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Lesson 0 InstallingIDE

Introduction

The Arduino Integrated Development Environment (IDE) is the software side of the

Arduino platform.

Inthis lesson,youwill learnhowtosetupyourcomputertouseArduinoand how

to set about the lessons that follow.

The Arduino software that you will use to program your Arduino is available for

Windows, Mac and Linux. The installation process is different for all three platforms

andunfortunately there isacertainamountofmanualworkto install thesoftware.

STEP 1: Go to https://www.arduino.cc/en/Main/Software and find below page.

The version available at thiswebsite is usually the latest version, and the actual
versionmaybe newer than the version in thepicture.

http://www.arduino.cc/en/Main/Software


STEP2：Download the development software that is compatible with the operating
system of your computer. Take Windows as an example here.

Click Windows Installer.

Click JUSTDOWNLOAD.



Also version1.8.0 is available in thematerial weprovided, and the versionsof our

materials are the latest versionswhen this coursewasmade.

Installing Arduino(Windows)

Install Arduino with the exe. Installation package.

Click I Agree to see the following interface



Click Next

You can press Browse… to choose an installation path or directly type in the
directory youwant.



Click Install to initiate installation

Finally, the following interface appears, click Install to finish the installation.

Next, the following icon appears on the desktop



Double-click to enter the desired development environment

You may directly choose the installation package for installation and skip the

contentsbelowandjumptothenextsection.Butifyouwanttolearnsomemethods

other than the installation package, please continue to read the section.

Unzip the zip file downloaded, Double-click to open the program and enter the

desired developmentenvironment





However, this installation method needs separate installation of driver.
TheArduino folder contains both the Arduino program itself and the drivers that

allow the Arduino to be connected to your computer by a USB cable. Before we

launch theArduino software, you are going to install theUSBdrivers.

Plug one end of your USB cable into the Arduino and the other into a USB socket on

your computer.Thepower light on theLEDwill light upandyoumayget a 'Found

New Hardware' message fromWindows. Ignore this message and cancel any

attempts thatWindowsmakes to try and install drivers automatically foryou.

Themost reliable method of installing the USB drivers is to use the DeviceManager.

This is accessed in different ways depending on your version of Windows. In

Windows7,you firsthave toopentheControlPanel, thenselect theoptiontoview

Icons, and you should find theDeviceManager in the list.

Under ‘Other Devices’, you should see an icon for ‘unknown device’ with a little

yellow warning triangle next to it. This is yourArduino.



Right-click on the device and select the topmenu option (Update Driver Software...).

You will then be prompted to either ‘Search Automatically for updated driver

software’or ‘Browsemycomputerfordriversoftware’.Selecttheoptiontobrowse

and navigate to theX\arduino1.8.0\drivers.



Click 'Next' and you may get a security warning, if so, allow the software to be

installed.Once thesoftwarehasbeen installed, youwill getaconfirmationmessage.

Windowsusersmayskip theinstallationdirections forMacandLinuxsystemsand
jumptoLesson1.MacandLinuxusersmaycontinuetoreadthissection.

Installing Arduino (Mac OS X)

Download and Unzip the zip file, double click the Arduino.app to enter Arduino IDE;

the system will ask you to install Java runtime library if you don’t have it in your

computer.Once the installation is completeyou can run theArduino IDE.



Installing Arduino (Linux)

You will have to use the make install command. If you are using the Ubuntu system, it is

recommended to install Arduino IDE from the software center of Ubuntu.

TIPS: Ifyouhaveproblems in installing thedrivers,pleaserefer to theUNOR3,
MEGA, NANO DRIVERFAQ.



Lesson 1 Add Libraries and Open Serial Monitor

Installing Additional Arduino Libraries

Once you are comfortable with theArduino software and using the built-in functions,

youmaywant to extend theability of your Arduinowith additional libraries.

What are Libraries?

Librariesareacollectionofcodethatmakes iteasyforyou toconnect toa sensor,

display, module, etc. For example, the built-in LiquidCrystal library makes it easy to

talk to character LCD displays. There are hundreds of additional libraries available

on the Internet for download. The built-in libraries and some of these additional

librariesare listed in thereference.Touse theadditional libraries,youwillneed to

install them.

How to Install a Library

Using the Library Manager

To install a new library into your Arduino IDE you can use the Library Manager

(available from IDE version 1.8.0). Open the IDE and click to the "Sketch" menu and

then Include Library > Manage Libraries.



Thenthelibrarymanagerwillopenandyouwill findalistoflibrariesthatarealready

installedor ready for installation. In this examplewewill install theBridge library.

Scroll the list to find it, then select the version of the library you want to install.

Sometimes only one version of the library is available. If the version selection menu

does not appear, don't worry: it is normal.

There are times you have to be patient with it, just as shown in the figure. Please refresh it

and wait.



Finally click on install andwait for the IDE to install the new library. Downloading

may take time depending on your connection speed. Once it has finished,

an Installed tagshouldappearnext to theBridge library.Youcanclose the library

manager.

Youcannowfindthenewlibraryavailable in theIncludeLibrarymenu.Ifyouwant

to add your own library open a new issue onGithub.

Importing a .zip Library

Libraries are often distributed as a ZIP file or folder. The nameof the folder is the

name of the library. Inside the folder will be a .cpp file, a .h file and often a

keywords.txt file, examples folder, andother files requiredby the library.Starting

with version 1.0.5, you can install 3rd party libraries in the IDE. Do not unzip the

downloaded library, leave it as is.

In the Arduino IDE, navigate to Sketch > Include Library. At the top of the drop down

list, select the option to "Add .ZIP Library''.
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Youwillbepromptedtoselectthelibraryyouwouldliketoadd.Navigatetothe.zip

file's location and open it.



ReturntotheSketch>ImportLibrarymenu.Youshouldnowseethelibraryat the

bottomof thedrop-downmenu. It is ready tobe used in your sketch. The zip file

willhavebeenexpandedinthelibrariesfolderinyourArduinosketchesdirectory.

NB:theLibrarywillbeavailabletouseinsketches,butexamplesforthelibrarywill

not beexposed in theFile >Examplesuntil after the IDEhasrestarted.

Those two are the most common approaches. MAC and Linux systems can be

handled likewise. The manual installation to be introduced below as an alternative

may be seldom used and users with no needsmay skip it.

Manual installation

To install the library, first quit the Arduino application. Then uncompress the ZIP file

containing the library. For example, if you're installing a library called



"ArduinoParty", uncompress ArduinoParty.zip. It should contain a folder

calledArduinoParty, with files like ArduinoParty.cpp and ArduinoParty.h inside. (If

the .cppand .h filesaren't in a folder, you'll need tocreateone. In this case, you'd

make a folder called "ArduinoParty" andmove into it all the files that were in the

ZIP file, like ArduinoParty.cpp andArduinoParty.h.)

Drag the ArduinoParty folder into this folder (your libraries folder). Under Windows,

itwill likelybecalled"MyDocuments\Arduino\libraries".ForMacusers,itwill likely

be called "Documents/Arduino/libraries".OnLinux, it will be the "libraries" folder

in your sketchbook.

YourArduinolibraryfoldershouldnowlooklikethis(onWindows):

My Documents\Arduino\libraries\ArduinoParty\ArduinoParty.cpp

My Documents\Arduino\libraries\ArduinoParty\ArduinoParty.h

MyDocuments\Arduino\libraries\ArduinoParty\examples

or like this (on Mac and Linux):

Documents/Arduino/libraries/ArduinoParty/ArduinoParty.cpp

Documents/Arduino/libraries/ArduinoParty/ArduinoParty.h

Documents/Arduino/libraries/ArduinoParty/examples

....

Theremay bemore files than just the .cpp and .h files, just make sure they're all

there. (The library won't work if you put the .cpp and .h files directly into the

libraries folder or if they're nested in an extra folder. For example:

Documents\Arduino\libraries\ArduinoParty.cpp and

Documents\Arduino\libraries\ArduinoParty\ArduinoParty\ArduinoParty.cpp won't

work.)

Restart the Arduino application. Make sure the new library appears in the Sketch-

>Import Library menu item of the software. That's it! You've installed a library!

Arduino Serial Monitor (Windows, Mac, Linux)

The Arduino Integrated Development Environment (IDE) is the software side of the

Arduinoplatform.And,becauseusingaterminalissuchabigpartofworking with



Arduinos and other microcontrollers, they decided to include a serial terminal with

thesoftware.Within theArduinoenvironment, this iscalled theSerialMonitor.

Making a Connection

Serial monitor comes with any and all version of the Arduino IDE. To open it, simply

click the Serial Monitor icon.

SelectingwhichporttoopenintheSerialMonitoristhesameasselectingaportfor

uploadingArduinocode.GotoTools ->SerialPort,andselect thecorrectport.

Tips: Choose the same COM port that you have in Device Manager.



Once open, you should see something like this:



Settings

TheSerialMonitor has limited settings, but enough to handlemost of your serial

communicationneeds.The first settingyoucanalter is thebaudrate.Clickon the

baud rate drop-downmenu to select the correct baud rate. (9600baud)

Last,youcansettheterminaltoAutoscrollornotbycheckingtheboxinthebottom

left corner.

Pros
TheSerial Monitor is a great quick and easy way to establish a serial connection with

your Arduino. If you’re already working in the Arduino IDE, there’s really no need to

open up a separate terminal to display data.

Cons
The lack of settings leaves much to be desired in the Serial Monitor, and, for

advanced serial communications, it may not do the trick.
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Lesson 2 Blink

Overview

In this lesson, you will learn how to program yourMEGA2560 R3 controller board to

blinktheArduino’sbuilt-inLED,andhowtodownloadprogramsbybasicsteps.

Component Required:

(1) x Mega2560R3

Principle
The MEGA2560 R3 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 alsohasasingle LEDthat you cancontrol fromyour sketches. This LED isbuilt

ontotheMEGA2560R3boardandisoftenreferredtoasthe'L'LEDasthisishowit

is labeled on the board.



Youmay find that your MEGA2560 R3 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' sketchpre-installed.

In this lesson, we will reprogram theMEGA2560 R3 board with our own Blink sketch

and then change the rate at which it blinks.

In Lesson 0, you set up your Arduino IDE and made sure that you could find the right

serialportfor ittoconnecttoyourMEGA2560R3board.Thetimehasnowcometo

put that connection to the test andprogramyourMEGA2560R3board.

The Arduino IDE includes a large collection of example sketches that you can load

upanduse.This includesanexamplesketch formaking the 'L' LEDblink.

Load the 'Blink' sketch that you will find in the IDE's menu system under File >

Examples >01.Basics



Whenthesketchwindowopens,enlarge itso thatyoucansee theentiresketch in

the window.

Theexample sketches includedwith theArduino IDE are 'read-only'. That is, you can

uploadthemtoanMEGA2560R3board,but ifyouchangethem,youcannot save

them as the same file.

Sincewearegoingtochangethissketch,thefirst thingyouneedtodoissaveyour

own copy.

From the File menu on the Arduino IDE, select 'Save As..' and then save the sketch

with the name'MyBlink'.





You have saved your copy of 'Blink' in your sketchbook. This means that if you ever

wanttofinditagain,youcanjustopenitusingtheFile>Sketchbookmenuoption.



Attach your Arduino board to your computer with the USB cable and check that the

'Board Type' and 'Serial Port' are set correctly.





Note: TheBoard Type and Serial Port here are not necessarily the same as shown
inpicture. If you are using2560, then youwill have to chooseMega 2560 as the
Board Type, other choices can be made in the same manner. And the Serial Port
displayed for everyone is different, despiteCOM26chosenhere, it couldbeCOM3
orCOM4onyourcomputer.ArightCOMport issupposed tobeCOMX (arduino
XXX), which is by the certificationcriteria.

TheArduino IDEwill showyou the current settings for board at the bottomof the

window.

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

If youwatch the statusareaof the IDE, youwill seeaprogressbarandaseriesof

messages.At first, itwill say 'CompilingSketch...'. Thisconverts thesketch intoa

format suitable for uploading to the board.

Next, the statuswill change to 'Uploading'. At this point, theLEDson theArduino

should start to flicker as the sketch is transferred.



Finally, the staus will change to 'Done'.

Theothermessage tells us that the sketch is using928bytesof the32,256bytes

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 isselected.

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 thecode

Note that a huge part of this sketch is composed of comments. These are not actual

program instructions; rather, they just explain how the programworks. They are

there for yourbenefit.

Everythingbetween/*and*/atthetopofthesketchisablockcomment;itexplains

what the sketch is for.



Single line comments start with // and everything up until the end of that line is

considered acomment.

Thefirst lineofcodeis:

int led =13;

As thecomment above it explains, this is givinganame to thepin that theLED is

attached to. This is 13 onmost Arduinos, including theMEGA2560 andLeonardo.

Next,wehave the 'setup' function.Again,as thecommentsays, this isexecuted

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 thedigital pinasanoutput.

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 thiscase, there is justonecommandthere,which,asthecommentstates tells

theArduino board thatwe are going to use the LEDpin as anoutput.

It isalsomandatoryforasketchtohavea'loop'function.Unlikethe'setup'function

thatonlyrunsonce,afterareset, the'loop'functionwill,afterithasfinishedrunning

its commands, immediately start again.

void loop() {

digitalWrite(led,HIGH); // turntheLEDon(HIGHisthevoltagelevel)

delay(1000); //wait for a second

digitalWrite(led, LOW); // turntheLEDoffbymakingthevoltageLOW

delay(1000); //wait for a second

}

Insidethe loopfunction, thecommandsfirstofall turntheLEDpinon(HIGH), then

'delay' for 1000milliseconds (1 second), then turn the LEDpin off and pause for

another second.

YouarenowgoingtomakeyourLEDblinkfaster.Asyoumighthaveguessed, the

key to this lies in changing the parameter in () for the 'delay'command.



This delay period is inmilliseconds, so if youwant the LED to blink twice as fast,

change thevalue from1000 to500.Thiswould thenpause forhalf asecond each

delay rather than a whole second.

Upload the sketch again and you should see the LED start to blink more quickly.



Lesson 3 LED

Overview

In this lesson, you will learn how to change the brightness of an LED by using

different values ofresistor.

Component Required:

(1) x Mega2560 R3

(1) x 5mm red LED

(1) x 220 ohm resistor

(1) x 1k ohm resistor

(1) x 10k ohmresistor

(2) x M-M wires (Male to Male jumper wires)

Component Introduction
BREADBOARD MB-102：
Abreadboardenablesyou toprototypecircuitsquickly,withouthaving tosolder

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, youcanpushachip inwith the legsateither sideof thechannel 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 runningdown the lengthof theboard insideandprovideaway toconnect a

common voltage. They are usually in pairs for +5 volts and ground. These strips are

referred toas railsand theyenableyou toconnectpower tomanycomponentsor

points in theboard.

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 youarehaving intermittentproblemswithacircuit, it couldbe due

to a poor connection on a breadboard.

LED:
LEDsmake great indicator lights. They use very little electricity and they prettymuch

last forever.

In this lesson, you will use perhaps themost common of all LEDs: a 5mm red LED.

5mmreferstothediameteroftheLED.Othercommonsizesare3mmand10mm.

YoucannotdirectlyconnectanLEDtoabatteryorvoltagesourcebecause1)the

LED has apositive and anegative lead and will not light if placed the wrongway 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 toomuch currentwill flow through, heating it anddestroying 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 thenegative leadenters thebodyof theLED, there isaflat edge

to the case of the LED.

IfyouhappentohaveanLEDthathasaflatsidenext tothelongerlead,youshould

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, themore it resists and the less electrical current will flow through it.

Wearegoingtousethistocontrolhowmuchelectricityflowsthrough theLEDand

therefore, how brightly it shines.

But first, more about resistors...

TheunitofresistanceiscalledtheOhm,whichisusuallyshortenedtoΩtheGreek

letter Omega. Because an Ohm is a low value of resistance (it doesn't resist much at

all),wealsodenote thevaluesof resistors inkΩ(1,000Ω)andMΩ(1,000,000Ω).

These are called kilo-ohms andmega-ohms.

Inthislesson,wearegoingtousethreedifferentvaluesofresistor:220Ω,1kΩand

10kΩ. These resistors all look the same, except that they have different colored

stripes on them. These stripes tell you the value of theresistor.

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 wayaround.

If you find thisapproachmethod toocomplicated, youcan read thecolor ring flag

onourresistorsdirectly todetermine itsresistancevalue.Oryoumayusea digital

multimeter instead.



Connection

Schematic



Wiring diagram
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TheMEGA2560 is a convenient source of 5 volts, which wewill use to provide power

totheLEDandtheresistor.Youdonotneedtodoanythingwith yourMEGA2560,

except to plug it into a USB cable.

Withthe220Ωresistor inplace, theLEDshouldbequitebright. Ifyouswapoutthe

220Ωresistorforthe1kΩresistor, thentheLEDwillappearalittledimmer.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 thedifference.

At themoment, you have 5V going to one leg of the resistor, the other leg of the

resistorgoingto thepositivesideof theLEDandtheothersideof theLEDgoing to

GND.However, if wemoved the resistor so that it cameafter the LED, as shown

below, the LED will still light.

You will probably want to put the 220Ω resistor back in place.

It does notmatter which side of the LEDwe put the resistor, as long as it is there

somewhere



Lesson 4 RGB LED

Overview

RGBLEDs are a fun andeasyway to add some color to yourprojects.Since they are

like3 regularLEDs inone,howtouseandconnect themisnotmuchdifferent.

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.

AswithanyLED,weneedtoconnectsomeresistorsinline(3total)sowecan limit

the current beingdrawn.

Inoursketch,wewill startwith theLEDin theRedcolorstate, then fade to Green,

then fade to Blue and finally back to the Red color. By doing this we will cycle

throughmost of the color that can beachieved.

Component Required:

(1) x Mega2560R3

(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,oneblue.BycontrollingthebrightnessofeachoftheindividualLEDsyoucan

mix pretty much any color you want.

Wemix 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

differentvalueresistors(orvariableresistors)aswedidwith inLesson2,butthat's

a lot of work! Fortunately for us, MEGA2560 R3 board has an analogWrite function

thatyoucanusewithpinsmarkedwitha~tooutputavariableamountofpower to

the appropriateLEDs.

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 forGreen

or Blue or Red color is called Anode. Youwill always connect “+” to it. Cathode goes

to “-“ (ground). If you connect it other way round the LEDwill not light.

The common negative connection of the LED package is the second pin from the flat

side. It isalso the longestof the four leadsandwill beconnected to theground.

EachLED inside thepackage requires itsown220Ωresistor toprevent toomuch

current flowing through it. The three positive leads of the LEDs (one red, one green

andoneblue)areconnectedtoMEGA2560outputpinsusingtheseresistors.



COLOR:
The reason that you canmix any color you like by varying the quantities of red, green

andblue light is that youreyehas three typesof light receptor in it (red,green and

blue).Youreyeandbrainprocesstheamountsofred,greenandblueandconvert

it into a color of the spectrum.

Inaway,byusingthethreeLEDs,weareplayingatrickontheeye.Thissame idea

is used in TVs, where the LCD has red, green and blue color dots next to each other

making up eachpixel.

If we set thebrightness 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

LEDsare the samebrightness, then the light will appearyellow.

Wecancontrol thebrightnessofeachof the red, greenandbluepartsof theLED

separately, making it possible to mix any color we like.

Black is not somuchacolorasanabsenceof light. Therefore, theclosestwecan

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.

Wealsouse it heretocontrol thebrightnessofeachof theLEDs.

The diagram below shows the signal from one of the PWM pins on the MEGA2560.

Roughly every 1/500 of a second, the PWM output will produce a pulse. The length

of thispulseiscontrolledbythe'analogWrite' function.So 'analogWrite(0)'willnot

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 thetime.

Ifwespecifya value in theanalogWrite that is somewhere inbetween0and 255,

thenwewillproduceapulse. If theoutputpulse isonlyhighfor5%of thetime, 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

thepowerdeliveredto it.WecannotseetheLEDsturningonandoffat thatspeed,

so to us, it just looks like the brightness is changing.



Connection
Schematic
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Wiring diagram

3



Code
Afterwiring,pleaseopentheprograminthecodefolder-Lesson4RGBLED,and
click UPLOAD to upload the program. See Lesson 2 for details about program
uploading if there are any errors.

Our codewill use FOR loops to cycle through thecolors.
The first FOR loopwill go fromREDtoGREEN.
The second FOR loop will go from GREEN toBLUE.
The lastFORloopwill go fromBLUEtoRED.
Try the sketch out and then we will dissect it in some detail......

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

Thenext step is towrite the 'setup' function. Aswe have learnt in earlier lessons,
thesetup function runs just onceafter theArduinohas reset. In thiscase,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;//chooseavaluebetween1and255tochangethecolor.
greenValue =0;
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blueValue = 0;
This function takes threearguments,one for thebrightnessof the red,green and
blueLEDs.Ineachcasethenumberwillbeintherange0to255,where0meansoff
and255meansmaximumbrightness.Thefunctionthencalls 'analogWrite' to set
the brightness of each LED.
If you lookat the 'loop' function you cansee thatweare setting theamount of red,
greenandblue light thatwewant todisplayand thenpausing forasecond before
moving on to the next color.
#define delayTime 10 // fading time between colors
delay(delayTime);

Try adding a few colors of your own to the sketch and watch the effect on your LED.



Lesson 5 DigitalInputs

Overview
In this lesson,youwill learntousepushbuttonswithdigital inputstoturnan LED
on and off.
PressingthebuttonwillturntheLEDon;pressingtheotherbuttonwillturntheLED
off.

Component Required:
(1) x Mega2560 R3
(1) x 830 Tie-points Breadboard
(1) x 5mm red LED
(1) x 220 ohmresistor
(2) x pushswitches
(7) x M-M wires (Male to Male jumper wires)

Component Introduction
PUSH SWITCHES:
Switchesare really simple components.When youpressabutton or flip a lever, they
connect two contacts together so that electricity can flow through them.
The little tactile switches that are used in this lesson have four connections, which
can be a little confusing.

Actually, there are only really two electrical connections. Inside the switch package,
pins B and C are connected together, as are A andD.



Connection
Schematic



Wiring diagram



Although the bodies of the switches are square, the pins protrude fromopposite
sides of the switch. This means that the pins will only be far enough apart when they
are placed correctly on the breadboard.
Remember that the LED has to have the shorter negative lead to the left.

Code
After wiring，please open program in the code folder- Lesson 5 Digital Inputs, and
press UPLOAD to upload the program. If errors are prompted, see Lesson 2 for
details about the tutorial on programupload.

Load thesketchontoyourMEGA2560board.Pressing the leftbuttonwill turn the
LED on while pressing the right button will turn it off.
The first part of the sketch defines three variables for the threepins that are to be
used.The 'ledPin' is theoutput pin and 'buttonApin'will refer to the switch nearer
the top of the breadboard and 'buttonBpin' to the other switch.
The 'setup' function defines the ledPin as being an OUTPUT as normal, but now we
have the two inputs to deal with. In this case, we use the set the pinMode to be
'INPUT_PULLUP' likethis:
pinMode(buttonApin, INPUT_PULLUP);
pinMode(buttonBpin, INPUT_PULLUP);

Thepinmodeof INPUT_PULLUPmeansthat thepin is tobeusedasan input,but
that if nothing else is connected to the input, it should be 'pulled up' to HIGH. In
otherwords, thedefault value for the input isHIGH,unless it ispulledLOWby the
action of pressing the button.
This is why the switches are connected to GND. When a switch is pressed, it
connects the input pin to GND, so that it is no longerHIGH.
Since the input is normally HIGH and only goes LOWwhen the button is pressed, the
logic is a little upside down.Wewill handle this in the 'loop' function.
void loop()
{
if (digitalRead(buttonApin) == LOW)
{
digitalWrite(ledPin, HIGH);

}
if (digitalRead(buttonBpin) == LOW)
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{
digitalWrite(ledPin, LOW);

}
}
Inthe 'loop' functiontherearetwo 'if'statements.Oneforeachbutton.Eachdoes
an 'digitalRead' on the appropriate input.
Remember that if the button is pressed, the corresponding input will be LOW, if
button A is low, then a 'digitalWrite' on the ledPin turns it on.
Similarly, if button B is pressed, a LOW is written to the ledPin.



Lesson 6 Activebuzzer

Overview
In this lesson, you will learn how to generate a sound with an active buzzer.

Component Required:
(1) x Mega2560 R3
(1) x Active buzzer
(2) x F-M wires (Female to Male DuPont wires)

Component Introduction
BUZZER:
Electronic buzzers are DC-powered and equipped with an integrated circuit. They
are widely used in computers, printers, photocopiers, alarms, electronic toys,
automotive electronic devices, telephones, timers and other electronic products for
voice devices.Buzzers canbe categorized as active andpassive ones. Turn the pins
of two buzzers face up. The one with a green circuit board is a passive buzzer, while
the other enclosed with a black tape is an activeone.

Thedifferencebetween the two is that anactivebuzzerhasabuilt-in oscillating
source, so it will generate a sound when electrified. A passive buzzer does not have
sucha source so it will not tweet if DCsignals are used; instead, you need to use
square waves whose frequency is between 2K and 5K to drive it. The active buzzer
is oftenmore expensive than the passive one because ofmultiple built-in oscillating
circuits.
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Wiring diagram
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Code
After wiring, please open the program in the code folder- Lesson 6 Making Sounds
and click UPLOAD to upload the program. See Lesson 2 for details about program
uploading if there are any errors.



Lesson 7 Passive Buzzer

Overview
In this lesson, you will learn how to use a passive buzzer.
Thepurposeof theexperiment is togenerateeight different sounds,eachsound
lasting 0.5 seconds: from Alto Do (523Hz), Re (587Hz), Mi (659Hz), Fa (698Hz), So
(784Hz), La (880Hz), Si (988Hz) to TrebleDo (1047Hz).

Component Required:
(1) x Mega2560 R3
(1) x Passive buzzer
(2) x F-M wires (Female to Male DuPont wires)

Component Introduction
Passive Buzzer:
The working principle of passive buzzer is using PWM generating audio tomake the
air to vibrate. Appropriately changed as long as the vibration frequency, it can
generate different sounds. For example, sending a pulse of 523Hz, it can generate
AltoDo,pulseof 587Hz, it cangeneratemidrangeRe,pulse of659Hz, it canproduce

midrange Mi. By the buzzer, you can play a song.
We should be careful not to use the MEGA2560 R3 board analog Write () function
to generate apulse to thebuzzer, because thepulse output of analogWrite () is
fixed (500Hz).
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Schematic



Wiring diagram
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Wiring the buzzer connected to the MEGA2560 R3 board, the red (positive) to the
pin8, black wire (negative) to theGND.

Code
Afterwiring, pleaseopen theprogram in the code folder- Lesson 7PassiveBuzzer and
click UPLOAD to upload the program. See Lesson 2 for details aboutprogram
uploading if there are anyerrors.
Beforeyoucanrunthis,makesurethatyouhaveinstalledthe<pitches>libraryor
re-install it, if necessary. Otherwise, your codewon'twork.
For details about loading the library file, see Lesson 1.



Lesson 8 Tilt Ball Switch

Overview
In this lesson, you will learn how to use a tilt ball switch in order to detect small
angle of inclination.

Component Required:
(1) x Mega2560 R3
(1) x Tilt Ballswitch
(2) x F-M wires (Female to Male DuPont wires)

Component Introduction
Tilt sensor:
Tilt sensors (tilt ball switch)allowyou todetectorientationor inclination.They are
small, inexpensive, low-power and easy-to-use. If used properly, they will not wear
out. Their simplicity makes them popular for toys, gadgets and appliances.
Sometimes, they are referred to as "mercury switches", "tilt switches" or "rolling
ball sensors" for obvious reasons.
Theyareusuallymadeupofacavityofsomesort (cylindrical ispopular,although
notalways)withaconductivefreemassinside,suchasablobofmercuryorrolling
ball. One end of the cavity has two conductive elements (poles). When the sensor is
oriented so that that end is downwards, themass rolls onto the poles and shorts
them, acting as a switch throw.
While not as precise or flexible as a full accelerometer, tilt switches can detect
motion or orientation. Another benefit is that the big ones can switch power on
theirown.Accelerometers,ontheotherhand,outputdigitaloranalogvoltagethat
must then be analyzed using extra circuitry.
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Wiring diagram



Code
Afterwiring, pleaseopen theprogram in thecode folder- Lesson8BallSwitchand
click UPLOAD to upload the program. See Lesson 2 for details aboutprogram
uploading if there are anyerrors.



Lesson 9 Servo

Overview
Servo isatypeofgearedmotor thatcanonlyrotate180degrees. It iscontrolledby
sending electrical pulses from your 2560 R3 board. These pulses tell the servo what
positionitshouldmoveto.TheServohasthreewires,ofwhichthebrownoneisthe
groundwire andshouldbe connected to theGNDport of 2560, the redone is the
powerwireandshouldbeconnectedtothe5vport,andtheorangeoneisthesignal
wire and should be connected to the Dig #9port.

Component Required:
(1) x Mega2560 R3
(1) x Servo (SG90)
(3) x M-M wires (Male to Male jumper wires)

Component Introduction
SG90
 Universal for JR and FP connector
 Cable length :25cm
 No load;Operatingspeed: 0.12 sec / 60degree (4.8V), 0.10 sec / 60degree (6.0V)
 Stall torque (4.8V):1.6kg/cm
 Temperature : -30~60'C
 Dead band width:5us
 Working voltage: 3.5~6V

 Dimension : 1.26 in x 1.18 in x 0.47 in (3.2 cm x 3 cm x 1.2 cm)
 Weight : 4.73 oz (134 g)



Connection
Schematic



Wiring diagram
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Code
Afterwiring, pleaseopen theprogram in thecode folder-Lesson9Servoandclick
UPLOAD to upload the program. See Lesson 2 for details about program uploading if
there are anyerrors.
Beforeyoucanrunthis,makesure thatyouhave installedthe<Servo> libraryor
re-install it, if necessary. Otherwise, your code won'twork.
For details about loading the library file, see Lesson 1.

Example picture
In thepicture, thebrownwire of servo is adapted via the blackM-Mwires, the red
oneisadaptedviatheredM-Mwires,andtheorangeoneisadaptedviatheyellow
M-Mwires.



Lesson 10 Ultrasonic Sensor Module

Overview
Ultrasonic sensor is great for all kind of projects that need distancemeasurements,
avoiding obstacles as examples.
TheHC-SR04 is inexpensiveandeasy tousesincewewill beusinga Library
specifically designed for these sensor.

Component Required:
(1) x Mega2560 R3
(1) x Ultrasonic sensor module
(4) x F-M wires (Female to Male DuPont wires)

Component Introduction
Ultrasonic sensor
Ultrasonic sensor module HC-SR04 provides 2cm-400cm non-contact measurement
function, the ranging accuracy can reach to 3mm. The modules includes ultrasonic
transmitters, receiver and control circuit. The basic principle ofwork:
(1) Using IO trigger for at least 10us high level signal,
(2) TheModuleautomatically sendseight40kHzanddetectwhether there isapulse
signal back.
(3) IFthesignalback,throughhighlevel,timeofhighoutputIOdurationisthetime
from sending ultrasonic tore turning.
Test distance = (high level time × velocity of sound (340m/s) /2
The Timing diagram is shown below. You only need to supply a short 10us pulse to
the trigger input to start the ranging, and then themodulewill sendout an 8 cycle
burst of ultrasound at 40 kHz and raise its echo. The Echo is a distance object that is
pulsewidth and the range inproportion .You cancalculate the range through the
time interval between sending trigger signal and receiving echo signal. Formula: us
/ 58 = centimeters or us / 148 =inch; or: the range = high level time *velocity
(340M/S) / 2; we suggest to use over 60ms measurement cycle, in order to prevent
trigger signal to the echo signal.
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Code
UsingaLibrarydesignedforthesesensorswillmakeourcodeshortand simple.
We include the library at the beginning of our code, and then by using simple
commands we can control the behavior of the sensor.
After wiring, please open the program in the code folder- Lesson 10 Ultrasonic Sensor
ModuleandclickUPLOAD toupload theprogram.SeeLesson2 fordetails about
program uploading if there are anyerrors.
Before you can run this,make sure that youhave installed the<HC-SR04> library or
re-install it, if necessary. Otherwise, your code won'twork.
For details about loading the library file, see Lesson 1.



Open the monitor then you can see the data as blow:
Click the SerialMonitor button to turn on the serial monitor.The basics about the serial
monitor are introduced in details in Lesson1.
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Lesson 11 Membrane Switch Module

Overview
In thisproject,wewill gooverhowto integrateakeyboardwith anMEGA2560R3
boardso that theMEGA2560R3can readthekeysbeingpressedbyauser.
Keypads are used in all types of devices, including cell phones, fax machines,
microwaves, ovens, door locks, etc. They're practically everywhere. Tons of
electronic devices use them for user input.
So knowing how to connect a keypad to amicrocontroller such as anMEGA2560 R3
boardisveryvaluableforbuildingmanydifferent typesofcommercialproducts.
At the end when all is connected properly and programmed, when a key is pressed,
it showsupat theSerialMonitor on your computer.Whenever you pressa key, it
shows up on the Serial Monitor. For simplicity purposes, we start at simply showing
the key pressed on the computer.
For thisproject, thetypeofkeypadwewill use isamatrixkeypad.This isa keypad
that followsanencodingschemethatallows it tohavemuch lessoutputpins than
there are keys. For example, thematrix keypad we are using has 16 keys (0-9, A-D,
*,#),yetonly8outputpins.Witha linearkeypad, therewouldhave tobe17output
pins (one for each key and a ground pin) in order to work. The matrix encoding
schemeallows for less output pins and thusmuch less connections that have to
make for the keypad to work. In this way, they are more efficient than linear
keypads, being that they have lesswiring.

Component Required:
(1) x Mega2560 R3
(1) x Membrane switch module
(8) x M-M wires (Male to Male jumper wires)
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Wiring diagram



When connecting the pins to theMEGA2560 R3 board, we connect them to the
digitaloutputpins,D9-D2.WeconnectthefirstpinofthekeypadtoD9,thesecond
pin to D8, the third pin to D7, the fourth pin to D6, the fifth pin to D5, the sixth pin
to D4, the seventh pin to D3, and the eighth pin to D2.
These are the connections in a table:

Code
After wiring, please open the program in the code folder- Lesson 11 Membrane
SwitchModuleandclickUPLOADtoupload theprogram.SeeLesson2 fordetails
about programuploading if there are any errors.
Before you can run this, make sure that you have installed the < Keypad> library or
re-install it, if necessary. Otherwise, your code won'twork.
For details about loading the library file, see Lesson 1.



With this code, once we press a key on the keypad, it should show up on the serial monitor of the
Arduino software once the code is compiled and uploaded to the MEGA2560 R3board.

Click the Serial Monitor button to turn on the serial monitor.The basics about the serial
monitor are introduced in details in Lesson1.



Lesson 12 DHT11 Temperature and HumiditySensor

Overview
In this tutorial we will learn how to use a DHT11 Temperature and Humidity Sensor.
It’s accurate enough for most projects that need to keep track of humidity and
temperature readings.
Againwewill beusingaLibraryspecificallydesigned for thesesensors thatwillmake
our code short and easy to write.

Component Required:
(1) x Mega2560R3
(1) x DHT11 Temperature and Humidity module
(3) x F-M wires (Female to Male DuPont wires)

Component Introduction
Temp and humidity sensor:

DHT11 digital temperature and humidity sensor is a composite Sensorwhich
contains a calibrated digital signal output of the temperature and humidity. The
dedicated digital modules collection technology and the temperature and humidity
sensingtechnologyareappliedtoensurethattheproducthashighreliability and



excellent long-term stability. The sensor includes a resistive sense of wet
components and a NTC temperature measurement devices, and connects with a
high-performance 8-bitmicrocontroller.
Applications: HVAC, dehumidifier, testing and inspection equipment, consumer
goods, automotive, automatic control, data loggers, weather stations, home
appliances, humidity regulator, medical and other humidity measurement and
control.
Product parameters

Relative humidity:
Resolution: 16Bit
Repeatability: ±1% RH

Accuracy: At 25℃ ±5% RH

Interchangeability: fully interchangeable
Response time:1 /e (63%)of25℃ 6s

1m / s air 6s
Hysteresis: <± 0.3% RH
Long-term stability: <± 0.5%RH / yr in
Temperature:
Resolution: 16Bit
Repeatability: ±0.2℃
Range: At 25℃ ±2℃

Response time: 1 /e (63%)10S
Electrical Characteristics

Power supply: DC 3.5～5.5V
SupplyCurrent:measurement0.3mAstandby60μA
Sampling period:more than 2 seconds
Pin Description:
1, theVDDpower supply3.5～5.5VDC
2DATAserial data, a single bus
3, NC, empty pin
4, GND ground, the negative power



Connection
Schematic



Wiring diagram
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As you can see we only need 3 connections to the sensor, since one of the pin is not
used.
Theconnectionsare:Voltage,GroundandSignalwhichcanbeconnectedtoanyPin
on ourMEGA2560.

Code
After wiring, please open the program in the code folder- Lesson 12 DHT11
Temperature and Humidity Sensor and click UPLOAD to upload the program. See
Lesson 2 for details about program uploading if there are any errors.
Before you can run this,make sure that you have installed the<SimpleDHT> library
or re-install it, if necessary. Otherwise, your codewon'twork.
For details about the tutorial on the loading of library file, see Lesson 1.



Upload the program then open the monitor, we can see the data as below: (It shows
the temperature of the environment, we can see it is 22degree)
Click the SerialMonitor button to turn on the serial monitor.The basics about the serial
monitor are introduced in details in Lesson1.



Lesson 13 Analog Joystick Module

Overview
Analog joysticks are a great way to add some control in yourprojects.
In this tutorialwewill learnhowtouse theanalog joystickmodule.

Component Required:
(1) x Mega2560 R3
(1) x Joystick module
(5) x F-M wires (Female to Male DuPontwires)

Component Introduction
Joystick
The module has 5 pins: VCC, Ground, X, Y, Key. Note that the labels on yours may
be slightly different, depending on where you got the module from. The thumb stick
is analog and should provide more accurate readings than simple ‘directional’
joysticks tact use some forms of buttons, or mechanical switches. Additionally, you
can press the joystick down (rather hard onmine) to activate a ‘press to select’ push-
button.
WehavetouseanalogArduinopinstoreadthedatafromtheX/Ypins,andadigital
pin to read the button. The Key pin is connected to ground, when the joystick is
pressed down, and is floating otherwise. To get stable readings from the Key /Select
pin, it needstobeconnectedtoVCCviaapull-up resistor.Thebuilt in resistors on
the Arduino digital pins can be used. For a tutorial on how to activate the pull-up
resistors for Arduino pins, configured as inputs



Connection
Schematic



Wiring diagram
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We need 5 connections to the joystick.
The connections are: Key, Y, X, Voltage and Ground.
“YandX”areAnalogand“Key” isDigital. Ifyoudon’tneedtheswitchthenyou can
use only 4pins.

Code
After wiring, please open the program in the code folder- Lesson 13 Analog Joystick
Moduleand clickUPLOAD to upload the program.SeeLesson2 fordetails about
program uploading if there are anyerrors.
Analog joysticks are basically potentiometers so they return analog values.
When the joystick is in the resting position ormiddle, it should return a value of
about 512.
The range of values goes from 0 to 1024.



Open the monitor then you can see the data as blow:
Click the SerialMonitor button to turn on the serial monitor.The basics about the serial
monitor are introduced in details in Lesson1.



Lesson 14 IR Receiver Module

Overview
Using an IR Remote is a great way to have wireless control of your project.
Infrared remotesare simpleandeasy touse. In this tutorialwewill beconnecting
the IR receiver to the MEGA2560, and then use a Library that was designed for this
particular sensor.
In our sketchwewill have all the IRHexadecimal codes that are available on this
remote, we will also detect if the codewas recognized and also if we are holding
down akey.

Component Required:
(1) x Mega2560R3
(1) x IR receiver module
(1) x IR remote
(3) x F-M wires (Female to Male DuPont wires)

Component Introduction
IR RECEIVER SENSOR:
IRdetectorsare littlemicrochipswithaphotocell thataretunedto listentoinfrared
light. They are almost always used for remote control detection - every TV and DVD
playerhasoneof these in thefront to listen for the IRsignal fromtheclicker. Inside
theremotecontrol isamatchingIRLED,whichemitsIRpulsesto tell theTVtoturn
on,offorchangechannels. IR light isnotvisible to thehumaneye,whichmeans it
takes a little more work to test a setup.
There are a few difference between these and say a CdS Photocells:
IRdetectorsarespecially filteredfor IR light, theyarenotgoodatdetectingvisible
light. On the other hand, photocells are good at detecting yellow/green visible light,
and are not good at IR light.
IR detectors have a demodulator inside that looks for modulated IR at 38 KHz. Just
shining an IR LED won't be detected, it has to be PWM blinking at 38KHz. Photocells
donothaveanysortofdemodulatorandcandetectany frequency(includingDC)
within the response speed of the photocell (which is about1KHz)



IRdetectorsaredigitalout-either theydetect38KHzIRsignalandoutput low(0V)
or they do not detect any and output high (5V). Photocells act like resistors, the
resistancechangesdependingon howmuch light theyareexposedto.
What You Can Measure

As you can see from these datasheet graphs, the peak frequency detection is at 38
KHz and the peak LED color is 940 nm. You canuse from about 35 KHz to 41KHz but
the sensitivity will drop off so that it won't detect as well from afar. Likewise, you
can use 850 to 1100 nm LEDs but they won't work as well as 900 to 1000nm somake
sure to get matching LEDs! Check the datasheet for your IR LED to verify the
wavelength.
Try to get a 940nm - remember that 940nm is not visible light!
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Wiring diagram
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There are 3 connections to the IR Receiver.
The connections are: Signal, Voltage and Ground.
The “-” is the Ground, “S” is signal, and middle pin is Voltage 5V.

Code
After wiring, please open the program in the code folder- Lesson 14 IR ReceiverModule

andclickUPLOADtoupload theprogram.SeeLesson2 fordetailsaboutprogram
uploading if there are anyerrors.
Beforeyoucanrunthis,makesurethatyouhaveinstalledthe<IRremote> library
or re-install it, if necessary. Otherwise, your codewon'twork.
For details about loading the library file, see Lesson 1.

Next we will move the <RobotIRremote> out of the Library folder, we do this
because that library conflicts with the one we will be using. You can just drag it
back inside the library folder once you are done programming your microcontroller.
OnceyouhaveinstalledtheLibrary,justgoaheadandrestartyourIDESoftware.



Open the monitor then you can see the data as blow:
Click the SerialMonitor button to turn on the serial monitor.The basics about the serial
monitor are introduced in details in Lesson1.
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Lesson 15 MAX7219 LED Dot Matrix Module

Overview
In this tutorial we will connect a MAX7219 and scroll the text across.
SincethesemodulesusetheMAX7219LEDdriverchip,wewillbeabletoturnon
andoff the64LEDsofeachmodule, usingonly3pinsonourMEGA2560.

Component Required:
(1) x Mega2560 R3
(1) x Max7219 module
(5) x F-M wires (Female to Male DuPont wires)

Component Introduction
MAX7219 LED Dot Matrix Module
Our project is in fact an Arduino with Serially Interfaced MAX7219 Operates an 8X8
LEDMatrix .TheMAX7219 IC is a serial input/output common-cathode display driver
that interfacesmicroprocessors to a 7-segment numeric LEDdisplays of up to 8 digits,
bar-graph displays, or 64 individual LEDs. For convenience, here an 8×8 LED matrix,
integrated with aMAX7219 IC setup, available as a pre-wiredmodule is used. Typical
specification of this LEDMatrix Module is shownbelow:
OperatingVoltage:DC4.7V–5.3V
Typical Voltage:5V
OperatingCurrent: 320mA
MaxOperatingCurrent: 2A
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VCC and Ground are connected to the Arduino.

Pin 12 is connected to DIN, Pin 11 is connected to CS and Pin 10 is connected to CLK.

Code

Our Sketch will make use of the “Maxmatrix” Library to communicate with the

MAX7219modules.

After wiring, please open the program in the code folder- Lesson 15MAX7219 LEDDot

MatrixModuleand clickUPLOAD toupload the program.SeeLesson 2 fordetailsabout

program uploading if there are anyerrors.

Before you can run this,make sure that you have installed the<LedControl > library

or re-install it, if necessary. Otherwise, your codewon'twork.
For details about loading the library file, see Lesson 1.



Lesson 16 GY-521Module

Overview

In this lesson, we will learn how to use GY-521 module which is one of the best

IMU (Inertia Measurement Unit) sensors, compatible with Arduino. IMU sensors like

theGY-521areused in self balancing robots,UAVs, smart phones,etc.

Component Required:

(1) x Mega2560R3

(1) x GY-521 module

(4) x F-M wires

Component Introduction

GY-521 SENSOR
The InvenSense GY-521 sensor contains a MEMS accelerometer and a MEMS

gyro in a single chip. It is very accurate, as it contains 16-bits analog to digital

conversion hardware for each channel. Therefore it captures the x, y, and z channel

at thesametime.Thesensoruses the I2C-bus to interfacewith theArduino.

TheGY-521 is not expensive, especially given the fact that it combines both an

accelerometer and agyro.



IMUsensorsareoneof themost inevitable typeofsensorsused today inall kinds
of electronic gadgets. They are seen in smart phones, wearables, game controllers,
etc. IMUsensorshelpus ingettingtheattitudeofanobject,attachedtothesensor
in three dimensional space.These valuesusually inangles, thushelpus todetermine
itsattitude.Thus, theyareused insmartphonestodetect itsorientation.And also
inwearablegadgetslikethenikefuelbandorfitbit,whichuseIMUsensorstotrack
movement.
How does it work?
IMU sensors usually consists of two or more parts. Listing them by priority, they are :
accelerometer, gyroscope, magnetometer and altimeter. The GY-521 is a 6 DOF
(Degrees of Freedom) or a six axis IMU sensor, which means that it gives six values
as output. Three values from the accelerometer and three from the gyroscope. The
GY-521 isasensorbasedonMEMS (MicroElectroMechanicalSystems) technology.
Both theaccelerometerand thegyroscope isembedded insideasinglechip.This
chip uses I2C (Inter IntegratedCircuit) protocol forcommunication
How does an accelerometer work?



Anaccelerometerworks on theprinciple of piezo electric effect. Here, imagine a
cuboidalbox,havingasmallball insideit, like inthepictureabove.Thewallsof this
box are made with piezo electric crystals. Whenever you tilt the box, the ball is
forcedtomovein thedirectionoftheinclination,duetogravity.Thewallwithwhich
the ball collides, creates tiny piezo electric currents. There are totally, three pairs of
opposite walls in a cuboid. Each pair corresponds to an axis in 3D space: X, Y and Z
axes. Depending on the current produced from the piezo electric walls, we can
determine the direction of inclination and its magnitude. For more information
check this.



How does a gyroscope work?

Gyroscopesworkon theprincipleofCoriolis acceleration. Imagine that there isa
fork like structure, which is in constant back and forth motion. It is held in place
using piezo electric crystals. Whenever, you try to tilt this arrangement, the crystals
experience a force in the direction of inclination. This is caused as a result of the
inertia of the moving fork. The crystals thus produce a current in consensus with the
piezo electric effect, and this current is amplified. The values are then refined by the
host microcontroller.



Connection
Schematic



Wiring diagram
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Next, we need to set up the I2C lines. For this connect the pin labelled as SDA on the
GY-521 to the Arduino’s analog pin 4 (SDA). And the pin labelled as SCL on the
GY-521 to the Arduino’s analog pin 5 (SCL). And that’s it, you have finishedwiring up
the ArduinoGY-521.

Libraries needed
MPU-6050

The Code
The short example sketch is a very short sketch and it shows all the raw values
(accelerometer, gyro and temperature). It should work on ArduinoMEGA2560,
Nano, Leonardo, and also Due.
After wiring, please open the program in the code folder- Lesson 16 GY-521
ModuleandclickUPLOADtoupload theprogram.SeeLesson2fordetailsabout
program uploading if there are any errors.
Beforeyoucanrunthis,makesurethatyouhaveinstalledthe<GY-521>libraryor
re-install it, if necessary. Otherwise, your code won'twork.
For details about loading the library file, see Lesson 1
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Open the monitor then you can see the data as blow:
ClicktheSerialMonitorbuttontoturnontheserialmonitor.Thebasicsabout the
serial monitor are introduced in details in Lesson1.



Lesson 17 HC-SR501 PIR Sensor

Overview
In this lesson you will learn how to use a PIRmovement detector with anMEGA2560.
TheMEGA2560 is the heart of this project. It 'listens' to thePIR sensor andwhen
motion is detected, instructs the LED to light on or shut off.

Component Required:
(1) x Mega2560 R3
(1) x HC-SR501 PIR motion sensor
(3) x F-M wires (Female to Male DuPont wires)

Component Introduction
PIR SENSOR:
PIR sensors are more complicated than many of the other sensors explained in this
tutorial (like photocells, FSRs and tilt switches) because there are multiple variables
that affect the sensors input and output. .
ThePIRsensor itself has two slots.Eachslot ismadeof a specialmaterial that is
sensitive to IR.The lensusedhere isnot reallydoingmuchandsoweseethat the
twoslotscan 'see'outpastsomedistance(basically thesensitivityof the sensor).
When the sensor is idle, both slots detect the same amount of IR, the ambient
amount radiated from the room or walls or outdoors. When a warm body like a
humanorananimalpassesby, it first interceptsonehalfof thePIRsensor, which
causes a positive differential change between the two halves. When the warm body
leaves the sensing area, the reverse happens, whereby the sensor generates a
negativedifferential change.Thesechangepulsesarewhat isdetected.



Pin orControl Function

Time Delay Adjust Sets how long the output remains high after detecting motion.... Anywhere from 5
seconds to 5minutes.

Sensitivity Adjust Sets the detection range.... from 3 meters to 7 meters

Trigger Selection
Jumper

Set for single or repeatable triggers.

Ground pin Ground input

Output Pin Low when no motion is detected.. High when motion is detected. High is 3.3V

Power Pin 5 to 20 VDC Supply input



HC SR501 PIR Functional Description
The SR501 will detect infrared changes and if interpreted as motion, will set its output
low. What is or is not interpreted as motion is largely dependent on user settings and
adjustments.

Device Initialization
Thedevicerequiresnearlyaminute to initialize.Duringthisperiod, it canand often
will output false detection signals. Circuit or controller logic needs to take this
initialization period intoconsideration.

Device Area ofDetection
The device will detect motion inside a 110 degree cone with a range of 3 to 7 meters.



HC SR501 View Area
PIR Range (Sensitivity) Adjustment
As mentioned, the adjustable range is from approximately 3 to 7 meters. The
illustration below shows this adjustment.

HC SR501 Sensitivity Adjust Time Delay Adjustment
The time delay adjustment determines how long the output of the PIR sensor module
will remain high after detectionmotion. The range is from about 3 seconds to five
minutes.



HC SR501 Time Delay Adjustment
3 Seconds Off After Time Delay Completes – IMPORTANT
The output of this device will go LOW (or Off) for approximately 3 seconds AFTER the
time delay completes. In other words, ALLmotion detection is blocked during this
three secondperiod.

For Example:
Imagine you’re in the single trigger mode and your time delay is set 5 seconds.
The PIRwill detect motion and set it high for 5 seconds.
Afterfiveseconds,thePIRwillsetsitsoutputlowforabout3seconds.
During the three seconds, thePIRwill not detectmotion.
After three seconds, the PIR will detect motion again and detected motion will once
again set the output high.



Trigger Mode Selection Jumper

The trigger mode selection jumper allows you to select between single and
repeatabletriggers.Theaffectofthisjumpersettingistodeterminewhenthetime
delay begins.

 SINGLETRIGGER–The timedelay begins immediatelywhenmotion is firstdetected.
 REPEATABLETRIGGER – Each detected motion resets the time delay. Thus the

time delay begins with the last motion detected.

HC-SR501 Dance Floor Application Examples

Imaginethatyouwant tocontrol lightingonadance floorbaseduponwherethe
dancers are dancing. Understanding how the time delay and trigger mode interact
will be necessary to controlling that lighting in themanner that youwant.



Example One

Inthisfirstexample, thetimedelayisset tothreesecondsandthetriggermodeis
set tosingle.Asyoucansee in the illustrationbelow, themotion isnot always
detected. Infact, thereisaperiodofaboutsixsecondswheremotioncannotbe
detected. Feel free to click on the image to enlarge.

Example Two

In thenextexample, thetimedelayisstillat threesecondsandthetrigger issetto
repeatable. In the illustrationbelow, youcansee that the timedelayperiod is
restarted. However,afterthatthreeseconds,detectionwillstillbeblocked for
three seconds.

As I mentioned previously, you could override the 3 second blocking period with
some creative code, but do give that consideration. Some of the electronics you
usemaynot likeanonand thenoff jolt.The threesecondsallows fora little rest
before starting backup.



Connection
Schematic



Wiring diagram
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ConnectingPIR sensors to amicrocontroller is really simple. ThePIR acts as adigital
output so all you need to do is listen for the pin to flip high (detected) or low (not
detected).
It’s likely thatyou'llwantretriggering,sobesuretoput thejumper in theHposition!
Power thePIRwith5Vandconnectground toground.Thenconnect theoutput to
a digital pin. In this example, we'll use pin 7.

Code
After wiring, please open the program in the code folder- Lesson 17 HC-SR501 PIR
SensorandclickUPLOADtoupload theprogram.SeeLesson2 fordetails about
program uploading if there are any errors.
The sketch simply turns on Your Arduino LED connected to Pin 13 whenevermotion
is detected.
Besure tobeware of andsomehowhandle the1minute initialization inwhatever
application youdevelop.



Lesson 18 Water Level Detection SensorModule

Overview
In this lesson,youwill learnhowtouseawater leveldetectionsensor module.
This module can perceive the depth of water and the core component is an
amplifyingcircuitwhich ismadeupofa transistorandseveralpectinate PCB
routings.Whenput into thewater, these routingswill present a resistor that can
changealongwith thechange of thewater’s depth. Then, the signal ofwater’sdepth
is converted into the electrical signal, andwe can know the change of water’s depth
through the ADC function of MEGA2560R3.

Component Required:
(1) x Mega2560 R3
(3) x F-M wires (Female to Male DuPont wires)
(1) x Water lever detection sensor module

Component Introduction
Water sensor:
Awatersensorbrick isdesigned forwaterdetection,whichcanbewidelyused in
sensing the rainfall, water level, even the liquate leakage. The brick ismainly
composed of three parts: an electronic brick connector, a 1 MΩ resistor, and several
lines of bare conductingwires.
This sensorworks by having a series of exposed traces connected to ground.
Interlacedbetween the grounded traces are the sensetraces.
The sensor traces havea weak pull-up resistor of 1MΩ. The resistor will pull the
sensor trace value high until a drop of water shorts the sensor trace to the grounded
trace. Believe it or not this circuit will work with the digital I/O pins of your
MEGA2560R3boardoryoucanuseitwith theanalogpinstodetecttheamountof
water induced contact between the grounded and sensor traces.
This itemcanjudge thewater level throughwithaseriesofexposedparallel wires
stitch tomeasure thewaterdroplet/watersize. It caneasilychangethewater size
to analog signal, and output analog value can directly be used in the program
function, then to achieve the function of water level alarm.



It has low power consumption, and high sensitivity.
Features:

1、Working voltage: 5V

2、Working Current: <20ma 3、
Interface: Analog

4、Width of detection: 40mm×16mm
5、Working Temperature: 10℃~30℃
6、Output voltage signal: 0~4.2V
Connection
Schematic



Wiring diagram
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Wiring tips:Powersupply (+) isconnected to5VofMEGA2560R3board,ground
electrode(-) isconnected toGND.Signaloutput(S) isconnectedto theports (A0-
A5) which have function of inputting analog signal in MEGA2560 R3 board, random
one isOK, but it should define the samedemo code as the routine.

Code
Afterwiring, pleaseopen theprogram in the code folder- Lesson18Water Level
Detection Sensor Module and click UPLOAD to upload the program. See Lesson 2
for details about program uploading if there are anyerrors.



Open the monitor then you can see the data as below:
Click the SerialMonitor button to turn on the serial monitor.The basics about the serial
monitor are introduced in details in Lesson1.



Lesson 19 Real Time Clock Module

Overview
Inthis lesson,youwill learnhowtousetheDS3231,clockmodulethatdisplaysthe
year,month,day,hour,minute,secondandweek.Support isviaabackupbattery
trickle charger, which can be used unless being connected to MEGA2560 with only
three datacables.

Component Required:
(1) x Mega2560R3
(1) x DS3231 RTC module
(4) x F-M wires (Female to Male DuPont wires)

Component Introduction
DS3231
TheDS3231 is a simple time-keeping chip. It has an integrated battery, so the clock
can continue keeping time even whenunplugged.



Connection
Schematic



Wiring diagram
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Set up according to the following image.
Ignore the 32K andSQWpins; you will not need them. Plug theSCL pin into your
MEGA2560R3boardSCLport, and theSDApin into theSDAport. TheVCCpin plugs
into the 5V port, and theGND plugs into the GNDport.

Code
Afterwiring, please open program in the code folder- Lesson 19Real TimeClock
Moduleand clickUPLOAD toupload the program.SeeLesson2 for details about
program uploading if there are any errors.
Beforeyoucanrunthis,makesurethatyouhaveinstalledthe<DS3231>library or
re-install it, if necessary. Otherwise, your code won'twork.
For details about loading the library file, see Lesson 1.

Example picture



Open the monitor then you can see the module can read the time as below:
Click theSerialMonitor button to turn on the serialmonitor. The basics about the
serial monitor are introduced in details detail in Lesson1.



Lesson 20 Sound Sensor Module

Overview
In this lesson,youwill learnhowtouseasoundsensormodule.Thismodulehas
two outputs:
AO: analog output, real-time output voltage signal of microphone
DO: when the intensity of the sound reaches a certain threshold, the output is a high
or low level signal. The threshold sensitivity can be achieved by adjusting the
potentiometer.
To make sure the microphone can detect your voice normally, please try to change
itssensitivitybyturningtheblueprecisepotentiometeronthemodule.Given toits
preciseness, it takes at least 10 circles for you to get someresponse.

Component Required:
(1) x Mega2560 R3
(1) x Sound sensor module
(4) x F-M wires (Female to Male DuPontwires)

Component Introduction
Microphone
Transducers are devices which convert energy from one form to other. A
microphone is a transducer which converts sound energy to electrical signals. It
works opposite to aspeaker.Microphones areavailable indifferent shapesandsizes.
Depending on the application, a microphone may use different technologies to
convert sound to electrical signals. Here, we are going to discuss about the electret
condensermicrophonewhich iswidelyused inmobilephones, laptops,etc.
As the name suggests, the electret condenser microphone is a parallel plate



capacitor andworks on the principle of a variable capacitance. It consists of two
plates, one fixed (called the back plate) and the other moveable (called the
diaphragm) with a small gap between them. An electric potential charges the plate.
When sound strikes the diaphragm it starts moving, thereby changing the
capacitance between the plates which in turn results in a variable electric current to
flow.

These microphones are widely used in electronic circuits to detect minor sounds or
air vibrationswhich in turn are converted to electrical signals for further use. The
two legsasshownin theimageaboveareusedtomakeelectricalconnectionwith
the circuit.

Asolidconductingmetalbodyencapsulates thevariouspartsof themicrophone.
Thetopfaceiscoveredwithaporousmaterialwith thehelpofglue. Itactsasafilter
for the dust particles. The sound signals/air vibrations passes through the porous
materialandfallsonthediaphragmthroughtheholeshown in the imageabove.



Connection
Schematic



Wiring diagram
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The code
After wiring, please open the program in the code folder- Lesson 20 Sound Sensor
ModuleandclickUPLOADtoupload theprogram.SeeLesson2fordetailsabout
program uploading if there are any errors.
This module provides two signal output modes, for which we wrote two codes:
digital_signal_output and analog_signal_output. The code of digital_signal_output
workswhen thevoice reachesacertainvalue, itwill triggeradigital signaland the
dig #11 pin on Arduino will output a high level and the indicator L will be lit up at
thesame time.This triggering valuemaybechangedaccording to thesensitivity
adjustment method mentioned above. The code of analog_signal_output will read
the analog value of the module and directly display it on the serial monitor, likewise,
this value can also be changed according to the sensitivity adjustment method
mentioned above.



Open the monitor then you can see the data as below:
ClicktheSerialMonitorbuttontoturnontheserialmonitor.Thebasicsabout the
serial monitor are introduced in details in Lesson1.



Lesson 21 RC522 RFID Module

Overview
In this lesson, you will learn to how to apply theRC522 RFIDReaderModule on
MEGA2560 R3. This module uses the Serial Peripheral Interface (SPI) bus to
communicatewithcontrollerssuchasArduino,RaspberryPi,beagleboard,etc.

Component Required:
(1) x Mega2560R3
(1) x RC522 RFID module
(7) x F-M wires (Female to Male DuPont wires)

Component Introduction
RC522
The MFRC522 is a highly integrated reader/writer for contactless communication at
13.56 MHz. The MFRC522 reader supports ISO 14443A / MIFARE® mode.
TheMFRC522’s internal transmitter part is able to drive a reader/writer antenna
designed to communicate with ISO/IEC 14443A/MIFARE® cards and transponders
without additional active circuitry. The receiver part provides a robust and efficient
implementation of a demodulation and decoding circuitry for signals from ISO/IEC
14443A/MIFARE® compatible cards and transponders. The digital part handles the
complete ISO/IEC 14443A framing and error detection (Parity & CRC).The MFRC522
supportsMIFARE®Classic (e.g.MIFARE®Standard)products.TheMFRC522supports
contactless communication using MIFARE® higher transfer speeds up to 848 kbit/s
in bothdirections.
Various host interfaces are implemented:
• SPI interface
• SerialUART (similar toRS232with voltage levels according padvoltagesupply)
• I2C interface.
The figure below shows a typical circuit diagram, using a complementary antenna
connection to theMFRC522.



Connection
Schematic



Wiring diagram
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Code
Afterwiring,pleaseopen theprogram in thecode folder-Lesson21RC522RFID
Module and press UPLOAD to upload the program. See Lesson 2 for details about
program uploading if there are any errors.
Beforeyoucanrunthis,makesurethatyouhave installedthe<rfid> libraryor re-
install it, if necessary. Otherwise, your code won'twork.
For details about loading the library file, see Lesson 1.

#define RST_PIN 5 // Configurable, see typical pin layout above
#define SS_PIN 53 //Configurable,seetypicalpinlayoutabove

The locationsofSPIpin varywith different chips, andyouhave tomakeaminor
modification of thefunction.



Open the monitor then you can see the data as blow:
ClicktheSerialMonitorbuttontoturnontheserialmonitor.Thebasicsaboutthe
serial monitor are set out in detail in Lesson1.



Lesson 22 LCDDisplay

Overview
Inthislesson,youwill learnhowtowireupanduseanalphanumericLCDdisplay.
The display has an LED backlight and can display two rows with up to 16 characters
oneachrow.Youcanseetherectanglesforeachcharacteronthedisplayand the
pixels thatmake up each character. The display is just white on blue and is intended
for showing text.
Inthislesson,wewill runtheArduinoexampleprogramfortheLCDlibrary,but in
thenext lesson,wewillgetourdisplaytoshowthetemperature,usingsensors.

Component Required:
(1) x Mega2560 R3
(1) x LCD1602 module
(1) x Potentiometer (10k)
(1) x 830 tie-points Breadboard
(16) x M-M wires (Male to Male jumper wires)

Component Introduction
LCD1602
Introduction to the pins of LCD1602:
VSS: A pin that connects to ground
VDD: A pin that connects to a +5V power supply
VO: A pin that adjust the contrast of LCD1602
RS:A register select pin that controls where in the LCD’smemory you are writing data
to. You can select either the data register,which holds what goes on the screen, or an
instruction register, which is where the LCD’s controller looks for instructions on what
to donext.
R/W: A Read/Write pin that selects reading mode or writing mode
E:Anenabling pin that,when suppliedwith low-level energy,causes the LDCmodule
to execute relevant instructions.

D0-D7：Pins that read and write data
A and K: Pins that control the LED backlight



Connection
Schematic



Wiring diagram



The LCDdisplayneeds sixArduino pins, all set to bedigital outputs. It also needs5V
and GNDconnections.
Thereareanumber of connections tobemade.Liningup thedisplaywith the top
of thebreadboardhelpsto identify itspinswithout toomuchcounting,especially if
thebreadboardhas its rowsnumberedwith row1as the top rowof the board. Do
not forget, the longyellow lead that links theslider of thepot topin3of thedisplay.
The 'pot' is used to control the contrast of the display.
Youmayfindthatyourdisplayissuppliedwithoutheaderpinsattachedtoit. If so,
follow the instructions in the next section.

Code
After wiring, please open the program in the code folder- Lesson 22 LCDDisplay and
click UPLOAD to upload the program. See Lesson 2 for details about program
uploading if there are any errors.
Before you can run this,make sure that you have installed the<LiquidCrystal >
library or re-install it, if necessary. Otherwise, your codewon'twork.
For details about loading the library file, see Lesson 1.
Upload the code to your Arduinoboard and you should see themessage 'hello,
world' displayed, followed by a number that counts up fromzero.
The first thingofnote in thesketch is theline:
#include<LiquidCrystal.h>
This tells Arduino that we wish to use the Liquid Crystal library.
Nextwehavethelinethatwehadtomodify.ThisdefineswhichpinsoftheArduino
are to be connected to which pins of the display.
LiquidCrystal lcd(7, 8, 9, 10, 11, 12);
Afteruploadingthiscode,makesurethebacklight is litup,andadjust the
potentiometer all theway around until you see the textmessage
Inthe'setup'function,wehavetwocommands:
lcd.begin(16, 2);
lcd.print("Hello, World!");
The first tells the Liquid Crystal library howmany columns and rows the display has.
Thesecondlinedisplaysthemessagethatweseeonthefirst lineof thescreen.
Inthe'loop'function,weasohavetwocommands:
lcd.setCursor(0, 1);
lcd.print(millis()/1000);
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The first sets the cursor position (where the next text will appear) to column 0&
row 1. Both column and row numbers start at 0 rather than1.
The second line displays the number of milliseconds since the Arduino was reset.
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Lesson 23Thermometer

Overview
In this lesson, you will use an LCD display to show the temperature.

Component Required:
(1) x Mega2560 R3
(1) x LCD1602Module
(1) x 10k ohm resistor
(1) x Thermistor
(1) x Potentiometer
(1) x 830 tie-points Breadboard
(18) x M-M wires (Male to Male jumper wires)

Component Introduction
Thermistor
A thermistor is a thermal resistor - a resistor that changes its resistance with
temperature. Technically, all resistors are thermistors - their resistance changes
slightly with temperature - but the change is usually very small and difficult to
measure. Thermistors are made so that the resistance changes drastically with
temperature so that it canbe100ohmsormore of change perdegree!
There are two kinds of thermistors, NTC (negative temperature coefficient) and PTC
(positive temperature coefficient). In general, you will see NTC sensors used for
temperature measurement. PTC's are often used as resettable fuses - an increase in
temperature increases the resistance which means that as more current passes thru
them,theyheatupand 'chokeback' thecurrent,quitehandyforprotectingcircuits!
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Connection
Schematic



Wiring diagram



The breadboard layout is based on the layout from Lesson 22, so it will simplify
things if you still have this on the breadboard.
There are a few jumper wires near the pot that have beenmoved slightly on this
layout.
The 10 kΩ resistor and thermistor are all new additions to the board.

Code
After wiring, please open the program in the code folder- Lesson 23 Thermometer
and click UPLOAD to upload the program. See Lesson 2 for details about program
uploading if there are any errors.
Before you can run this, make sure that you have installed the < LiquidCrystal >
library or re-install it, if necessary. Otherwise, your codewon'twork.
For details about loading the library file, see Lesson 1.
Thesketch for this is basedon that of lesson22.Load it upontoyourArduinoand
you should find that warming the temperature sensor by putting your finger on it
will increase the temperature reading.
I find it useful to put a comment line above the 'lcd' command.
// BS E D4 D5 D6 D7
LiquidCrystal lcd(7, 8, 9, 10, 11, 12);
This makes things easier if you decide to change which pins you use.
In the 'loop' functiontherearenowtwo interestingthingsgoingon.Firstlywehave
to convert the analog from the temperature sensor into an actual temperature, and
secondly we have to work out how to display them.
Firstofall, let'slookatcalculatingthetemperature.
int tempReading=analogRead(tempPin);
double tempK = log(10000.0 * ((1024.0 / tempReading - 1)));
tempK = 1 / (0.001129148 + (0.000234125 + (0.0000000876741 * tempK * tempK ))
* tempK );
float tempC = tempK - 273.15;
float tempF = (tempC * 9.0)/ 5.0 + 32.0;

Displaying changing readings on an LCD display can be tricky. The main problem is
that the reading may not always be the same number of digits. So, if the
temperature changed from 101.50 to 99.00 then the extra digit from the old reading
is in danger of being left on the display.
To avoid this, write the whole line of the LCD each time around the loop.
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lcd.setCursor(0, 0);
lcd.print("Temp C ");
lcd.setCursor(6, 0);
lcd.print(tempF);
The rather strange comment serves to remind you of the 16 columns of the display.
Youcan thenprintastringof that lengthwithspaceswhere theactual reading will
go.
To fill in the blanks, set the cursor position for where the reading should appear and
then print it.



Lesson 24 Eight LED with 74HC595

Overview
In this lesson,youwill learnhow touseeight large redLEDswithanMEGA2560
without needing to give up 8 output pins!
Although you could wire up eight LEDs each with a resistor to anMEGA2560 pin you
would rapidly start to run out of pinson yourMEGA2560. If you don't havea lot of
stuff connected to your MEGA2560. It's OK to do so - but often times we want
buttons, sensors, servos, etc. and before you know it you've got no pins left. So,
instead of doing that, you are going to use a chip called the 74HC595 Serial to
ParallelConverter.Thischiphaseightoutputs (perfect)and three inputs that you
use to feed data into it a bit at a time.
Thischipmakes it a little slower todrive theLEDs (youcanonlychange theLEDs
about 500,000 times a second instead of 8,000,000 a second) but it's still really fast,
way faster than humans can detect, so it's worth it!

Component Required:
(1) x Mega2560 R3
(1) x 830 tie-points breadboard
(8) x leds
(8) x 220 ohm resistors
(1) x 74hc595 IC
(14) x M-M wires (Male to Male jumper wires)

Component Introduction
74HC595 Shift Register:
Theshiftregisterisatypeofchipthatholdswhatcanbethoughtofaseightmemory
locations,eachofwhichcaneitherbea1ora0.Toseteachof thesevaluesonor
off, we feed in the data using the 'Data' and 'Clock' pins of thechip.





The clock pin needs to receive eight pulses. At each pulse, if the data pin is high,
then a 1 gets pushed into the shift register; otherwise, a 0.When all eight pulses
havebeenreceived,enablingthe 'Latch'pincopiesthoseeightvalues tothe latch
register. This is necessary; otherwise, the wrong LEDs would flicker as the data is
being loaded into the shift register.
Thechipalsohasanoutputenable(OE)pin,whichisusedtoenableordisable the
outputs all at once. You could attach this to a PWM-capable MEGA2560 pin and use
'analogWrite' tocontrol thebrightnessof theLEDs.Thispin isactive low,sowe tie
it toGND.

Connection
Schematic
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Wiring diagram



As we have eight LEDs and eight resistors to connect, there are actually quite a few
connections to bemade.
It is probably easiest to put the 74HC595 chip in first, as pretty much everything else
connects to it. Put it so that the little U-shaped notch is towards the top of the
breadboard. Pin 1 of the chip is to the left of this notch.
Digital12fromtheMEGA2560goestopin#14oftheshiftregister
Digital11fromtheMEGA2560goestopin#12oftheshift register
Digital9 fromtheMEGA2560goestopin#11oftheshiftregister
All butoneof theoutputs fromthe IC ison the left sideof thechip.Hence, forease
of connection, that is where the LEDs are, too.
After the chip, put the resistors in place. You need to be careful that none of the
leads of the resistors are touching each other. You should check this again before
you connect the power to your MEGA2560. If you find it difficult to arrange the
resistorswithouttheir leadstouching,thenithelpstoshortentheleadssothatthey
are lying closer to the surface of thebreadboard.
Next, place the LEDs on the breadboard. The longer positive LED leads must all be
towards the chip, whichever side of the breadboard they areon.
Attachthe jumper leadsasshownabove.Donot forget theone thatgoes frompin
8 of the IC to the GND column of the breadboard.
Loadupthesketch listedabit laterandtry itout.EachLEDshould light in turnuntil
all the LEDs are on, and then they all go off and the cycle repeats.

Code
After wiring, please open the program in the code folder- Lesson 24 Eight LED with

74HC595 and click UPLOAD to upload the program. See Lesson 2 for details about

program uploading if there are any errors.

The first thing we do is define the three pins we are going to use. These are the
MEGA2560digital outputs thatwill beconnected to the latch, clockanddatapins
of the74HC595.
intlatchPin=11;
intclockPin=9;
int dataPin = 12;
Next,avariablecalled'leds'isdefined.Thiswillbeusedtoholdthepatternofwhich
LEDsare currently turnedonoroff.Dataof type 'byte' representsnumbersusing
eight bits. Each bit can be either on or off, so this is perfect for keeping track of



whichofoureightLEDsareonoroff.
byte leds =0;
The'setup'functionjustsetsthethreepinsweareusingtobedigitaloutputs.
void setup()
{
pinMode(latchPin, OUTPUT);
pinMode(dataPin, OUTPUT);
pinMode(clockPin, OUTPUT);

}
The 'loop' function initially turns all the LEDs off, by giving the variable 'leds' the
value0.Itthencalls'updateShiftRegister' thatwillsendthe'leds'patterntotheshift
register so that all the LEDs turn off.Wewill deal with how 'updateShiftRegister'
works later.
The loop function pauses for half a second and then begins to count from 0 to 7
using the 'for' loop and the variable 'i'. Each time, it uses the Arduino function
'bitSet' to set the bit that controls that LED in the variable 'leds'. It thenalso calls
'updateShiftRegister' so that the leds update to reflect what is in the variable 'leds'.
Thereis thenahalfseconddelaybefore 'i' is incrementedandthenextLEDislit.
void loop()
{
leds = 0;
updateShiftRegister();
delay(500);
for (int i = 0; i < 8; i++)
{
bitSet(leds, i);
updateShiftRegister();
delay(500);

}
}
The function 'updateShiftRegister', first of all sets the latchPin to low, then calls the
MEGA2560 function 'shiftOut' before putting the 'latchPin' high again. This takes
fourparameters,thefirst twoarethepinstouseforDataandClockrespectively.
The third parameter specifieswhich endof thedata youwant to start at.Weare
going to start with the rightmost bit, which is referred toas the 'Least Significant
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Bit' (LSB).

The last parameter is theactual data tobeshifted into the shift register, which in
this case is'leds'.
void updateShiftRegister()
{

digitalWrite(latchPin, LOW);
shiftOut(dataPin, clockPin, LSBFIRST, leds);
digitalWrite(latchPin, HIGH);

}
If you wanted to turn one of the LEDs off rather than on, you would call a similar
Arduino function (bitClear) with the 'leds' variable. This will set that bit of 'leds' to
be0andyouwould then justneed to follow itwithacall to 'updateShiftRegister' to
update the actualLEDs.
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Lesson 25 The Serial Monitor

Overview
In this lesson, you will build on Lesson 24, adding the facility to control the LEDs
from your computer using the Arduino Serial Monitor. The serial monitor is the
'tether' between the computer and yourMEGA2560. It lets you sendand receive
textmessages, handy for debugging andalso controlling theMEGA2560 froma
keyboard! For example, you will be able to send commands from your computer to
turn on LEDs.
Inthis lesson,youwilluseexactlythesamepartsandasimilarbreadboard layout
asLesson24.So, if youhavenotalreadydoneso, followLesson24now.

Steps taken
After you have uploaded this sketch onto your MEGA2560, click on the right-most
button on the toolbar in theArduino IDE. The button is circledbelow.



The following window will open.
Click theSerialMonitor button to turnon the serialmonitor. Thebasicsabout the
serial monitor are introduced in details in Lesson1.

Thiswindow is called theSerialMonitorand it ispartof theArduino IDE software.
ItsjobistoallowyoutobothsendmessagesfromyourcomputertoanMEGA2560
board (overUSB) andalso to receivemessages from theMEGA2560.
The message “Enter LED Number 0 to 7or 'x' to clear” has been sent by the Arduino.
It is telling uswhat commandswe can send to theArduino: either send the 'x' (to
turnall theLEDsoff) or the number of theLEDyouwant to turnon (where0 is the
bottomLED, 1 is the next one up, all theway to 7 for the topLED).
Try typing the following commands into the top area of the Serial Monitor that is
level with the 'Send' button. Press 'Send', after typing each of these characters: x 0
3 5
Typing x will have no effect if the LEDs are already all off, but as you enter each
number, the corresponding LED should light and you will get a confirmation
message from theMEGA2560board.TheSerialMonitorwillappearasshownbelow.



Type x again and press ‘Send’ to turn off all LEDs.

Code
After wiring, please open program in the code folder- Lesson 25 The Serial Monitor
and click UPLOAD to upload the program. See Lesson 2 for details about program
uploading if there are any errors.
As youmight expect, the sketch is based on the sketch used in Lesson 24. So, wewill
just cover thenewbits here. Youwill find it useful to refer to the full sketch in your
Arduino IDE.
In the 'setup' function, therearethreenewlinesat theend:
void setup()
{
pinMode(latchPin, OUTPUT);
pinMode(dataPin, OUTPUT);
pinMode(clockPin, OUTPUT);
updateShiftRegister();
Serial.begin(9600);



while (!Serial); //WaituntilSerial is ready-Leonardo
Serial.println("Enter LED Number 0 to 7 or 'x' to clear");

}
Firstly,wehave thecommand 'Serial.begin(9600)'. This starts serial communication,
so that the MEGA2560 can send out commands through the USB connection. The
value9600 iscalledthe 'baudrate'of theconnection.This ishowfast thedata is to
besent.Youcanchangethistoahighervalue,butyouwillalsohavetochangethe
ArduinoSerialmonitor to thesamevalue.Wewill discussthis later; fornow, leave
it at 9600.
The linebeginningwith 'while' ensures that there is somethingat theother endof
theUSB connection for the Arduino to talk to before it starts sendingmessages.
Otherwise, the message might be sent, but not displayed. This line is actually only
necessary if you are using an Arduino Leonardo because the Arduino MEGA2560
automatically resets the Arduino board when you open the Serial Monitor, whereas
this does not happen with the Leonardo.
The lastof thenew lines in 'setup'sendsout themessage thatweseeat the top of
the SerialMonitor.
The 'loop' function is where all the action happens:
void loop()
{
if (Serial.available())
{
char ch = Serial.read();
if (ch>= '0'&&ch<= '7')
{
int led = ch - '0';
bitSet(leds, led);
updateShiftRegister();
Serial.print("TurnedonLED");
Serial.println(led);

}
if (ch == 'x')
{
leds = 0;
updateShiftRegister();



Serial.println("Cleared");
}

}
}
Everything that happens inside the loop is contained within an 'if' statement. So
unless the call to the built-in Arduino function 'Serial.available()' is 'true' then
nothing else willhappen.
Serial.available()will return 'true' if data hasbeen send to theMEGA2560 and is
there ready to be processed. Incoming messages are held in what is called a buffer
and Serial.available() returns true if that buffer is Notempty.
Ifamessagehasbeenreceived,thenitsontothenextlineofcode:
char ch =Serial.read();
Thisreadsthenextcharacterfromthebuffer,andremovesit fromthebuffer. Italso
assigns it to the variable 'ch'. The variable 'ch' is of type 'char' which stands for
'character' and as the name suggests, holds a singlecharacter.
If youhave followed the instructions in thepromptat the topof theSerialMonitor,
thenthischaracterwill eitherbeasingledigitnumberbetween0and7orthe letter
'x'.
The 'if' statementon thenext linechecks to see if it is asingle digit by seeing if 'ch'
is greater thanorequal to thecharacter '0' and less thanorequal to the character
'7'. It looks a little strange comparing characters in this way, but is perfectly
acceptable.
Eachcharacter isrepresentedbyauniquenumber,called itsASCIIvalue.Thismeans
that when we compare characters using <= and >= it is actually the ASCII values that
were beingcompared.
If thetestpasses, thenwecometothenext line:
int led = ch – '0';
Nowwe are performingarithmetic on characters!Weare subtracting the digit '0'
fromwhateverdigitwasentered.So, if you typed '0' then '0' – '0'will equal0. If you
typed'7' then'7'– '0'willequalthenumber7becauseit isactuallytheASCIIvalues
that are being used in the subtraction.
Since thatweknowthenumberof theLEDthatwewant to turnon,we justneed to
set that bit in the variable 'leds' and update the shift register.
bitSet(leds, led);
updateShiftRegister();



The next two lines write back a confirmation message to the SerialMonitor.
Serial.print("Turned on LED");
Serial.println(led);
Thefirst lineusesSerial.print rather thanSerial.println.Thedifferentbetween the
two is that Serial.print does not start a new line after printing whatever is in its
parameter.Weusethisinthefirst line,becauseweareprintingthemessageintwo
parts.Firstly thegeneralbit: 'TurnedonLED'andthen thenumberof theLED.
The number of the LED is held in an 'int' variable rather than being a text string.
Serial.printcan takeeithera textstringenclosedindouble-quotes,oran 'int'or for
that matter pretty much any type of variable.
After the 'if' statement that handles the case, when a single digit has been handled,
there is a second 'if' statement that checks to see if 'ch' is the letter 'x'.

if (ch == 'x')
{
leds = 0;
updateShiftRegister();
Serial.println("Cleared");

}
If it is, then it clears all the LEDs and sends a confirmation message.



Lesson 26 Photocell

Overview
In this lesson, youwill learnhowtomeasure light intensityusinganAnalog Input.
Youwill buildon lesson25anduse the levelof light tocontrol thenumberof LEDs
to be lit.
The photocell is at the bottom of the breadboard, where the pot was above.

Component Required:
(1) x Mega2560 R3
(1) x 830 tie-points breadboard
(8) x leds
(8) x 220 ohm resistors
(1) x 1k ohm resistor
(1) x 74hc595 IC
(1) x Photoresistor(Photocell)
(16) x M-M wires (Male to Male jumper wires)

Component Introduction
PHOTOCELL:
Thephotocellusedisofatypecalledalightdependent resistor,sometimes called
an LDR.As the name suggests, these components act just like a resistor, except that
the resistancechanges in response tohowmuch light is falling onthem.
Thisonehasaresistanceofabout50kΩinneardarknessand500Ωinbright light.
Toconvert thisvaryingvalueof resistance intosomethingwecanmeasureonan
MEGA2560R3board'sanalog input, it needs tobeconverted intoavoltage.
The simplest way to do that is to combine it with a fixed resistor.



Theresistorandphotocell togetherbehavelikeapot.Whenthelight isverybright,
then the resistance of the photocell is very low compared with the fixed value
resistor, and so it is as if the pot were turned tomaximum.
Whenthephotocell is indull light, theresistancebecomesgreater thanthefixed 1
kΩ resistor and it is as if the pot were being turned towardsGND.
Load up the sketch given in the next section and try covering the photocell with your
finger, and then holding it near a light source.



Connection
Schematic



Wiring diagram
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Code
Afterwiring,pleaseopentheprograminthecodefolder-Lesson26Photocell and
click UPLOAD to upload the program. See Lesson 2 for details about program
uploading if there are any errors.
The first thing to note is that we have changed the name of the analog pin to be
'lightPin' rather than 'potPin' sincewe no longer have apotconnected.
The only other substantial change to the sketch is the line that calculates how many
of the LEDs to light:
int numLEDSLit = reading / 57; // all LEDs lit at 1k
This time, we divide the raw reading by 57 rather than 114. In other words, we divide
it by half asmuchaswedidwith thepot to split it into nine zones, fromnoLEDs lit
toall eight lit. Thisextra factor is toaccount for the fixed1kΩresistor.This means
that when the photocell has a resistance of 1 kΩ (the same as the fixed resistor), the
rawreadingwillbe1023/2=511.Thiswill equate toall theLEDsbeing litandthen
a bit (numLEDSLit) will be 8.



Lesson 27 74HC595 And Segment Display

Overview
After learning Lesson 24、25 and Lesson 26,wewill use the 74HC595 shift register
tocontrol thesegmentdisplay.Thesegmentdisplaywillshownumberfrom9-0.

Component Required:
(1) x Mega2560 R3
(1) x 830 tie-points breadboard
(1) x 74HC595 IC
(1) x 1 Digit 7-Segment Display
(8) x 220 ohm resistors
(26) x M-M wires (Male to Male jumper wires)

Component Introduction
Seven segment display
Below is the seven-segment pin diagram.



0-9 ten digits correspond with each segment are as follows (the following table
applies common cathode seven segment display device, if you are using a common
anode, the table should be replaced every 1 0 0should all replaced by1):

Display digital dp a b c d e f g

0 0 1 1 1 1 1 1 0

1 0 0 1 1 0 0 0 0

2 0 1 1 0 1 1 0 1

3 0 1 1 1 1 0 0 1

4 0 0 1 1 0 0 1 1

5 0 1 0 1 1 0 1 1

6 0 1 0 1 1 1 1 1

7 0 1 1 1 0 0 0 0

8 0 1 1 1 1 1 1 1

9 0 1 1 1 1 0 1 1
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Connection
Schematic
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Wiring diagram



The following tableshows theseven-segmentdisplay74HC595pin correspondence
table:

74HC595 pin
Seven shows remarkable
control pin(stroke)

Q0 7 (A)

Q1 6 (B)

Q2 4 (C)

Q3 2 (D)

Q4 1 (E)

Q5 9 (F)

Q6 10 (G)

Q7 5 (DP)

Step one: Connect 74HC595
First, the wiring is connected to power and ground:
VCC (pin 16) and MR (pin 10) connected to 5V
GND (pin 8) andOE (pin 13) to ground
Connection DS, ST_CP and SH_CP pin:
DS (pin 14) connected toMEGA2560 R3 board pin 2 (the figure below the yellow line)
ST_CP (pin12, latchpin)connected toMEGA2560R3boardpin3 (FIGblue linebelow)
SH_CP (pin 11, clock pin) connected to MEGA2560 R3 board pin 4 (the figure below
the white line)
Step two: Connect the seven segment display
Theseven-segmentdisplay3,8pin toMEGA2560R3boardGND (This exampleuses
thecommoncathode, if youusethecommonanode,pleaseconnect the3,8pin to
MEGA2560 R3 board + 5V)
Accordingtothetableabove,connectthe74HC595Q0~Q7toseven-segment
display corresponding pin (A ~G and DP), and then each foot in a 220 ohm resistor
in series.



Code
After wiring, please open the program in the code folder- Lesson 27 74HC595 And
SegmentDisplay and clickUPLOAD toupload the program.SeeLesson 2 fordetails
about program uploading if there are anyerrors.



Lesson 28 Four Digital Seven Segment Display

Overview
In this lesson, you will learn how to use a 4-digit 7-segment display.
When using 1-digit 7-segment display please notice that if it is common anode, the
common anode pin connects to the power source; if it is common cathode, the
common cathode pin connects to the GND.
When using 4-digit 7-segment display, the common anode or common cathode pin
is used to control which digit is displayed. Even though there is only onedigit
working, the principle of Persistence of Vision enables you to see all numbers
displayed becauseeach the scanning speed is so fast that you hardly notice the
intervals.

Component Required:
(1) x Mega2560R3
(1) x 830 tie-points breadboard
(1) x 74HC595 IC

(1) x 4 Digit 7-Segment Display
(4) x 220 ohm resistors
(23)xM-Mwires(Male toMalejumperwires)
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Component Introduction
Four Digital Seven segment display



188 /2

Connection
Schematic

23



Wiring diagram



Code
Afterwiring,pleaseopen theprogram in thecode folder-Lesson28FourDigitalSevenSegment
Display and clickUPLOAD toupload the program. See Lesson 2 for details about programuploading
if there are any errors.



Lesson 29 DCMotors

Overview
Inthis lesson,youwill learnhowtocontrolasmallDCmotorusinganMEGA2560R3andatransistor.

Component Required:
(1) x Mega2560 R3
(1) x 830 tie-points breadboard
(1) x L293D IC
(1) x Fan blade and 3-6v motor
(5) x M-M wires (Male to Male jumper wires)
(1) x Power Supply Module

(1) x 9V1Aadapter



Product Specifications:
 Locking On/OffSwitch
 LED Power Indicator
 Input voltage: 6.5-9v (DC) via 5.5mmx 2.1mmplug
 Output voltage:3.3V/5v
 Maximum output current: 700mA
 Independent control rail output. 0v, 3.3v, 5v to breadboard
 Output header pins for convenient external use
 Size: 2.1 in x 1.4 in
 USBdevice connector onboard to power external device

Setting up output voltage:

The left and right voltage output can be configured independently. To select the output voltage,
move jumper to the corresponding pins. Note: power indicator LED and the breadboard power rails
will not power on if both jumpers are in the “OFF” position.



Important note:
Makesure thatyoualign themodulecorrectlyon thebreadboard.Thenegativepin(-)onmodule
linesupwiththeblueline(-)onbreadboardandthat thepositivepin(+) linesupwith theredline(+).
Failure to do so could result in you accidently reversing the power to yourproject

L293D
This isaveryuseful chip. It canactually control twomotors independently.Weare justusinghalf
thechipinthislesson,mostofthepinsontherighthandsideofthechipareforcontrollingasecond
motor.



Product Specifications:
• FeaturingUnitrode L293and L293DProductsNowFromTexas Instruments
• Wide Supply-Voltage Range: 4.5 V to 36 V
• Separate Input-LogicSupply
• Internal ESDProtection
• Thermal Shutdown
• High-Noise-Immunity Inputs
• Functionally Similar to SGS L293 and SGS L293D
• Output Current 1 A Per Channel (600mA for L293D)
• PeakOutput Current 2 A Per Channel (1.2 A for L293D)
• Output ClampDiodes for Inductive T ransient Suppression (L293D)

Description/ordering information
The L293 and L293D are quadruple high-current half-H drivers. The L293 is designed to provide
bidirectional drive currents of up to 1A at voltages from4.5V to 36V. TheL293D is designed to
provide bidirectional drive currents of up to 600-mA at voltages from 4.5 V to 36 V. Both devices are
designed to drive inductive loads such as relays, solenoids, dc and bipolar stepping motors, as well
as other high-current/high-voltage loads in positive-supplyapplications.
All inputs are TTL compatible. Each output is a complete totem-pole drive circuit, with a Darlington
transistorsinkandapseudo-Darlingtonsource.Driversareenabled inpairs,withdrivers1and2
enabledby1,2ENanddrivers 3and4enabledby3,4EN.Whenanenable input ishigh, theassociated
driversareenabled, and their outputsareactiveand inphasewith their inputs.When the enable
input is low, thosedriversaredisabled,andtheiroutputsareoffand in thehigh-impedancestate.
With theproperdata inputs,eachpairofdrivers formsafull-H (orbridge) reversibledrive suitable
for solenoid or motor applications.
Block diagram
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I got fed up with indecipherable pinout diagrams within datasheets, so have designed my own that
I think gives more pertinent information.
Thereare3wiresconnectedtotheArduino,2wiresconnectedtothemotor,and1wireconnected
to abattery.

To use this pinout:
Thelefthandsidedealswiththefirstmotor, therighthandsidedealswithasecondmotor.
Yes, you can run it with only onemotor connected.
Arduino Connections
M1 PWM - connect this to a PWMpin on the Arduino. They're labelled on the 2560, pin 5 is
anexample.Outputany integerbetween0and255,where0will beoff,128 ishalf speedand
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max speed.
M1direction0/1andM1direction1/0-Connect thesetwototwodigitalArduinopins.Outputone pin as
HIGHand the other pin as LOW,and themotorwill spin in onedirection.

Reverse the outputs to LOW and HIGH, and the motor will spin in the other direction.
Connection
Schematic
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Wiring diagram
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The code below does not use a separate power supply (ie a battery), it uses instead
the 5v power from the Arduino. Note that this would be risky without the L293D
controlling it.
You should _never_ connect amotor directly to theArduino, becausewhen you
switch a motor off you get an electrical feedback. With a small motor, this will
damageyourArduino,andwitha largemotor,youcanwatchan interesting flame
and sparks effect.

Code
After wiring, please open the program in the code folder- Lesson 29 DC Motors and
click UPLOAD to upload the program. See Lesson 2 for details about program
uploading if there are any errors.
Afterprogramloading, turnonall thepowerswitches.Themotorwill slightlyrotate
clockwise and anticlockwise for 5 times. Then, it will continue to dramatically rotate
clockwise. After a short pause, it will dramatically rotate anticlockwise. Then the
controller board will send PWM signal to drive the motor, the motor will slowly
reduce its maximumRPM to theminimum and increase to themaximum again.
Finally, it comes to a stop for 10s until the next cycle begins.



Lesson 30 Relay

Overview
In this lesson, you will learn how to use a relay.

Component Required:
(1) x Mega2560R3
(1) x 830 tie-points breadboard
(1) x Fan blade and 3-6v dc motor
(1) x L293D IC
(1)x5vRelay
(1) x Power Supply Module
(1) x 9V1A Adapter
(8) x M-M wires (Male to Male jumper wires)
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Component Introduction
Relay:
A relay is an electrically operated switch. Many relays use an electromagnet to
mechanically operate aswitch, but other operatingprinciplesare alsousedas in
solid-state relays. Relays are used where it is necessary to control a circuit by a low-
power signal (with complete electrical isolation between control and controlled
circuits), or where several circuits must be controlled by one signal. The first relays
were used in long-distance telegraph circuits as amplifiers. They repeated the signal
coming in from one circuit and re-transmitted it on another circuit. Relays were used
extensively in telephone exchanges and early computers to perform logical
operations.
Atypeofrelaythatcanhandlethehighpowerrequiredtodirectlycontrolanelectric
motororother loadsiscalledacontactor.Solid-staterelayscontrolpowercircuits
with no moving parts, instead using a semiconductor device to perform the
switching. Relays with calibrated operating characteristics and sometimes multiple
operating coils are used to protect electrical circuits from overload or faults. In
modern electric power systems, these functions are performed by digital
instruments called "protectiverelays".
Below is the schematic of how to drive relay with Arduino

Youmay be confused about how to insert the relay into the bread board. As the
picturebelowshows,youwillhavetobendoneofthepinsof therelayslightlythen
youcaninsert it into thebreadboard.
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Connection
Schematic



Wiring diagram



Code
After wiring, please open the program in the code folder- Lesson 30 Relay and click
UPLOAD to upload the program. See Lesson 2 for details about program uploading
if there are any errors.
Afterprogram loading, turnonall thepowerswitches.The relaywill pickupwith a
ringing sound. Then, themotorwill rotate. After a period of time, the relaywill be
released, and the motor stops.
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Lesson 31 Stepper Motor

Overview
In this lesson, you will learn a fun and easy way to drive a stepper motor.
The stepper we are using comes with its own driver boardmaking it easy to connect
to ourMEGA2560.

Component Required:
(1) x Mega2560R3

(1) x 830 tie-points breadboard
(1) x ULN2003 stepper motor driver module
(1) x Stepper motor
(1) x 9V1A Adapter
(1) x Power supply module
(6) x F-M wires (Female to Male DuPont wires)
(1) x M-M wire (Male to Male jumper wire)

Component Introduction
Stepper Motor
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A steppermotor is an electromechanical device which converts electrical pulses into
discrete mechanical movements. The shaft or spindle of a stepper motor rotates in
discrete step incrementswhenelectrical commandpulses areapplied to it in the
proper sequence. The motors rotation has several direct relationships to these
applied inputpulses.Thesequenceof theappliedpulses isdirectly related to the
directionofmotorshaftsrotation.Thespeedofthemotorshafts rotationisdirectly
related to the frequency of the input pulses and the length of rotation is directly
related to the number of input pulses applied.One of the most significant
advantages of a steppermotor is its ability to beaccurately controlled in an open
loopsystem.Open loopcontrolmeansno feedback informationaboutposition is
needed. This type of control eliminates the need for expensive sensing and feedback
devices such as optical encoders. Your position is known simply by keeping track of
the input steppulses.
Stepper motor 28BYJ-48 Parameters
 Model: 28BYJ-48
 Rated voltage: 5VDC
 Number of Phase:4
 Speed Variation Ratio:1/64
 Stride Angle: 5.625°/64
 Frequency: 100Hz
 DC resistance:50Ω±7%(25℃)

 Idle In-traction Frequency: > 600Hz
 IdleOut-tractionFrequency:>1000Hz
 In-traction Torque >34.3mN.m(120Hz)
 Self-positioning Torque>34.3mN.m
 Friction torque: 600-1200gf.cm
 Pull in torque: 300 gf.cm
 Insulated resistance>10MΩ(500V)
 Insulated electricitypower：600VAC/1mA/1s

 Insulation grade：A
 Rise in Temperature<40K(120Hz)
 Noise <35dB(120Hz,No load,10cm)



Interfacing circuits

Thebipolar steppermotor usually has fourwires comingout of it. Unlike unipolar
steppers, bipolar steppers have no common center connection. They have two
independent sets of coils instead. You can distinguish them from unipolar steppers
bymeasuringtheresistancebetweenthewires.Youshouldfindtwopairsof wires
withequal resistance. Ifyou’vegot the leadsofyourmeterconnected to twowires
that are not connected (i.e. not attached to the samecoil), you should see infinite
resistance (or nocontinuity).



ULN2003DriverBoard

Product Description
o Size: 42mmx30mm
o Use ULN2003 driver chip, 500mA
o A.B.C. DLED indicating the four phase steppermotorworkingcondition.
o White jack is the four phase stepper motor standard jack.
o Power pins areseparated
o Wekept the rest pins of theULN2003 chip for your furtherprototyping.
Thesimplestwayof interfacingaunipolar stepper toArduino is tousea breakout
for ULN2003A transistor array chip. The ULN2003A contains seven darlington
transistordriversand issomewhat likehavingsevenTIP120transistorsall inone
package.TheULN2003Acanpassup to500mAperchannelandhasan internal
voltage drop of about 1V when on. It also contains internal clamp diodes to dissipate
voltage spikes when driving inductive loads.To control the stepper, apply voltage to
each of the coils in a specific sequence.
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The sequence would go like this:

Here are schematics showing how to interface a unipolar steppermotor to four
controllerpinsusingaULN2003A,andshowinghowtointerfaceusingfourcom
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Connection
Schematic



Wiring diagram
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Weareusing4pinstocontroltheStepper.
Pin 8-11 are controlling the Steppermotor.
We connect the Ground from to MEGA2560 to the Stepper motor.

Code
After wiring, please open the program in the code folder- Lesson 31 Stepper Motor
and click UPLOAD to upload the program. See Lesson 2 for details about program
uploading if there are any errors.
Before you can run this,make sure that you have installed the < Stepper > library or
re-install it, if necessary. Otherwise, your code won'twork.
For details about loading the library file, see Lesson 1.



Lesson32ControllingStepperMotorWithRemote

Overview
In this lesson,youwill learnafunandeasywaytocontrolasteppermotor froma
distance using an IR remote control.
The stepper we are using comeswith its own driver boardmaking it easy to connect
to ourMEGA2560.
Since we don’t want to drive the motor directly from the MEGA2560, we will be
using an inexpensive little breadboard power supply that plugs right into our
breadboard and power it with a 9V 1Amp power supply.
The IRsensor is connected to theMEGA2560 directly since it uses almost no power.

Component Required:
(1) x Mega2560 R3
(1) x 830 tie-points breadboard
(1) x IR receiver module
(1) x IR remote
(1) x ULN2003 stepper motor driver module
(1) x Stepper motor
(1) x Power supply module
(1) x 9V1A Adapter
(9) x F-M wires (Female to Male DuPont wires)
(1) x M-M wire (Male to Male jumper wire)
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Connection
Schematic



Wiring diagram
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Weareusing4pins tocontrol theStepperand1pin for the IRsensor.
Pins 8-11 are controlling the Stepper motor and pin 12 is receiving the IR
information.
We connect the 5V and Ground from the MEGA2560 to the sensor. As a precaution,
useabreadboardpowersupply topower thesteppermotorsince it canusemore
power andwedon’t want to damage thepower supply of theMEGA2560.

Code
After wiring, please open program in the code folder- Lesson 32 Controlling Stepper
MotorWithRemote and click UPLOAD to upload the program. SeeLesson 2 for
details about program uploading if there are anyerrors.
Before you can run this, make sure that you have installed the < IRremote >
< Stepper >library or re-install it, if necessary. Otherwise, your code won'twork.
For details about loading the library file, see Lesson1.
Thecodeonlyrecognize2valuesfromtheIRRemotecontrol:VOL+andVOL-.
When VOL+ is pressed on the remote the motor will make a full rotation clockwise.
VOL- will make a full rotationcounter-clockwise.



Lesson 33 Controlling Stepper Motor With Rotary Encoder

Overview
In this lesson,youwill learnhowtocontrol steppermotorsusingarotaryencoder.
Wewill use the inexpensive and popular stepper motor that comes with its own
control board: the28BYJ-48 steppermotorwith theULN2003board.
The28BYJ-48motor isnot very fast or very strong,but it’sgreat forbeginners to
start experimenting with controlling a steppermotor with anArduino.
Wewill write some code to have themotor move in the direction that we turn the
rotaryencoder,andwill alsokeep trackofhowmanystepswehave taken,so that
wecanhave themotormovebackto thestartingpositionbypressingdownonthe
rotary encoder switch.

Component Required:
(1) x Mega2560R3
(1) x 830 tie-points breadboard
(1) x Rotary Encoder Module
(1) x ULN2003 stepper motor driver module
(1) x Stepper motor
(1) x Power supply module
(1) x 9V1A Adapter
(9) x F-M wires (Female to Male DuPont wires)
(1) x M-M wire (Male to Male jumper wire)



Component Introduction
Rotary encoder
A rotary encoder, also called a shaft encoder, is an electro-mechanical device that
convertstheangularpositionormotionofashaftoraxletoananalogordigitalcode.
There are two main types: absolute and incremental (relative). The output of
absolute encoders indicates the current position of the shaft, making themangle
transducers. Theoutput of incremental encoders provides informationabout the
motionof theshaft,which istypicallyfurtherprocessedelsewhereinto information
such as speed, distance and position.
Rotary encoders are used in many applications that require precise shaft unlimited
rotation—including industrial controls, robotics, special purpose photographic
lenses, [1] computer input devices (such as optomechanical mice and trackballs),
controlled stress rheometers, and rotating radarplatforms.
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Connection
Schematic



Wiring diagram



Weareusing4pinstocontrol theStepperand3pinsfor therotaryencodermodule.
Pins8-11arecontrolling theSteppermotorandpins2-4are receiving information
from the rotaryencoder.
Weconnect the5VandGround fromtoMEGA2560 to the rotaryencoderandasa
precaution,useabreadboardpowersupply topowerthesteppermotorsinceit can
usemore power that theMEGA2560 canprovide.
We also connect the MEGA2560 Ground to the breadboard to serve as a reference.

Code
After wiring, please open the program in the code folder- Lesson 33 Controlling
Stepper Motor With Rotary Encoder and click UPLOAD to upload the program. See
Lesson 2 for details about programuploading if there are anyerrors.
Beforeyoucanrunthis,makesurethatyouhaveinstalledthe<Stepper> libraryor
re-install it, if necessary. Otherwise, your code won'twork.
For details about loading the library file, see Lesson 1.
Weare using somevariables to store the current position, sincewewant to keep
track of the position of the stepper motor so we can make it move back to the
starting position.
We also included some error checking code to make sure that the rotary encoder is
notmissing steps, since thatwouldmakeourmotor position inaccurate.
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