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Lesson 1 Blink
Overview
In this lesson, you will learn how to program your Arduino controller board to blink
the Arduino’s built-in LED, and how to download programs by basic steps.

Component Required:
(1) x Arduino UNO board

Principle
The Arduino board has rows of connectors along both sides that are used to
connect to several electronic devices and plug-in 'shields' that extends its
capability.
It also has a single LED that you can control from your sketches. This LED is
built onto the board and is often referred to as the 'L' LED as this is how it is
labeled on the board.

You may find that your UNO board's 'L' LED already blinks when you connect it to
a USB plug. This is because the boards are generally shipped with the 'Blink'
sketch pre-installed.
In this lesson, we will reprogram the UNO board with our own Blink sketch and
then change the rate at which it blinks. In our previous session, you set up your
Arduino IDE and made sure that you could find the right serial port for it to connect
to your UNO board. The time has now come to put that connection to the test
and program your UNO board.
The Arduino IDE includes a large collection of example sketches that you can
load up and use. This includes an example sketch for making the 'L' LED blink.
Load the 'Blink' sketch that you will find in the IDE's menu system under File >
Examples > 01.Basics

When the sketch window opens, enlarge it so that you can see the entire sketch in
the window.

Attach your Arduino board to your computer with the USB cable and check that the
'Board Type' and 'Serial Port' are set correctly.

Note: The Board Type and Serial Port here are not necessarily the same as shown
in picture. If you are using 2560, then you will have to choose Mega 2560 as the
Board Type, other choices can be made in the same manner. And the Serial Port
displayed for everyone is different, despite COM 26 chosen here, it could be COM3
or COM4 on your computer. A right COM port is supposed to be COMX (arduino
XXX), which is by the certification criteria.
The Arduino IDE will show you the current settings for board at the bottom of the
window.

Click on the 'Upload' button. The second button from the left on the toolbar.

If you watch the status area of the IDE, you will see a progress bar and a series of
messages. At first, it will say 'Compiling Sketch...'. This converts the sketch into a
format suitable for uploading to the board.

Next, the status will change to 'Uploading'. At this point, the LEDs on the Arduino
should start to flicker as the sketch is transferred.

Finally, the staus will change to 'Done'.

The other message tells us that the sketch is using 928 bytes of the 32,256 bytes
available. After the 'Compiling Sketch..' stage you could get the following error
message:

It can mean that your board is not connected at all, or the drivers have not been
installed (if necessary) or that the wrong serial port is selected.
If you encounter this, go back to Lesson 0 and check your installation.
Once the upload has completed, the board should restart and start blinking.
Open the code
Note that a huge part of this sketch is composed of comments. These are not actual
program instructions; rather, they just explain how the program works. They are
there for your benefit.
Everything between /* and */ at the top of the sketch is a block comment; it explains
what the sketch is for.

Single line comments start with // and everything up until the end of that line is
considered a comment.
The first line of code is:
int led = 13;
As the comment above it explains, this is giving a name to the pin that the LED is
attached to. This is 13 on most Arduinos, including the UNO and Leonardo.
Next, we have the 'setup' function. Again, as the comment says, this is executed
when the reset button is pressed. It is also executed whenever the board resets for
any reason, such as power first being applied to it, or after a sketch has been
uploaded.
void setup() {
// initialize the digital pin as an output.
pinMode(led, OUTPUT);
}
Every Arduino sketch must have a 'setup' function, and the place where you might
want to add instructions of your own is between the { and the }.
In this case, there is just one command there, which, as the comment states tells
the Arduino board that we are going to use the LED pin as an output.
It is also mandatory for a sketch to have a 'loop' function. Unlike the 'setup' function
that only runs once, after a reset, the 'loop' function will, after it has finished running
its commands, immediately start again.
void loop() {
digitalWrite(led, HIGH);
delay(1000);
digitalWrite(led, LOW);
delay(1000);

// turn the LED on (HIGH is the voltage level)
// wait for a second
// turn the LED off by making the voltage LOW
// wait for a second

}
Inside the loop function, the commands first of all turn the LED pin on (HIGH), then
'delay' for 1000 milliseconds (1 second), then turn the LED pin off and pause for
another second.
You are now going to make your LED blink faster. As you might have guessed, the
key to this lies in changing the parameter in () for the 'delay' command.

This delay period is in milliseconds, so if you want the LED to blink twice as fast,
change the value from 1000 to 500. This would then pause for half a second each
delay rather than a whole second.
Upload the sketch again and you should see the LED start to blink more quickly.

Lesson 2 LED
Overview
In this lesson, you will learn how to change the brightness of an LED by using
different values of resistor.

Component Required:
(1) x Arduino Uno
(1) x 5mm red LED
(1) x 220 ohm resistor
(1) x 1k ohm resistor
(1) x 10k ohm resistor
(2) x M-M wires (Male to Male jumper wires)

Component Introduction
BREADBOARD MB-102：
A breadboard enables you to prototype circuits quickly, without having to solder
the connections. Below is an example.

Breadboards come in various sizes and configurations. The simplest kind is just a
grid of holes in a plastic block. Inside are strips of metal that provide electrical
connection between holes in the shorter rows. Pushing the legs of two different
components into the same row joins them together electrically. A deep channel
running down the middle indicates that there is a break in connections there,
meaning, you can push a chip in with the legs at either side of the channel without
connecting them together. Some breadboards have two strips of holes running
along the long edges of the board that are separated from the main grid. These have
strips running down the length of the board inside and provide a way to connect a
common voltage. They are usually in pairs for +5 volts and ground. These strips are
referred to as rails and they enable you to connect power to many components or
points in the board.
While breadboards are great for prototyping, they have some limitations. Because
the connections are push-fit and temporary, they are not as reliable as soldered
connections. If you are having intermittent problems with a circuit, it could be due
to a poor connection on a breadboard.
LED:
LEDs make great indicator lights. They use very little electricity and they pretty much
last forever.
In this lesson, you will use perhaps the most common of all LEDs: a 5mm red LED.
5mm refers to the diameter of the LED. Other common sizes are 3mm and 10mm.
You cannot directly connect an LED to a battery or voltage source because 1) the
LED has a positive and a negative lead and will not light if placed the wrong way and
2) an LED must be used with a resistor to limit or 'choke' the amount of current
flowing through it; otherwise, it will burn out!

If you do not use a resistor with an LED, then it may well be destroyed almost
immediately, as too much current will flow through, heating it and destroying the
'junction' where the light is produced.
There are two ways to tell which is the positive lead of the LED and which the
negative.
Firstly, the positive lead is longer.
Secondly, where the negative lead enters the body of the LED, there is a flat edge
to the case of the LED.
If you happen to have an LED that has a flat side next to the longer lead, you should
assume that the longer lead is positive.
RESISTORS:
As the name suggests, resistors resist the flow of electricity. The higher the value of
the resistor, the more it resists and the less electrical current will flow through it.
We are going to use this to control how much electricity flows through the LED and
therefore, how brightly it shines.

But first, more about resistors...
The unit of resistance is called the Ohm, which is usually shortened to Ω the Greek
letter Omega. Because an Ohm is a low value of resistance (it doesn't resist much at
all), we also denote the values of resistors in kΩ (1,000 Ω) and MΩ (1,000,000 Ω).
These are called kilo-ohms and mega-ohms.
In this lesson, we are going to use three different values of resistor: 220Ω, 1kΩ and
10kΩ. These resistors all look the same, except that they have different colored
stripes on them. These stripes tell you the value of the resistor.
The resistor color code has three colored stripes and then a gold stripe at one end.

Unlike LEDs, resistors do not have a positive and negative lead. They can be
connected either way around.
If you find this approach method too complicated, you can read the color ring flag
on our resistors directly to determine its resistance value. Or you may use a digital
multimeter instead.

Connection
Schematic

Wiring diagram

The UNO is a convenient source of 5 volts, which we will use to provide power to
the LED and the resistor. You do not need to do anything with your UNO, except to
plug it into a USB cable.
With the 220 Ω resistor in place, the LED should be quite bright. If you swap out the
220 Ω resistor for the 1kΩ resistor, then the LED will appear a little dimmer. Finally,
with the 10 kΩ resistor in place, the LED will be just about visible. Pull the red jumper
lead out of the breadboard and touch it into the hole and remove it, so that it acts
like a switch. You should just be able to notice the difference.
At the moment, you have 5V going to one leg of the resistor, the other leg of the
resistor going to the positive side of the LED and the other side of the LED going to
GND. However, if we moved the resistor so that it came after the LED, as shown
below, the LED will still light.
You will probably want to put the 220Ω resistor back in place.
It does not matter which side of the LED we put the resistor, as long as it is there
somewhere

Example picture
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Lesson 3 RGB LED
Overview
RGB LEDs are a fun and easy way to add some color to your projects. Since they are
like 3 regular LEDs in one, how to use and connect them is not much different.
They come mostly in 2 versions: Common Anode or Common Cathode.
Common Anode uses 5V on the common pin, while Common Cathode connects to
ground.
As with any LED, we need to connect some resistors inline (3 total) so we can limit
the current being drawn.
In our sketch, we will start with the LED in the Red color state, then fade to Green,
then fade to Blue and finally back to the Red color. By doing this we will cycle
through most of the color that can be achieved.

Component Required:
(1) x Arduino Uno
(1) x 830 Tie Points Breadboard
(4) x M-M wires (Male to Male jumper wires)
(1) x RGB LED
(3) x 220 ohm resistors

Component Introduction
RGB:
At first glance, RGB (Red, Green and Blue) LEDs look just like regular LEDs. However,
inside the usual LED package, there are actually three LEDs, one red, one green and
yes, one blue. By controlling the brightness of each of the individual LEDs you can
mix pretty much any color you want.
We mix colors the same way you would mix paint on a palette - by adjusting the
brightness of each of the three LEDs. The hard way to do this would be to use
different value resistors (or variable resistors) as we did with in Lesson 2, but that's
a lot of work! Fortunately for us, UNO R3 board has an analogWrite function that
you can use with pins marked with a ~ to output a variable amount of power to the
appropriate LEDs.
The RGB LED has four leads. There is one lead going to the positive connection of
each of the single LEDs within the package and a single lead that is connected to all
three negative sides of the LEDs.

Here on the photographs you can see 4 electrode LED. Every separate pin for Green
or Blue or Red color is called Anode. You will always connect “+” to it. Cathode goes
to “-“(ground). If you connect it other way round the LED will not light.
The common negative connection of the LED package is the second pin from the flat
side. It is also the longest of the four leads and will be connected to the ground.
Each LED inside the package requires its own 220Ω resistor to prevent too much
current flowing through it. The three positive leads of the LEDs (one red, one green
and one blue) are connected to UNO output pins using these resistors.

COLOR:
The reason that you can mix any color you like by varying the quantities of red, green
and blue light is that your eye has three types of light receptor in it (red, green and
blue). Your eye and brain process the amounts of red, green and blue and convert
it into a color of the spectrum.
In a way, by using the three LEDs, we are playing a trick on the eye. This same idea
is used in TVs, where the LCD has red, green and blue color dots next to each other
making up each pixel.

If we set the brightness of all three LEDs to be the same, then the overall color of
the light will be white. If we turn off the blue LED, so that just the red and green
LEDs are the same brightness, then the light will appear yellow.
We can control the brightness of each of the red, green and blue parts of the LED
separately, making it possible to mix any color we like.
Black is not so much a color as an absence of light. Therefore, the closest we can
come to black with our LED is to turn off all three colors.

Theory (PWM)
Pulse Width Modulation (PWM) is a technique for controlling power.
We also use it here to control the brightness of each of the LEDs.
The diagram below shows the signal from one of the PWM pins on the UNO.

Roughly every 1/500 of a second, the PWM output will produce a pulse. The length
of this pulse is controlled by the 'analogWrite' function. So 'analogWrite(0)' will not
produce any pulse at all and 'analogWrite(255)' will produce a pulse that lasts all the
way until the next pulse is due, so that the output is actually on all the time.
If we specify a value in the analogWrite that is somewhere in between 0 and 255,
then we will produce a pulse. If the output pulse is only high for 5% of the time, then
whatever we are driving will only receive 5% of full power.
If, however, the output is at 5V for 90% of the time, then the load will get 90% of
the power delivered to it. We cannot see the LEDs turning on and off at that speed,
so to us, it just looks like the brightness is changing.

Connection
Schematic

Wiring diagram

Code
After wiring, please open the Sketch in folder path: Tutorial > English > code >
Lesson 4 RGB LED > RGB_LED, and click UPLOAD to upload the program.

See Lesson 2 for details about program uploading if there are any errors.
The sketch starts by specifying which pins are going to be used for each of the colors:
// Define Pins
#define BLUE 3
#define GREEN 5
#define RED 6
The next step is to write the 'setup' function. As we have learnt in earlier lessons,
the setup function runs just once after the Arduino has reset. In this case, all it has
to do is define the three pins we are using as being outputs.
void setup()
{
pinMode(RED, OUTPUT);
pinMode(GREEN, OUTPUT);
pinMode(BLUE, OUTPUT);
digitalWrite(RED, HIGH);
digitalWrite(GREEN, LOW);
digitalWrite(BLUE, LOW);
}

Before we take a look at the 'loop' function, let’s look at the last function in the
sketch.
The define variables
redValue = 255; // choose a value between 1 and 255 to change the color.
greenValue = 0;
blueValue = 0;
This function takes three arguments, one for the brightness of the red, green
and blue LEDs. In each case the number will be in the range 0 to 255, where 0
means off and 255 means maximum brightness. The function then calls
'analogWrite' to set the brightness of each LED.
Try adding a few colors of your own to the sketch and watch the effect on your LED.

Example picture

