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UNO Expansion Board
1 pcs

10 Grid Adjustable
Storage Containe
1pcs

Photoresistor  Thermistor RGB LED Power Adapter 9V 1A
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NPN Transistor S8050 NPN Transistor PN2222
5 pcs 5 pcs

Diode Rectifier USB cable
5 pcs 1 pcs

IR Obstacle Detection KY-002 Vibration Shak
Avoidance Module Sensor Module




Membrane Switch Keypad g MAX7219 LED Dot Matrix GY-521 Module
Module 1 pcs

HC-SR501 PIR Sensor Water Level Sensor DS3231 RTC Module
Module Module
1 pcs

Sound Sensor Module RC522 RFID Module KY-040 Rotary Encoder
Module
1 pcs




Reader Feedback

Feedback from our readers is always welcome. Let us know what you
think about this manual —what you liked or disliked. Reader feed-
back is important for us as it helps us improve our products to meet
your needs seriously.

To send us feedback, simply e-mail contact@makeronics.com, and
mention the manual’s title in the subject of your message.

You can also download the code files by visiting our website
www.makeronics.com.
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WHAT'S AN IDE?

An intfegrated development environment (IDE) is a software
application that allows you to write code and test that code
out in the programming language the IDE supports.

You can test your code in the IDE and solve any emerging
problems with the help of a message area that shows errors
in your code and a console that provides more detail about
the nature of these errors. It has buttons so you can check
your code, save it, create a new code window, upload it to your
Arduino, and more.

WHAT'S IN IDE?

*A code editor window where you write your code

A message area that gives information about your code

An error console that gives detailed information and helps in
debugging

‘Menus that allow you to set properties for your Uno and load
code examples and other functions

‘Buttons to check code, upload it to Arduino, save code,
create a hew code window, and more

1 www.makeronics.com
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% sketch apriZa | Arduino 1.8.5 - [m| x
Menu i
Button
ff put your setup code here, to run once:
I
void laop() {
/f put your main code hers, to run repeatedly:
Avrea towrite !

co G{E

\_ /]

Message areas
Errors and
'mfomlaﬁon

window

Arduino Nano, ATmeg

Installing Arduino IDE?
On Windows

1. Go to https://www.arduino.cc/en/Main/Software
2. Download "Windows Installer"

Download the Arduino IDE

Here is the |\ .
Windows installer, for Windows XP and up
link Windows z1P file for non admin install
ARDUINO 1.8.5 Windows app Requires Win 81 or 10
The open-source Arduino Software (IDE) makes it easy o [ Get 52
write code and upload it to the board. It runs on g

5 X, and Linux. The environment is
nd based on Processing

Mac OS5 X 10.7 Lion or newer

and other opéen-

OO

n be used with any Arduino board Linux 32 bits
Refer to the Cetting Started page for Installation LinuXx &4 bits
instructions. Linux ARM

Release Notes

Source Code
Checksums (sha512)

www.makeronics.com
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3. If you have downloaded "Windows Installer", double click
on it and it will be installed. The first dialog box asks you to
agree to the Arduino License Agreement. Clicking "I Agree”
will take you to the next step of the installation.

&8 Arduino Setup: License Agreement — X

8 Please review the license agreement before installing Arduino. If you
o.0) accept all terms of the agreement, dick I Agree,

IENL.I LESSER. GEMERAL PUBLIC LICEMSE P
Version 3, 29 June 2007
Copyright (C) 2007 Free Software Foundation, Inc. <htip://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed.

This version of the GNL Lesser General Public License incorporates the terms

and conditions of version 3 of the GNU General Public License, supplemented
by the additional permissions listed below. g Chck ‘“‘LE}'E

[ to continue

Cancel I Agree

With the Arduino Setup Installation Options, make sure that
the

Install USB Driver and the Associate .ino Files boxes are
checked. Create Start Menu Shortcut and Create Desktop
Shortcut are optional but will help you navigate to the Arduino
IDE in the future.

3 www.makeronics.com
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E8 Arduino Setup: Installation Options — >

Chedk the components you want to install and unchedk the components
©.0 you don't want to install. Click Mext to continue,

Select components to install: Install Arduino software
Install USB driver
Create Start Menu shortout
Create Desktop shortout
Assocdate .ino files

Space required: 420,6MB

Mext = I

Cancel | Mullsoft Install Systemn v3.0 < Back

4.If you have downloaded "Windows ZIP file for non admin
install", extract it and you will find arduino.exe. Double click
on it fo get started with the Arduino IDE.

Download the Arduino IDE

Windows Installer, for Windows XP and up

Here is th& Windows z1P file for non admin install
link .
ARDUINO 1.8.5 Windows app Requires Win 810110
The open-source Arduino Software (IDE) makes it easy to Get &8
write code and upload it to the board. It runs on
Windows, Mac 05 X, and Linux. The environment is ;
% Written in Java and based on Processing and other open- Mac 05 X107 Lion or newer
source software,
This software can be used with any Arduino board. Linux 32 bits
Refer to the Getting Started page for Instalation Linux 64 bits

instructions. Linux ARM

Release Notes
Source Code
Checksums (sha512)

4 www.makeronics.com
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On Linux

1. Go to https://www.arduino.cc/en/Main/Software.

2. Download "Linux 32 bits" or "Linux 64 bits" depending on
your OS type.

3. Extract it and run the Arduino executables to get started
with the Arduino IDE.

On Mac

1. Go to https://www.arduino.cc/en/Main/Software.

2. Download "Mac OS X 10.7 Lion or newer".

3. Extract it and run the Arduino executables to get
started with the Arduino IDE.

5 www.makeronics.com
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Installing Additional Arduino 2
Libraries and Serail Monitor

What are Libraries?

Libraries are a collection of code that makes it easy
for you to connect to a 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 libraries are listed in the reference. To use
the additional libraries, you will need 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 1.6.2). Open the
IDE and click to the "Sketch" menu and then Include Library
> Manage Libraries.

6 www.makeronics.com
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EB sketch_apri8a | Arduino 1.8.5 — m] =
File Edit Sketch Tools Help

Verify/Compile Ctrl+R
Upload Ctrl+U
Upload Using Programmer  Ctrl+Shift+U

veid sety Export compiled Binary Ctrl+Alt+S -~

Show Sketch Folder Ctrl+K
} Include Library 3 Manage Libraries...

Add File... .
woid Loag Add .ZIP Library...

// put your main code hers, teo run repestedly Arduine libraries

Bridge
EEPROM

WiFi

Then the Library Manager will open and you will find a list of
libraries that are already installed or ready for installation.
In this example we will install the Bridge library. Scroll the
list o find it, click on 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.

€9 Library Manager x
Tvpe (ALl « | Topic ALl % | |Filter your search
A

ArduinoHttpClient 5y Arduino

[EXPERIMENTAL] Easily interact with web servers from Arduino, using HTTP and WebSocket's. This library can be used for HTTP
(GET, POST, PUT, DELETE) reguests to a web server. It also supports exchanging messages with WebSocket servers. Based on
Adrian McEwen's HttpClient library.

Mare info

ArduinoSound by Arduino

[EXPERIMENTAL] A simple way to play and analyze audio data using Arduino. Currently only supports SAMD21 boards and 125
audio devices.

Mare info

Audio by Arduino

Allows playing audio files from an SD card. For Arduino DUE only. With this library you can use the Arduino Due DAC outputs to
play audio files.

The audio files must be in the raw .wav format.

Mare info

Version 1.0.5 w Install

Close

.L'DT’F'; nn 1 n q

7 www.makeronics.com
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Finally click on install and wait for the IDE to install the
new library. Downloading may take time depending on your
connection speed. Once it has finished, an Installed tag should
appear next to the Bridge library. You can close the library
manager.

&9 Library Manager X
Type A0~ Topic |All v | |Filter your search
Adrian McEwen's HttpClient library. A
More info

ArduinoSound by Arduino

[EXPERIMENTAL] A simple way to play and analyze audic data using Arduino. Currently only supports SAMD21 boards and 125
audic devices.

More info

Audio by Arduino Version 1.0.5 INSTALLED

Allows playing audio files from an 5D card. For Arduino DUE only. With this library you can use the Arduine Due DAC outputs to
play audio files.

The audio files must be in the raw .wav format.

More info

AudioFrequencyMater by Arduine

Get the fundamental pitch of an audio signal Allovs the Arduino Zero, MKR.Zero and MKR 1000 to sample a generic input audio
signal and get the fundamental pitch

Mare info

Close

You can now find the new library available in the Sketch >
Include Library menu. If you want to add your own library to
Library Manager, follow these instructions.

Importing a .zip Library

Libraries are often distributed as a ZIP file or folder. The
nhame of 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, and other files required by 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.

8
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In the Arduino IDE, navigate to Sketch > Include Library >

Add .ZIP Library. At the top of the drop down list, select the
option to "Add .ZIP Library"'.

8.5
cols Help
Verify/Compile Ctrl+R
Upload Ctrl+U
Upload Using Programmer Ctrl+Shift+U
Export compiled Binary Ctrl+Al+S e

Show Sketch Folder Ctrl+K
} Include Library : A
Add File...

Firmata

You will be prompted to select the library you would like to
add. Navigate to the .zip file's location and open it.

Return to the Sketch > Include Library menu. menu. You
should now see the library at the bottom of the drop-down
menu. It is ready to be used in your sketch. The zip file will
have been expanded in the libraries folder in your Arduino
sketches directory.

Note: the Library will be available to use in sketches, but
with older IDE versions examples for the library will not
be exposed in the File > Examples until after the IDE has
restarted.

9 www.makeronics.com
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Manual installation

When you want to add a library manually, you need to download
it as a ZIP file, expand it and put in the proper directory. The
ZIP file contains all you need, including usage examples if the
author has provided them. The library manager is designed to
install this ZIP file automatically as explained in the former
chapter, but there are cases where you may want to perform
the installation process manually and put the library in the
libraries folder of your sketchbook by yourself.

You can find or change the location of your sketchbook folder
at File > Preferences > Sketchbook location.

Preferences

Settings  Network

Sketchbook location:

C:‘n,l..lsErs‘n,SimDne‘n,Documents‘n,ﬂ.rduino| Browse
Editor language: English (English) « | (requires restart of Arduino)

Editor font size: 16

Interface scale: Automatic | 100 5 % (requires restart of Arduino)

Show verbose output during: [ ] compilation [ upload
Compiler warnings: MNone  «

Display line numbers
[ ] Enable Code Folding

Go to the directory where you have downloaded the ZIP file
of the library.

; | B 7 Compressed Folder Tools Downloads - a X
Home Share View Extract 0
< v« A * » ThisPC » Downloads » v @ | Search Downloads P
# Quick access Mame Date modified Type Size
I Desktop # , Adafruit-GFX-Library-master.zip 2/6/2017 11:25 PM Compressed (zipped)...

* Downloads  # MyDownloads 2/6/201711:46 PM File folder
@ Documents o
| Pictures »

10
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Extract the ZIP file with all its folder structure in a

temporary folder, then select the main folder, that should
have the library name.

[ Desktop
; Downloads
@ Documents

&=/ Pictures

Jﬂ Music

Adafruit-GFX-Library-master

% % % N

2/6/2017 11:41 PM

| [ = | Adafruit-GFX-Library-master - O X
Home Share View 0
4+ > ThisPC » Downloads  Adafruit-GFX-Library-master » v Search Adafruit-GFX-Library-... 0
ey arcees MName Date modified Type Size

File folder

Copy it in the "libraries” folder inside your sketchbook.

Arduino

libraries
; Downloads
J‘l Music

V4 5 | libraries - g X
Home Share View o
« v P » ThisPC » Documents » Arduino » libraries v 0 | Search libraries 2

[ This PC Mame " Date modified Type Size
[ Desktop D readme. bt 2/16/2016 450 AM  Text Document 1KB
@ Docurnents Adafruit-GFX-Library-master 2/6F201711:43PM  File folder

Start the Arduino Software (IDE), go to Sketch > Include
Library. Verify that the library you just added is available in

the list.

11
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€% sketch_feb07a | Arduine — O ¥
File Edit Sketch Tools Help

Verify/Compile Ctrl+R
Upload Ctrl+U
Lol Upload Using Programmer  Ctrl+5Shift+U
vold ae Export compiled Binary Ctrl+Alt+5 R -
/f pu
Show Sketch Folder Ctrl+K Robot Motor
: Include Library SD
N Add File... Servo
vold 19 . oy
// put your main code here, to run repeate pacebrewyun
TFT
: Temboo
Recommended libraries
Adafruit GFX Library

Arduino Serial Monitor (Windows, Mac, Linux)

The Arduino Integrated Development Environment (IDE) is
the software side of the Arduino platform. And, because us-
ing a ferminal is such a big part of working with Arduinos and
other microcontrollers, they decided to include a serial ter-
minal with the software. Within the Arduino environment,
this is called the Serial Monitor.

Making a Connection

Serial monitor comes with any and all version of the Ardui-
no IDE. To open it, simply click the Serial Monitor icon. Se-
lecting which port to open in the Serial Monitor is the same
as selecting a port for uploading Arduino code. Go to Tools ->
Serial Port, and select the correct port.

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

12
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€9 sketch jun29c | Arduino 1.8.5 — O x
File Edit Sketch Tools Help
Auto Format Cirl+T
Archive Sketch
sketch_jun2dc Fix Encoding & Reload
void setup() { Serial Monitor Ctrl+Shift+M
Al put your =ze Serial Plotter Ctrl+Shift+L
} WiFi101 Firmware Updater
vaid Loap() | Board: "Arduino/Genuino Mega or Mega 2560" >
/f put your ma Processor: "ATmega2560 (Mega 2560)" ¥
Port: "COMS9" } Serial ports
} Get Board Info COMS
Programmer: "AVRISP mkll” - coma
Burn Bootloader oM
comz
COom3
«  COM9
v

uino Mega or Mega 0, ATmeg jon COME

&9 sketch jun29c | Arduino 1.8.5 — O X
File Edit Sketch Tools Help

sletch_jun2éc

l'-:i-:l setup() { [a]

/Y put your setup code here, to run omee:

1

void loop() {

/f put your main code here, to run repeatedly:

nuine Mega or Me

13 www.makeronics.com



http://www.makeronics.com

Makeronics Uno R3 Complete Starter Kit Manual

Settings

The Serial Monitor has limited settings, but enough to handle
most of your serial communication needs. The first setting
you can alter is the baud rate. Click on the baud rate drop-
down menu to select the correct baud rate. (9600 baud)

€2 coms - o X
Send
One way, then reverse L
One way, then reverse
t
]
|
']
butoscroll Both NL & CR w8800 baud e Clear output
s600 baud Y
19200 baud
38400 baud
37600 baud
74330 baud
115200 baud
230400 baud
250000 baud v

www.makeronics.com
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In this lesson, you will learn how to program your UNO R3
controller board to blink the Arduino 's built-in LED, and how
to load programs by basic steps.

Component Required:
*1x Makeronics UNO R3

Principle:
There are various types of Arduino boards, but by far the

most common and the one that is used for all the projects in
this book is the Arduino Uno.

Lets start our tour of the Arduino with USB socket, which
serves several purposes: it can be used to provide power
tfo the Arduino, for programming the Arduino from your
computer, and finally, as a communicatons link.

The little red button next to the USB socket is the Reset

button. When you press this, the Arduino will restart and run
the program that is installed on it.

15 www.makeronics.com
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L LED Digital 10 Pins

Reset Switch

Power LED

Sacket ] “ ““““““““ T ) ICSP header

= ':__;_'i_;.:';i ==s===- = ATMega328

T T T T T T T T T, e

DC Power
Socket

Power Connectors

Analog Inputs

Along both the top and bottom edges of the Arduino, there
are connection sockets to which electronics can be attached.
The digital inputs and outputs, identified by a number between
O and 13. Each pin can be configured in your programs to be
either an input or an output. You might connect a switch to
a digital input, and the digital input will be able to tell if the
switch is pressed or not. Alternatively, you might connect
an LED to a digital output and by changing the digital output
from low to high, you can turn the LED on. In fact there is one
LED built onto the board called the "L" LED that is connected
to digital pin 13.

Beneath the digital I/0 pins, there is a power LED that simply
indicates that the board is powered. The ICSP (In-Circuit
Serial Programming) header is only for advanced programming
of the Arduino without using the USB connection. Most users
of Arduino will never use the ICSP header.

16
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It is worth highlighting the ATMega328 (the brains of the
Arduino). The ATMega328 is a microcontroller IC (Integrated
Circuit). This chip stores the program that the Arduino will
run (it contains 32 KB of flash memory).

Below the ATMega328, there is a row of analog input pins
labeled AO to AB. Whereas digital inputs can only tell if
something is on or off, analog inputs can measure the voltage
at the pin (as long as the voltage is between O and 5V). Such a
voltage could be from a sensor of some sort. If you run short
of digital inputs and outputs, then these analog input pins

can also be used as digital inputs and outputs.

Next to this, there is a row of power connectors that can be
used as alternative ways of supplying power to the Arduino.
They can also be used to supply power to other electronics
that you build.

The Arduino also has a DC power jack. This can accept
anything between 7V and 12V DC and uses a voltage regulator
to provide the 5V that the Arduino operates on. The Arduino
will automatically accept power from the USB socket and power
from the DC connector depending on which is connected.

In this lesson, we will reprogram the UNO R3 board with our
own Blink sketch and then change the rate at which it blinks.
In Lesson 2, you set up your Arduino IDE and made sure that
you could find the right serial port for it to connect to your
UNO R3 board. Now it's time to put that connection to the
test and program your UNO R3 board.

The Arduino IDE includes a large collection of example
sketches that you can load and use. This includes an example
sketch for making the ‘L' LED blink.

17
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Load the 'Blink’ sketch that you will find in the IDE's menu
system under File > Examples > 01.Basics

iy
Built-in Examples
01.Basics AnalogReadSerial
02.Digital BareMinimum
&2 sketch_apr23a | Arduino 1.8.5 03.Analog Blink
File Edit Sketch Tools Help 04.Communication DigitalReadSerial
MNew Ctrl+MN 05.Control Fade
Open... Ctrl+O 06.Sensors ReadAnalogVoltage
Open Recent 07.Display
Sketchbook 08.5trings > -~
Examples 3 09.USB
Close Ctrl+W 10.5tarterKit_BasicKit
Save Ctrl+S 11.ArduinolSP
Save As... Ctrl+Shift+5
Examples for any board
Page Setup  Ctrl+Shift+P Adafruit Circuit Playground >
Print Cirl+P Bridge
Preferences Ctrl+Comma EmdMessenger
Esplora
Quit Ctrl+Q Ethernet
Firmata
GSM
LiquidCrystal

Robot Control

Robot Motor

sD
Seeed_QTouch-master
Servo

SpacebrewYun
Stepper

Temboo

TEI

WiFi

>
>
>
»
>
>
>
RETIRED »
Examples for Arduino Nano
EEPROM »
: v

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

1

~

m

18
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The example sketches included with the Arduino IDE are
‘read-only’. That is, you can upload them to an UNO R3 board,
but if you change them, you cannot save them in the same file.
Since we are going to change this sketch, the first thing you
need to do is save your own copy.

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

€3 Blink | Arduino 1.8.5 - o x
File Edit Sketch Tools Help

New Ctrl+N

Open... Ctrl+0

Open Recent

Sketchbook

Examples

Close Ctrl+W

Save Cirl+8

Save As.. Ctrl+Shift+5

Page Setup  Ctrl+Shift+P
Print Cirl+P

Preferences  Ctrl+Comma

Quit Cirl+Q

// the setup function runs once when you press reset or power the board
void setup() {

// initialize digital pin LED_BUILTIN as an output

pinMode (LED_BUILTIN, OUTPUT);
}

// the loop function runs over and over sgain forever

19 www.makeronics.com
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[£] Save sketch folder as.. e

{%#E(I:' | Arduine V| '@' ? -2 "'

* == B BN
A libraries 2018/4/18 15:49
MyBlink 20018/4726 14:31

=m|

@ . }
TiFgw:  |F0E -] e
RTF2ET): A1l Files (k. %) v i

You have saved your copy of 'Blink’ in yourown sketchbook.
This means that if you ever want to find it again, you can just
open it using the File > Sketchbook menu option.

&8 MyBlink | Arduino 1.8.5 — [m] x

File Edit Sketch Tools Help

New Cirl+N
Open... Ctrl+O
Open Recent 3

Sketchbook - MyBlink -~
Examples >

Close Ctrl+W

Save Ctrl+S

Save As... Ctrl+Shift+5

Page Setup  Ctrl+Shift+P

Print Ctrl+P
Preferences Ctrl+Comma
Quit Ctrl+Q

Ff the setup function runs once when you press reset or power the board
void setup() {

// initialize digital pin LED_BUILTIN as an output

pinMode (LED_BUILTIN, OUTPUT);
}

/4 the loop function runs over and over again forever hd

20
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Attach your Arduino board to your computer with the USB
cable and check that the 'Board Type' and 'Serial Port' are
set correctly.

&2 MyBlink | Arduine 1.8.5 — =] =
File Edit Sketch Towols Help

Auto Format Ctrl+T
Archive Sketch
MyBlink Fix Encoding & Reload
Serial Monitor Ctrl+Shift+M -~
i Serial Plotter Ctrl+Shift+L

| WIiFi101 Firmware Updater

Board: "Arduino/Genuino Uno™ 3 Boards Manager...
Port 3 Arduino AVR Boards
Get Board Info Arduino Yin

Programmenr: "AVRISP mkil” = GoETE EsTo s L

Arduino Duemilanove or Diecimila
Burn Bootloader

Arduino Nano
Arduino/Genuino Mega or Mega 2560
Arduino Mega ADK
Arduino Leonardo
Arduino Leonardo ETH
Arduino/Genuino Micro
Arduino Esplora
Arduino Mini

Arduino Ethernet
Arduino Fio

Arduino BT

LilyPad Arduino USB
LilyPad Arduino

JF initialize disital pin LED BUILTIN == an cutput. Arduino Pro or Pro Mini
pirMode (LED_BUILTIN, OUTPUT): Arduine NG or older
H Arduino Robot Control
Arduino Robot Motor

44 the setup function runs once when xou press reset or power the b

woid setup() {

Arduino Gemma

Adafruit Circuit Playground
Arduino Yun Mini

Arduino Industrial 101
Linino One

Arduino Uno WiFi

on COMD

€ MyBlink | Arduino 1.8.5 — m| >
File Edit Sketch Teools Help
Auto Format Ctrl+T
Archive Sketch
MyBlink Fix Encoding & Reload
Serial Monitor Ctrl+Shift+M )
Serial Plotter Cirl +Shift+L

WiFi101 Firmware Updater

Board: "Arduino/Genuino Uno” >
Port: "COMS (Arduino/Genuino Uno)” 3 Serial ports
Get Board Info COMS
COM4
Programmenr: "AVRISP mlkll” 3
comn
Burn Bootloader
COM2
COM3

» COMBS (Arduino/Genuino Uno)

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

The Arduino IDE will show you the current settings for board
at the bottom of the window.

Arduino/Genuino Uno an COMS

Click on the "Upload”’ button. The second button from the left

on the toolbar.
Qo E3 B3 upioad

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

Arduina/Genuino Uno an COMS
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Next, the status will change to 'Uploading’. At this point, the
LEDs on the Arduino should start to flicker as the sketch is
trrassferred.

I

Sketch uses 928 bytes (2%) of program storage space. Maximm 1z 32256 bytes.

Global varisbles use 9 bytes (0%) of dvnamic memory, leaving 2039 bytes for local variasbles. Maximum is 2048 |

Arduino/Genuino Uno on COME

Finally, the staus will change to 'Done’.

1ables. Maximum 1z 2048 |

Arduino/Genuino Uno on COMS

The other message tells us that the sketch is using 928 bytes
of the 32,256 bytes available.

After the "Compiling Sketch.." stage you could get the
followinag error message:

Problem uploading to board. See htlp:.rhmu.arduinn.:clen

Arduinae/Genuine Une on COM1

It means that your board is not connected at all, or the
drivers have not been installed (if necessary) or that the
wrong serial port is selected.

If you encounter this error, go back to Lesson 1 and check
your installation.

Once the upload has completed, the board should restart and

start blinking. -
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Note that a huge part of this sketch is composed of
comments. These are not actual program instructions; rather,
they just explain how the program works. They are there for
your benefit.
Everything between /* and */ at the top of the sketch is a
block comment, it explains what the sketch is for.

code:

Single line comments start with // and everything up until the
end of that line is considered as a comment.

The first line of code is:

intled = 13;

As the comment above it explains, this is giving a variable
name to the pin that the LED is attached to. This is 13 on
most Arduinos, including the UNO and Mega2560.

Next, we have the 'setup’ function. Again, as the comment
says, this is executed when the reset button is pressed. It is
also executed whenever the board resets for any reason, such
as power first being applied to it, or after a sketch has been
uploaded.

void setup() {

// initialize the digital pin as an output.

pinMode(led, OUTPUT);

;

Every Arduino sketch must have a ‘setup’ function, and the
place where you might want to add instructions of your own is
between the { and the }.

In this case, there is just one command there, which, as the
comment states tells the Arduino board that we are going to
use the LED pin as an output.

It is also mandatory for a sketch to have a 'loop’ function.
Unlike the 'setup’ function that only runs once, after a resef,
the 'loop’ function will, after it has finished running its

commands, immediately start again.
24
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void loop() {
digitalWrite(led, HIGH); // turn the LED on (HIGH is the voltage
level)
delay(1000); // wait for a second
digitalWrite(led, LOW); // turn the LED off by making the voltage
LOW
delay(1000); // wait for a second
}
Inside the loop function, the commands first of all turn the
LED pin on (HIGH), then 'delay’ for 1000 milliseconds (1
second), then turn the LED pin off and pause for another
second.
You are now going to make your LED blink faster. As you might
have guessed, the key to this lies in changing the parameter
in () for the ‘delay’ command.

,."r,."r t}'l.E ].IZIIZIP E'U.'I!'lEtiEIII Iins over E.'ﬂ.d. oV er again ED]‘.’ETE]‘.’

void loop() {
digital¥rite (LED BUILTIN, HIGH): /f turn the LED on (HIGH is the voltage level)
dela: ff wait for a second
digital¥rite(LED_BUILTIN, LOW); ff turn the LED off by malking the voltage LOW
-:]ela:. J// wait for a second

This delay period is in milliseconds, so if you want the LED to
blink twice as fast, change the value from 1000 to 500. This
would then pause for half a second each delay rather than a
whole second.

Upload the sketch again and you should see the LED start to
blink more quickly.
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+++++++++++
External LED 4

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

Component Required:

- 1 x Makeronics Uno R3

- 1 x 830 Tie Points Breadboard

* 1 x 5mm red LED

+ 1 x 220 ohm resistor

* 1 x 1k ohm resistor

+ 1 x 10k ohm resistor

* 3 X M-M wires (Male to Male jumper wires)

26
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Component Introduction:
BREADBOARD:

the solderless breadboard does not require soldering, it is
reusable. This makes it easy to use for creating femporary
prototypes and experimenting with circuit design.

How the metal contacts %—I

are arranged inside

i

27 www.makeronics.com



http://www.makeronics.com

Makeronics Uno R3 Complete Starter Kit Manual

A solderless breadboard socket consists of a perforated
block of plastic with numerous tin plated phosphor bronze
or nickel silver alloy spring clips under the perforations.
The clips are often called tie points or contact points. The
number of tie points is often given in the specification of the
breadboard. The breadboard used throughout this book is
often referred to as a full-sized breadboard or 830-point
breadboard (because it has 830 holes in it). There are
bigger and smaller breadboards available, you can goto www.
makeronics.com website to select your breadboard. But this
size is about right for all the projects and experiments in this
book.

Solderless breadboards connect pin to pin by metal strips
inside the breadboard. The layout of a typical solderless
breadboard is made up from two types of areas, called strips.
Strips consist of interconnected electrical terminals.

This type of breadboard has two rows on each side of the
breadboard. These are usually marked with red and blue lines.

Four separate
Power Bus Strip

™

Power Bus Stripl Power Bus Strip2

Two columns of

-------------------------------------------------------------
------------------------------------------
oooooooooooooooooooooooooooooooooooooooooo
..........................................
-----------------------------------------------------------

ooooooooooooooooooooooooooooooooooooooooooooo
------------------------------------------

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
.............................................................

.............................................................

fritzing

Power Bus Strip3 Power Bus Strip4

28
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For any one of these rows, all the holes in that row are
connected together electrically behind the plastic of the
board. Although these rows can be used for anything, they
are most often used for the positive and negative supply to
your circuit.

The main body of the board is split into two banks, or columns,
of five holes each down the whole length of the board. Each
of these columns has all five holes connected fogether by a
clip behind the plastic. To connect the leg of one component
to another, both leads just need to be pushed into holes on
the same column of the breadboard.

Behind the holes in the front plastic face of a breadboard,
there are metal clips designed fo grip wires and component
leads. Please look at the photo below for a dismantled
breadboard with one of the clips removed.

Sl T |
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HEHHE R
HESHE

Note:

The breadboard 830 inside this starterkit has four seperate
power bus strip. it can provide more power input than the
other breadboard in market. If you need power bus strip2
keep same power input as power bus stripl, you need plug 2
dupont wires to bridge them like the figure shown below.

Power Bus Stripl Power Bus Strip2
e e R e N l'\— ————————— et ,L ————————— \
1 P —
Sees vveve Svesnlvtrey el s v v e s ves s
P
H ......................... '[ ...................... :.r
————————— -\‘—————————-’ _______——‘\‘———————f'ﬁ-t-ﬂrlg
Power Bus Strip3 Power Bus Strip4

While breadboards are great for prototyping, they have
some limitations. Because the connections are push-fit and
temporary, they are not as reliable as soldered connections.
If you are having intermittent problems with a circuift, it
could be due to a poor connection on a breadboard.
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LED:

LED stands for Light Emitting Diode and, in its core, it's just
a diode that emits light.

By regular LEDs, those small colorful devices that often come
in a Bmm diameter (sometimes 3mm or 10mm) and require
a modest current to make them light, so that they can be
controlled directly from the output of an Arduino.

Epoxy lens/case

Wire bond

Reflective cawvity

Semiconductor die

Al

} Leadframe

e
e
|
e
\"\\ Post
~1
= Flat spot
+ 1] —

Anode Cathode

7"\
7

I/
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The resistor is needed to limit the current flowing through
the LED for two reasons: first, so that the LED's maximum
current is not exceeded (which will shorten its life); and
second, so that the output-current capability of the output

pin or the cumulative total of all the output pins has not been
exceeded.

Digital Output

LED

W

You'll notice that the LED has a short leg and a long leg. If
you look really closely, you'll also see that the edge of the
LED bulb has a flat surface on the same side as the short leg.
These help you identify the polarity of the legs; the LED's
long leg is the positive leg, and the short leg on the side of
the flat bulb surface is the negative, or ground, leg.

+
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RESISTORS:

A resistor is a passive two-terminal electrical component
that implements electrical resistance as a circuit element. In
electronic circuits, resistors are used to reduce current flow,
adjust signal levels, to divide voltages, bias active elements,
and terminate tfransmission lines, among other uses.

The unit of resistance is called the Ohm, which is usually
shortened to () the Greek letter Omega. Because an Ohm is
a low value of resistance (it doesn't resist much at all), we
also denote the values of resistors in k€2 (1,000 ) and M2
(1,000,000 (). These are called kilo-ohms and mega-ohms.

Resistors are colorful little devices. If you are trying to work
out their value, you can just measure their resistance with a
multimeter, or you can read their value from the colored
stripes.

Each color has a number associated with it, as shown in table
below.

Black 0
Brown 1
Red 2
Orange 3
Yellow 4
Green 5
Blue 6
Violet 7
Gray 8
White 9
Gold 1/10
Silver 1/100
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Gold and silver, as well as representing the fractions 1/10 and
1/100, are also used to indicate how accurate the resistor is,
so gold is +-5% and silver is +-10%.

There will generally be four of these bands together starting
at one end of the resistor, a gap, and then a single band at
the other end of the resistor. The single band indicates the
accuracy of the resistor value.

The figure below shows the arrangement of the colored
bands. The resistor value uses just the three bands. The first
band is the first digit, the second the second digit, the third
is third digit, and the fourth "multiplier” band is how many
zeros to put after the first two digits.

Digit 1 i i
Digit 2 Digit 3 Multiplier

34
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4-Band code

2%, 5%, 10%

4th Ring | 5th Ring

Color 3rd Ring | muyrtipliter)| (Tolerance)

1st Ring [(2nd Ring

Black

0 1Q

0
Brown 1 L 10Q
Red 2 2 100Q
Orange 3 3 1kQ
Yellow | 4 | 4 | 4 | 10ko |
Green 5 5 5 100kQ ¥0.5%
Blue 6 6 6 1TMQ +*0.25%
Violet 7 7 7 10MQ +0.10%
Gray 8 8 8 +*0.05%
White 9 9 9
Gold 5%
Silver *10%
No Color *20%
Y- \
5-Band code
0.1%, 0.25%, 0.5%, 1%
35
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Connection Schematic:

2200

———RESET DO/RX f——
e RESET2 D1/ T e
Y AREF [$]
—Jioref D3 PWM f—ou
DA
AO . D5 PWM
— Makeronics D6 PWM
Arduino

—_ Uno 07—
—s (Rev3) [31c] N—
e A4/5DA SERTTY] —
S VY D10 PWM/SS
D11 PWM/MOST e
D12/MI50
D13/SCK

S

&

N
—1
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Wiring diagram:

- 1 kQ

—Jui—- 10kQ

00000000000 00000000000 000000000000090¢0lllf 0000000000000 00000
P P PR PPN PP PP PP 9990999999999 9999999999999 2200 09 0009009900909 eee
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The UNO is a convenient source of 5 volts, which we will use
to provide power to the LED and the resistor. You do not need
to do anything with your UNO, except to plug it into a USB
cable.

With the 220 () resistor in place, the LED should be quite
bright. If you swap out the 220 () resistor for the 1k}
resistor, then the LED will appear a little dimmer. Finally, with
the 10 k(2 resistor in place, the LED will be just about visible.
Pull the red jumper lead out of the breadboard and touch it
into the hole and remove it, so that it acts like a switch. You
should just be able to notice the difference.

At the moment, you have 5V going to one leg of the resistor,
the other leg of the resistor going to the positive side of the
LED and the other side of the LED going fo GND. However,
if we moved the resistor so that it came affer the LED, as
shown below, the LED will still light.

You will probably want to put the 220() resistor back in place.
It does not matter which side of the LED we put the resistor,
as long as it is there somewhere
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Demo:
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+++++++++++ 5

LED Light Bar

An LED bar graph is just a bunch of LEDs put together in a
fancy case, but there are many users for it. We can display
the date from a sensor, show a critical condition, or make a
funny light show with it. In this lesson, you will learn how to
light multiple LEDs.

Component Required:

- 1 x Makeronics Uno R3
- 1 x 830 Tie Points Breadboard
* 4 x bmm red LED
* 4 x 5Bmm green LED
+ 8 x 220 ohm resistor
* 9 x M-M wires (Male to Male jumper wires)

40
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Connection Schematic:

RESET
RESETZ
AREF

ioref

AD
Al
Az
A3
ALISDA

ASFSCL

N/C

2 5 2
=

DOSRX

D1/TX

D2

D3 PWM

D4

D5 PW

Makeronics 06 PWM

Arduino

Uno D7

(Rev3) D8

D9 PWM

D10 PWM/S5

011 PWM/MOSI

D12/MIS0

D13/5CK

GND
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Wiring diagram:
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Code:

In the setup() function, we set each LED pin as an output.
This simple trick, used here, helps to set all the pins between
pinl and pin8 as outputs:

for (inti=2;i<9; i++) {

pinMode(i,OUTPUT);

J

In the custom allLEDsOff() function, it turns off all the LEDs
at the same time.

void allLEDsOff(void) {

for (inti=2;i<9; i++) {

digitalWrite(i, LOW);

J

J
This function is called in the loop cycle to furn the LEDs

off, and then the LEDs are turned on one at a time -- with
a 200-millisecond delay between each one --to create a
sweeping effect. Another loop sends the sequence back the
other way.
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Demo:
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+++++++++++ 5
RGB LED

In this lesson, you will learn how to control RGB LED by using
PWM. In our sketch, we will start with the LED in the Red
color state, then fade to Green, then fade to Blue and finally
back to the Red color. By doing this we will cycle through
most of the color that can be achieved.

Component Required:

+ 1 x Makeronics Uno R3
* 1 x 830 Tie Points Breadboard
-1 x RGB LED
+ 3 x 220 ohm resistors
* 4 x M-M wires (Male to Male jumper wires)
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Component Introduction:

RGB LED:

Red, green, and blue LEDs (RGB LEDs) are a single LED case
that contains three actual LEDs. The three LEDs are red,
green, and blue. By using PWM to control the brightness to
each of the LED colors, you can make the LED appear any
color.

Although an RGB LED contains three normal, two-pin LEDs,
this does not mean that the LED body has to have six pins,
because one terminal of each LED can be connected together
as a common pin,

If the negative connections to each LED are connected
together, the resulting lead is called a common cathode and
if the positive connections are common, the lead is called a
common anode. The RGB LED that provided by this starterkit
is common cathode.

If you look closely at the LED in Figure below, you'll notice
that the legs are all different lengths. With regular LEDs,
the short leg is the negative leg, but with the RGB LED, the
longest leg is the negative leg.

Blue

Green
Cathode

Red
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The circuit diagram for this component is usually drawn like
the Figure below. Notice that it shows three separate LEDs
connected fogether, and they each share a single negative
connection.

Keeping in mind which positive leg corresponds to which color,
you can wire this LED into a circuit just like you would three
separate LEDs. Just connect the positive leg(s) you want to
use to power or to an Arduino output pin through a current-
limiting resistor, and connect the common cathode to ground.

R1

2200
Red PWM >—W\,

R2

2200
Green PWM W

R3

2200
Blue PWM >W_

GND

N
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COLOR:

RGB LEDs are cool because you can use them to create a slew
of colors. Red, green, and blue are the primary colors in the
additive color scheme, and the LED can mix these colors to
create light in other colors. The additive color wheel in figure
below shows how primary colors can combine to create any
color in the rainbow.

red

magenta yellow

white

blue green

cyan

With your RGB LED, if you turn on the blue LED and the red
LED together, you get magenta light. Combine the red and
green LEDs, and you get yellow. If all the LEDs are on, you
get white light. This concept is the foundation for how an LED
TV or monitor works: each pixel on your screen is essentially

an RGB LED.
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Theory (PWM):

If you try controlling the brightness of an LED by adjusting
the voltage across it, it generally doesn't work so well,
because there is a big dead-zone until the voltage gets high
enough for the LED to emit any light at all.

PWM analog outputs are perfect for controlling the
brightness of the LED. LEDs can turn on and off very quickly,
certainly less than a millionth of a second, so when using PWM
with LEDs, they are actually flashing at the PWM frequency,
but the eye sees them as on but with a brightness that varies
as the proportion of the tfime that the LED is actually on
changes.

1/500 sacond

_d

5\

‘ \ H H 1/20 (5%)
o
5\ [r—

‘ 10/20 (50%)
[

a8V

J H H 18/20 (90%)
]

The proportion of the time that the pulses are high is called
the duty cycle. If the pulses are only on for 5% of the time
(duty cycle of 5%), then not much energy will be arriving
at the LED, so the LED will be dim Increase the duty cycle
to 50% and the LED will receive half power and probably
brightness. If the duty cycle is increased to 90%, LED fully
lit. Turning LED off is just a matter of setting the duty cycle
to O and fully lit setting it to 100%. Setting the duty cycle to
100% will leave the Arduino pin high all the time.
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The Arduino has the ability to do PWM on their output pins. On an
Arduino Uno, this is restricted to pins D3, D5, D6, D9, D10, and
D11. These pins are marked with a ~ sign next to the pin on the
Arduino itself. The frequency of these pulses can be varied on
Arduino. On an Arduino Uno, it is 490Hz (pulses per second) for
most pins except pins 5 and 6, which run at 980Hz. For controlling
the brightness of an LED, the default Arduino PWM frequency of

490Hz works just fine.

Connection Schematic:
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Wiring diagram:
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Code:

After wiring, please open the program in the code folder-
Lesson 6 RGB LED, and click UPLOAD to upload the program.
See Lesson 3 for details about program uploading if there are
any errors.

Our code will use FOR loops to cycle through the colors.

The first FOR loop will go from RED to GREEN.

The second FOR loop will go from GREEN to BLUE.

The last FOR loop will go from BLUE to RED.

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

The next step is to write the 'setup’ function. As we have
learnt in earlier lessons, the setup function runs just once
after the Arduino has reset. In this case, all it has to do is
define the three pins we are using as being outputs.

void setup()

{

pinMode(RED, OUTPUT);

pinMode(GREEN, OUTPUT);

pinMode(BLUE, OUTPUT);

digitalWrite(RED, HIGH);

digitalWrite(GREEN, LOW);

digital Write(BLUE, LOW);

}

Before we take a look at the 'loop’ function, let's look at the
last function in the sketch.

The define variables

redValue = 255; // choose a value between 1 and 255 to change the
color.
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greenValue = 0;

blueValue = 0;

This function takes three arguments, one for the brightness
of the red, green and blue LEDs. In each case the number will
be in the range O to 255, where O means off and 255 means
maximum brightness. The function then calls ‘analogWrite' to
set the brightness of each LED.

If you look at the 'loop’ function you can see that we are
setting the amount of red, green and blue light that we want
to display and then pausing for a second 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.
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Demo:

ANALOG IN.

~ o ox
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+++++++++++ 7
Digital Inputs

In this lesson, you will learn to use push buttons with digital
inputs to turn an LED on and off.

Pressing the button will turn the LED on; pressing the other
button will furn the LED off.

Component Required:

* 1 x Makeronics Uno R3

* 1 x 830 Tie-points Breadboard

* 1 x 5mm green LED

* 1 x 220 ohm resistor

- 2 X pushbuttons

- 8 X M-M wires (Male to Male jumper wires)

55 www . makeronics.com



http://www.makeronics.com

Makeronics Uno R3 Complete Starter Kit Manual

Component Introduction:
pushbuttons:

When pressed, a pushbutton completes a circuit, turning it on.
As soon as the button is released, the connection will spring
back and break that circuit, turning it off. The pushbutton
switch is also known as a momentary or normally open switch,
and is used in, for example, computer keyboards.

A
\ = /D A D
-
B —» .,,;__.__{_';

This is in contrast to a toggle switch, which stays either on or of f
until you toggle it to the other position, like a light switch.

This type of pushbutton has four pins, but you generally use only
two at a time for connection. You'll use the top connections in this
project, although the two unused pins at the bottom would do the
same job. As Figure above shows, the pins work in a circuit. Pins A
and D are always connected, as are pins B and C. When the button
is pressed, the circuit is complete.
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Connection Schematic:
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Wiring diagram:

.....................
.....................
.....................
...................
.....................

“ ™ Makeronics{U
TX Sseeeseasoererseote!
R N
Note:

Please use one dupont wire to bridge the ground rows of
power bus strip3 and power bus strip 4.
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Code:

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

Load the sketch onto your UNO R3 board. Pressing the left
button will turn the LED on while pressing the right button
will furn it of f.

The first part of the sketch defines three variables for the
three pins that are to be used. The ‘ledPin’ is the output
pin and 'buttonApin’ will refer to the left button on the
breadboard and ‘buttonBpin’ to the other button.

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' like
this:

pinMode(buttonApin, INPUT_PULLUP);

pinMode(buttonBpin, INPUT_PULLUP);

The pin mode of INPUT_PULLUP means that the pin is to be
used as an input, but that if nothing else is connected to the
input, it should be ‘pulled up’ to HIGH. In other words, the
default value for the input is HIGH, unless it is pulled LOW
by the action of pressing the button.

This is why the button are connected to GND. When a button
is pressed, it connects the input pin fo GND, so that it is no
longer HIGH.

Since the input is normally HIGH and only goes LOW when
the button is pressed, the logic is a little upside down. We will
handle this in the ‘loop’ function.
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void loop()

{

it (digitalRead(buttonApin) == LOW)

{

digitalWrite(ledPin, HIGH);

}

it (digitalRead(buttonBpin) == LOW)

{

digitalWrite(ledPin, LOW);

}

}

In the 'loop’ function there are two 'if' statements. One for
each button. Each does 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.
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Demo:
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In this lesson, you will learn how to generate a sound with an
active buzzer.

Component Required:

- 1 x Makeronics Uno R3
- 1 x Active buzzer
* 2 X F-M wires (Female to Male DuPont wires)
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Component Introduction:

BUZZER:

The buzzer is similar o a speaker and produces an audible
click when you apply a voltage to the two leads; these clicks
happen very fast, several hundreds or even thousands of
times per second, and their frequency creates a tone.

Buzzers can be categorized as active and passive 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 active one.

An active buzzer will generate a tone using an internal
oscillator, so all that is needed is a DC voltage. A passive
buzzer requires an AC signal or PWM to make a sound. It
is like an electromagnetic speaker, where a changing input
signal produces the sound, rather than producing a tone
automatically.
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Connection Schematic:
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Wiring diagram:
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Code:

After wiring, please open the program in the code folder-
Lesson 8 Making Sounds and click UPLOAD to upload the
program. See Lesson 3 for details about program uploading if
there are any errors.

Demo:
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+++++++++++ 9

Passive Buzzer

In this lesson, you will learn how to use a passive buzzer.

The purpose of the experiment is to generate eight different
sounds, each sound lasting 0.5 seconds: from Alto Do (523Hz),
Re (687Hz), Mi (659Hz), Fa (698Hz), So (784Hz), La (880H2z),
Si (988Hz) to Treble Do (1047Hz).

Component Required:
+ 1 x Makeronics Uno R3

* 1 x Passive buzzer
+ 2 X F-M wires (Female to Male DuPont wires)

i (= O O N ADL S O
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e -
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Component Introduction:

Passive Buzzer:

The working principle of passive buzzer is using PWM
generating audio fo make 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 Alto Do, pulse of 587Hz, it can generate
midrange Re, pulse of 659Hz, it can produce midrange Mi. By
the buzzer, you can play a song.

We should be careful not to use the UNO R3 board analog
Write () function fo generate a pulse to the buzzer, because
the pulse output of analog Write () is fixed (5O0OHZz).
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Connection Schematic:

RESET
RESETZ
AREF

ioref

Al

A3
A4/SDA

ALSSCI

—— N.l'l'::

'j I'..'lj fr—

SV
VIM

DO/RX
D1/TX
D2

D3 PWM
D4

D5 PWM
Makeronies

Arduino
Ung 7
(Rev3) N8

D& PWM

D9 PWM
D10 PWM/SS

D11 PWM/MOST e o J 1

D12/MIS0

D13/5CK

GND

69 www.makeronics.com



http://www.makeronics.com

Makeronics Uno R3 Complete Starter Kit Manual

Wiring diagram:
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Wiring the buzzer connected to the UNO R3 board, the red
(positive) to the pin8, black wire (negative) to the GND.

Code:

After wiring, please open the program in the code folder-
Lesson 9 Passive Buzzer and click UPLOAD to upload the
program. See Lesson 3 for details about program uploading if
there are any errors,

Before you can run this, make sure that you have installed the
<pitches> library or re-install it, if necessary. Otherwise, your
code won't work.

For details about loading the library file, see Lesson 2.

Demo:
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In this lesson, we'll use some momentary pushbuttons and a
Active buzzer to create a simple piano.

Component Required:

* 1 x Makeronics Uno R3
* 1 x 830 Tie-points Breadboard
* 1 x Passive buzzer
- 8 x pushbuttons
* 8 x 1k-ohm resistors
* 2 X F-M wires (Female to Male DuPont wires)
- 20 x M-M wires (Male to Male jumper wires)
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Component Introduction:

We can make recognizable notes by getting the passive buzzer

to click hundreds of times a second at a particular frequency,
so first we need to know the frequency of the different tones
we want. The following table shows the notes and their corre-
sponding frequencies. Period is the duration of the cycle, in mi-
croseconds, at which the frequency is created. For example, to
get a C note (261 Hz), we need the piezo to cycle at a period of

3,830 microseconds.

We halve the period to get the timeHigh value, which is used in
the code to create the note. (The fone is caused by the piezo
being turned on and off very quickly, so the time that the piezo
is on, or HIGH, is half the period.)

Note Frequency Period Timehigh

c 261 Hz 3,830 1915
d 294 Hz 3,400 1700
e 329 Hz 3,038 1519
f 349 Hz 2,864 1432
g 392 Hz 2,550 1275
a 440 Hz 2,272 1136

493 Hz 2,028 1014
C 523 Hz 1,912 956
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Connection Schematic:
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Wiring diagram:
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Code:

After wiring, please open the program in the code folder-
Lesson 10 Piano and click UPLOAD to upload the program. See
Lesson 3 for details about program uploading if there are any
errors.

Before you can run this, make sure that you have installed the

<pitches> library or re-install it, if necessary. Otherwise, your
code won't work.

Demo:
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——————————

Tilt Ball Switch

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 Makeronics Uno R3
+ 1 x Tilt Ball switch
+ 2 X F-M wires (Female to Male DuPont wires)

\ l”.i_;_: gt -, ! . fc,l‘m ~) &
: __ L Makeronics -\__L_}_N@*m ;
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Component Introduction:

Tilt sensor:

The tilt sensor is a component that can detect the tilting of
an object. However it is only the equivalent to a pushbutton
activated through a different physical mechanism. This type
of sensor is the environmental-friendly version of a mercury-
switch. It contains a metallic ball inside that will commute
the two pins of the device from on to off and viceversa if the
sensor reaches a certain angle.

The tilt ball switch is composed of a metal ball inside a metal
casing that makes a connection when the switch is in an
upright position. If you tilt the switch, the ball shifts and the
connection is broken.
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Connection Schematic:
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Wiring diagram:
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Code:

After wiring, please open the program in the code
folder- Lesson 11 Ball Switch and click UPLOAD to
upload the program. See Lesson 3 for details about
program uploading if there are any errors.

Demo:
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++++++++++
Servo motor 1 2

In this lesson, you will learn how to control a servomotor's
arm from 0° 1o 180°.

Component Required:

* 1 x Makeronics Uno R3
* 1 x Servo (S690)
*+ 3 X M-M wires (Male to Male jumper wires)
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Component Introduction:

Servo:

A servomotor is a closed-loop servomechanism that uses
position feedback to control its motion and final position.
The input to its control is a signal (either analogue or digital)
representing the position commanded for the output shaft.

A servo is made up of a DC motor that drives a reduction
gearbox to reduce the rotational speed of the motor while at
the same time increasing the torque. The output drive shaft
is connected to a position sensor (usually a variable resistor)
to monitor the position of the shaft. A control circuit uses
this input from the position sensor combined with a control
signal that sets the desired position and uses that to control
the power and direction that the DC motor turns. The control
unit takes the desired position and subtracts the actual
position o give the "error," which may be positive or negative.
This error is then used to power the motor.

The larger the difference between the desired and actual
positions of the output shaft, the faster the motor will turn
toward the desired position. As it gets closer to zero error,
the power to the motor decreases.

DC motor

.ontrol —L

signal
—_— C-:_::ntrpl —
circult | position
sensor
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Controlling a Servo:

The control signal to the servo is not, as you might expect, a
voltage, but rather it is a PWM signal.

The Arduino has a servo library that will generate pulses on
any of the pins, so you do not need to use a pin that is marked
as PWM capable.

5690:

Universal for JR and FP connector

Cable length : 25cm

No load; Operating speed: 0.12 sec / 60 degree (4.8V), 0.10
sec / 60 degree (6.0V)

Stall torque (4.8V): 1.6kg/cm

Temperature : -30~60'C

Dead band width: bus

Working voltage: 3.5~6V

Dimension: 1.26 in x 1.18 inx 047 in (3.2 cm x 3 cm x 1.2 cm)
Weight : 4.73 0z (134 g)

Note:

VCC=Power input
GND=Ground input
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Connection Schematic:
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Wiring diagram:
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Code:

After wiring, please open the program in the code folder-
Lesson 12 Servomotor and click UPLOAD to upload the
program. See Lesson 3 for details about program uploading if
there are any errors.

Before you can run this, make sure that you have installed the
< Servo> library or re-install it, if necessary. Otherwise, your
code won't work.

For details about loading the library file, see Lesson 2.

In the picture, the brown wire of servo is adapted via the
black M-M wires, the red one is adapted via the red M-M
wires, and the orange one is adapted via the yellow M-M wires.

Demo:
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Project 10 1 3

Ultrasonic Sensor

In this lesson, you will learn how to use ultrasonic sensor to
measure distance.

Component Required:

- 1 x Makeronics Uno R3

* 1 x Ultrasonic sensor module

* 4 x F-M wires (Female to Male
DuPont wires)
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Component Introduction:

Ultrasonic sensor:

An ultrasonic sensor, typically called sonar, uses sound above
the normal hearing frequency to detect distance. It does so
by emitting a short sound pulse and waiting for it to return.
It measures the time it takes for the sound to travel, bounce
on objects, and then travel back to the sensor.

Because the speed of sound is known, the total time it takes
for the sound to return is dependent on the distance to the
objects. This creates a very wide sensing beam. It is useful
in many applications, especially when we need to detect
large, complex objects. However, the wide beam will create
intferference if we have two objects in range. It will always
detect the closer one.

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 of work:

(1) Using IO trigger for at least 10us high level signal,

(2) The Module automatically sends eight 40 kHz and detect
whether there is a pulse signal back.

(3) IF the signal back, through high level , tfime of high output
IO duration is the time from sending ultrasonic tore turning.
Test distance = (high level time x velocity of sound (340m/s)
/2
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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 the module will send out an 8 cycle burst of ultrasound
at 40 kHz and raise its echo. The Echo is a distance object
that is pulse width and the range in proportion .You can
calculate 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.

10uS TTL Timing Diagram

Trnigger Input |
to Module

8 Cycle Sonic Burst

Sonuic Burst HHHH”H
from Module

Input TTL lever
Echo Pulse Qutput signal with a range
to User Timemng Curcunt in proportion
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Connection Schematic:
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Wiring diagram:

o =@ r~ 0w > m fa
1 ot 1

DIGITAL (PWM=~)

"™ Makeronics (UNO;

TX . essensessenne®” [ ON
Rx . o
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Code:

Using a Library designed for these sensors will make our code
short and 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 13 Ultrasonic Sensor Module 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
< HC-SR04> library or re-install it, if necessary. Otherwise,
your code won't work.

For details about loading the library file, see Lesson 2.

Demo:

- ®

‘ ¥ L 2

! , A= s, DIGITALCPUM ~ ) X ¥
)

& "7.: [
il _Makernmcs
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Open the serial monitor then you can see the data as blow:
Click the Serial Monitor button to turn on the serial monitor.
The basics about the serial monitor are introduced in details
in Lesson 2.

'ﬁ' COMBA (Arduino/Genuino Una) — O X

| EiE

122em
117em
113em
108em
108 em
107 em
108em
108 em
103em
105 em
104em
104em
104em
104cm
104em
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Project 11 |

Intruder Sensor

In this tutorial we will learn how to use ultrasonic sensor and
servo motor as intruder sensor.

Component Required:

* 1 x Makeronics Uno R3
* 1 x 830 Tie-points Breadboard
» 1 x Ultrasonic sensor module
+ 1 x Servo (S690)
* 1 x Bmm Red LED
* 1 x Bmm Green LED
+ 2 x 2200hm resistors
* 4 x F-M wires (Female to Male DuPont wires)
*+ 7 X M-M wires (Male to Male jumper wires)
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Connection Schematic:

:
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a
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;
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Wiring diagram:

The Trig pin on the sensor is connected to Arduino pin 12 and
emits an ultrasonic signal or ping. When the signal reaches an
object, it bounces back to the module, and this echo is sent to
Arduino pin 13. The time difference between the two signals
gives us our distance reading. If the distance is more than
our set minimum, the green LED stays on; if not, the red LED
lights and the servo moves.
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Code:

Using a Library designed for these sensors will make our code
short and 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 14 Intruder 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
< HC-SR04> library and <Servo> library or re-install them, if
necessary. Otherwise, your code won't work.

For details about loading the library file, see Lesson 2.
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Demo:
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Project 12

DHT11 Temperature and 15
Humidity Sensor

In this tutorial we will learn how to use a DHT11 Temperature
and Humidity Sensor.

Component Required:

* 1 x Makeronics Uno R3
1 x DHT11 Temperature and Humidity module
* 3 x F-M wires (Female to Male DuPont wires)

100
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Component Introduction:

Temp and humidity sensor:

GND

Data
VCC

The DHTI11 is a basic, ultra low-cost digital temperature and
humidity sensor. It uses a capacitive humidity sensor and a
thermistor to measure the surrounding air, and spits out a
digital signal on the data pin (no analog input pins needed). Its
fairly simple to use, but requires careful timing to grab data.
The only real downside of this sensor is you can only get new
data from it once every 2 seconds.

Product spec:

Resolution: 16Bit

Repeatability: +1% RH

Accuracy: At 25C +5% RH
Interchangeability: fully interchangeable
Response time: 1/ e (63%) of 25C 6s
Im / s air 6s

Hysteresis: <+ 0.3% RH

Long-term stability: <+ 0.5% RH / yr in
Temperature:

Resolution: 16Bit

Repeatability: +0.2 C

Range: At 25C #2C

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

Power supply: DC 3.5 ~ 5.5V

Supply Current: measurement 0.3mA standby 60pA
Sampling period: more than 2 seconds
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Pin Description:

1. the VDD power supply 3.5 ~ 5.5V DC
2. DATA serial data, a single bus

3. NC, empty pin

4. GND ground, the negative power

Connection Schematic:

2 & =
——JRESET DI(Y] I— >
—— RESET2 D/ TH
— AREF D2 Data-signal
ioref D3 PWM b—m0 — DHT11
14 ———
— 0 D5 PWM f—oo
I Makeronics 06 Pwivi e a
Arduino N =
—y Uno N
A (Rev3) 08
— ] A4/SDA DY PWM f—o
—Ias/scL D10 PWM/SS
D11 PWM/MOST e
D12/MISO e
D13/SCK frmmme
e 1/ C
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Wiring diagram:

L. . ;
Makeronics { U
TX trasserennrenserss”
Rx I
innni
-
1nnn
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As you can see we only need 3 connections to the sensor,
since one of the pin is not used.

The connections are: Voltage, Ground and Signal which can be
connected to any Pin on our UNO.

Code:

After wiring, please open the program in the code folder-
Lesson 15 DHT11 Temperature and Humidity Sensor and click
UPLOAD to upload the program. See Lesson 3 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 code won't work.

For details about the tutorial on the loading of library file,
see Lesson 2.

Demo:
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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 31 degree)

Click the Serial Monitor button to turn on the serial monitor.
The basics about the serial monitor are introduced in details
in Lesson 2.

'ﬁ' COMB (Arduina/Genuino Uno) — O =4
Sample DHT11... 2

Sample PAY Bits: 0011 1100 0000 0000 0001 1111 0000 1000 0110 0011
Sample OK: 31 #C, 60 %

Sample DHT11..
Sample BAW Bits: 0011 1100 0000 0000 0001 1111 0000 1000 0110 0011
Sample OK: 31 #C, 60 %

Sample DHT11...
Semple FA¥ Bits: 0011 1100 0000 0000 0001 1111 0000 0111 0110 0010
Sample OK: 31 %C, 60 %

Sample DHT11...
Seample BAW Bits: 0011 1100 0000 0000 0001 1111 0000 0111 0110 0010
Sample 0K: 31 #C, 60 %
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<D @0 16

Analog joysticks are a great way to add some control in your
projects. In this futorial we will learn how to use the analog
joystick module.

Component Required:

* 1 x Makeronics Uno R3

» 1 x Joystick module

* 5 x F-M wires (Female to Male DuPont wires)
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Component Introduction:

Joystick:

The joystick is basically fwo potentiometers and a button
that allow us tfo measure the movement of the stick in two
dimensions.

Potentiometers are variable resistors and act as sensors
that provide us with a voltage that varies depending on the
rotation of the device around its shaft. So as you move the
joystick around its center, its resistance—and therefore its
output—varies. The outputs from the potentiometers are
analog, so they can have a value only between O and 1,023
when read by the analog pin of the Arduino.

A joystick typically has five pins: VRx (the x-axis signal), VRy
(the y-axis signal), SW (a pushbutton we won't be using in this
project), and GND and +5V for power.
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The thumb stick is analog and should provide more accurate
readings than simple 'directional’ joysticks fact use some
forms of buttons, or mechanical switches. Additionally, you
can press the joystick down (rather hard on mine) o activate
a 'press to select’ push-button.

We have to use analog Arduino pins to read the data from
the X/Y pins, and a digital 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 needs to be connected to VCC via a pull-up
resistor. The built 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.
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Connection Schematic:
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Wiring diagram:
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We need 5 connections to the joystick.

The connections are: Key, Y, X, Voltage and Ground.

"Y and X" are Analog and “Key" is Digital. If you don't need
the switch then you can use only 4 pins.

Code:

After wiring, please open the program in the code folder-
Lesson 16 Analog Joystick Module and click UPLOAD +to
upload the program. See Lesson 3 for details about program
uploading if there are any errors.

When the joystick is in the resting position or middle, it
should return a value of about 512.
The range of values goes from O to 1024,

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

in Lesson 2.

'E' COMBS (Arduing/Genuing Uno)

Rk

Switch:
E—anis:

T—axis:

Switch:
E—anis:

T—amis:

Switch:
K—awis:

T—anis:

228
al3

228
al3

228
al3
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Project 14 ) 1 7

IR Receiver Module

IR Receiver Module is a great way to add remote control in

your projects. In this tutorial we will learn how to use the IR
Receiver Module.

Component Required:

- 1 x Makeronics Uno R3

* 1 x IR receiver module

* 1 x IR remote

+ 3 X F-M wires (Female to Male DuPont wires)

AL
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Component Introduction:

IR RECEIVER SENSOR

IR detectors are little microchips with a photocell that are
tuned to listen to infrared light. They are almost always used
for remote control detection - every TV and DVD player has
one of these in the front to listen for the IR signal from
the clicker. Inside the remote control is a matching IR LED,
which emits IR pulses to tell the TV to turn on, off or change
channels. IR light is not visible o the human eye, which means
it Takes a little more work to test a setup.

GND

Vcc

Sense

There are a few difference between these and say a CdS
Photocells:

IR detectors are specially filtered for IR light, they are not
good at detecting visible 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
do not have any sort of demodulator and can detect any
frequency (including DC) within the response speed of the
photocell (which is about 1KHZz)
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IR detectors are digital out - either they detect 38KHz
IR signal and output low (OV) or they do not detect any and
output high (5V). Photocells act like resistors, the resistance
changes depending on how much light they are exposed to.

B.P.F frequency characteristics Spectral sensitivity characteristics

(PNA4602M)"
100 100
\ \
80 'l\ 80 “-\I
- N |
E 60 / \ z
= i"- =
: / \ ; NN
o 40 ’f \ s I “
ok o4
S \ - ! \
/ \ ' !
. \
0 0 J \
33 35 37 ig 41 43 600  TOO  BOO 500 1000 1100 1200
Carrter frequency (kHz) Wavelength A (nm)

* The peaks for PNA4601M, PNA4603M.,
and PNA4610M are all £,

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 can use from about 35 KHz to 41 KHz 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 so make 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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Connection Schematic:

S & g
RESET DO/RX
RESET2 D1/TX
AREF D2
ioref D3 PW
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G
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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
BV.

When you press a button on the remote, it sends out a digital
value that is picked up by the receiver. This value is different
for each button. We'll decode the values for each button with
the Arduino.

Code:

After wiring, please open the program in the code folder-
Lesson 17 IR Receiver Module and click UPLOAD to upload the
program. See Lesson 3 for details about program uploading if
there are any errors.

Before you can run this, make sure that you have installed the
< TRremote > library or re-install it, if necessary. Otherwise,
your code won't work.

For details about loading the library file, see Lesson 2.

Next we will move the <RobotIRremote> that if existed 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.

Once you have installed the Library, just go ahead and restart
your IDE Software.
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Demo:
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Open the monitor then you can see the data as blow:

Click the Serial Monitor button to turn on the serial monitor.
The basics about the serial monitor are introduced in details
in Lesson 2.

'ﬁ' COMS (Arduino/Genuino Una) — O >
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+++++++++++ 18
LCD Display

In this lesson, we will run the program for the LCD library,
but in the next lesson, we will get our display tfo show the
temperature, using sensors.

Component Required:

* 1 x Makeronics Uno R3

* 1 x 830 tie-points Breadboard

- 1 x LCD1602 module

1 x Potentiometer (10k)

- 18 x M-M wires (Male to Male jumper wires)
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Component Introduction:

LCD1602

LCD is short for liquid crystal display. Invented over 40 years
ago, liquid crystal technology is used in digital watches, alarm
clocks, projectors, televisions, computer monitors, and more.

The LCD you'll use in this project is a simple monochromatic
display, meaning it displays only one color. Beneath the
screen of the display is a layer of liquid crystal. This is a
unique chemical that, when a small electric current is applied
to it, changes from transparent to opaque. Combined with
a backlight or a reflective mirror, liquid crystal is used to
build very simple displays. Light comes through or is blocked
depending on which areas of the liquid crystal electricity
is applied to—which means you can make shapes if you can
control the current.

The 16 x 2 character LCD displays up to 32 characters of
information, each of which is broken down into a 5 x 8 pixel
matrix. Each individual pixel can be made either opaque
or tfransparent depending on the applied electric current,
controlled by the Arduino.
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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's
memory 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 do next.

R/W: A Read/Write pin that selects reading mode or writing
mode

E: An enabling pin that, when supplied with low-level energy,
causes the LDC module to execute relevant instructions.
DO-D7: Pins that read and write data

A and K: Pins that control the LED backlight

1.gnd

2.vdd(+5v)

3.Contrast adjust
4.rs(register select)
5.r/w(read/write select)
6.enable)

11-14. data pins(d4-d7)
15. Backlight power(+)
16. Backlight gnd(-)
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Connection Schematic:
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Wiring diagram

Makeronics Uno R3 Complete Starter Kit Manual
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There are 40 individual pixels in a single character, each
controlled by the Arduino, meaning there are 1,280 different
control lines! Thankfully, the LCD used in this project has a
special parallel interface LCD driver IC by Hitachi called the
HD44780. This chip allows you to display almost any character
on the screen using just six control lines from the Arduino.

Rather than having to control each of the 40 pixels for each
character separately, the HD44780 driver chip interprets
data sent over by the Arduino using four data lines and two
control lines and converts this into the character to display.
To further simplify the interface, the Arduino community has
written an LCD library for writing code to the LCD. We'll look
at that in the code.

Code:

After wiring, please open the program in the code folder-
Lesson 18 LCD Display and click UPLOAD to upload the
program. See Lesson 3 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 code won't work.

For details about loading the library file, see Lesson 2.

Upload the code to your Arduino board and you should see the
message 'hello, world" displayed, followed by a number that
counts up from zero.

The first thing of note in the sketch is the line:

#include <LiquidCrystal.h>
This tells Arduino that we wish to use the Liquid Crystal
library.
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Next we have the line that we had to modify. This defines
which pins of the Arduino are to be connected to which pins
of the display.

LiquidCrystal 1ed(7, 8, 9, 10, 11, 12);

After uploading this code, make sure the backlight is lit up,
and adjust the potentiometer all the way around until you see
the text message

In the 'setup’ function, we have two commands:

lcd.begin(16, 2);
led.print("Hello, World!");

The first tells the Liquid Crystal library how many columns and
rows the display has. The second line displays the message
that we see on the first line of the screen.

In the 'loop’ function, we aso have two commands:

lcd.setCursor(0, 1);
led.print(millis()/1000);

The first sets the cursor position (where the next text will
appear) to column O & row 1. Both column and row numbers
start at O rather than 1.

The second line displays the number of milliseconds since the
Arduino was reset.

127 www.makeronics.com



http://www.makeronics.com

Makeronics Uno R3 Complete Starter Kit Manual

Demo:
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Project 16

Thermometer

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

Component Required:

+ 1 x Makeronics Uno R3 .
- 1 x 830 tie-points Breadboard
+ 1 x LCD1602 Module :
* 1 x 10k ohm resistor
* 1 x Thermistor
1 x Potentiometer (10K)
- 20 x M-M wires (Male o Male jumper wires) .
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Component Introduction:

Thermistor:

A thermistor is a type of resistor whose resistance is
dependent on temperature, more so than in standard
resistors.

Thermistors are of two opposite fundamental types:

‘With NTC thermistors, resistance decreases as temperature
rises. An NTC is commonly used as a femperature sensor, or
in series with a circuit as an inrush current limiter.

‘With PTC thermistors, resistance increases as temperature
rises. PTC thermistors are commonly installed in series with a
circuit, and used to protect against overcurrent conditions, as
resettable fuses.
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Connection Schematic:
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Wiring diagram:

DIGITAL (PWM=~)

Ti: Makeronics fUN

RX
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The breadboard layout is based on the layout from Lesson
18, so it will simplify things if you still have this on the
breadboard.

There are a few jumper wires near the pot that have been
moved slightly on this layout.

Code:

After wiring, please open the program in the code folder-
Lesson 19 Thermometer and click UPLOAD to upload the
program. See Lesson 3 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 code won't work.

For details about loading the library file, see Lesson 2.

The sketch for this is based on that of lesson 18. Load
it To your Arduino and 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 1cd(7, 8, 9, 10, 11, 12);

This makes things easier if you decide to change which pins
you use next time.

In the 'loop’ function there are now two interesting things
going on. Firstly we have to convert the analog from the
temperature sensor into an actual temperature, and secondly
we have to work out how to display them.

First of all, let's look at how to calculate the temperature.
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int tempReading = analogRead (tempPin);

double tempK = 1og(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.

lcd.setCursor(0, 0);
led.print("Temp C ");
lcd.setCursor(6, 0);
led.print(tempF);

The rather strange comment serves to remind you of the 16
columns of the display. You can then print a string of that
length with spaces where the actual reading will go.

To fill in the blanks, set the cursor position for where the
reading should appear and then print it.
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Demo:
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Eight LEDs with' 20

74HCS595

In this lesson, you will learn how to use eight large red LEDs
with an UNO without needing to give up 8 output pins(refer

to lesson 5)

Component Required:

* 1 x Makeronics Uno R3
- 1 x 830 tie-points breadboard
- 8 x LEDs(redx2,greenx2 yellowx2,bluex2)
+ 8 x 220 ohm resistors
* 1 x 74hcb95 IC
* 19 x M-M wires (Male to Male jumper wires)
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Component Introduction:

Arduino has a limited number of digital pins. Sometimes, we
want to build projects that require more pins than we have
available on our boards. This is actually a common problem in
electronics, which led to the invention of the shift register.

A shift register transforms serial data to parallel output.
Basically, we tell the register what value to set for each
output pin it has. If, for example, it has eight output pins,
we will first say the value of the 8th pin and then the 7th pin
until we get to the first one. The advantage is that we are
using around three Arduino pins to get eight or even sixteen,
which is very convenient.

There are a lot of shift registers available and they mostly
work the same. For simplicity, we will only address the
commonly available 74HC595 to control eight LEDs with just
three pins.

74HC595 Shift Register

The shift register is a type of chip that holds what can be
thought of as eight memory locations, each of which can
either bealoraO.

The shift register has an input pin to which we send the
values of the outputs. For example, on a shift register with
four output pins—QO0, Q1, Q2, and Q3—if we send on the
data pin in succession: 1,0,1,0, it will make QO high, Q1 low,
Q2 high, and Q3 low.
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The shift register has an input pin to which we send the
values of the outputs. For example, on a shift register with
four output pins—QO0, Q1, Q2, and Q3—if we send on the
data pin in succession: 1,0,1,0, it will make QO high, Q1 low,
Q2 high, and Q3 low. However, we want fo be able to write
without affecting the current output of the shift register,
and after we finish writing every output, we want to make the
register apply the new values to its output pins. For this we
use the latch pin. When we get the pin at LOW, in our case, it
will not change the current output values until we put the pin
at HIGH again. Also, it needs a way of knowing when we send
a 1loraQO; it needs a clock to make sure it reads each bit at
the right interval. For that, we use the clock pin.

PINS1-7,15 Q0" Q7 Output Pins

PIN 8 GND Ground, Vss
aljO [l DIN 9 Q7 Serial Out
Q22 15| Q0
aila 4] 05 PIN 10 MR Master Reclear, active low
¥ % PIN I SH_CP | Shift register clock pin
aols 12| 8T_CF
0els 111 sH cp PIN 12 ST_CP Storage register clock pin (latch pin)
u o] WR PIN 13 OE Output enable, active low
GND| & 9|

WAz PIN 14 DS Serial data input
PIN 16 Ve Positive supply voltage
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The clock pin needs fo 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 have been
received, enabling the 'Latch’ pin copies those eight values
to the latch register. This is necessary; otherwise, the wrong
LEDs would flicker as the data is being loaded into the shift
register.

The chip also has an output enable (OE) pin, which is used to
enable or disable the outputs all at once. You could attach this
to a PWM-capable UNO pin and use ‘analogWrite' to control
the brightness of the LEDs. This pin is active low, so we tie it
to GND.
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Connection Schematic:
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Wiring diagram:

L1
m

w4 v |4
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Make the following connections to turn on 74HC595 chip:

GND (pin 8) to ground,
Vce (pin 16) to bV

OE (pin 13) to ground
MR (pin 10) to 5V

This set up makes all of the output pins active and
addressable all the time. The one flaw of this set up is that
you end up with the lights turning on to their last state or
something arbitrary every time you first power up the circuit
before the program starts to run. You can get around this by
controlling the MR and OE pins from your Arduino board too,
but this way will work and leave you with more open pins.

add 8 LEDs

In this case you should connect the cathode (short pin) of
each LED to a common ground, and the anode (long pin) of
each LED to its respective shift register output pin. Using
the shift register to supply power like this is called sourcing
current. Some shift registers can't source current, they
can only do what is called sinking current. If you have one of
those it means you will have to flip the direction of the LEDs,
putting the anodes directly to power and the cathodes (ground
pins) fo the shift register outputs. You should check the your
specific datasheet if you aren't using a 595 series chip. Don't
forget to add a 220-ohm resistor in series to protect the
LEDs from being overloaded.
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Code:

After wiring, please open the program in the code folder-
Lesson 20 Eight LEDs with 74HC595 and click UPLOAD to
upload the program. See Lesson 3 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 UNO digital outputs that will be connected
to the latch, clock and data pins of the 74HC595.

int latchPin = 11;

int clockPin =9;

int dataPin=12;

Next, a variable named 'leds' is defined. This will be used
to hold the pattern of which LEDs are currently furned on
or off. Data of type 'byte’ represents numbers using eight
bits. Each bit can be either on or off, so this is perfect for
keeping track of which of our eight LEDs are on or off.

byte leds = 0;

The 'setup’ function just sets the three pins we are using to
be digital outputs.

void setup()

{

pinMode(latchPin, OUTPUT);

pinMode(dataPin, OUTPUT);

pinMode(clockPin, OUTPUT);

J

The 'loop' function initially turns all the LEDs off,
by giving the variable 'leds’ the value 0. It then calls
‘updateShiftRegister’ that will send the 'leds’ pattern to the
shift register so that all the LEDs turn off. We will deal with
how 'updateShiftRegister' works later.
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The loop function pauses for half a second and then begins
to count from O fo 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 then also
calls 'updateShiftRegister' so that the leds update to reflect
what is in the variable 'leds’.

There is then a half second delay before ‘i’ is incremented
and the next LED is lit.

void loop()

{

leds =0;
updateShiftRegister();
delay(500);

for (inti=0;1i<8; i++)
{

bitSet(leds, i);
updateShiftRegister();
delay(500);

}

}

The function 'updateShiftRegister’, first of all sets the
latchPin to low, then calls the UNO function 'shiftOut’
before putting the 'latchPin’ high again. This takes four
parameters, the first two are the pins fo use for Data and
Clock respectively.

The third parameter specifies which end of the data you want
to start at. We are going to start with the right most bift,
which is referred to as the 'Least Significant

Bit' (LSB).

The last parameter is the actual data to be shifted into the
shift register, which in this case is 'leds’.
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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 be
O and you would then just need to follow it with a call to
‘updateShiftRegister’ to update the actual LEDs.

Demo:
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In this lesson, you will build on Lesson 20, 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 your UNO. It lets you send and receive
text messages, handy for debugging and also controlling the
UNO from a keyboard! For example, you will be able to send
commands from your computer to turn on LEDs.

In this lesson, you will use exactly the same parts and a
similar breadboard layout as Lesson 20. So, if you have not

already done so, follow Lesson 20 now.
Steps taken

After you have uploaded this sketch onto your UNO, click on
the right-most button on the toolbar in the Arduino IDE. The
button is circled below.

&2 The Serial Monitor | Arduino 1.8.5 — O <
File Edit Sketch Toaols Help

updateShiftRegister ()

digitalWrite(latchPin, LOW):
shiftOut(dataPin, cleckFin, LSEFIRST. leds):
digitalWrite(latchPin, HIGH):

etup ()

pinMode (LatchPin, OUTPUT):
pinMode (dataPin, OUTPUT):
pinMede (clockPin, OUTPUT);
updateShiftRegister ()
Serial. begin(9600);
ile (! Serial): // Wait untilSerial is ready — Leonmarde
Serial. println( "Enter LED WHumber O to 7 or "% to cleaxr™):
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The following window will open.

Click the Serial Monitor button to turn on the serial monitor.
The basics about the serial monitor are introduced in details
in Lesson 2.

@ COMB (Arduino/Genuino Uno) —

Enter LED Mumber 0 to 7 or "' to clear

This window is called the Serial Monitor and it is part of the
Arduino IDE software. Its job is to allow you to both send
messages from your computer to an UNO board (over USB)
and also to receive messages from the UNO.
The message "Enter LED Number O to 7or 'x' to clear” has
been sent by the Arduino. It is telling us what commands we
can send to the Arduino: either send the 'x' (to turn all the
LEDs off) or the number of the LED you want to turn on (where
O is the bottom LED, 1 is the next one up, all the way to 7 for
the top LED).
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 the UNO
board. The Serial Monitor will appear as shown below.
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@ COMBE (Arduing/Genuine Una) — O

Enter LED lumber 0 to 7 or 'z’ to clear
on LED 1
on LED 2
on LED 3
on LED 4
on LED 5
on LED §
on LED 7
on LED O

Turne

Turne

L = S = e = N = = = T -

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

Code

After wiring, please open program in the code folder- Lesson
21 The Serial Monitor and click UPLOAD to upload the
program. See Lesson 3 for details about program uploading if
there are any errors,

As you might expect, the sketch is based on the sketch used
in Lesson 20. So, we will just cover the new bits here. You will
find it useful to refer to the full sketch in your Arduino IDE.
In the 'setup’ function, there are three new lines at the end:
void setup()

{

pinMode(latchPin, OUTPUT);

pinMode(dataPin, OUTPUT);

pinMode(clockPin, OUTPUT);

updateShiftRegister();

Serial.begin(9600);

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

)
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Firstly, we have the command 'Serial.begin(9600)'. This
starts serial communication, so that the UNO can send out
commands through the USB connection. The value 9600 is
called the 'baud rate’ of the connection. This is how fast the
data is o be sent. You can change this to a higher value, but
you will also have to change the Arduino Serial monitor fo the
same value.

The line beginning with 'while’ ensures that there is
something at the other end of the USB connection for
the Arduino to talk to before it starts sending messages.
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 UNO automatically resets the
Arduino board when you open the Serial Monitor, whereas this
does not happen with the Leonardo.

The last of the new lines in 'setup’ sends out the message
that we see at the top of the Serial Monitor.

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("Turned on LED ");
Serial.println(led);

)
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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 will
happen.

Serial.available() will return "true' if data has been send
to the UNO 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 Not empty.

If a message has been received, then it is on to the next line
of code:
char ch = Serial.read();

This reads the next character from the buffer, and removes
it from the buffer. It also assigns it to the variable ‘ch'. The
variable ‘ch’ is of type ‘char’ which stands for 'character’
and as the name suggests, holds a single character.

If you have followed the instructions in the prompt at the
top of the Serial Monitor, then this character will either be a
single digit number between O and 7 or the letter 'x'.

The 'if" statement on the next line checks to see if it is a
single digit by seeing if ‘ch' is greater than or equal to the
character ‘0" and less than or equal to the character '7'. It
looks a little strange comparing characters in this way, but is
perfectly acceptable.
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Each character is represented by a unique number, called its
ASCIT value. This means that when we compare characters
using <= and >= it is actually the ASCIT values that were being
compared.

If the test passes, then we come to the next line:

intled =ch -"'0";

Now we are performing arithmetic on characters! We are
subtracting the digit ‘0" from whatever digit was entered.
So, if you typed ‘0" then '0O" - 'O" will equal O. If you typed
‘7" then '7" - '0" will equal the number 7 because it is actually
the ASCIT values that are being used in the subtraction.

Since that we know the number of the LED that we want to
turn on, we just need 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
Serial Monitor.
Serial.print("Turned on LED ");

Serial.println(led);

{

leds =0;
updateShiftRegister();
Serial.println("Cleared");

J

If it is, then it clears all the LEDs and sends a confirmation
message.
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The first line uses Serial.print rather than Serial.printin. The
different between the two is that Serial.print does not start
a new line after printing whatever is in its parameter. We use
this in the first line, because we are printing the message in
two parts. Firstly the general bit: 'Turned on LED ' and then
the number of the LED.

The number of the LED is held in an 'int' variable rather than
being a text string. Serial.print can take either a text string
enclosed in double-quotes, or an ‘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.
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Project 18 ) 2 2

Photoresistor

In this lesson, you will learn how to create a night light that
gets brighter depending on the amount of light detected.

Component Required: =

+ 1 x Makeronics Uno R3 K
- 1 x 830 tie-points breadboard ‘ |
* 1 x Red LED
* 1 x 220 ohm resistors
+ 1 x 1k ohm resistor | |
* 1 x Photoresistor (Photocell)
* 4 x M\-M wires (Male to Male jumper wires) N

)
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Component Introduction:
Photoresistor

A photoresistor is a variable resistor that reacts to light;
the less light that shines on it, the higher the resistance it
provides..

This one has a resistance of about 50 k() in near darkness
and 500 (2 in bright light. To convert this varying value of
resistance into something we can measure on an UNO R3
board's analog input, it needs to be converted into a voltage.
The simplest way to do that is to combine it with a fixed

resistor. O 5V
Photocell ::
O A0
Fixed
Resistor
1kQ O GND

The resistor and photocell together behave like a pot. When
the light is very bright, 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 to maximum.

When the photocell is in dull light, the resistance becomes
greater than the fixed 1 k(2 resistor and it is as if the pot
were being turned towards GND.

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.
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Connection Schematic:

RESET DO/RX
RESET2 D1/TX
AREF D2
ioref D3 PWM
04
AD D5 PWM
A1 Makeronics D6 PWM
Arduino

A2 Uno D7
A3 (Rev3) D8
AdSSDA D9 PWM
AS/SCL D10 PWM/SS
D11 PWM/MOSI
D12/MISO
D13/SCK

. v \/

§—— GND
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Wiring diagram:

.
S
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Code:

After wiring, please open the program in the code folder-
Lesson 22 Photocell and click UPLOAD to upload the program.
See Lesson 3 for details about program uploading if there are
any errors.

This resistance value varies the voltage that's sent to the
input pin of the Arduino, which in furn sends that voltage
value to the output pin as the power level of the LED, so in
low light the LED will be bright.

int ledPin = 13; // Pin connected to the LED

analogWrite(ledPin, analogRead(lightPin) / 4);

Writes an analog value (PWM wave) to a pin. Can be used
to light a LED at varying brightnesses or drive a motor at
various speeds. After a call fo analogWrite(), the pin will
generate a steady square wave of the specified duty cycle
until the next call to analogWrite() (or a call to digitalRead()
or digitalWrite() on the same pin). The frequency of the PWM
signal is approximately 490 Hz.

On most Arduino boards (those with
the ATmegalé8 or ATmega328), this function works on pins
3,5,6,9, 10, and 11. On the Arduino Mega, it works on pins
2 through 13. Older Arduino boards with an ATmega8 only
support analogWrite() on pins 9, 10, and 11. You do not need
to call pinMode() to set the pin as an output before calling
analogWrite().
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Demo:
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Project 19

Photoresistor And 23
74HC595

In this lesson, you will learn how to measure light intensity
using an Analog Input. You will build on lesson 2 and use the
level of light that measured by photocell to control the
nhumber of LEDs to be lit.

Component Required: =

- 1 x Makeronics Uno R3 |
1 x 830 tie-points breadboard ‘

- 8 x LEDs(redx2,greenx?2 yellowx2 bluex?)
- 8 x 220 ohm resistors |
- 1 x 1k ohm resistor | |
- 1 x 74hc595 IC |
* 1 x Photoresistor (Photocell)

+ 22 X M-M wires (Male to Male jumper wires)
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Connection Schematic:

L ]
2 & Z
& g
] RESET DO/RX e
——4 RESETZ DT fp—
e AREF D2 f——
H = ——fioref D3 PWM f—
'Y D
N AD D5 PWM
B Makeronics
—_— D6 PWM e
N Arduino
M —» —_— no (S I—
A3 (Rev3) D8
o — ——
—H_.— ] #4/5DA D9 PWM
Y —hsscL D10 PWIM/SS e
u —» D11 PWM/MOSI
O D12/MISO
- Dl . D13/SCK |
AN Y
NS o —nic
A %
AN
1
Ul
1 2 2 15
AW a on
) 2 3 . el
MV Q
1 2 q 3
AN 04 74HMCs95  OF
GND (SR N—
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Wiring diagram:

w4 w4 w4 74
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Code:

After wiring, please open the program in the code folder-
Lesson 23 Photocell and 74HC595 and click UPLOAD +to
upload the program. See Lesson 3 for details about program
uploading if there are any errors.

The first thing to note is that we have added a variable named
'lightPin’ to match the analog pin.

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 as much as we did with the
pot to split it into nine zones, from no LEDs lit to all eight lit.
This extra factor is to account for the fixed 1 k(2 resistor.
This means that when the photocell has a resistance of 1 k(2
(the same as the fixed resistor), the raw reading will be 1023
/ 2 = B11. This will equate to all the LEDs being lit and then a
bit (numLEDSLit) will be 8.
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Demo:

-
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%%%%%%%%%%%
74HC595 And Segment 24

After learning Lesson 20. 21 and Lesson 23, we will use the
74HC595 shift register to control the segment display. The
segment display will show number from 9-0.

Component Required:

* 1 x Makeronics Uno 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)

S
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Component Introduction:

Seven segment display

The 7-segment displays can be used in multiple applications.
Displaying a digit value is the most used, Each segment is an
LED that you can control. There are seven individual segments
(plus the decimal points), as shown in figure below, and by
turning specific segments on and off, you can make numbers
and most letters of the English language.

A N

F B

N/ N
X6 X
= C

D

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 O should all replaced by 1):
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Digit Display gfedcba abcdefg a b ¢  d e | f g

0 0 Ox3F Ox/7E onh |on on on on on off

0x06 0x30 off on | on | off | off | off | off

—

2 c Ox5B Ox6D on | on off lon | on off on
3 3 Ox4F 0x79 on on on on |off off  on
4 Y Ox66 0x33 off on on | off | off | on | on
5 5 Ox6D Ox5B on off on | on off on  on
6 5 0x7D Ox5F on | off on on | on on on
7 B 0x07 0x70 on | on | on | off  off | off  off
8 8 Ox7F Ox7F on (on on  on on  on  on
9 9 Ox6F Ox7B on [ on on on off on on
A A Ox77 Ox77 on on on off on | on | on
b H 0x7C Ox1F off | off on lon lon on on
C [ 0x39 Ox4E on | off off lon |lon on | off
d d Ox5E 0x3D off on on on on off on
E E 0x79 Ox4F on | off off lon on on on
F C Ox71 Ox47 on off off | off on | on | on
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Connection Schematic:

T 7 Z
™ -
—d RESET DO/RX e
Uz —JResET2 o fe—
e——l AREF D7 e
i S, lor
A — ioref D3 PWM e
SEGUENT - )
A DISPLAY 3] S—
B R Y ‘ D5 PWM
Makeronics
- — AT N D6 PWM e
Arduino
D N Uno 07—
F —J4/5DA D9 PWM
G —as/scL 010 PWM/55 e
bP D11 PWM/MOSE
Gl D12/MISO
—uc
[=]
=
0
LAAAA 2
Ul
“AMA 04 74HC595  OFf—2
. !VVV\I =Jas ST CP 22
| lVVV\l 3 ] 6 SH_CP il
|

2 . Q7 MR s

GND Q7' fr—
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Wiring diagram:

* o
L] L B e o @
> L
* O - L
L]
PHHC595
® o o o o s @
* ¢ & o 0 * & ¢ ¢ O 0 0
® ® & & & 0 & & 0 0 * o o o 0 * & ¢ ¢ 0 o 0
L
L .

DIGITAL (PWM=~)
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The following table shows the seven-segment display
74HC595 pin correspondence table:

Seven shows remarkable
74HCS35 pin )
control pin (stroke)

Qo 7 (A)
a1 6 (B)
Q2 4(0)
Q3 2 (D)
Q4 1(E)
Qs 9 (F)
Q6 10 (G)
a7 5 (DP)
Connect 74HC595

First, the wiring is connected fo power and ground:

VCC (pin 16) and MR (pin 10) connected to 5V

GND (pin 8) and OE (pin 13) o ground

Connection DS, ST_CP and SH_CP pin:

DS (pin 14) connected to UNO R3 board pin 2

ST_CP (pin 12, latch pin) connected to UNO R3 board pin 3
SH_CP (pin 11, clock pin) connected to UNO R3 board pin 4

seconde, Connect the seven segment display:

The seven-segment display 3, 8 pin to UNO R3 board GND
(This example uses the common cathode, if you use the
common anode, please connect the 3, 8 pin to UNO R3 board +
5V)

According to the table above, connect the 74HC595 QO ~ Q7
to seven-segment display corresponding pin (A ~ G and DP),
and then each foot in a 220 ohm resistor in series.
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Code

After wiring, please open the program in the code
folder- Lesson 24 74HC595 And Segment Display and
click UPLOAD to upload the program. See Lesson 2 for
details about program uploading if there are any errors.

Demo:

= "';.eg:':f:;l;:":"‘"" "3RI .
w23 vE SRy o4
HIE9 e Mekeroes(UN.Q) -~

" o ol
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Project 21

Four Digital Seven 25
Segment Display

In this lesson, you will learn how to use a 4-digit 7-segment
display.

Component Required:

* 1 x Makeronics Uno R3
* 1 x 830 tie-points breadboard
- 1 x 74HC595 IC
* 1 x 4 Digit 7-Segment Display
* 4 x 220 ohm resistors
* 24 x M-M wires (Male to Male jumper wires)
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Component Introduction:

Four Digit Seven segment display

These common-cathode displays feature 4 x 7-segment dig-
its and one decimal point per digit. The LEDs have a forward
voltage of 1.9VDC and a max forward current of 20mA.

e R e
@/ j? f
f% &?@J ﬂ% EE 5|
© - ) ]
| w Sl
o o o N = o
ﬁ_ . ——
I?AB 17. 96 17. 96
/ 71. 60
DIG.1 DIC.2 DIC.3 DIC.4
PIN1 /
S P B
L
L] R R
DPL DP2 DP3

10

DP4

E.54*5=12.70

12 9 8 6
COM COM COM COM
DIG1 DIGZ DIG3 T DIG4

Midan Baun Sl H%ﬁ
| ' ' '

nm7 42 1105 3
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Connection Schematic:

13 '
—_— vee JR— I
Arduin
Q0 — uno S
05 (Rev3)
o JAHC595  OF——e E— D9 PWM
[ . |
Q ——— -
(Gpl SE— | S—
U2
1
7
SEGMENT

ADIGIT

00D D)

L0000 000

CO0C o0 OO0 0
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Wiring diagram:

RX

e e & 0 o
¢ e o 0 0
e & & o o
e & o o o
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Code:

After wiring, please open the program in the code folder-
Lesson 25 Four Digital Seven Segment Display and click
UPLOAD to upload the program. See Lesson 2 for details
about program uploading if there are any errors.

Demo:
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In this lesson, you will learn how to control a small DC motor
using an UNO R3 and a transistor.

Component Required:

* 1 x Makeronics Uno R3
* 1 x 830 tie-points breadboard
+1x 293D IC
* 1 x Fan blade and 3-6v motor, motor bracket
* 8 X M-M wires (Male to Male jumper wires)
* 1 x Power Supply Module
* 1 x 9V battery
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Component Introduction:

DC motor
Motors are also the driving force behind lots of other useful
output devices like pumps and linear actuators.

DC motors generally have three major components, as shown
in figure below. They have stationary magnets (stator) around
the outside of the motor, a rotor (the bit that moves) and a
commutator.

Coils of wire are wound around the rotor. In the case of
figure below, there are three coils around three shaped parts
of the rotor.These coils are connected to the commutator.
The commutator's job is to energize the coils with the right
polarity, in furn, as the rotor rotates, so that the next coil
is always being pushed and pulled against the permanent
magnets in the stator, so that the overall effect is that the
rotor rotates.

Rotor Windings

Permanent
Magnet
(Stator)

Terminals
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The commutator is made up of a ring split info segments
(in this case, three) and brushes are used to connect the
terminals to the separate segments of the commutator as it
rotates with the rotor.

A useful feature of DC motors is that when you reverse the
polarity of the voltage across its terminals, it will spin in the
opposite direction.

Breadboard Power Supply

The small DC motor is likely to use more power than an UNO
R3 board digital output can handle directly. If we tried to
connect the motor straight to an UNO R3 board pin, there is
a good chance that it could damage the UNO R3 board. So we
use a power supply module provides more power.

Product Specifications:

* Locking On/Off Switch

* LED Power Indicator

* Input voltage: 6.5-9v (DC) via 5.5mm x 2.1mm plug

» Output voltage: 3.3V/5v

* Maximum output current: 700 mA

» Independent control rail output. Ov, 3.3v, Bv to breadboard
- Output header pins for convenient external use

- Size: 21inx 14 in

- USB device connector onboard to power external device
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Setting up output voltage:

S5

3. 30U

The left ana rignt voiTage output can pe 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.

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

B
' BREBam E L E B8 " rE &K LI L) "-ewEawm mEE e == =wn=== B

EFF NN EEEF B E = EEE LR ] EE R RS == Eoam - = EE= eEEasam @ =B=a8= B
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Important note:

Make sure that you align the module correctly on the
breadboard. The negative pin(-) on module lines up with the
blue line(-) on breadboard and that the positive pin(+) lines
up with the red line(+). Failure to do so could result in you
accidently reversing the power to your project

L293D

This is a very useful chip. It can actually control two motors
independently. We are just using half the chip in this lesson,
most of the pins on the right hand side of the chip are for
controlling a second motor.

Product Specifications:
* Featuring Unitrode L293 and L293D Products Now From
Texas Instruments
- Wide Supply-Voltage Range: 4.5V to 36 V
- Separate Input-Logic Supply
* Internal ESD Protection
* Thermal Shutdown
* High-Noise-Immunity Inputs
» Functionally Similar to S6S L293 and SG6S L293D
» Output Current 1 A Per Channel (600 mA for L293D)
* Peak Output Current 2 A Per Channel (1.2 A for L293D)
* Output Clamp Diodes for Inductive T ransient Suppression
(L293D)
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L293D

1 16

EN1 +V
2 IN1 IN4 2
3 OuUT1 ouT4 L
= oV ov LE
2 oV ov L2
= ouT2 OuUT3 L
! IN2 IN3 10
8 9

+Vmotor EN2

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 1 A at voltages from 45 V to 36 V. The
L293D 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-supply applications.

All inputs are TTL compatible. Each output is a complete
totem-pole drive circuit, with a Darlington transistor sink and
a pseudo-Darlington source. Drivers are enabled in pairs, with
drivers 1 and 2 enabled by 1,2EN and drivers 3 and 4 enabled
by 3,4EN. When an enable input is high, the associated
drivers are enabled, and their outputs are active and in phase

181


http://www.makeronics.com

with their inputs. When the enable input is low, those drivers
are disabled, and their outputs are off and in the high-
impedance state. With the proper data inputs, each pair of
drivers forms a full-H (or bridge) reversible drive suitable
for solenoid or motor applications.

Block diagram

| i |

Veez

I got fed up with indecipherable pinout diagrams within
datasheets, so have designed my own that I think gives more
pertinent information.

There are 3 wires connected to the Arduino, 2 wires
connected to the motor, and 1 wire connected to a battery.
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L293D
M1 PWM- 1 16 Battery +ve
1 direction 0/1 2 15 M2 direction 0f1
M1l +ve 3 14 M2 +ve
GND 4 13 GND
GND 5 12 GND
Ml -ve 6 11 M2 -ve
1 direction 1/0- 7 10 M2 direction 1/0
Battery +ve 8 g M2PWM

To use this pinout:

The left hand side deals with the first motor, the right hand
side deals with a second motor.
Yes, you can run it with only one motor connected.

Arduino Connections

M1 PWM - connect this fo a PWM pin on the Arduino. They're
labelled on the Uno, pin 5 is an example. Output any integer
between O and 255, where O will be off, 128 is half speed and
255 is

max speed.

M1 direction 0/1 and M1 direction 1/0 - Connect these two
to two digital Arduino pins. Output one pin as HIGH and the
other pin as LOW, and the motor will spin in one direction.
Reverse the outputs to LOW and HIGH, and the motor will
spin in the other direction.
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Bracket for motor:
The bracket is easy for motor to fix well. You can refer to

the 2 steps below for installation. In fact, we just complete
the step 1, which is enough for this experience.

Two steps to complete the installation

Step 2:Press the motor to rotate
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Connection Schematic:

RESET
RESET2
AREF

ioref

AD
Al
A2
A3
ALISDA

AS/5CL

N/C

3v3

SV e

VIN fr—

DO/RX
D1/TX
D2

D3 PWM

D4

D5 PWM

Makeronics

Arduino
Uno
(Rev3)

GND

D& PWM

D7

D8

D9 PWM

D10 PWM/S5
D11 PWM/MOSI
D12/MISO
D13/5CK
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Enable 1

In1

Qut 1 ( Controlled by Enable 1)

ov 1293D
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Out 2 { Controlled by Enable 1)

In2
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In 4]

Out 4 ( Controlled by Enable 2 )§
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Out 3 ( Controlled by Enable 2 )§
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Wiring diagram:

* e ° 0 ¢ ® e o 0 ® e 0 0 0 e o 0o 0 ® o 0 0 0 ® e o o 0 e o 0o 0 0 e e ® 0 ¢
* 0 0 0 0 * e o 00 ® 0 0 00 o e 0 0 9 * o 000 * e e o0 e e o 00 ® 0 0 00

® 0 © 0 0 0 0 S 0O S S SO SO EEEEeeEEEE YN
® 9 0 0 9 0 OO P eSS N
® 6 & & 0 0 0 O O O OO O O S S O PO S OO OO
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Like a motor, the coil of a relay is capable of producing
voltage spikes when it is switched on and off. So note that
this would be risky without the L293D controlling it. You
should never connect a motor directly to the Arduino, because
when you switch a motor off you get an electrical feedback.
With a small motor, this will damage your Arduino, and with
a large motor, you can watch an interesting flame and sparks
effect.

COMB3 (Arduino/Genuino Una) — O >

| Send

Gﬂe way, then reverse
fast Slow example
PiM full then slow

(] sutesera 11 Hewline ~ | 9600 baud w Clear output

Code:

After wiring, please open the program in the code folder-
Lesson 26 DC Motors and click UPLOAD to upload the
program. See Lesson 2 for details about program uploading if
there are any errors.

After program loading, turn on all the power switches. The
motor will slightly rotate 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 maximum RPM to the
minimum and increase to the maximum again. Finally, it comes
to a stop for 10s until the next cycle begins.
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Demo:

188

www.makeronics.com



http://www.makeronics.com

Makeronics Uno R3 Complete Starter Kit Manual

Project 23 ) 2 7

In this lesson, you will learn how to use a relay to turn on /off
a motor.

Component Required:

1 x Makeronics Uno R3

1 x 830 tie-points breadboard

1 x Fan blade and 3-6v dc motor, motor bracket
1 xL293D IC

1 x Bv Relay

1 x Power Supply Module

1 x 9V battery

10 x M-M wires (Male to Male jumper wires)
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Component Introduction:

If you only need your Arduino to occasionally turn a motor on
and off, then one approach is to use a relay. Although this is
often considered a rather old-fashioned way of doing things,
it has a number of advantages:

» It's easy to do, requiring few components.

- Extremely good isolation between the electrically noisy,
high-current motor and the Arduino.

* High-current handling (with the right relay).

* You can use ready-made relay modules directly with a
Raspberry Pi or Arduino.

The downsides to using a relay or a relay module include the
following:

- They are relatively large components.

* They can only switch the motor on and off—they cannot
control the speed.

* They are electromechanical devices and typically are
expected to survive perhaps 10,000,000 switching operations
before something in them breaks.

Relay

Relays like this are called Single Pole Change Over (SPCO),
because rather than have just two terminals that are either
connected or not, they actually have three. They have what is
called a common terminal, usually labeled COM, and two other
terminals: normally open (NO) and normally closed (NC). In
this context, normally means without power applied to the
relay coil. So, the NO and COM connections will be "open” (not
connected) until the coil is energized. The NC contact will
behave in the opposite manner, so the NC and COM terminals

will "normally” be connected, but will disconnect when the
coil is energized. Generally speaking, just the NO and COM

terminals of the relay are used for switching.
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The Below is the schematic of how to drive relay with Ardui-
no.

You may be confused about how to insert the relay into the
bread board. As the picture below shows, you will have to
bend one of the pins of the relay slightly then you can insert
it into the bread board.
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Connection Schematic:

V3

RESET
RESET2
AREF
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D1/TX
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D3 PWM

D4

) D5 PWM
Makeronics

) D6 PWM

Arduino

Uno b7

(Rev3) D8

D9 PWM

D10 PWM/SS

D11 PWM/MOS]

D12/MISO
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Y
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o
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In3

Enable 2

www.makeronics.com



http://www.makeronics.com

Makeronics Uno R3 Complete Starter Kit Manual

Wiring diagram:

SIUDJNEY E: B- XY
.| o o @
‘3 *
2
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Code:

After wiring, please open the program in the code folder-
Lesson 27 Relay and click UPLOAD to upload the program. See
Lesson 2 for details about program uploading if there are any
errors.

After program loading, turn on all the power switches. The
relay will pick up with a ringing sound. Then, the motor will
rotate. After a period of time, the relay will be released, and
the motor stops.

Demo:

POWERFULC
'.-r‘-"'.:*'r’-‘."“'lmfci; * -._
___:_-_-_‘_.__‘— ll
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+++++++++++ 28
Stepper Motor

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 board
making it easy to connect to our UNO.

Since we don't want to drive the motor directly from the
UNO, 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 or battery.

Component Required:

* 1 x Makeronics Uno R3
- 1 x 830 tie-points breadboard
- 1 x ULN2003 stepper motor driver module
- 1 x Stepper motor
- 1 x 9V battery
* 1 x Power supply module
* 6 x F-M wires (Female to Male DuPont wires)
* 5 x M-M wire (Male to Male jumper wire)
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Component Introduction:

Stepper Motor

Stepper motors fall somewhere in between a regular DC mo-
tor and a servo motor. They have the advantage that they can
be positioned accurately, moved forward or backwards one
'step’ at a time, but they can also rotate continuously.

As the name suggests, stepper motors rotate in a series of
short steps. This has the advantage that if the motor is free
to turn, then by counting the steps you tell it to turn through,
you know how much it has turned. This is one reason why step-
per motors get used in printers, both of the 2D and 3D vari-
ety, tfo accurately position paper, a 3D printer bed, or print
hozzle.

Stepper motor 28BYJ-48 Parameters
* Model: 28BYJ-48

* Rated voltage: 5VDC

* Number of Phase: 4 -
- Speed Variation Ratio: 1/64 N

- Stride Angle: 5.625° /64 \
* Frequency: 100Hz

- DC resistance: 50£2+77%(25 C )

- Idle In-traction Frequency: > 600Hz
- Idle Out-traction Frequency: > 1000Hz

* In-traction Torque >34.3mN.m(120Hz)

» Self-positioning Torque >34.3mN.m

* Friction torque: 600-1200 gf.cm

* Pull in torque: 300 gf.cm

- Insulated resistance >10M2(500V)

* Insulated electricity power: 600VAC/1ImA/1s
* Insulation grade: A

* Rise in Temperature <40K(120Hz)

» Noise <35dB(120Hz,No load,10cm)
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The bipolar stepper motor usually has four wires coming
out 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 by measuring the resistance between the wires. You
should find two pairs of wires with equal resistance. If you've
got the leads of your meter connected to two wires that are
not connected (i.e. not attached to the same coil), you should
see infinite resistance (or no continuity).
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Typically, there will be four coils, the opposite coils being
connected together so that they work in unison. The coils are
all on the stator (outside of the motor) and therefore there
is no need for a commutator and brushes as there is in a DC
motor.

In a stepper motor, the rotor is made in the form of a cog
with alternating north and south poles marked by N and S.
There will normally be a lot more cogs on the rotor than the
number shown in figure above. Each of the coils can be
energized to be magnetic north or south depending on the
direction of the current through the coil. Coils 1 and 3
operate fogether, so that if Coil 1 is N so will Coil 3 be. The
same applies to Coils 2 and 4.

Starting with figure a above, if Coil 1 (and therefore Coil 3) is
energized to be S then opposites attract and like poles repel,
so the rotor will rotate conter-clockwise until the S of Coil 1
is aligned with the nearest N cog, as shown in figure b above.
To keep the clockwise turning, the next step is to energize
Coils 2 and 4 to be N (figure c above), pulling the nearest S
cog to Coil 2 level with the coil.

After all this effort, the motor has now advanced one step.

To continue rotating counterclockwise, Coil 1 now needs to be
N.
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Product Description

- Size! 42mmx30mm

- Use ULN2003 driver chip, 500mA

+ A. B. C. D LED indicating the four phase stepper motor
working condition.

- White jack is the four phase stepper motor standard jack.

* Power pins are separated

* We kept the rest pins of the ULN2003 chip for your
further prototyping.

The simplest way of interfacing a unipolar stepper to Arduino
is to use a breakout for ULN2003A transistor array chip. The
ULN2003A contains seven Darlington transistor drivers and
is somewhat like having seven TIP120 tfransistors all in one
package. The ULN2003A can pass up to 500 mA per channel
and has an 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:

Lead Wire ---=> W Direction (1-2 Phase)
Color 1 2 A o 5 [ 7 a
4 CRG - - -
3 YEL - - -
2 PIK - - -
1 ELU - - -

Here are schematics showing how to interface a unipolar
stepper motor to four controller pins using a ULN2003A, and
showing how to interface using four com.

RROUINGD FINS

e
[P5_» Ll 1m ouri]16 BLU COIL 4
[Pg > 2] |ne aurzlls coIL 3
48
1l 3 Ina § ouTalld colL 2
[P11 > =3 FTY g ouT4|13 kG COIL L
- S ourslLa
e & <) COMMON
& 1ng ouTelLL RED STEFPER
2 e our7lie
i
— 4Ry
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Connection Schematic:

BLUE

YELLOW

A/SDA DY P N3 X113647

ORANGE
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Wiring diagram:
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We are using 4 pins to control the Stepper.

Pin 8-11 are controlling the Stepper motor.

We connect the Ground from to UNO to the Stepper motor.
Code

After wiring, please open the program in the code folder-
Lesson 28 Stepper Motor and click UPLOAD to upload the
program. See Lesson 3 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't work.

For details about loading the library file, see Lesson 2.

Demo:
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In this lesson, you will learn a fun and easy way to control a
stepper motor from a distance using an IR remote control.
The stepper we are using comes with its own driver board
making it easy to connect to our UNO.

Since we don't want to drive the motor directly from the
UNO, 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 IR sensor is connected to the UNO directly since it uses
almost no power.

Component Required:

* 1 x Makeronics Uno 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 9V battery
* 9 x F-M wires (Female to Male DuPont wires)
* 5 x M-M wire (Male to Male jumper wire)
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Wiring diagram:
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LI T I B I I I I B IO RO O AN BN AN BN AN A BN N P00 00
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ooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooo
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We are using 4 pins to control the Stepper and 1 pin for the
IR sensor.

Pins 8-11 are controlling the Stepper motor and pin 12 is
receiving the IR information.

We connect the 5V and Ground from the UNO to the sensor.
As a precaution, use a breadboard power supply to power the
stepper motor since it can use more power and we don't want
to damage the power supply of the UNO.

Code

After wiring, please open program in the code folder- Lesson
29 Controlling Stepper Motor With Remote and click UPLOAD
to upload the program. See Lesson 3 for details about
program uploading if there are any errors.

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't work.

For details about loading the library file, see Lesson 2.

The code only recognize 2 values from the IR Remote control:
VOL+ and VOL-. When VOL+ is pressed on the remote the
motor will make a full rotation clockwise. VOL- will make a full
rotation counter-clockwise.
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Demo:
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Project 26 ) 3 0

Membrane Switch

In this project, we will go over how to use a 4x4 membrane
keypad with an UNO R3 board so that the UNO R3 can read
the keypress.

Component Required:

* 1 x Makeronics Uno R3
* 1 x Membrane switch Keypad
* 8 X M-M wire (Male to Male jumper wire)

» -
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Component Introduction:

Keypad:

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.

Matrix keypads use a combination of four rows and four
columns to provide button states to the host device, typically
a microcontroller. Underneath each key is a pushbutton, with
one end connected to one row, and the other end connected
to one column. These connections are shown in Figure below.

87654321
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87654321

In order for the arduino Uno to determine which button is
pressed, it first needs to pull each of the four columns (pins
1-4) either low or high one at a time, and then poll the states
of the four rows (pins 5-8). Depending on the states of the
columns, the arduino Uno can tell which button is pressed.

For example, say your program pulls all four columns low and
then pulls the first row high. It then reads the input states of
each column, and reads pin 1 high. This means that a contact
has been made between column 4 and row 1, so button ‘A’ has
been pressed.
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At the end of this project when all is connected properly
and programmed, when a key is pressed, it shows up at the
Serial Monitor of your computer. Whenever you press a key,
it shows up on the Serial Monitor. For simplicity purposes, we
start at simply showing the key pressed on the computer.

Connection Schematic:

15 PYWIM . 2 -,

- Arduing R I# : i . . _

Al Uno o7 ,_/_l & ] 3 l 3 :
(Rev3) ba
A4/SDuA D9 PWM —I—."D . —— cl—/-p— B [—/-1-— A l—/_.._ |
A5/5C1 00 PWM/SS

L]
)
Kl
A
)
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Wiring diagram:

fJ _‘ Lf EJ

lo’)J'c.o O'DH

C\J LO’\ C)

EEEE
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Connect the pins of the keypad directly to the Arduino pins
as follows. The keypad pins are numbered as shown in Figure
below.

Keypad Arduino

1 Pin 2

Pin 3
Pin 4
Pin b
Pin 6
Pin 7
Pin 8
Pin 9

O N O O | W N
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Code:

After wiring, please open program in the code folder- Lesson
30 Membrane Switch Keypad and click UPLOAD to upload the
program. See Lesson 3 for details about program uploading 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't work.

For details about loading the library file, see Lesson 2.

Demo:

215


http://www.makeronics.com

Makeronics Uno R3 Complete Starter Kit Manual

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 UNO R3 board.
Click the Serial Monitor button to furn on the serial monitor.
The basics about the serial monitor are introduced in details
in Lesson 2.

@ COME (Arduino/Genuing Unao) — O >

| Send

R T 3 N I IR S % B b B

L= T = - I R S B T s B v

[+] futoscrall Mo line ending -~ 9600 haud w Clear output
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+++++++++++
MAX7219 LED Dot 31

Matrix Module

In this project we'll use a built-in driver module to create a
scrolling message on an 8x8 matrix.

Component Required:

* 1 x Makeronics Uno R3
* 1 x MAX7219 LED Dot Matrix module
* 5 x F-M wires (Female to Male DuPont wires)
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Component Introduction:

MAX7219 LED Dot Matrix Module:

This module is a serially driven 8x8 LED Matrix kit powered
by MAX7219. It only needs three data lines and two power
lines. The 8x8 LED Matrix is easy to use and compatible
with Arduino, and its LED brightness adjustment can be
implemented in software.

8x8 LED Matrix kit has many applications in real life, such as
various types of electronic display panels. If the LED matrix
is not driven by any peripherals, it'll waste the interface
of devices, and the LED brightness will be impaired due to
insufficient power, so that we cannot get ideal display effect.

This module comes in the form of a kit or module. The kit
includes the following components:

* MAX7219

* Electrolytic cpaacitor: 10uF/25V

* Resistor: 10K

- Capacitance: 0.1uF

* Headers and receptacles.
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After assembling, The Led matrix module will look as:

[ 1 |
B |
[ | 1
[ ] |
[ ] 1
[ | |
] [ ]
[ 1
[ |
B |
.' L]

Specification:

* Operating Voltage: DC 4.7V - 5.3V

» Typical Voltage: 5V

- Operating Current: 320mA

* Max Operating Current: 2A

* Operating Temperature: 0 C - 50 C
- Typical Temperature: 25 C

An LED matrix is an array of LEDs that you can control indi-
vidually fo make patterns, text, images, or whatever you can
program. The 8x8 LED matrix we'll use in this project comes
prebuilt with a driver module—a board, driven by a Maxim
7219 chip, that lets you control the entire matrix with only
five pins connected fo your Arduino. These modules are inex-
pensive and can be chained together so you have multiple ma-
trices running from one sketch.
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The matrix module has three pins: DIN, CS, and CLK, shown
in Figure above. DIN stands for Data IN, CS for Chip Select,
and CLK for CLocK. The remaining two pins connected to your

Arduino power the matrix. The CLK pin senses pulses and con-
trols the speed at which the Arduino and matrix communicate

with each other in sync. The matrix uses a serial peripheral

interface (SPI) communication protocol o speak with the Ar-

duino, and the CS pin detects which SPTI device is in use. DIN
reads the data(in this case, the project's sketch) from the

arduino.

Each module has extra connections so you can add another

module. By chaining together modules and changing the num-

ber of matrices in the code, you could scroll a message over a

larger area.

Connection Schematic:

RESET

RESETZ

AREF

Makeronics

Arduino
Uno
(Rev3)

VCC

VCC

GND LED dot Matrix Module GND

DIN
cs
CLK

DouT
cs
CLK
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Wiring diagram:

i
Y
(=)
o
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ON3I6LZLXYIN
00000000
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Connect the module directly to the Arduino using the female-
to-male jumper wires, connecting the female end to the mod-
ule. As shown in the following table, connect VCC on the LED
matrix module to +5V on the Arduino, GND to GND, DIN to
Arduino pin 12, CS to Arduino pin 11, and CLK to Arduino pin 10.

VCC +5V
GND GND
DIN Pin 12
CS Pin 11
CLK Pin 10

Code:

After wiring, please open program in the code folder- Lesson
31 MAX7219 LED Dot Matrix Module and click UPLOAD to
upload the program. See Lesson 3 for details about program
uploading if there are any errors.

Before you can run this, make sure that you have installed the
< LedControl> library or re-install it, if necessary. Otherwise,
your code won't work.
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Demo:
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++++++++++ 32
GY-521 Module

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 the GY-521 are
used in self balancing robots, UAVs, smart phones, etc.

Component Required:

* 1 x Makeronics Uno R3
- 1 x 6Y-521 module
* 4 x F-M wires (Female to Male DuPont wires)

DIGITALCPUM ~ > =X &
Makeronics (UNO) o

...................
)

& o1

=

C et

L 4]
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Component Introduction:

GY521 Module:

The module contains a MEMS (Microelectromechanical
systems) accelerometer and a MEMS gyro in a single chip.
This sensor contains both a 3-Axis Gyroscope and a 3-Axis
Accelerometer allowing measurements of both independently,
but all based around the same axes. This simple module
contains everything required to interface to the Arduino and
other controllers via I2C and give motion sensing information
for 3 axes (X, Y and 2).

Specification:

Chip: MPU-6050

GY-521 operating voltage: 3V ~ 5V

Communication: I2C-bus

Built-in 16bit AD converter, 16bit data output
Gyroscopes ranges: + 250 500 1000 2000 degree/sec
Acceleration ranges: + 2qg, + 4g, + 8qg, + 16g
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Connection Schematic:

DO/RX
DUTX
D2

D3 PWM
D4

D5 PWM
D6 PWM
D7

DB

D9 PWM

D10 PWM/5S
D11 PWM/MOSI
D12/MIS0

D13/5CK

VIN
5V

Makeronics

Arduino
Uno
(Rev3)

GND

3v3

RESET
RESET2
AREF

ioref

A4/SDA

AS/SCL

NfC

-
[y
oy

IMU
Digital

o Board .,

6DOF

GND
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Wiring diagram:

DIGITAL (PUWM=~)

Please use 3.3V of arduino as input of the GY-521 module.
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Connect the module directly to the Arduino using the female-
to-male jumper wires, connecting the female end to the mod-
ule. As shown in the following table.

GY-521 Arduino

vCC +3.3V
GND GND
SDA Analog Pin 4
SCL Analog Pin 5

Note: Only two pins were needed to transmit data on the I2C
bus:

SDA (data) <=> Analog pin 4
SCL (clock) <=> Analog pin 5

Code:

After wiring, please open program in the code folder- Lesson
32 GY-521 Module and click UPLOAD to upload the program.
See Lesson 3 for details about program uploading if there are

any errors.
Before you can run this, make sure that you have installed the

< MPU6050> library or re-install it, if necessary. Otherwise,
your code won't work.
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Demo:

Open the monitor then you can see the data as blow:

'ﬁ' COME (Arduino/Genuino Una) — O =4
| Send
&eX = 14900 | Act = —4084 | AcZ = 9916 | Tmp = 30.69 | Gvk = 5624 | Gyl = 5264 | Gv2 = 616 ~
AcK = 7748 | Ac¥ = —8596 | AcZ = —26112 | Tmp = 30.60 | G+ = 1173 | Gv¥ = -16384 | GvI = =37

AcX = 18072 | Ac¥ = 3100 | AeZ = 13872 | Tmp = 30.65 | Gv¥ = —T063 | Gv¥ = 12570 | GsZ = 7707

e = 5092 | Ac¥ = 12204 | AcZ = —32768 | Tmp = 30.65 | Gv¥ = 8920 | 6T = —17747 | G+2 = 13516

LeX = 2668 | Ae¥ = —18464 | AeZ = 21808 | Tmp = 30.80 | Gv¥ = 623 | Gv¥ = —2876 | GT = 2280

heX = TE96 | AeY = —B304 | AeZ = —6048 | Tmp = 30.65 | Gv¥ = 107 | Gv¥ = 5517 | GyZ = —3695

e = 7208 | 4c¥ = 9872 | AcI = 8235 | Tmp = 30. 74 | G¢¥ = 2210 | G¥ = 1171 | GvZ = 213

MeX = 4348 | AeY = -14072 | AeZ = -9676 | Tmp = 30.69 | Gyi = 1732 | Gy¥ = -850 | GyZ = -782

heX = 3880 | AeY = —15424 | AcT = 9644 | Tmp = 30.79 | Gy¥ = 2289 | Gv¥ = —3502 | Gv% = 835

AcK = 5964 | Ac¥ = —T984 | AcZ = —4628 | Tmp = 30.74 | Gw¥ = —1243 | Gv¥ = —452 | G+ = —2634

AcX = 4596 | AcY = —10596 | AcZ = -12340 | Tmp = 30.88 | Gy = —1400 | Gy¥ = —4359 | GvZ = 185

e = 5640 | Ac¥ = 12728 | AcZ = 9348 | Tmp = 30.74 | Gv¥ = 253 | G¥¥7 = 1178 | G#Z = 1697

MeX = 4504 | AeY = -13304 | AeZ = -9476 | Tmp = 30.79 | Gyi = 176 | Gy¥ = 681 | GyZ = -734

heX = 5160 | AeY = —12530 | AcZ = 8384 | Tmp = 30.69 | Gv¥ = 114 | Gy¥ = 1026 | GvZ = —5992

AcK = 6344 | Ae¥ = 8864 | AcZ = —4512 | Tmp = 30.79 | Go¥ = 442 | Go¥ = 1846 | GvT = 2799

AcX = 5060 | AeY = —16332 | AcZ = —10240 | Tmp = 30.88 | Gy = 155 | Gy¥ = 3588 | Gy = —4642

e = 6352 | Ac¥ = —13156 | 4cZ = 8764 | Tmp = 30.84 | G = 469 | Gv¥ = —165 | GvZ = 249

LeX = G632 | Ae¥ = —12504 | AeZ = —T7636 | Tmp = 30.84 | Gl = 266 | 6w = 112 | GvZ = 121

heX = 6548 | AeY¥ = 11980 | AcZ = —T428 | Tmp = 30.84 | Gyi = 324 | Gy¥ = 1617 | GyZ = -1625

e = 6395 | Ac¥ = 12408 | 4cT = —T088 | Tmp = 30.79 | Gv¥ = 475 | G¥¥ = 914 | GzZ = 346 W
[] dutasersll Mo line ending + | 9600 haud o Clear output
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++++++++++ 33
HC-SR501 PIR Sensor

In this lesson you will learn how to use a PIR movement
detector with an Makeronics UNO R3.

Component Required:

* 1 x Makeronics Uno R3
- 1 x SR501 PIR Sensor
* 3 x F-M wires (Female to Male DuPont wires)

I

Ll L Lad
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Component Introduction:

PIR sensors are more complicated than many of the other
sensors explained in these tutorials (like photocells, tilt
switches) because there are multiple variables that affect
the sensors input and output.

The PIR sensor itself has two slots in it, each slot is made
of a special material that is sensitive to IR. The lens used
here is not really doing much and so we see that the two slots
can 'see’ out past some distance (basically the sensitivity of
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 human
or animal passes by, it first intercepts one half of the PIR
sensor, 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
negative differential change. These change pulses are what is
detected.

PIR
sensor

Detecting area
Fresnel
lens

e

Heat source movement Output signal

Q
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The PIR Sensor

The IR sensor itself is housed in a hermetically sealed metal
can to improve noise/temperature/humidity immunity. There
is a window made of IR-transmissive material (typically coated
silicon since that is very easy to come by) that protects the
sensing element. Behind the window are the two balanced
sensors.

Lenses
PIR sensors are rather generic and for the most part vary
only in price and sensitivity. Most of the real magic happens
with the optics. This is a pretty good idea for manufacturing:
the PIR sensor and circuitry is fixed and costs a few dollars.
The lens costs only a few cents and can change the breadth,
range, sensing pattern, very easily.
In the diagram up top, the lens is just a piece of plastic, but
that means that the detection area is just two rectangles.
Usually we'd like to have a detection area that is much larger.
To do that, we use a simple lens such as those found in a
camera: they condenses a large area (such as a landscape) into
a small one (on film or a CCD sensor). For reasons that will be
apparent soon, we would like to make the PIR lenses small and
thin and moldable from cheap plastic, even though it may add
distortion.
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OK, so now we have a much larger range. However, remember
that we actually have two sensors, and more importantly we
dont want two really big sensing-area rectangles, but rather
a scattering of multiple small areas. So what we do is split
up the lens into multiple section, each section of which is a
fresnel lens.

The high quality of Fresnel lens
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The different faceting and sub-lenses create a range of
detection areas, interleaved with each other. That's why
the lens centers in the facets above are ‘inconsistent’ -
every other one points to a different half of the PIR sensing

element.

Ceiling Mount
Top View Side View

Wall Mount

Top View ,\ Side View
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Component Introduction:

SR5H01:

PIR sensors allow you to sense motion, almost always used to
detect whether a human has moved in or out of the sensors
range. They are small, inexpensive, low-power, easy to use and
don't wear out. For that reason they are commonly found in
appliances and gadgets used in homes or businesses. They are
often referred to as PIR, "Passive Infrared", "Pyroelectric",
or "IR motion" sensors.

PIRs are basically made of a pyroelectric sensor (which you
can see below as the round metal can with a rectangular
crystal in the center), which can detect levels of infrared
radiation. Everything emits some low level radiation, and
the hotter something is, the more radiation is emitted. The
sensor in a motion detector is actually split in two halves.
The reason for that is that we are looking to detect motion
(change) not average IR levels. The two halves are wired up so
that they cancel each other out. If one half sees more or less
IR radiation than the other, the output will swing high or low.
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The original imported probe
(The big window)

Adjust the Time delay
sensitivity adjustment

Along with the pyroelectic sensor is a bunch of supporting
circuitry, resistors and capacitors.

High / Low
Output

GND +Power
\ /

)

Jumper Set:
H: Repeat &)

Trigger — S

L: Single —|{4

Trigger

SRESREE

(o

i
= t--'h

8
C Y=
&4t
( I'Ti"' '—?\]

Sensitivity Time Delay
Adjust Adjust
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For many basic projects or products that need to detect when
a person has left or entered the area, or has approached, PIR
sensors are great. They are low power and low cost, pretty
rugged, have a wide lens range, and are easy to interface with.
Note that PIRs won't tell you how many people are around or
how close they are to the sensor, the lens is often fixed to a
certain sweep and distance (although it can be hacked some-
where) and they are also sometimes set off by housepets.

HC-SR501 Pin Outs and Controls

The pin-outs and controls for this device are shown in the pic-
ture below and described in the following table.

Time Delay Adjust Sensitivity Adjust

Trigger Selectior

il
Jumper

® e rmm

L
()

Pin or Control Function

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

Sensitivity Adjust Sets the detection range.... from 3 meters to 7 meters
Trigger Selection Set for single or repeatable triggers.
Jumper
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
238
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Device Area of Detection

The device will detect motion inside a 110 degree cone with a
range of 3 fo 7 meters.

View area is 110

degree cone

3to7/
meter
range

PIR Range (Sensitivity) Adjustment

As mentioned, the adjustable range is from approximately 3
to 7 meters. The illustration below shows this adjustment.
You may click to enlarge the illustration.

TEE T

1

)

Clockwise or Right

Decreases Sensitivity. Fully right and
the range will be approximately 3
meters

P,

Counter-Clockwiser or Left

Increases Sensitivity. Fully left and
the range will be approximately 7
meters
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Time Delay Adjustment

The time delay adjustment determines how long the output of
the PIR sensor module will remain high after detection mo-
tion. The range is from about 3 seconds fo five minutes. The
illustration below shows this adjustment.You may click to en-
large the illustration.

| |10

1

Clockwise or Right

Increase Delay. Fully right and the
delay will be approximately 5 minutes

Counter-Clockwiser or Left

@ Decreases Delay. Fully left and the
delay will be approximately 3 seconds

3 Seconds Off After Time Delay Completes - IMPORTANT
The output of this device will go LOW (or Off) for approxi-
mately 3 seconds AFTER the time delay completes. In other
words, ALL motion detection is blocked during this three sec-
ond period.
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Trigger Mode Selection Jumper

The trigger mode selection jumper allows you to select be-
tween single and repeatable triggers. The affect of this
jumper setting is to determine when the time delay begins.

SINGLE TRIGGER - The time delay begins immediately when
motion is first detected.

REPEATABLE TRIGGER - Each detected motion resets the
time delay. Thus the time delay begins with the last motion
detected.

® rm rmm L I Single Trigger Mode — Time

L I I P I R | Delay is started immediately
upon detecting motion.

L Continued detectionis blocked

oC

Repeatable Trigger Mode —
T T 1L T T T T T Time Delay is re-started every

- time motion is detected.
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Connection Schematic:

RESET
RESET2
AREF

ioref

AD
Al
A2
A3
A4/SDA

AS/SCL

N/C

3V3

5V
VIN

Makeronics
Arduino
Uno
(Rew3)

DO/RX
D1/TX
D2

D3 PWM
D4

D5 PWM
D& PWM
D7

D&

D9 PWM

D10 PWM/55

D11 PWM/MOSI

GND

D12/MIS0

D13/5CK

SR 501
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Wiring diagram:

u &a mMm u A O O = M~ 0 v > mMm
HHHHHH 1 1 1
=T

' DIGITAL (PWM=~)
ICSPe

“
S W > > = Z H O A muom T
qqqqqqqqqqq
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Connecting PIR sensors to a microcontroller is really simple.
The PIR acts as a digital output, it can be high voltage or low
voltage, so all you need to do is listen for the pin to flip high
(detected) or low (not detected) by listening on a digital input
on your Arduino

Code:

After wiring, please open program in the code folder- Lesson
33 HC-SR501 PIR Sensor and click UPLOAD to upload the
program. See Lesson 3 for details about program uploading if
there are any errors.

It will Turns on arduino "L" LED connected to Pin13 whenever
motion is detected.
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Demo:
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In this lesson you will learn how to interface a water level
sensor with Arduino.

Component Required:

* 1 x Makeronics Uno R3
+ 1 x Water Level Sensor Module
+ 3 x F-M wires (Female to Male DuPont wires)

246

www.makeronics.com



http://www.makeronics.com

Makeronics Uno R3 Complete Starter Kit Manual

Component Introduction:

Water level Sensor:

Water level sensor is used to measure water level in water
tank or in any other equipment. In our daily life we need to
detect the level of water like in water tank at the top of roof
which is not directly accessible and in laboratories where
specific level of any liquid is required to be monitored. In such
applications water level sensor is very useful.

The water level sensor we will use is an analog sensor, meaning
it outputs an analog voltage in proportion to the amount of
liquid the sensor is exposed to. We just connect the analog
pin, represented by an S, to an analog pin on the arduino board
to read the analog value.
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As you can see from the above image, the sensor has a series
of parallel wires across the board. These wires are what
sense the liquid level that the board is exposed to.

If the board has water or another fluid covering all the wire,
then it will output a maximum analog value reading. Since
analog values read by an arduino range from O (lowest reading)
to 1023 (highest reading), a board completely submerged
with a liquid will have a reading of 1023 by an arduino. If the
board is halfway covered, a reading of about 512 will be read
by the arduino. If the board is 1/4 covered by a liquid, then
the arduino will read about 256. And if no liquid is on it at all,
then a near O reading should be obtained.

With our liquid level sensor and an arduino, there are a
number of options of what we can do. We can use the sensor,
simply, o read and output the analog value obtained. Or
we can create a type of alarm indicator status system.
For example, we can have a green LED light up when the
sensor is completely full (submerged to the top with fluid),
indicating that it's full. We can have a red LED light up when
the sensor's liquid level falls below 1/4 level, like how car
dashboard LED indicators tell us when our gas tank goes
below E (empty).

Specifications:

- Operating Voltage: DC5V
 Working Current: less than 20mA
» Sensor Type: Analog

- Detection Area: 40mm x 16mm
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Connection Schematic:

DO/RX
D1/TX
D2

D3 PWM
D4

D5 PWM
D6 PWM
D7

D8

D9 PWM

D10 PWM/55

VIM
5V

Makeronics

Arduino
Uno
(Rev3)

D11 PWM/MOSI

D12/MISO

D13/5CK

GND

RESET
RESET2
AREF

joref

A3
ALISDA

AS/SCL

MN/C

TTTT

51G
Water level
Module
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Wiring diagram:

DIGITAL (PUM=~)

L . N ; P —
Makeronics { UNO

RX
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2 of the pins are for power, 1 connecting to the +5V of the
arduino and the other connecting to the ground terminal of
the arduino. The other pin, with an S, is the signal pin. This
is the pin that outputs the analog voltage signal in proportion
to the amount of the sensor which is covered with liquid. This
pin connects to an analog pin on the arduino board to be read.

Water Level Sensor Arduino

vcc +5V
GND GND
S Analog Pin O

Code:

After wiring, please open program in the code folder- Lesson
34 Water Level Sensor Module and click UPLOAD to upload
the program. See Lesson 3 for details about program uploading
if there are any errors.
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Demo:

Open the monitor then you can see the data as blow:

@ COME (Arduino/Genuing Una) — O >
| Send
ATCO level 1= 241 -

ADCO level 1s 252
ADCO level 15 283
ADCO level 1s 252
ADCO level 15 241
ADCO level 15 230
ADCO level 1= 218
ADCO level 1s 208
ADCO level 1= 187
ADCO level 15 188
ADCO level 15 175
ADCO level 1= 164
ADCO level 15 153
ADCO level 15 142
ADCO level 1s 127
ADCO level 15 82
ADCO level 1= 36
ADCO level 15 23
ADCO level 15 4

[«] futoscrall Mo line ending =~ | 9600 haud e Clesr output
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+++++++++++
Real Time Clock 35

In this lesson you will learn how to use the DS3231 RTC
module with Uno R3 to display the year,month,day,hour minut
e, second and week.

Component Required:

* 1 x Makeronics Uno R3
+ 1 x DS3231 RTC Module
* 4 x F-M wires (Female to Male DuPont wires)
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Component Introduction:

DS3231 RTC Module:

The DS3231 is a low-cost, extremely accurate I2C realtime
clock (RTC) with an integrated temperaturecompensated
crystal oscillator (TCXO) and crystal. The device incorporates
a battery input, and maintains accurate timekeeping when
main power to the device is interrupted.

The RTC maintains seconds, minutes, hours, day, date,
month, and year information. The date at the end of the
month is automatically adjusted for months with fewer
than 31 days, including corrections for leap year. The clock
operates in either the 24-hour or 12-hour format with an
AM/PM indicator. Two programmable time-ofday alarms and
a programmable square-wave output are provided. Address
and data are transferred serially through an I2C bidirectional
bus.

Specification:
» Accuracy +2ppm from 0°C o +40°C
» Accuracy +3.5ppm from -40°C to +85°C
» Battery Backup Input for Continuous Timekeeping
* Operating Temperature Ranges
Commercial: 0°C to +70°C
Industrial: -40°C to +85°C
- Low-Power Consumption
» Real-Time Clock Counts Seconds, Minutes, Hours, Day, Date,
Month, and Year with Leap Year
» Two Time-of-Day Alarms
* Programmable Square-Wave Output
- Fast (400kHz) I2C Interface
- 3.3V~5.5V Operation
» Digital Temp Sensor Output: +3°C Accuracy
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Connection Schematic:

Z % o
= m
DO/RX RESET
D1/TX RESET2
D2 AREF
D3 PWM ioref
D4
DS PWM AD
D6 PWM Makeronics Al
Arduino
D7 Uno A2
D& (Rev3) A3
D9 PWM A4/SDA
D10 PWM/SS AS/SC
D11 PWM/MOSI
D12/MISO
D13/5CK
N/C

(]

=

(]

VCC

SDA SCL
SCL SDA
SOW VCC
32K GND

[INEYRT
RTC module

GND

[
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Wiring diagram:

~ 0w o> m o

ol t

DIGITAL (PUM=~)

ANALOG IN
. POWER
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Connect the DS3231 RTC module and arduino Uno R3 board as

the table below.

RTC Module Arduino

vcc +5V
GND GND
SDA Analog Pin 4
SCL Analog Pin 5

Code:

After wiring, please open program in the code folder- Lesson
35 Real Time Clock Module and click UPLOAD to upload the
program. See Lesson 3 for details about program uploading if

there are any errors.

Before you can run this, make sure that you have installed the
< DS3231> library or re-install it, if necessary. Otherwise, your

code won't work.
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Demo:

® NVWL+mN
(AT

DIGITALCPUM ~ >

Makeranics (|

N

Open the monitor then you can see the data as blow:

@ COME (Arduino/Genuino Una) — Od *
| Send
Short format witech 12h mode: Tth Jul 13, 06:1lpm ~
Today 1s: Satwrday, 137 davs of the wear.
Actual month has: 3 days.
Tnixtime: 15309834935
Long mumber format: 07072018 18:11:36
Long format with month name: 07 Julw 2018 18:11:36
Short format witeh 12h mode: Tth Jul 13, 06:1lpm
Today 1s: Satwrday, 137 davs of the wear.
Actual month has: 31 days.
Tnixtime: 1530983496
Long number format: 07072018 18:11:37
Long format #ith month name: 07 July 2018 18:11:37
Short format witch 12h mode: Tth Jul 18, 06:1lpm
Today 1s: Saturday, 187 days of the year.
Actual month has: 31 days.
Tnixtime: 1530933497
L
[+] futoserall Mo line ending 9600 baud o Clear output
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Project 32 ) 3 6

Sound Sensor

In this lesson you will learn how to use the sound sensor
module with Uno R3. It can be used in a number of interesting
ways. One way is to incorporate the microphone as part of
a security system to detect loud noises such as breaking
glass, someone kicking in a door, or the sound of a gun being
discharged. If it is sensitive enough it can even be used to
detect footsteps.

Component Required:

* 1 x Makeronics Uno R3
+ 1 x Sound Sensor Module
* 4 x F-M wires (Female to Male DuPont wires)
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Component Introduction:

Sound Sensor Module:

The analog sound sensor is typically used in detecting loud
sounds in an ambient environment. It uses an electret
condenser microphone to convert sound energy info an
electrical signal, which is the reverse of how a speaker
operates. The electret condenser microphone is a parallel
plate capacitor and works on the principle of a variable
capacitance.

A solid conducting metal body encapsulates the various
parts of the microphone. The top face is covered with a
porous material with the help of glue. It acts as a filter for
dust particles. The microphone consists of two plates, one
fixed (called the back plate) and the other moveable (called
the membrane) with a small gap between them. An electric
potential charges the plate. When sound signal vibrations pass
through the porous material and falls on the membrane
through the hole, the sound strikes the membrane and it
starts moving, thereby changing the capacitance between the
plates which in turn results in a variable electric current to
flow.

Sound openings
Membrane k

Connection ring —]

. L
| |

. 7;' \‘-..\_\‘_ Ground pad

QOutput pad

260

www.makeronics.com



http://www.makeronics.com

Makeronics Uno R3 Complete Starter Kit Manual

For sound detection Module that we will use has two outputs:
AQO, analog output, real-time output voltage signal of the
microphone

DO, when the sound intensity reaches a certain threshold,
the output high and low signal

The threshold-sensitivity can be adjusted via potentiometer
on the sensor.
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Connection Schematic:

RESET NI e See—
RESET2 D)FapY SE—
AREF 02—
iaref D3 PWM f——
(B S—
Al D5 PWM —ov-— e L
. Makeronics ! -
Arduino
A2 Uno ) veer
A3 (REVE'} D& 4 (]i]
AdSSDA D9 PWN fr——
ASSSCL D10 PWKISE fr—
D11 PWMOS] f——
D12MMIS0 e
D13/5CK jr—
M/C
=
)
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Wiring diagram:

DIGITAL (PWMN=~)

Makeranics {UN O}
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Connect the sound sensor module and arduino Uno R3 board as
the table below.

Sound Sensor Mod- Arduino
ule
VCC +HV
GND GND
AQ Analog Pin O
DO Digital Pin 8

Code:

After wiring, please open program in the code folder- Lesson
36 Sound Sensor Module and click UPLOAD to upload the
program. See Lesson 3 for details about 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 works when the
voice reaches a certain value, it will trigger a digital signal
and the dig #13 pin on Arduino will output a high level and
the indicator L will be lit up at the same time. This friggering
value may be changed according to the sensitivity 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.
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Demo:

Open the monitor then you can see the data as blow:

@ COME (Arduino/Genuina Una) — O =

| Send

54 ~
54
54
54
54
54
54
54
55
51
54
58
53
54
54
&3
51
54
54

o4 w

Dﬁmtoscroll Mo line ending | 9600 baud ~ Clear output
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In this lesson you will learn how to interface a RC522 RFID
module with Arduino.

Component Required:

* 1 x Makeronics Uno R3
- 1 x RCH522 RFID Module
+ 7 x F-M wires (Female to Male DuPont wires)
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Component Introduction:

RFID(Radio Frequency Identification) technology is used
for a wide variety of applications including access control,
package identification, warehouse stock control, point-of-sale
scanning, retail antitheft systems, toll-road passes, surgical
instrument inventory, and even for identifying individual
sheets of paper placed on a desk. RFID tags are embedded
in name badges, shipping labels, library books, product tags
and boxes; installed in aircraft; hidden inside car keys; and
implanted under the skin of animals or even people. RFID
systems work on a wide range of frequencies, have a variety
of modulation and encoding schemes, and vary from low-power
passive devices with range of only a few millimeters to active
systems that work for hundreds of kilometers.

All RFID systems have the same basic two-part architecture:
a reader and a transponder. The reader is an active device
that sends out a signal and listens for responses, and the
transponder (the part generally called the "tag") detects the
signal from a reader and automatically sends back a response
containing its identity code

Tag

I

\ RFID
\® %ader;gnal -
RFID ) | , ) 'fﬂ@
Reader < i

f@ tag resp?nse \

i

/
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RCH522 RFID module:

The MFRC522 is a highly integrated reader/writer for
contactless communication at 13.56 MHz. The MFRC522
reader supports ISO 14443A / MIFARE® mode. The
MFRC522'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 supports MIFARE®C lassic
(e.g. MIFARE® Standard) products. The MFRC522 supports
contactless communication using MIFARE® higher transfer
speeds up to 848 kbit/s in both directions.
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Various host interfaces are implemented:

+ SPT interface

» Serial UART (similar to RS232 with voltage levels according
pad voltage supply)

» I2C interface.

Q RFID-RC522° Q
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Connection Schematic:

VIN fr—

(22} -
- u
[32]
——JRESET DO/RX o
——— RESET2 DUTH
] AREF o2 —
— 1T D3 PWM [rm—
D4
AD D5 PWM
—_— Makeronics D6 PWM e
Arduino
S Uno 53] —
o
S— VYT D9 PWM =
AG/SCL D10 PWM/SS SDA RST
D11 PWM/MOSI SCK MISQ f——
D12/MISO [t L MOSI
D13/5CK
=
=
) [
—]N/C
[}
=
[
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Wiring diagram:

mmmmmmmmmmmmmmm

DIGITAL (PWM=~)

Makeranics { UNO
TX sesssssssssscsnes” [ O

RX N

mmmmmmmmmmmmm
mmmmmmmmmmmmm

Please use 3.3V of arduino as input of the 6Y-521 module.
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Connect the sound sensor module and Makeronice Uno R3

board as the table below.

RFID Module Arduino

3.3V +3.3V
RST Digital Pin 9
GND GND
MISO Digital Pin 12
MOSI Digital Pin 11
SCK Digital Pin 13
SDA Digital Pin 10

Code:

After wiring, please open program in the code folder- Lesson
37 RC522 RFID Module and click UPLOAD to upload the
program. See Lesson 3 for details about program uploading if

there are any errors.

Before you can run this, make sure that you have installed the
< rfid> library or re-install it, if necessary. Otherwise, your

code won't work.
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pi61

Makeranics £

7
e,
JO‘Q
&
5
=

Z

@

Open the monitor then you can see the data as blow:

@ COMGB (Arduino/Genuino Una) — O *
| Send
Error name: Timeout in communication. ~
bhetivating the UID backdoor failed
Few UID and contents:
Card UID: 2C 52 67 A3
Card SAK: 08
FICC type: MIFARE 1KB
Sector Block 0 1 2 3 4 5 6 7 8 91011 12 13 14 15 AccessBits
15 3 00 00 00 00 O0 00 FF O7 &0 69 FF FF FF FF FF FF [0 01 ]
62 00000000 O0D Q00000 000D Q0D QD OOGOODODOD [oo0a]
61 00000000 00000000 00000000 OOOQODODOD [oool
60 00 00 00 00 O0 00 00 00 00 00 00 00 OO G0 0000 [oo0a ]
14 39 00000000 0000 FFO7T SO G FFFF FFFFFFFF [001 ]
58 00 00 00 00 O0 00 00 00 00 00 00 00 OO Q0 0000 [0 00 ]
57 00000000 O0DOQ0OD 00 000D Q00D OOOODODOD [oo0a]
56 00000000 00000000 00000000 OOOQODODOQD [oool]
13 55 00 00 00 00 O0 00 FF O7 80 69 FF FF FF FF FF FF [0 01 ]
34 00000000 00000000 00000000 OOOQODO0OQD [oool]
53 00 00 00 00 O0 00 00 00 00 00 00 00 OO Q0 0000 [oo0a ]
52 00000000 00 Q00000 000D Q0D QOD OOOODODOD [oo0a]
12 51 00000000 0000 FFO7 8069 FFFF FFFFFFFF (001 1 =
Autoscroll Mo line ending -~ 9600 haud ~ Clear output
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++++++++++ 38
Rotary Encoder

In this lesson you will learn how to use KY-040 rotary encoder
with Arduino.

Component Required:

* 1 x Makeronics Uno R3
- 1 x KY-040 Rotary Encoder
* 4 x F-M wires (Female to Male DuPont wires)
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Component Introduction:
KY-040 Rotary Encoder:

The Keyes KY-040 rotary encoder is a rotary input device (as
in knob) that provides an indication of how much the knob has
been rotated AND what direction it is rotating in.

It's a great device for stepper and servo motor control. You
could also use it to control devices like digital potentiometers.

A rotary encoder has a fixed number of positions per
revolution. These positions are easily felt as small "clicks" you
turn the encoder.

The Keyes module that I have has thirty of these positions.

On one side of the switch there are three pins. They
are normally referred to as A, Band C. In the case of
the KY-040, they are oriented as shown.

Inside the encoder there are two switches. Once
switch connects pin A to pin C and the other switch
connects pin B 1o C.

In each encoder position, both switches are either
opened or closed. Each click causes these switches to
change states as follows:

» If both switches are closed, turning the encoder ei-
ther clockwise or counterclockwise one position will
cause both switches to open

- If both switches are open, turning the encoder either
clockwise or counterclockwise one position will cause
both switches to close.
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The illustration below is representative of how the switch is
constructed.

As you can see, the angular position of the A terminal and the
B terminal is such that:

* Rotating the switch clockwise will cause the switch connect-
ing A and C to change states first.

* Rotating the switch counterclockwise will cause the switch
connecting B and C to change states first.

If we were to represent the opening an closing of the switch-
es as wave forms, it would look something like this.

CW Rotation -»
Emmm CCW Rotation

Open

I I
T |
I |
| r Closad
I |
I |
|

Open

| I | |
| I | T
| | | |
I | I |
| | | | |
| | | |
| ! | 4
| I | |
I |

I
I Clozed

=

Both Open
Both Closed -
Both Open -
Both Closed - ¢
Both Open -
Both Closed - §=
Both Ope
Both Closed
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Essentially, determining which switch changed states first is
how the direction of rotation is determined.

If A changed states first, the switch is rotating in a clock-
wise direction.

If B changed states first, the switch is rotating in a counter
clockwise direction.

The pin outs for this rotary encoder are identified in the il-
lustration below.

~3 Encoder Fin A

— Encocder Pin B

= NO Pushbutton Switch
~= BV Supphy

= Encoder PinC

The module is designed so that a low is output when the
switches are closed and a high when the switches are open.

The low is generated by placing a ground at Pin C and passing
it to the CLK and DT pins when switches are closed.

The high is generated with a 5V supply input and pullup resis-
tors, such that CLK and DT are both high when switches are
open.

Not previously mentioned is the existence of of push button
switch that is integral to the encoder. If you push on the
shaft, a normally open switch will close. The feature is use-
ful if you want to change switch function. For example, you
may wish to have the ability o between coarse and fine ad-
Justments.
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A schematic for this module is provided below. R2 and R3 in
the schematic are pull up resistors.

GND
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Connection Schematic:

Q A =
[G] -
———J RESET DO/RX e
———] RESET2 [SRFAF] S—
] AREF 02—
—ioref D3 PWM
D4
o
— Y D5 PWM f—o =
Al Makerc‘:-nlcs D6 PWM e
Arduino
—l 7 Un,o 07 pe— DT
—_— (Rev3) [»]:] I— S—
S— VYT DY PWM e
—_— A5/SCL D10 PWM/SS a
=
D11 PWM/MOS] e -
D12/MISO e
D13/5CK
—N/C
=
=
]
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Wiring diagram:

- '
" Makergnics
TX R

RX
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Code:

After wiring, please open program in the code folder- Lesson
38 Rotary Encoder and click UPLOAD to upload the program.
See Lesson 3 for details about program uploading if there are
any errors.

Demo:

i
< B ON
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Open the monitor then you can see the data as blow:

'@' COME (Arduino/Genuing Unao) — O *
| Send
Encoder Position: 26 A

Rotated: clockwize
Encoder Position: 27
Rotated: counterelockwize
Encoder Position: 28
Fotated: counterclockwise
Encoder Position: 25
Rotated: counterclockwize
Encoder Position: 24
Rotated: counterclockwize
Encoder Position: 23
Fotated: elockwize
Encoder Fosition: 24
Fotated: clockwisze
Encoder Position: 235
Rotated: counterclocksise
Encoder Position: 24
Rotated: counterclockwize

Encoder Position: 23

hut-:-scr-:-ll Wo line ending -~ | 9600 baud ~ Clear output
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In this lesson you will learn how to use vibration shake sensor
with Arduino.

Component Required:

- 1 x Makeronics Uno R3
- 1 x KY-002 Vibration Shake Sensor
* 3 x F-M wires (Female to Male DuPont wires)
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Component Introduction:

Vibration detection is critical in security systems that
are normally placed at window grills or doors. It can sense
weak vibration signals, which can be realized with the shock
interaction with relevant works. The vibration sensor is
made up of a vibration switch that contains a spring and a
conductive material passing through (no contact) the center
of the spring.

7
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= |
—E |
— %
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%é
==
7| g
g

Z
g
)
%
%
/
%
%
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/
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%
%
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é
%

| Conductive
Spring ! material

The switch primarily consists of a terminal that forms a
center post and a second terminal that is a spring that
surrounds the center post.

When a sufficient force is transferred to the switch, the
terminal consisting of the spring moves and shorts both
terminals together.

The connection between the terminals is momentary and will
require a little thought as you implement it in your Arduino
project.
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Positioning of the switch is also important. Generally speaking
the switch should be physically located as close as possible
to the area being monitored. Otherwise, the vibration being
detected may be dampened by other structural components in
your project.

An exception to this rule may be where you find that the
switch is too sensitive for your application. In this case,
moving the switch further away from the area of interest
may make it less sensitive.

KY-002 Vibration Shake Module:

The module only has three connections. They consist of a
power input, a ground and an output. These connections are
pictured below.

G d
Vibration Sensor | ___|__ '(j) roun

Ground

‘-’/ ) Power

Vibration Switch

10K

= Power

b B 1_ n
Output Q Output

Specification:

Max Voltage Across Terminals: 12V dc
Open Switch Resistance: > 10M ohms
Closed Switch Resistance: < 30 ohms
Cycle Life: 100,000 cycles
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Connection Schematic:

RESET
RESET2
AREF

joref

AO
Al
A2
A3
AdSSDA

ASSSCL

MN/C

3V3

5V
VIN

Makeronics

Arduino
Uno
(Rev3)

GND

DO/RX
D1/TX
D2

D3 PWM
D4

D5 PWM
D& PWM
D7

D8

D9 PWM

D10 PWM/55
D11 PWM/MOSI

D12/MISO

D13/5CK

AT

s KY-002 Vibration Shake

Sensor

GND
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Wiring diagram:

GND

VCC

- O 0 ©~ 0w T m
"."'."? 1 [ 1

DIGITAL (PWM=~)

PLLLL LI Ll Ll L iy

- g
7 Makeronics {UNO;
TX - .................. o BON .
RX N

ANALOG IN .

O A nUom T W
< =< =< < =

—
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Connect the sound sensor module and Makeronice Uno R3

board as the table below.

Vibration Module Arduino

vcC +5V
GND GND
Sense Digital Pin 8

Code:

After wiring, please open program in the code folder- Lesson
Lesson 39 Vibration Shake Module and click UPLOAD to upload
the program. See Lesson 3 for details about program uploading

if there are any errors.
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Demo:

Open the monitor then you can see the data as blow:

@l""'-.'-f Arduino/Genuino Uno o O X

L

Send

Shock &larm
no alarm
Shock Alarm
no alarm
Shock Alarm
no alarm
Shock &larm
no alarm
Shock &larm
no alarm
Shock 4larm

no BlBJ’.'.III.

[+] tuteserall Wo line ending -+ | 9600 baud o Clear output
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Project 36 4 0

IR Obstacle Detection
Avoidance Module

In this lesson you will learn how to use IR obstacle detection
avoidance module with Arduino. You could for example, sound
an alarm when something got too close or you could change
the direction of a robot or vehicle.

Component Required:

- 1 x Makeronics Uno R3
- 1 x IR Obastacle Detection Avoidance Module
* 3 x F-M wires (Female to Male DuPont wires)
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Component Introduction:
IR Obastacle Detection Avoidance Module:

The device consists of an Infrared Transmitter, an Infrared
Detector, and support circuitry. It only requires three
connections. When it detects an obstacle within range it will
send an output low.

Distance Adjust
IR

Power LED

Receiver
{ / Vee
+—— Gnd
Q H Out
IR Emitter Obstacle LED
LED
Pin, Control Indicator Description
Vce 3.3 to 5 Vdc Supply Input
Gnd Ground Input
Out Output that goes low when obstacle is in range
Power LED Illuminates when power is applied
Obstacle LED Illuminates when obstacle is detected
Distance Adjust Adjust detection distance. CCW decreases distance.
CW increases distance.
IR Emitter Infrared emitter LED
IR Receiver Infrared receiver that receives signal transmitted by Infrared emitter.
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Specifications:

Working voltage: DC 3.3V-5V

Working current: > 20mA

Operating temperature: -10 °C - +60 °C

detection distance :2-40cm

IO Interface: 4-wire interfaces (-/ +/ S/ EN)

Output signal: TTL level (low level there is an obstacle, no
obstacle high)

Adjustment: adjust multi-turn resistance

Effective angle: 35 °

Size: 28mm x 23mm

Weight Size: 9g

The basic concept of IR(infrared) obstacle detection is to
transmit the IR signal(radiation) in a direction and a signal is
received at the IR receiver when the IR radiation bounces
back from a surface of the object.

VCC

12 @ L2 . 2
Power SN \I/ % Switch
indication b % indication
100 10K
T 10K
104
1K
1K
VR ¢ S
| D
/
- 10K
.—-—.
:- VOC O |
i =—104 GNI) Ot 2
- N O—— 3
CON3
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Connection Schematic:

e b =
= =
— A RESET DO/RX f————
el RESET2 [shFap Se—
Y (7 Jr—
—_—Rjoref D3 PWM f—
[BF) A
— Yy D5 PIWM r—
makeronics =
— ] ) DE PWM Ie—— +
Arduino
— A2 Uno D7 put IR Obastacle Avoidance
A3 (Rev3) D8 Module
— A‘:‘--"SD.& Drj PII."UIr'."Il p— O
=
G
——ell A5/5CL D10 PWIM/SS r—
D711 PWM/MOS] Br—
Rt ETe] =ee——
[ 3/ SCK, e
—
=
[T
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Wiring diagram:

=3
=
J

m
A A

o =0 - 0 w = M
1 ;

- O
= o1 H
[

DIGITAL (PWM=~)

Makeronics {UNQ?
................... o
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Connect the sound sensor module and Makeronice Uno R3
board as the table below.

Avoidance Module Arduino

VCe +5V
GND GND
Out Digital Pin 7

Code:

After wiring, please open program in the code folder- Lesson
Lesson 40 IR Obstacle Avoidance Module and click UPLOAD to
upload the program. See Lesson 3 for details about program
uploading if there are any errors.
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Demo:

Open the monitor then you can see the data as blow:

o
,
,

18

Send

OESTACLE!!, OBSTACLE
Clear
Clear
Clear
OBSTACLE!!, OBSTACLE
OBSTACLE!!, OBSTACLE
OBSTACLE!!, OBSTACLE
Clear
Clear
OESTACLE!!, OESTACLE
OBSTACLE!!, OBSTACLE
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear

[] Autoscroll WMo line ending =

9500 baud
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