduct2()
{

int i;

if(SetpointProduct2>actionProduct2 & stepProcess==2)

Serial.println(‘==========control motor2==========");

if(sensor2_state==LOW)
{
stopAllMotor();

actionProduct2++;




stock2—;
Serial.print("Stock2 = ");
Serial.println(stock2);
if(stock2==2)
{Serial.println(*================Warning=================")}
if(stock2==0)
{Serial.println("================Stop&Reload================")}
delay(2000);
iftactionProduct2 % 2 ==0)
{
motor2_down();
delay(timeDelayDownMotor2);
stopAllMotor();
delay(1000);
}
}
else
{

motor2_up();

}
}
if(SetpointProduct2==actionProduct2 && stepProcess==2)
{
stepProcess=3;
}
}

a o
2.6 WUsunsuarupuaua1vilai 3

void controlProduct3()
{
inti;
if(SetpointProduct3>actionProduct3 && stepProcess==3)
{
Serial.println("==========control motor3=========="),
if(sensor3_state==LOW)
{
stopAllMotor();



actionProduct3++;

stock3—;

Serial.print("Stock3 = ");

Serial.println(stock3);

if(stock3==2)
{Serial.println("================Warning=================")]}

if(stock3==0)
{Serial.println("================Stop&Reload================")}
delay(2000),
motor3_down();
delay(timeDelayDownMotor3);
stopAllMotor();
delay(1000);
}
else
{
motor3_up();
}
}
if(SetpointProduct3==actionProduct3 && stepProcess==3)
{
stepProcess=0;
}
}

2.7 Wsunsunals3idn

void readEnterBtn()
{
btnEnter_state = digitalRead(btnEnter);
iflbtnEnter_state == LOW)
{
pressEnter=1;
checkTimeEnter++;
delay(100);
iftcheckTimeEnter > 10)
{
SetpointProduct1=0;



SetpointProduct2=0;
SetpointProduct3=0;

actionProduct1=0;
actionProduct2=0;
actionProduct3=0;
stepProcess = 0;
pressEnter=0;
Serial.println("==========Clear All==========");
stopAllMotor();
delay(2000);
motorl_down();
delay(timeDelayDownMotorl);
stopAllMotor();
motor2_down();
delay(timeDelayDownMotor2);
stopAllMotor();
motor3_down();
delay(timeDelayDownMotor3);
stopAllMotor();
Serigl printlA("===F=F==a=(ledi All==2ss52=0)
}
}
else
{
checkTimeEnter=0;
}
}

2.8 TWsunsudsliuainaingn

void stopAllMotor()
{

Serial.print(n("stopAllMotor");
digitalWrite(mortorl _1,LOW);
digitalWrite(mortorl_2,LOW);
digitalWrite(mortor2_1,LOW);

digitalWrite(mortor2_2,LOW);
digitalWrite(mortor3 1,LOW);



digitalWrite(mortor3_2,LOW);
}

2.9 WIunsuauauuanad

void motorl_up()

{

Serial.printin("Motor1_up");
digitalWrite(mortorl_1,HIGH);
digitalWrite(mortori_2,LOW),

}

void motor1_down()

{
Serial.println("Motor1_down");
digitalWrite(mortorl 1,LOW),
digitalWrite(mortorl_2,HIGH),

}

void motor2_up()

{

Serial.println("Motor2_up");
digitalWrite(mortor2_1,HIGH);
digitalWrite(mortor2_2,LOW);

}

void motor2_down()

{
Serial.println("Motor2_down");
digitalWrite(mortor2_1,LOW);
digitalWrite(mortor2_2,HIGH);

}

void motor3_up()

{

Serial.printin("Motor3_up");

digitalWrite(mortor3_1,HIGH);
digitalWrite(mortor3_2,LOW);
}
void motor3_down()
{

Serial.printin("Motor3_down");
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digitalWrite(mortor3_1,LOW);
digitalWrite(mortor3_2,HIGH);
}
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Warning: Watch the polarity as you connect your battery to the snap as reverse orientation
could blow out your board.

Disconnect your Arduino from the computer. Connect a 9 V battery to the Arduino power jack
using the battery snap adapter. Confirm that the blinking program runs. This shows that you can
power the Arduino from a battery and that the program you download mns without needing a
connection to the host PC

1.5 Moving On

Connect your Arduino to the computer with the USB cable. You do not need the battery for now.
The green PWR LED will light. If there was already a program burned into the Arduino. it will

mn

Warning: Do not put your board down on a conductive surface; you will short out the pins on
the back!

Start the Arduino development environment. In Arduino-speak, programs are called “sketches™,
but here we will just call them programs.

In the editing window that comes up, enter the following program, paying attention to where
semi-colons appear at the end of command lines.

wvoid setup()

{
Serial.begin(2€00);
Serial.println("Hello World"):

}
void lecp()

Your window will look something like this
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ok

sketch oct18a  Arduino U017

raid sotwpl)
(
Servral.beyan(9E00] 2
serial.printin("Hella Uorld*):
¥
raid loopl)
{}

Click the Upload button - or Ctrl-U to compile the program and load on the Arduino board.

Click the Serial Monitor button 8 71 If all has gone well, the monitor window will show your
message and look something like this

Hallo Porld

300 baul |

Congratulations; you have created and run your first Arduino program!

4




Warning: Only use solid wire on the breadboard. Strands of stranded wire can break off and fill
the holes permanently.

Hint: Trim wires and component leads so that wires and components lie close to the board.

To keep the Arduino board and breadboard together, you can secure both to a piece of fom-core,
cardboard or wood using double-stick foam tape or other means.

2 Flashing an LED

Light emitting diodes (LED's) are handy for checking out what the Arduino can do.. For this
task. youneed an LED, a 330 ohm resistor. and some short

pieces of 22 or 24 g wire. The figure to the right is a sketch

of an LED and its symbol used in electronic schematics */,:

Using 22 g solid wire, connect the 5V power pin on the \

Arduino to the bottom red power bus on the breadboard and

the Gnd pin on the Arduino to the bottom blue power buss 14

on the breadboard. Connect the notched or flat side of the LED (the notch or flat is on the rim
that surrounds the LED base; look carefully because it can be hard to find) to the Gnd bus and
the other side to a free hole in main area of the breadboard Place the resistor 5o that one end is in
the same column as the LED and the other end is in a free column. From that column. connect a
wire to digital pin 2 on the Arduino board. Your setup will look something like this

T2




To test whether the LED works, temporanly
disconnect the wire from pin 2 on the Arduino
board and touch to the 5V power bus. The LED
should light up. If not, try changing the orientation
of the LED. Place the wire back in pin 2.
On the LED, current runs from the anode (+) to the
cathode (-) which is marked by the notch. The
circuit you just wired up is represented in schematic
form in the figure to the right.
Create and run this Arduino program
void setup()
pinMcde (2,0UTPUT) ;
digitalWrite(2,HIGH) ;
delay (1000) ;
digitalWrite(2,LOW);
}

void loop()
{}

Did the LED light up for one second? Push the Arduino reset button to run the program again.

Now try this program, which will flash the LED at 1.0 Hz. Everything after the // on a line is a
comment, as is the text between /%’ and **/” at the top. It is always good to add comments to a

program.

Blinking LED, 1.0 Hz on pin 2
o
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void setup() // one-time actions
{

pinMcde (2, OUTPUT) ; // dafins pin 2 as an output
}

void loop() // loop forsver

{
digitalWrice(2,HIGH); // pin 2 high (LED cn)
delay(500); // wait 500 ns
digitalWrice (2, LOW); /7 pin 2 low (LED off)
delay (500); // wait 500 ms

}

The pinMode command sets the LED pin to be an output. The first digitalWrite command says to
set pin 2 of the Arduino to HIGH, or +5 volts. This sends current from the pin, through the
resistor, through the LED (which lights it) and to ground. The delay(500) command waits for
500 msec. The second digitalWrite command sets pin 2 to LOW or 0 V stopping the current
thereby turning the LED off. Code within the brackets defining the loop() function is repeated
forever, which is why the LED blinks.

This exercise shows how the Arduino can control the outside world. With proper interface
circuitry the same code can turn on and off motors. relays. solenoids, electromagnets, pneumatic
valves or any other on-off type device.

3 Reading a switch

The LED exercise shows how the Arduino can control
the outside world. Many applications require reading the
state of sensors, including switches. The figure to the
right shows a picture of a pushbutton switch and its
schematic symbol. Note that the symbol represents a
switch whose contacts are normally open, but then are
shorted when the button is pushed. If you have a switch,
use the continuity (beeper) function of a digital multi-
meter (DMM) to understand when the leads are open and
when they are connected as the button is pushed.

For this exercise. the Arduino will read the state of a normally-open push button switch and
display the results on the PC using the serial println() command. You will need a switch. a 10
kohm resistor and some pieces of 22 g hookup wire. If you don't have a switch. substitute two
wires and manually connect their free ends to simulate a switch closure. The figure below shows
the schematic for the circuit on the left and a realization on the right.




Create and run this Arduino program
yoid setup{()

Serial.begin(8690);
}

void loop()

{
Serial.println(digitalRead(3)):
delay(250):

}

Open the Serial Monitor window. When the switch is open, you should see a train of 1's on the
screen. When closed, the 1's change to 0's. On the hardware side, when the switch is open. no
current flows through the resistor. When no current flows through a resistor. there is no voltage
drop across the resistor, which means the voltage on each side is the same. In your circuit, when
the switch is open. pin 3 is at 5 volts which the computer reads as a 1 state. When the switch is
closed, pin 3 is directly connected to ground, which is at 0 volts. The computer reads this as a 0
state.

Now try this program which is an example of how you can have the computer sit and wait for a
sensor to change state.

void setup()
{

Serigl.begin (9600} 7
}

void loopt)
{
while {digitalRead(3) == HIGH)

Serial.println("Somebody clesed the switch!'™):

9

75




whnile (digitalRead(3) == LCW)

Serial.println("The switch is now open!™):;

}
Watch the activity in the Serial Monitor window as you press and release the switch.

4 Controlling a Small DC Motor

The Arduino can control a small DC motor through a transistor switch. You will need a TIP120
transistor, a 1K resistor a 9V battery with battery snap and a motor.

The TIP120 pins look like this and on a schematic the pins are like this

A,

Here is the schematic diagram for how to connect the motor

And here is a pictorial diagram for how to connect the components. The connections can be
soldered or they can be made through a solderless breadboard.
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Pin 2 can be any digital I'O pin on your Arduino. Connect the minus of the battery to the emitter
of the transistor (E pin) and also connect the emitter of the transistor to Gnd on the Arduino
board.

To check if things are working, take a jumper wire and short the collector to the emitter pins of

the transistor. The motor should turn on. Next, disconnect the 1K resistor from pin 2 and jumper
it to +5V. The motor should tumn on_ Put the resistor back into pin 2 and run the following test
program:

veoid setup()

{
pinMode (2,0UTPUT);
digitalWrite (2,HIGH);
delay (1000} ;
digitalWrite(2,LCW):

}

void loop()
(}

The motor should turn on for 1 second.




5 Arduino Hardware

The power of the Arduino is not its ability to crunch code. but rather its ability to interact with
the outside world through its input-output (I'O) pins. The Arduino has 14 digital V'O pins labeled
0 to 13 that can be used to turn motors and lights on and off and read the state of switches.

Each digital pin can sink or source about 40 mA of current. This is more than adequate for
interfacing to most devices. but does mean that interface circuits are needed to control devices
other than simple LED's. In other words, you cannot run a motor directly using the current
available from an Arduino pin. but rather must have the pin drive an interface circuit that in turn
drives the motor. A later section of this document shows how to interface to a smail motor.

To interact with the outside world. the program sets digital pins to a high or low value using C
code instructions. which corresponds to +5 V or 0 V at the pin. The pin is connected to external
interface electronics and then to the device being switched on and off. The sequence of events is
shown in this figure.

Program seis pin  digitalWrite (4,HIGH) ;
highlow (1/0) digitalWrite (4,LOW) ;

+5V
[~ ov

Board pin
setto +5V/OV

1

Interface
electronics use
signal voltages and
power supply to
switch motor
on/off

To determine the state of switches and other sensors, the Arduino is able to read the voltage
value applied to its pins as a binary number. The interface circvitry translates the sensor signal
into a 0 or +5 V signal applied to the digital 'O pin. Through a program command. the Ardiomp
interrogates the state of the pin, If the pin is at 0 V, the program will read it as a 0 or LOW._ If it
is at+5 'V, the program will read it as a 1 or HIGH. If more than +5 V is applied. you may blow
out your board. so be careful. The sequence of events fo read a pin is shown in this figure.
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Program reads digitalRead(4) ;
value of pins (1/0)

+av
ooV
[ |

Board pins
set to +5V/0V

I

Interface
electronics change
sensor signals into

+5V/0V

4

Interacting with the world has two sides. First. the designer must create electronic interface
circuits that allow motors and other devices to be controlled by a low (1-10 mA) current signal
that switches between 0 and 5 V, and other circuits that convert sensor readings into a switched 0
or 5 V signal. Second. the designer must write a program using the set of Arduino commands
that set and read the IYO pins. Examples of both can be found in the Arduino resources section of
the ME2011 web site.

When reading inputs, pins must have either 0 or 5V applied. If a pin is left open or "floating”, it will read random
voltages and cause erratic results. This is why switches always have a 10K pull up resistor connected when
interfacing to an Arduino pin.

Note: The reason to avoid using pins 0 and 1 is because those pins are used for the serial communications between
the Arduino and fhe host computer.

The Arduino also has six analog input pins for reading continuous voltages in the range of 0 to 5
V from sensors such as potentiometers.

6 Programming Concepts

This chapter covers some basic concepts of computer programming, going under the assumption
that the reader is a complete novice.

A computer program is a sequence of step-by-step instructions for the computer to follow. The
computer will do exactly what you tell it to do, no more no less. The computer only knows
what's in the program, not what you intended. Thus the origin of the phrase, "Garbage in.
garbage out".




7.4 Math

The Arduino can do standard mathematical operations. While floating point (e.g. 23.2) numbers
are allowed if declared as floats, operations on floats are very slow so integer variables and
integer math is recommended. If you have byte variables, no number. nor the result of any math
operation can fall outside the range of 0 to 255. You can divide numbers. but the result will be
truncated (not rounded) to the nearest integer. Thus in integer arithmetic, 17/3 = 5, and not 5.666
and not 6. Math operations are performed strictly in a left-to-right order. You can add parenthesis
to group operations.

The table below shows some of the valid math operators. Full details of their use can be found in
the Arduino Language Reference.

Svmbol Description

addition

subtraction

multiplication

division

modulus (division remainder)
Jeft it shift
right bit shuft
bitwise AND
bitwise OR.

8 The Simple Commands

This section covers the small set of commands you need to make the Arduino do something
useful. These commands appear in order of priority. You can make a great machine using only
digital read, digital write and delay commands. Learning all the commands here will take vou to
the next level.

If you need more, consult the Arduino language reference page at h
hrp. Yarduine.co/en/Reference/HomePage.

pinMode

This command. which goes in the setup() function, is used to set the direction of a digital I'O pin.
Set the pin to OUTPUT if the pin is driving and LED. motor or other device. Set the pin to
INPUT if the pin is reading a switch or other sensor. On power up or reset, all pins default to
inputs. This example sets pin 2 to an output and pin 3 to an input.

void satup()
{
pinMpds (2, 0UTPOT)
pinMode (3, INEUT);
}
void loop() {}

Serial.print
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The Serial print command lets you see what's going on inside the Arduino from your computer.
For example. you can see the result of a math operation to determine if you are getting the right
number. Or. you can see the state of a digital input pin to see if the Arduino is a sensor or switch
properly. When your interface circuits or program does not seem to be working. use the

Serial print command to shed a little light on the situation. For this command to show anything,
you need to have the Arduino connected to the host computer with the USB cable.

For the command to work, the command Serial. begin(9600) must be placed in the setup()
function. After the program is uploaded, you must open the Serial Monitor window to see the

response.

There are two forms of the print command. Serial print() prints on the same line while
Serial.printin() starts the prinf on a new line.

Here is a brief program to check if your board is alive and connected to the PC

void satup()
{
Serial.begin(%600):
Serialiprintln{"Hello World"):
}

void loopd) {}

Here is a program that loops in place. displaying the value of an /O pin. This is useful for
checking the state of sensors or switches and to see if the Arduino is reading the sensor properly.
Try it out on your Arduino. After uploading the program, use a jumper wire to alternately
connect pin 2 to +5V and to Gnd.

void setup()

Serial.begin(9600);
}
void leoopf)

Serial.praintln(digitalRead(Z)):
delay (100);

If you wanted to see the states of pins 2 and 3 at the same time. you can chain a few print
commands. noting that the last command is a println to start a new line.

void setup()
i
i

Serzal.begin(5600);

éeld loop()

Serialprint ("pini2.=""}3
Serial.print(digitalRead(2)):
Sepial.princ(® pin 3 = ");
Serial.printin(digitalRead(3));

20
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delay(130);

13

You may have noticed when trying this out that if you leave one of the pins disconnected, its
state follows the other. This is because a pin left floating has an undefined value and will wander
from high to low. So. use two jumper wires when trying out this example.

Here's one that checks the value of a variable after an addition. Because the calculation is done
just once, all the code is in the setup() function. The Serial flush()

intv 1,3,k
void setup()

. Serial.begin(9600);

i=21;

Serial.fiush{).:
_ Serial.print(k);

void 1oop() {}

digitalWrite

This command sets an IO pin high (+5V) or low (0V) and is the workhorse for commanding the
outside world of lights. motors, and anything else interfaced to your board. Use the pinMode()
command in the setup() function to set the pin to an output.

to +5 wolts
to zero volcs

digitalWrice(2,HIGH); // sats pin
digitalWrita(2,LOW); // sets pin

delay

Delay pauses the program for a specified number of milliseconds. Since most interactions with
the world involve timing, this is an essential instruction. The delay can be for 0 to 4.204 067,205
msec. This code snippet turn on pin 2 for 1 second.

digitalWrite(2,HIGH); // pin 2 high (LED on)
delay(1000); /{ wait 500 ms
digitalWrite (2,L0W): // pin 2 low (LED off)

if
This is the basic conditional branch instruction that allows your program to do two different
things depending on whether a specified condition is true or false.

Here is one way to have your program wait in place until a switch is closed. Connect a switch to
pin 3 as shown in Section 3. Upload this program then try closing the switch

void setup()
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{

Serial.begin(9€00):

}

veid loop()

{
if (digitalRead{3) == LOW) {
Serial.println{"Somebody closed the switch!™):

g

The if line reads the state of pin 3. If it is high. which it will be for this circuit when the switch is
open. the code jumps over the Serial.println command and will repeat the loop. When you close
the switch. OV is applied to pin 3 and its state is now LOW. This means the if condition is true so
this time around the code between the braces is executed and the message is printed

The syntax for the if statement is

if (econdition) |
/ feommands
If the condition is true, the program will execute the commands between the braces. If the
condition is not true, the program will skip to the statement following the braces.
The condition compares one thing to another. In the example above, the state of pin 1 was
compared to LOW with == the equality condition. Other conditional operators are != (not equal
to). = (greater than). < (less than), == (greater than or equal to), and <= (less than or equal to).

You can have the program branch depending on the value of a variable. For example. this
program will print the value of i only when it is less than 30

int i;

void setup()
{

Serial.begin(96C00);
i=0;

}

woid leop()
{
imitl;
if (1<30) 4
Serial.println{i);




Arduino Programming Basics

Command Description

pinMode (n, INPUT Set pin n to act as an input. One-ime command at top of program.
pinMode (n, OUTFUT) Set pin n 1o act as an output

digitalWrite (n, SIGE) Setpinn to 5V

digitalWrite (n, LOW) Setpinn to OV

delay (x) Pause program for x millisec, x = 0 10 65,535

tonetn, £,d} Piay tone of frequency I Hz for d millisec on er attached to pin n

o)

Loop. Example: for (i=0;i<3

ii++}) Do the insfructions enclosed by {} three times

if (expr} {}
while (sxp>) (]

Conditional branch. If exprtrue. do instructions enclosed by {}

While expr is true, repeat instructions in {} indefinitely

For more commands see the ME2011 “Arduino Microcontroller Guide™ and the Language Reference

section of the arduino web site.

Instructions in the setup() function are executed once. Those in the loop() function are executed

indefinitely.

Examples

1. Tum on LED connected to Pin 2 for 1 s.

void setup() |
pinMcde (2, 00IRUT)
digitalWrite (2,HIGH)
delay(1000) #
digivaiWrite (Z,LOW):

}

void loop()

{}
2. Flash LED connected to Pin 2 at 1 Hz forever.

void setup() {
pinMode(2,QUTEUT) ;

}

woid loop() {
digicalWrice(Z, HIGH) ;
delay(500);
digitalWrita(2, LOW);
delay({500) ;

}

3. Tum on motor connected to Pin 4 for 1 s.

void setup() {
pinMcde (4,00TRUT) ;
digirtalWrite (4,HIGH) »
delay(1000);
digitalWrite(4,LOW);
}
void lsop()
{}

4. Play 440 hz tone for one second on speaker
connected to pin 5. Delay is needed because
the program does not wait for the tone()
command to finish but rather immediately goes
to the command following tone().

voidusatup () {
pinMode (5,00T2UT) ;
tona(5,440, 1000);
delay (1100);

}

void 1oep()

{}

5. LED is on Pin 2 and switch is on Pin 6. Tums
on the LED for one sec when switch is pressed.

void setup () {
pinMode (Z,0UTPUT);
pinMode (6, INPUT) ;
while (digitalRead(€) == HIGH)

digizalWrice (2, HIGH):
delay(1909d);
digivailWrice (Z,LOW);

}
void loop ()
{}
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