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No. Picture Component Quantity
1 Acrylic Board 1
5 Wooden Board 3mm* 1

4

3 Keyestudio UNO Board 1
4 B Servo Mount Kit 1

TITee !

TTTTITIT 1
5 Photoresistor Module 4
6 Battery Holder (18650 battery not 1

included)

7 Temperature and Humidity Sensor 1
8 Passive Buzzer Module 1
9 Solar USB Charging Module 1




10 USB Cable 1
11 Yellow LED Module 1
Single-channel Push
12 1
Button Module
13 12C1602 Module 1
BH1750FVI Digital Light Intensity
14 Module 1
[IC Interface
Solar Panel with Tape
15 _ 1
And Wire
16 2.0*40MM Screwdriver 1
17 3.0*40MM Screwdriver 1
Smart Phone Charging
18 1
Module
19 i M3*8MM Flat Head Screw 29
20 [t M3*14MM Flat Head Screw 4




21 M3 Nickle-plated Nut 6

22 @ M4 Nickle-plated Nut 2

23 M M4*8MM Round Head Screw 2
M3*45MM Double

24 _ oo . 8
Pass Copper Pillar
= M3*10MM Double

25 a _ 7
B Pass Copper Pillar

26 ’0 Building Block 4265¢ 18

27 — Building Block 43093 18
M3*6+6MM Single

28 _ 4
Pass Copper Pillar

29 Servo 2

= B ——— 3P 26AWG 200mm F-F
30 , 7
DuPont Wire
31 — S 4P F-F 26AWG 350mm 1
DuPont Wire

e —— 4P 26AWG 200mm

32 1

DuPont Wire




e
33 C 20cm M to F DuPont 1
S Wire
34 Plastic String 4
35 Plastic Pip 1
2.1 What is Arduino?

Arduino is an open-source electronics platform based on easy-to-use hardware and software.
Arduino boards are able to read inputs - light on a sensor, a finger on a button, or a Twitter message
- and turn it into an output - activating a motor, turning on an LED, publishing something online. You
can tell your board what to do by writing the program code in the IDE and sending the instructions
to the microcontroller on the board. To do so you use the Arduino programming language (based on
Wiring), and the Arduino Software (IDE), based on Processing.

2.2 Installing the Arduino IDE for Windows

1. Visit https://www.arduino.cc/en/software to download the latest Arduino IDE version for your

computer’ s operating system. There are versions for Windows, Mac, and Linux systems.

The Arduino IDE 2

The Arduino IDE 2 is a big step from its sturdy predecessor, Arduino IDE 1.x, and comes with
revamped Ul, improved board & library manager, debugger, autocomplete feature and much more.
Here we will show how to download and install the Arduino IDE 2.2.1 on your Windows

You can choose between the Installer (.exe) and the Zip packages. We suggest you use the first one
that installs directly everything you need to use the Arduino Software (IDE), including the drivers.
With the Zip package you need to install the drivers manually. The Zip file is also useful if you want
to create a portable installation.



https://www.arduino.cc/en/software
https://arduino.cc/en/Guide/PortableIDE
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newer, 64 bits In (ATION ‘ STORE ‘ Q. Search on Arduino
J) P

DOWNLOAD HARDWARE  SOFTWARE CLOUD  DOCUMENTATION » COMMUNITY + BLOG  ABOUT

OPTIONS Arduino Web Editor ‘:- . A
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4. Save the .exe
file downloaded
from the software
page to your hard
drive and simply

run the file .
5. Read the
License Agreement
and agree it.
6. Choose the

installation options.

¥ ¥ = | Downloads
Home Share View
“— ~ 4 ¥ > ThisPC > Downloads > ~
= Name Date m
# Quick access
B Desktop o Today (4)
" Downloads - Yesterday (2)
] Documents o+ ~ Earlier this week (1)
&= Pictures < arduino-ide_2.0.0-beta.3_Windows_b4bit 2021-0
Arduino Last month (1)

images

project-dashboards

& Arduino IDE Setup - >
License Agreement
Please review the license terms before installing Arduino IDE.

Press Page Down to see the rest of the agreement,

Terms of Service

The Arduino software is provided to you “as is”™ and we make no express or implied
warranties whatsoever with respect to its functionality, operability, or use, induding,
without limitation, any implied warranties of merchantability, fithess for a particular purposs,
or infringement. We expressly disdaim any liability whatsoever for any direct, indirect,
consequential, inddental or spedal damages, induding, without limitation, lost revenues, lost
profits, losses resulting from business interruption or loss of data, regardless of the form of
action or legal theory under which the liability may be asserted, even if advised of the
possibility or likelihood of such damages.

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install Arduino IDE.

B2 Arduino IDE Setup — be

Choose Installation Options
Wheo should this application be installed for?

Please select whether you wish to make this software available to all users or just yourself

(®Anyone who uses this computer (all users)

() Only for me

Fresh install for all users. (will prompt for admin credentials)

<osok [@s] | cance




7. Choose the
install location.

8. In addition, the
security center may
pop up a few times
asking you if you
want to install
some device driver.
Please install all of
them.

&) Arduino IDE Setup — o

Choose Install Location
Choose the folder in which to install Arduino IDE.

Setup will install Arduino IDE in the following folder. To install in a different folder, dick Browse
and select another folder. Click Install to start the installation,

Destination Folder
c: \Program Files\Arduino IDE Browse...
< Back " Install ] Cancel
E=] Windows Security b4

Would you like to install this device software?

Mame: Genuino USE Driver
% Ppublisher: Arduino LLC

Always trust software from "Arduino LLC". Install Don't Install

@ You should only install driver software from publishers you trust. How can |
decide which device software is safe to install?




9. Click finish and & Arduino IDE Setup _

run Arduino IDE Completing Arduino IDE Setup

Arduino IDE has been installed on your computer,

Click Finish to dose Setup.

Run Arduino IDE

. . ) Ni h X
10.Firewall will ask dP Windows Security Alert

whether we'd like to Windows Defender Firewall has blocked some features of this
give allow access,just app

imply click on Allow
sImply click o o Windows Defender Firewall has blocked some features of mdns-discovery on all public and

access. private networks.
# 7| Name:
——  Publisher: Unknown
Path: C:\usersijohan\appdata\local \arduino 15'\packages \builtin

\tools\mdns-discovery\1.0.5\mdns-discovery.exe
Allow mdns-discovery to communicate on these networks:
Private networks, such as my home or work network

[[]Public networks, such as those in airports and cafés (not recommended
because these networks often have little or no security)
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11.Wait for some Output
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arduino IDE to arduino:avr-gcc@7.3.@-atmel3.6.1-arduino?
. . arduino:avrdude@6. 3.8-arduinol?
aUtomatlca”y install arduino:arduino0OTAg1.3.0
the Arduino AVR arduino:avr@.8.6
Boards built-in Installing arduino:avr-gcc@?.3.8-atmel3.6.1-arduino?
4

. . .6.1-arduino7 installed
libraries, and other

Installing arduino:avrdu .3.8-arduinol?
required files. arduino:avrdude@6.3.8-arduino17 installed




Arduino IDE 2.0

VERIFY / UPLOAD SELECT BOARD & PORT OPEN SERIAL MONITOR

&l lesspn_1.1_Blink | Arduino IDE 2.2.1
. Edit Sketch Tools Help

0 e Select Board

( )——'““1“ s SKETCHBOOK
'_"\ 2 bavactudin cm=rd fFuedls sobed
€8 mme g BOARDS MANAGER]
ot _- ARDS HANADE OPEN SERIAL PLOTTER
L BRARY MANAGER
.-.:‘ 7 vold setup()
{\ .': g ; UGQE-R initialize digital pin 3 as an output.
s 18}
" I & SE—
13 {
14 digitalvrite(3, HIGH);
15 delay(1960); fo
16 digitalWrite(3, LOW);
17 delay(leea); TF

Verify / Upload - compile and upload your code to your Arduino Board.

Select Board & Port - detected Arduino boards automatically show up here, along with the
port number.

Sketchbook - here you will find all of your sketches locally stored on your computer.
Additionally, you can sync with the Arduino Cloud, and also obtain your sketches from the
online environment.

Boards Manager - browse through Arduino & third party packages that can be installed. For
example, using a MKR WiFi 1010 board requires the Arduino SAMD Boards package installed.
Library Manager - browse through thousands of Arduino libraries, made by Arduino & its
community.

Debugger - test and debug programs in real time.

Search - search for keywords in your code.

Open Serial Monitor - opens the Serial Monitor tool, as a new tab in the console.

If you want to learn more about Arduino IDE, please refer to this document: Getting Started

with Arduino IDE 2



https://docs.arduino.cc/software/ide-v2/tutorials/getting-started-ide-v2
https://docs.arduino.cc/software/ide-v2/tutorials/getting-started-ide-v2

2.3 Introduce of Keyestudio UNO Board

The core processor of this board is ATMEGA328P-AU and ATMEGA16U2 is used as a UART-to-USB
conversion chip.

It has 14 digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16
MHz crystal oscillator, a USB connection, a power jack, 1 ICSP header, and a reset button.

All you need to do is connect it to a computer via a USB cable and power it with an external power
supply of DC 7-12V.

Microcontroller ATMEGA328P-AU
Operating Voltage 5V
Input Voltage (recommended) DC 7-12V
Digital I/O Pins 14 (D0-D13)
PWM Digital /0O Pins 6 (D3, D5, D6, D9, D10, D11)
Analog Input Pins 6 (AO-A5)
Flash Memory 32 KB (ATMEGA328P-PU) of which 0.5 KB
SRAM 2 KB (ATMEGA328P-PU)
EEPROM 1 KB (ATMEGA328P-PU)

Clock Speed 16 MHz

10
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Interface
number Introduce
ICSP (In-Circuit Serial Programming) Header ICSP
It is the AVR, an Arduino micro-program header consisting of MOSI, MISO, SCK,
1 RESET, VCC, and GND. It is often called the SPI (serial peripheral interface) and
can be considered an "extension" of the output. In fact, slave the output devices
under the SPI bus host. When connecting to PC, program the firmware to
ATMEGA328P-AU.
Serial Communication Pin
2 Connect to serial communication. 4Pins (GND, VCC (3.3V or 5V controlled by
slide switch), RX, TX)
3 GND |
Ground pins
V Pin (VCC)
4 Power the external sensors and modules. Select the voltage of 3.3V or 5V viaa
slide switch.

11



Digital I/0
It has 14 digital input/output pins, labeled DO to D13 (of which 6 can be used as
PWM outputs). These pins can be configured as digital input pin to read the logic

5 value (0 or 1). Or used as digital output pin to drive different modules like LED,
relay, etc. The pin D3, D5, D6, D9, D10, and D11 can be used to generate PWM.
For digital port, you can connect through female headers, or through pin
headers (labeled S) of 2.54mm pitch.
AREF
6 For Analog reference. Sometimes used to set an external reference voltage
(0-5V) as the upper limit of analog input pins.
SDA
/ [IC communication pin
SCL
8 [IC communication pin
ICSP (In-Circuit Serial Programming) Header
9 ICSP is an AVR, an Arduino micro-program header consisting of MOSI, MISO, SCK,
RESET, VCC, and GND. Connected to ATMEGA 16U2-MU. When connecting to PC,
program the firmware to ATMEGA 16U2-MU.
Microcontroller
Each control board has its own microcontroller. You can regard it as the brain of
10 your board. Microcontrollers are usually from ATMEL. Before you load a new
program on the Arduino IDE, you must know what IC is on your board. This
information can be checked at the top of IC. The microcontroller used in this
board is ATMEGA328P-AU.
D13 LED
11 There is a built-in LED driven by digital pin 13. When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off.
TXLED
12 Onboard you can find the label: TX (transmit) When the board communicates via
serial port, send the message, TX led flashes.
RX LED
13 Onboard you can find the label: RX(receive ) When the board communicates via
serial port, receive the message, RX led flashes.
Power LED
14 LED on means that your circuit board is correctly powered on. Otherwise LED is

off.

12



http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-ATmega328P_Datasheet.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-ATmega328P_Datasheet.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-ATmega328P_Datasheet.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-ATmega328P_Datasheet.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-ATmega328P_Datasheet.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-7810-Automotive-Microcontrollers-ATmega328P_Datasheet.pdf

USB Connection

15 You can power the board via USB connection. Or can upload the program to the
board via USB port. Connect the board to PC using a USB cable via USB port.
ATMEGA 16U2-MU
16 USB to serial chip, can convert the USB signal into serial port signal.
Power Switch
17 You can slide the switch to control the voltage of pin V (VCC), 3.3V or 5V.
Voltage Regulator
To control the voltage provided to the board, as well as to stabilize the DC
18 voltage used by the processor and other components. Convert an external input
DC7-12V voltage into DC 5V, then switch DC 5V to the processor and other
components, output DC 5V, drive current is 2A.
DC Power Jack
19 The board can be supplied with an external power DC7-12V from the DC power
jack.
IOREF
20 Used to configure the operating voltage of microcontroller. Use it less.
RESET Header
21 Connect an external button to reset the board. The function is the same as reset
button.
Pin 3.3V
22 Output Provides 3.3V voltage output
53 Pin 5V
Output Provides 5V voltage output
Vin
24 You can supply an external voltage input DC7-12V through this pin to the board.
Analog Pins
The board has 6 analog inputs, labeled A0 through A5. Can also used as digital
25 pins, AO=D14, A1=D15, A2=D16, A3=D17, A4=D18, A5=D19. For analog port, you
can connect through female headers, or through pin headers (labeled S) of
2.54mm pitch.
IIC Communication Pin
26 Connect to the IIC communication. 4Pins (GND, VCC (3.3V or 5V controlled by
slide switch), SDA, SCL)
27 RESET Button

You can reset your board to start the program from the initial status.

13




2.4 Select Board and Port in Arduino IDE

Before uploading code to the connected control board, we need to select board and port in Arduino

IDE.

Two methods are introduced below:

1. Using the Board and Port selector of the Tool drop-down list

2. Using the board selector

1. Open the Device
Manager by right-clicking
“ My computer” and
selecting the Properties.

Look under Ports (COM &
LPT). You should see an
open port named
Arduino UNO (COM-X).

Click on Tools, select
"Arduino UNO" for the
board type, and select

COM-XX for Port as
shown in the Device
Manager.

2. Find the board

selector and click to open.
A list of ports will be
displayed. If a board could
be identified, the board
name will be displayed,
otherwise, it will display
“Unknown”.

Click on Arduino
UNO/COMA4 to select it.

ﬂ Device Manager
File Action View Help

Kl ARz INENN ? Wl

v % DESKTOP-RBSUAER
iy Audio inputs and outputs
Iﬂ Computer
e Disk drives
O Display adapters
B Firmware
i Human Interface Devices
=@ |DE ATA/ATAPI controllers
=2 Keyboards
g Mice and other pointing devices
[ Manitors
A Metwork adapters
i Ports (COM & LPT)
Arduino Uno (COM4
@ EERO (Ccom1)
= Print queues
L Processors
f Software components
B Software devices
i Sound, video and game controllers
S Storage controllers
E3 System devices

§ Universal Serial Bus controllers

B3 sketch jan23a | Arduino IDE 2.2.1

File Edit Sketch Tools Help

Auto Format

Archive Sketch

sketch_jan]
1 o Manage Libraries.. Ctrl+Shift+1
g Serial Monitor Ctrl +Shift+M
4 Serial Plotter
5
f Firmware Updater
; Upload SSL Root Certificates
a 3
1@ Board: "Arduino Uno" ’

Port: "COMA4" L4

Get Board Info

Programmer >

Serial ports
v COM4 (Arduino Uno)

COM1

Burn Bootloader

carleT _

sketch_oct08a | Arduino IDE 2.2.1

Select Board v

sketch_oct(

[y

Vi

cCOM1

® WO S WN
<

pary

OQutput

J» Arduino Uno
COM4

Board name

1 Unknown

Select other board and port.

B sketch_jan23a |
File Edit Sketch

99

Arduino IDE 2.2.1

Tools Help

| R

14




2.5 Add Libraries to Arduino IDE

Why Use Libraries?

Libraries are incredibly useful when creating a project of any type. They make our development

experience much smoother, and there almost an infinite amount out there. They are used to

interface with many different sensors, RTCs, Wi-Fi modules, RGB matrices and of course with other

components on your board.

Including a Library in the sketch

To use a library, you first
need to include the
library at the top of the
sketch.

If you find a line of code
in the format of #include
<library name> at the
beginning of the code
when using our code, it
means that you need to
add this library file to
arduino IDE first before
you can  successfully
upload this code.

To make the solar
tracking kit work, we
need to add these files to
the Arduino IDE.

All these libraries are
came with the tutorial
package we provided.

<dht11.h>
dht11 DHT;
e DHT11_PIN 7

#include
#defir

void setup() {

4
¥
void loop() {

int chk;

chk = DHT.read(DHT11_PIN);

switch (chk) {

se DHTLIB_OK:
ok ;

H

TLIB_ERROR_CHECKSUM:

IB_ERROR_TIMEOUT:

srnatives for dhtii.h: []
»lveLibrary(dhtii.h)

» candidates: []

In1,Cel1 Arduino Uno on C|

_ G D 5 Libraries >
Tutorial Package
£ :
i % BH1750
libraries % Dht11
Manual

B LiquidCrystal 12C

| Read Me First =
A Servo

& | Troubleshooting = Wire

15



Two ways to add libraries to Arduino IDE

1) Method One: Importing a .zip Library

In the menu bar, go to
Sketch > Include
Library > Add .ZIP
Library...

You will be prompted
to select the library
you want to add.

Navigate to the .zip
file’s location and
open it.

Select a zip file

containing the library
you'd like to add

These library files

come with the
tutorial package we
provide.

You may need to

restart the Arduino
IDE for the library to
be available.

After successful
installation, you will
see them in the list.

& Blink | Arduino IDE 2.2.1 =
File | Edit Sketch Tools Help
Elin Upload Ctrl+U
Configure and Upload
Upload Using Programmer Ctrl+Shift+U
Export Compiled Binary Ale+Ctrl+5
Optimize for Debugging
Show Sketch Folder Alt+Ctrl+K
Include Library
1 : Manage Libraries...  Ctrl+Shift+
] Add File...
. Add ZIP Library...
13
_; Contributed libraries

File Edit Sketch Tools Help
sketch_jan24a.ino

1 void setup() {
B | & Select a zip file containing the library you'd like to add
4 } « i » ThisPC » Desktop » Libraries v v] O Search Libraries
5
6 void  Organize = Mew folder
é &Down\aads N MName Date modified
g } |=| Documents B8 BH1750
1@ &=/ Pictures 5 Dht11

keyesvpn B LiquidCrystal _12C

20241 ANAE B Servo

202451 H 1582 i Wire

Download

T ABRIE 202

[ This PC
& WPSEE
J 3D Objects
[ Desktop v <
F\Iename:“ v| Library

Cancel

16

& lesson 22 | Arduino IDE 2.2.1 e
File Edit Skeich Tools Help
Wetityf/Compile Gkl Manage Libraries..  Ctrl+Shift+1
less  Upload Ctrl+U
Configure and Upload Add ZIP Library...
Upload Using Programmer Ctrl+Shift+U Arduino libraries
Export Compiled Binary Alt+Ctrl+S Arduino,_Builtin
Optimize for Debugging EEPROM
Show Sketch Folder Alt+Ctrl+K Ethernet
! Include Library > Pl
1 AddFile. Stepper
: P TFT
16  unsigned char start@l[] = {@x@1, @x02, Contributed libraries X80, 8x40, 09x20, @x12, Ox@8, Gx04, Bx02, @xell;
Library installed Cube
Dht11
IRremote
Servo




2) Method Two: Manual Installation

The default location where Arduino sketches you write will be saved is called the Sketchbook.

The Sketchbook is simply a folder on your computer like any other. It acts as a handy

repository for sketches and is also where add-on code libraries get saved.

Libraries Folder

The sketchbook\libraries folder is the default location where libraries are installed to from

the Arduino IDE.

If you want to add a library manually, the library file cannot be added as a zip file, you need

to unzip it and put it 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.

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

Unzip the ZIP file and

copy it into the
"libraries" folder
inside your

sketchbook. Note: If
there libraries
folder the
sketchbook folder, you

iS no

in

need to create a new
one yourself and copy
the
library files into it.

uncompressed

Sethngs  Network

Sketchbook location:

C:\sers\Simone HJmntswmhul

Browse

Editor language: English (English) ~ | {requires restart of Arduing)
Editor font size: 16
Interface scale: HAutomatic | 100 © % (reguires restart of Arduino)
Show verbase output during: [ ] compilation  [] upload
Compier warmings: None o
Display ne numbers
[[] Enable Code Folding
G QJ > - Libraries > & % > Libraries

B8 BH1750
B8 Dht11

1l

BH1750
Dht11

W Liicicrystal 120 Upzip LiquidCrystal_12¢
B4 Servo
Servo
BN Wi
BN Wire Wire
I 4 = | libraries
Home Share View
-« v <« Local Disk (C) » Users » Administrator > Documents > Arduino > libraries
Name Date modified Type
s Ouick access
BH1750 ile fo
Sketchbook Dht1 -
Iocation IRremote le fo
o ot ents LiquidCrystal_2C -
& Downloads Servo fiefold
Wi e fold
J’ Wi ire ile fo

17




Sta I’t the Ard u | nO B sketch_jan25a | Arduino IDE 2.2.1 _ 0 ®

File Edit Sketch Tools Help

Software (IDE) g0 t0 [ ocose o

skei  Upload Ctrl+U
SketCh > InC|Ude Configure and Upload
Li bra ry. Verify th at Upload Usingl Pluglrammer C'.rl—‘El"i-;.—L_i Manage Libraries..  Ctrl+Shift+1
Export Compiled Binary Ale+Ctrl+5
the Iibra ry you just Optimize for Debugging Add ZIP Library..
. . . Show Sketch Folder Alt+Ctrl +K Arduine libraries
added is available in T T
. | AddFile.. EEEROM
the I|St. Wire

Contributed libraries
BH1750

Dht11
IRremote

LiquidCrystal 12C

Servo

Uninstalling an Arduino Library

Uninstalling an Arduino Library is simpler than installing it. Find the sketchbook folder on your
computer (same as in the “Manually installing a library” chapter). Go to the location and open
the “libraries” folder. Select the folder containing the library you want to delete, and then
simply delete it. Next time you open your Arduino IDE, there won’t be the deleted library
under the Sketch > Include Library menu.

Local Disk (C:) » Users » Administrator » Documents » Arduino » libraries

Name Open
BH1750 OIpen in new window I
Dht11 Pin to Quick access
IRremote Send to >

LiquidCny Cut

Servo Copy
Wire

Create shortcut

Delete /

Libraries don’t take much space and most of the time there is no reason to remove them. If
you don’t intend to use them again, though, and want to declutter the list, you can safely
delete them. You can always install any Arduino Library again if you need to use it in the future.
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Lesson 1.1: LED Blinks

(1) Description:

LED, the abbreviation of light emitting diodes consists of Ga, As, P, N chemical compounds, and so
on. The LED can flash in diverse colors by altering the delay time in the test code. When in control,
power on GND and VCC, the LED will be on if the S end is at a high level; nevertheless, it will go off.

(2) Parameters:

Control interface: digital port
Working voltage: DC 3.3-5V
Pin spacing: 2.54mm

LED display color: yellow

(3) You need to prepare:

Control Board*1 USB Cable*1 Yellow LED Module*1 | 3pin F-F 26AWG Wire

\,
-
(=2
b g (i)
o R [
" R
T E
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(4) Connection diagram of the led module:

The pin -, + and S of LED module are connected to the pin G, 5V and D3 port of

SCL SOHAREF GMD D13 D12 019 D10 08 DS ¥
[ (amssssmnnw e -

keyestudio_

-
-

iRAmRRRRIRR

(. Keyestudlo

1. Connect the control board lesson 1.1
to the computer with the usb lesson 12
cable. |

esson_ 2.1

2. Open the INO file inside the
lesson_1.1 folder with
Arduino IDE.

lesson 2.2

& lesson 1.1 | Arduino IDE 2.2.1
File Edit Sketch Tools Help

1 COM4
3. Click the board selector or iy —
: ¥ ocom
tool menu to select "Arduino :
i Select other board and port...
UNO" and COM-XX P e
2
4. Click upload >>> done s vold setup()

®

I
jary

pinMode(LED, OUTPUT);
1
¥

uploading.

i

void loop()

16 igitalkrite(LED, "1._1")
lay (1868} ; for &
rite(LED, L:I [};

lesson_1.1) i Arduino Una
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Test Results: LED blinks at the interval of 1s

(5) Code Explanations:
pinMode(LED, OUTPUT) - This function can denote that the pinis INPUT or OUTPUT
digitalWrite(LED, HIGH) - When pin is OUTPUT, we can set it to HIGH(output 5V) or LOW(output OV)

Lesson 1.2: Changing the blinking frequency of the LED

>>>>>>>>This lesson is an expansion of the Lesson 1.1

1. Connect the control board lesson_1.1
to the computer with the usb lesson 1.2
cable. lesson 2.1
2. Open the INO file inside the
lessan 2.2
lesson_1.2 folder with
ArdUIno lDE' & lesson_1.2 | Arduino IDE 2.2.1

File Edit Sketch Tools Hel

4 Arduino Uno

lesson_1.2.ino

I

3. Click the board selector or
tool menu to select "Arduino
UNO" and COM-XX

o s o pa

4. Click upload >>> done 7 #define LED 3

uploading. 0 yald Setin0)
1@ 4

Test Results: You will see the 11 | pintode(LED, QUTPUT);
1 b

LED flashes faster. 1} oRd ()
15 digitalWrite(LED, HIGH);
18 delay(19@); i
17 digitalWrite(LED, LOW);
18 delay(188); it
19}
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Lesson 2.1: Adjust the Brightness of the LED

Hardware required for this lesson, the configuration of the arduino IDE, and the wiring between the
LDE module and the control board is in the same way as Lesson 1.1.

(1).Description:
In previous lesson, we control LED on and off and make it blink.

In this project, we will control LED brightness through PWM to simulate breathing effect. Similarly,
you can change the step length and delay time in the code so as to demonstrate different breathing
effect.

PWM is a means of controlling the analog output via digital means. Digital control is used to
generate square waves with different duty cycles (a signal that constantly switches between high
and low levels) to control the analog output.In general, the input voltage of port are OV and 5V.
What if the 3V is required? Or what if switch among 1V, 3V and 3.5V? We can’t change resistor
constantly. For this situation, we need to control by PWM.

Voltage

T Duty Cycle: 25

For the Arduino digital port voltage output, there are only LOW and HIGH, which correspond to the
voltage output of OV and 5V. You can define LOW as 0 and HIGH as 1, and let the Arduino output
five hundred 0 or 1 signals within 1 second.

If output five hundred 1, that is 5V; if all of which is 1, that is OV. If output 010101010101 in this way
then the output port is 2.5V, which is like showing movie. The movie we watch are not completely
continuous. It actually outputs 25 pictures per second. In this case, the human can’t tell it, neither
does PWM. If want different voltage, need to control the ratio of 0 and 1. The more 0,1 signals
output per unit time, the more accurately control.
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1. Connect the control board |
esson_1.1
to the computer with the usb
lesson_1.2
cable.
2. Open the INO file inside o]
the lesson_2.1 folder with lesson_2.2
Arduino IDE.

tool menu to "Arduino UNO" TS
and COM-XX :
4.Click upload >>>done

. File Edit Sketch Tools Help
3Click the board selector or m e —
' Arduino Uno \\'

uploading.

Test Results: The LED § e
g wvold setup()

gradually changes from bright 10

pinMode(LED, OUTPUT);
to dark, rather than turning

B; value < 255; value = value + 1) {
e (LED, wvalue); ights i

on and off.

(2).Code Explanation:

When we need to repeat some statements, we could use FOR statement.
FOR statement format is shown below:

® (2 condition istrue @
for (cycle initialization; cyde condition; jcycle adjustment statement) {
3 loop body statement;

}

FOR cyclic sequence:
Round1l: 1 — 2 — 3 — 4
Round2: 2 — 3 — 4

Until number 2 is not established, “for” loop is over,
After knowing this order, go back to code:
for (int value = 0; value < 255; value=value+1){
..}
for (int value = 255; value >0; value=value-1){
..}

The two“for”statements make value increase from 0 to 255, then reduce from 255 to 0, then
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increase to 255,....infinitely loop

There is a new function in the following —— analogWrite()

We know that digital port only has two state of 0 and 1. So how to send an analog value to a
digital value? Here,this function is needed. Let’s observe the Arduino board and find 6 pins
marked“~”which can output PWM signals.

Function format as follows:

analogWrite(pin,value)

analogWrite() is used to write an analog value from 0~255 for PWM port, so the value is in the
range of 0~255. Attention that you only write the digital pins with PWM function, such as pin
2,3, 4,5, 6, 7,8,9, 10, 11,12,13, 44,645, 46.

PWM is a technology to obtain analog quantity through digital method. Digital control forms a
square wave, and the square wave signal only has two states of turning on and off (that is, high
or low levels). By controlling the ratio of the duration of turning on and off, a voltage varying
from 0 to 5V can be simulated. The time turning on(academically referred to as high level) is
called pulse width, so PWM is also called pulse width modulation.

Through the following five square waves, let’s acknowledge more about PWM.

Pulse Width Modulation

0% Duty Cycle - analogWrite(0)
5V

Oy

25% Duty Cycle - analogWrite(g4)
Sv ﬂ ﬂ ﬂ ﬂ H
Ov

50% Duty Cycle - analogWrite(127)
Ov 8

75% Duty Cycle = analogWrite{191)
Ov

100% Duty Cycle = analogWrite{255)
] ] 1

Lw ’ - L L L Tl T
| ' i
O | | -
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In the above figure, the green line represents a period, and value of analogWrite() corresponds

to a percentage which is called Duty Cycle as well. Duty cycle implies that high-level duration is

divided by low-level duration in a cycle. From top to bottom, the duty cycle of first square

wave is 0% and its corresponding value is 0. The LED brightness is lowest, that is, turn off. The

more time high level lasts, the brighter the LED. Therefore, the last duty cycle is 100%, which

correspond to 255, LED is brightest. 25% means darker.

PWM mostly is used for adjusting the LED brightness or rotation speed of motor.

It plays vital role in controlling smart robot car.

Lesson 2.2: Slow down the change of the brightness of the LED

>>>>>>>>This lesson is an expansion of the Lesson 2.1

LDE module and the control board is in the same way as Lesson 1.1.

E—Iardware required for this lesson, the configuration of the arduino IDE, and the wiring between the]

1. Connect the control board
to the computer with the usb

cable.

2. Open the INO file inside
the lesson_2.2 folder with
Arduino IDE.

3. Click the board selector or
tool menu to "Arduino UNO"
and COM-XX

4. Click upload
uploading.

Test Results: Compared to
the last lesson, the brightness
of the LED changes slower.

>>>done

lesson 1.2
lesson 2.1
lessan 2.2

lesson_3.1

& lesson_2.2 | Arduino IDE 2.2.1

File Edi k
leszon_2 2 ino

1
2

BT

lue = value + 1) {




Lesson 3.1: Read the Digital Signal of Button Module

(1)Description

In this project, we intend to use the push button module to control the LED.

(2)Parameters:

Working voltage: DC 3.3-5V
Control signal: digital signal

Size: 34mm
Weight: 3.8g

(3)You need to prepare:

Control Board*1

Yellow LED

USB Cable*1
Module*1

Wire*2

3pin F-F 26AWG

Push Button
Module*1

(4)Connection Diagram

Pin Connection Table

Pin Connection Table

Pin of the Button Pin of Control Board Pin of the LED Pin of Control Board
G G/D2 G G/D3
Vv V/D2 Vv V/D3
S S/D2 S S/D3

SCLSOAAREF GNODHI 2O DA0DS0E OF 06 [

EEEEEEEEN

" keyestudio_

1 8 Keyestudio

VO RST 3W3 5V GND VIN

26

AD A1 AZ A3 A4 AS )

2 @GR

AD A1AZ AT Ad AS

=
O
-
=
m




1.Connect the control board to
the computer with the usb

cable.

2.0pen the INO file inside
the lesson_3.1 folder with
Arduino IDE.

3.Click the board selector or
tool menu to "Arduino UNO"

and COM-XX
4.Click  upload
uploading.

>>>done

Test Results: After the code
has been successfully
uploaded. The wvalue 1
output from the pushbutton
module will be displayed on
the serial monitor because
the pushbutton module is at
high level When you press
the button for a long time
leaving the button module at

a low level., the serial
monitor will display the
value 0.

(5)Code Explanation:

lesson 2.1
lesson 2.2

lesson 3.1

lesson 3.2

File Edit Sketch Tools Hel
4" Arduine Une -

lesson_3.1ino

4

5

8

9

1@ id setur

11

12 Serial.begin(9688);

13 de(button, INPUT);

14}

15  woid loop () {

16 buttonState = digitalRead(button);
Serial.println{buttonState);
delay(188); ¥

19 I

28

& lesson 3.1 | Arduino IDE 2.2.1 — (] X

File Edit Sketch Tools Help

leszon_3.1.ino

¥ Arduino Uno

v 0 =

Carriage Retun ~ | 9500 baud -

Output  Senal Monitor

0

Ln1.Col1 ArduinoUnconcomd [z B

Serial.begin(9600)-initialize the serial communication and set the baud rate to 9600

pinMode(pin, INPUT)-use the function pinMode() to tell Arduino whether it is an output pin or

an input pin

digitalRead(pin)-read the digital level of pins,be HIGHT OT LOW
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Lesson 3.2: Control the LED by the Button Module

>>>>>>>>This lesson is an expansion of the Lesson 3.1

D13D12D1 D10

D8 D7 D6 D5 D4 D3 D2

£
keyestudio
LR}

BUTTON

Frrre ()
: 000000

VO RST 3V3 5V GND VIN AD A1A2 A3 A4 A5

EEEE s s s s EEEN

DC7-20V

1.Connect the control board to
the computer with the usb

cable.

2.0pen the INO file inside
the lesson_3.2 folder with
Arduino IDE.

3.Click the board selector or
tool menu to "Arduino UNO"

and COM-XX
4.Click upload >>>done
uploading.

Test Results: After the code
has been successfully
uploaded, keep powering the
control board from the
computer using the USB
cable. when the button is
pressed, the LED lights up;
otherwise, it remains off.

lesson 3.1

lesson 3.2

& lesson 3.2 | Arduino IDE 2.2.1 = ] x
File Edit Sketch Tools Help
+# Arduino Uno I = W Wt o

lessen_3.2.ino

=

tton, INPUT);
e(LED, QUTPUT);

(bl et e
i T R TR i T A RN . ST I ST

void loop ()

o)

[ b g
&

buttonState = digitalRead(button);
if (buttonState == @) t

o
=

ki
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Lesson 4.1: Passive Buzzer

(1)Description

There are prolific interactive works completed by Arduino. The most common one is sound
and light display. We always use LED to make experiments. For this lesson, we design circuit to
emit sound. The universal sound components are buzzer and horns. Buzzer is easier to use.
And buzzer includes about active buzzer and passive buzzer. In this experiment, we adopt
passive buzzer.

While using passive buzzer, we can control different sound by inputting square waves with
distinct frequency. During the experiment, we control code to make buzzer sound, begin with
“tick, tick” sound, then make passive buzzer emit “do re mi fa so la si do”, and play specific
songs.

(2)Parameters:
Control interface: digital port

Working voltage: DC 3.3-5V

(3)You need to prepare:

Control Board*1 USB Cable*1 Passive Buzzer*1 3pin F-F 26AWG Wire

Emzl 5CL 5DA AREF GND 013 D12 D41 D10 D8 Da

bom iiiilliiti

- ue

keyestudio_

- -
- -
= -
- -
- -
- -
- -
= -
- -

s 8 Keyestudio
1) masLLsS

YO RST 3¥3 5V GND VIN Al A1 AZ AT A4 AS
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The G, V and S pins of passive buzzer are connected to G, V and D6 of the control Board.

Pin Connection Table
Pin of the Buzzer Pin of Control Board
G G
V V
S D6
1.Connect the control board to | = |esson 3.1
the computer with the usb W e
cable.
. L lesson 4.1
2.0pen the INO file inside
the lesson_4.1 folder with ARG
Arduino IDE.

3.Click the board selector or |& eenijadino oe221 - g X

File _Edit_Sketch

tool menu to "Arduino UNO"
and COM-XX e

AClick upload >>>done o g2
uploading.

=

void loop () {

P TR
e Y i = T, I SOV Y

Test Results: After the code
has been successfully
uploaded, keep powering the
control board from the
computer using the USB
cable. The buzzer module
will emit “do re mi fa so la si
do” .
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Lesson 4.2: Use Passive Buzzer to Play Pusic

>>>>>>>>This lesson is an expansion of the Lesson 4.1

In the last lesson, we make the buzzer module emit”do re mi fa so la si do”. In this lesson, we
will upload different code to make the passive buzzer play "Happy Birthday".

1.Connect the control board to

. | 3.2
the computer with the usb R
cable. lesson 4.1
2.0pen the INO file inside lesson 4.2
the lesson_4.2 folder with |

esson_5

Arduino IDE.
3.Click the board selector or |@ wsrsziasinompez2s T

File Edit Skeich Tools Help

tool menu to "Arduino UNO" |[EIEIE e |
and COM-XX
4.Click upload >>>done
uploading.

on_4.2.ino

{
e(buzzer, OUTPUT);//set digita

Test Results: After the code
has been successfully
uploaded, keep powering the
control board from the
computer using the USB
cable. The buzzer module v
will emit “do re mi fa so la si
do” .
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Lesson 5: 1602 LCD Display Module

(1) Description:

With 12C communication module, this is a display module that can show 2 lines with 16
characters per line.

It shows blue background and white word and connects to 12C interface of MCU, which highly
save the MCU resources.

On the back of LCD display, there is a blue potentiometer for adjusting the backlight. The
communication address defaults to 0x27.

The original 1602 LCD can start and run with 11 10 ports, but ours is built with ARDUINOIIC/12C
interface, saving 9 |0 ports. Alternatively, the module comes with 4 positioning holes with a
diameter of 3mm, which is convenient for you to fix on other devices.

(2) Parameters:

I2C address: 0x27

Backlight (blue, white)

Power supply voltage: 5V

Adjustable contrast

GND: A pin that connects to ground

VCC: A pin that connects to a +5V power supply

SDA: A pin that connects to analog port A4 for IIC communication
SCL: A pin that connects to analog port A5 for IIC communication

(3) You need to prepare:

Control Board*1 USB Cable*1 LCD Display*1 4P-1P F-F DuPon Wire

(==
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(4)Connection Diagram

Pin Connection Table
Pin of the LCD Dispaly Pin of Control Board
GND G/A4
VCC V/A4
SDA S/A4
SCL S/A5

s OO0000

VO RST 3V3 5V GND VIN A0 A1A2 A3 A4 A5

DC7-20V

LCM1602 lnc 5. -
o - i -

L]
A SCL

SDA
vce
GND
R6 R3[I=0
== HR2[0 = 1
g;]mm:m

U1
QAPASS
i

1.Connect the control board to lesson 4.1
the computer with the usb s e
cable. _

2.0pen the INO file inside (i
the lesson_5 folder with lesson 6

Arduino IDE.

@ lesson 5| Arduino IDE 221

File Edit Sketch Tools Help

3.Click the board selector or lesson_5.ino
2 ;
tool menu to "Arduino UNO" :
and COM-XX o
4Click upload >>>done o A —
. &  #include <LiguidCrystal_I2C.h» includes the LiguidCrystal I2C Librar
uploadlng. 9 LiguidCrystal _I2C 1cd(@x27, 16, 2); // set the LCD address to @x27 for =
:I void setup() {
12 lcd.init(};
13 5
s
16 ~int("Hello, World!™); //
17 ar(@, 1); //set Cursor at(8,1)
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Note: Before uploading the
code, make sure you have
installed the <Wire.h>

and  <LiquidCrystal_I2C.h>
library files.

#include <Wire.h>
#include <LiquidCrystal I2C.h» i
LiguidCrystal T2C L:dLﬂxifJ 16, 2);

I T - R . RN, I LR BT

Note: The working voltage of
the LCD Display is 5V, please
make sure the 3.3-5V Switch
on the control board is dial Nallo,
to 5V.

Test Results: After the code
has been successfully
uploaded, keep powering the
control board from the
computer using the USB
cable. The LCD Display will
display“Hello World! ”at the
first row and show “ Hello
Keyes! ” atthe second row.

Hello, World!
Kewes!

Lesson 6: Photosensitive Sensor

(1)Description

There are four photoresistor sensor modules in this kit, the ambient light sensors, with
photoresistor as main component.

The resistance of a photoresistor varies with the light intensity. When there is light around, its
resistance ranges in 5-10K Q ; while when it is dark, the resistance is only 0.2M Q . Based on
this property, a circuit can be built to convert the change in resistance to changes in voltage.
What’ s more, the sensor comes with an anti-reverse insertion terminal with a pitch of
2.54mm to facilitate the wiring. It is also compatible with many kinds of microcontrollers, such
the Arduino microcontroller series.
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Here, we apply this sensor with the Arduino microcontroller. The S (signal) end of the sensor
should be input to the analog pin of Arduino to detect the variation in analog value which will
be printed on the serial monitor. And please notice that there are two positioning holes with a

diameter of 4.9mm built on the sensor to help fix it.

(2)Parameters:

Working voltage: 3.3V-5V (DC)
Interface: 3PIN
Output signal:
2.3g

Weight:

analog signal

(3)You need to prepare:

Control Board*1

USB Cable*1

Yellow LED
Module*1

3pin DuPont
Wire*2

Push Button
Module*4

(=2

(4) Connection Diagram:

Pin Connection Table

Pin Connection Table

Pin of Photoresistor

Pin of Control Board

Pin of the LED

Pin of Control Board

G G/A0 G G/D3
\Y V/AO V V/D3
S S/A0 S S/D3
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Isull
Busj

-
! keyestudio
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LLIURRLLIE]

1 »Keyestudio

D200

1.Connect the control board to
the computer with the usb

cable.

2.0pen the INO file inside
the lesson_6 folder with
Arduino IDE.

A0 A1 AZ AT AL A
Sk L LA Al

O WIN Al AT AZ AJ A4 AS

lesson 4.2
lesson 5
lesson 6

lesson 7

3.Click the board selector or |Fie Edit Skeich Tools Help

tool menu to "Arduino UNO"
and COM-XX

4.Click upload >>>done
uploading.

lesson_6.ino
1
2
3
4
5
i
8§ idefine LED 3  //define the
g int value = 8;
i@ void setup{) {
11 Serial.begin(968@);
12 pinMode (LED, CUTPUT);
13 s
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Test Results: After the code [ @ =onsisminepear - 0
has been successfully h ._;_.T A‘dle - A
uploaded, keep powering the kesson_ino

control board from the
computer using the USB
cable.

1)Click to open the serial

1
2
3
4
5
7
8
9
10
1
2
3
5

9600, the serial monitor will :
Outpul  Senal Monitor > - 3

monitor, set the baud rate to Seer B \
void loop () {
value = znalnsfead!nhatns): rad 4 = 4 TR o o

print the value detected by Messege : Newtme | 900 bua

the photosensitive sensor.

2) Change the light intensity
around the photosensitive
sensor with your finger or
palm and you will notice that
the LED module will light up
when the light value checked
by the photosensitive sensor
is lower than 300.

There are 4 photosensitive
sensors included in this kit,
please go one by one to

check if it works properly.

Lesson 7: DHT11 Temperature and Humidity Sensor

numiaily

temperature
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(1)Description:

This DHT11 temperature and humidity sensor is a composite sensor which contains a
calibrated digital signal output of the temperature and humidity.

DHT11 temperature and humidity sensor uses the acquisition technology of the digital module
and temperature and humidity sensing technology, ensuring high reliability and excellent
long-term stability.

It includes a resistive element and a NTC temperature measuring device.

(2)Parameters:

Working temperature: 0-50 C errorof +2 C
Humidity: 20-90% RH + 5% RH error
Interface: digital port

(5) You need to prepare:

Control Board*1 USB Cable*1 DHT11 Sensor*1 3pin DuPont Wire

(4)Connection Diagram
The G, V and S pins of DHT11 Sensor*1 are connected to G, V and D7 of the control Board.

B SCL S0A AREF GND D13 D42 Or11 D40 DS Da ar L ~ 13 0F D1 Do
: I‘i’I"I‘I"IIIII

N e o

DADzDMDA00E 08 07T D6 DS D4 D3 D2 D1 DO [}, ‘

o

keyestudio
N
BEREIRRRRNE

s sKeyestudio
(e

o
i
W

=
=
o
=
o
o
E
]

Hurmidity

ad
"] T
L
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1.Connect the control board to
the computer with the usb
cable.

2.0pen the INO file inside

the lesson_7 folder with
Arduino IDE.

Note: Before uploading the
code, make sure you have
installed the <Dhtll.h>
library files.

3.Click the board selector or
tool menu to "Arduino UNO"
and COM-XX
4.Click  upload
uploading.

>>>done

Note: The working voltage of
the LCD Display is 5V, please
make sure the 3.3-5V Switch
on the control board is dial
to 5V.

Test Results: After the code
has been successfully
uploaded, keep powering the
control board from the
computer using the USB
cable. Click to open the serial
monitor, set the baud rate to
9600, the serial monitor will
print  Temperature  and
humidity values detected by
the DHT11 sensor.

lesson 5
lesson 6

lesson 7

File Edit Sketch Tools Help
| Arduino Uno

lesson_7.ino

oy

#include <dhtll.h>

dhtll DHT;
#define DHTI1_PIN 7 define the DHT11 as th

@ W 0a s~ o B W R

oy
=y

vold setup() {

12 Serial.begin(9688);

13}

14 void loop() {

15 int chk;

16 chk = DHT.read(DHT11 PIN);
17 switch (chk) {

18 case DHTLIB OK:

19 break;

28 case DHTLIB_ERROR_CHECKSUM:

lesson_7 | Arduino IDE 2.2.1 — (] b 4
File Edit Sketch Tools Help

lesson_7.ino

Cutput  Serial Monitor X

New Line =

9600 baud
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Lesson 8: BH1750 Digital Light Intensity Module

g g WS SCL
em | Lgd ® SDA

"8

una:rﬂm v

LB ALY
EiLgle

Light intensity @

The main component of this sensor is chip BH1750FVI which is an integrated chip for digital
light intensity.

As shown in the picture below, BH1750 is composed of a photodiode, an operational amplifier,
an ADC acquisition, a crystal oscillator, etc. The photodiode converts the input optical signal
into an electrical signal through the photovoltaic effect. After being amplified by the
operational amplifier circuit, the voltage is collected by the ADC, and then converted into a
16-bit binary number through the logic circuit and stored in the internal register(Note: The
stronger the light, the greater the photocurrent, and the greater the voltage, so the intensity
of the light can be judged by the value of the voltage.

However, it should be noted that the voltage and the light intensity are one-to-one
correspondence, but not proportional. That is why this chip linear processing is done and why
the integrated IC is used directly instead of photodiodes). BH1750 leads out the clock line and
data line. The single-chip microcomputer can communicate with the BH1750 module through
the 12C protocol. You can choose the working mode of the BH1750, or you can extract the
illuminance data of the BH1750 register.

(2)Parameters:

I2C digital interface, supporting a maximum rate of 400Kbps
The output is Illuminance

Measuring range is 165535 lux, the minimum resolution is 1lux
Low power consumption (Power down) function

Shield the interference of light changes caused by 50/60Hz mains frequency
Supports two 12C addresses, selected by the ADDR pin

Small measurement deviation(maximum accuracy error +/-20%)
GND power ground

SDA 12C bus data pin

SCL 12C bus clock pin

VCC power supply voltage 3-5V
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(3)You need to prepare:

Control Board*1 USB Cable*1 BH1750FVI Sensor*1 | 350mm 4pin F-F Wire
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1.Connect the control board to

lesson 5
the computer with the usb

lesson 6
cable.
2.0pen the INO file inside lesson 7
the lesson_8 folder with lesson 8

Arduino IDE.

Note: Before uploading the
code, make sure you have

File Edit Sketch Tools Help

4| Arduino Uno

installed the <BH1750.h> I;s

and <Wire.h> library files. 5

3.Click the board selector or sincuce adre.m>

tool menu to "Arduino UNO" o azgh)t

and COM-XX o e

4.Click upload >>>done s

uploading. A —
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Test Results: After the code
has been successfully
uploaded, keep powering the
control board from the
computer using the USB
cable.

Click to open the serial
monitor to set the baud rate
to 9600, the serial monitor
prints the value of the
ambient light intensity(unit:
lux). When the light source
gets weaker, the value
becomes smaller.

File Edit Sketch Tools Help

(o]
¥ Arduino Uno

1

2
3
5
7
8
8
1
2
3

lesson_8.ino

#include <Wire.h>
#include <BH1758.h>

] BH1758 lightMeter;

void setup() {
Serial.begin(968@);

Serial Monitor x  Output

MNew Line

Ln 8, Col 10 Arduino UnoonComMd 2 B

2]

¥ @ =

~ | 9600 baud ad

(Note: since the 12C bus can have multiple devices with different addresses, when the digital
light intensity module is used together with the 12C LCD1602 module, there is no conflict
because they have different addresses.)

Lesson 9: Test the Servo Motor

42




(1)Description:

Servo motor is a position control rotary actuator. It mainly consists of housing, circuit board,
core-less motor, gear and position sensor. Its working principle is that the servo receives the
signal sent by MCU or receiver, and produces a reference signal with a period of 20ms and
width of 1.5ms, then compares the acquired DC bias voltage to the voltage of the
potentiometer and obtains the voltage difference output.

Servo

For the servo used in this project, the brown wire is the ground, the red one is the positive
wire, and the orange one is the signal wire.

The rotation angle of servo motor is controlled by regulating the duty cycle of PWM
(Pulse-Width Modulation) signal. The standard cycle of PWM signal is 20ms(50Hz).
Theoretically, the width is distributed between 1ms-2ms, but in fact,it’s between 0.5ms-2.5ms.
The width corresponds to the rotation angle from 0° to 180°. But note that for different brand
motor, the same signal may have different rotation angle.

45° 180°

low —

e I

500microsec 1000microsec 2500microsec
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More details:

High level time Servo angle
0.5ms 0 degree
Tms 45 degree
1.5ms 90 degree
2ms 135 degree
2.5ms 180 degree
(2)Parameters:

Working voltage: DC 4.8V ~ 6V

Operating angle range: about 180 ° (at 500 - 2500 psec)

Pulse width range: 500 - 2500 usec

No-load speed: 0.12 + 0.01 sec / 60 (DC 4.8V) 0.1 £ 0.01 sec / 60 (DC 6V)
No-load current: 200 + 20mA (DC 4.8V) 220 + 20mA (DC 6V)
Stopping torque: 1.3 £ 0.01kg - cm (DC 4.8V) 1.5 £ 0.1kg - cm (DC 6V)
Stop current: = 850mA (DC 4.8V) = 1000mA (DC 6V)

Standby current: 3+ 1mA (DC 4.8V) 4 £ 1mA (DC 6V)

Lead length: 250 £ 5 mm

Appearance size: 22.9 * 12.2 * 30mm

Weight: 9 £ 1 g (without servo horn)

(3) You need to prepare:

Control Board*1 USB Cable*1 Servo*?2

(==

(4)Connection Diagram

Note: The servo is connected to G (GND), V (VCC), D9. The brown wire is connected to Gnd (G),
the red wire is connected to (V), and the orange wire is connected to digital pin D9.

44



(Lo ]

i @
Beml
==z

- &
oo keyestudio

Je=3i] RAREERRARRN
L]

&
-
[ N |

ARRNEERRRRN
nhRRRRRRRNR

LLEILIR AL L)

s s Keyestudi
1) v EEEEEE [

VO RST 3W3 5V GND VIN A0 A1 AZ A3 A4 AS

We will introduce two ways to control the servos, one without using the <Servo.h> libr
and one with the <Servo.h> library file.

9.1 Not using the <Servo.h> library to control the servo

1.Connect the control board to

lesson 7
the computer with the usb

lesson 8
cable.
2.0pen the INO file inside esnan
the lesson_9.1 folder with lesson_9.2

Arduino IDE.

B lesson 9.1 | Arduino IDE 2.2.1
File Edit Sketch Tools Help
lesson_9.1.ino
1
2
3
3.Click the board selector or :
tool menu to "Arduino UNO" s B
and COM'XX i void setup(} {
4.CI|Ck upload >>>C|0ne :li : pinMode(servoPin, OUTPUT);//set the pi
. 12 void loop() {
uploadlng' 13 servopulse(servoPin, 8);//rotate to @ degree
14 delay (10688); in 1s
15 servopulse(servoPin, 98);
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Test Results: After uploading
the code, the servo will cycle
from 0° to 90° and then to
the 180° position.

To be able to visualise the
change in angle of the Servo,
you can attach a plastic arm
to the Servo shaft.

9.2 Using the <Servo.h> library to control the servo

1.Connect the control board to
the computer with the usb
cable.

2.0pen the INO file inside
the lesson_9.2 folder with
Arduino IDE.

3.Click the board selector or
tool menu to "Arduino UNO"

and COM-XX
4.Click upload >>>done
uploading.

Test Results: After uploading
the code, the servo rotates
from O degree to 180 degree,
from 180 degree to 0 degree.

lesson 7

lesson 8

_ lesson 8.1

lesson 8.2

ile Edit Sketch Tools Help

K
¥ Arduine Uno

lesson

_9.2.ino

O e e ury
BhalahrfitPlRlwnyewmeswme
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Lesson 10: Charging Principle of the Solar Tracking Kit

(1)Solar and usb charging module:

This module integrates a charging and discharging chip, which can be connected with an
external rechargeable battery and a solar panel through the PH2.0MM interfaces.

In this kit, we provide a battery box that holds one 18650 battery, so you will need to prepare a
rechargeable 18650 battery yourself.

The module has a Micro USB port and you can use the computer to charge the 18650 battery
through the micro USB port.

In addition, it has a boost module which can increase the voltage of batteries to 6.6V. The DIP
switch on the module is the OUTPUT switch of 6.6V. The pin G and V of this module can output
6.6V and the pin S can read the battery voltage after the resistance 1/2 voltage.

Parameters:
Charding Interf 1. Micro USB
arging Interface
ging 2. HP2.0MM Interface for Solar Panel
Input voltage of the solar panel interface 4.4-6V

Constant voltage charging value of the battery [4.15-4.24V

Maximum charging current 800mA
Output interface 3 P 2.54mm Bent Needle
Input Voltage 6.6V
Maximum output current 1A
External Battery 18650 battery

Environmental attributes ROHS
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Schematic Diagram
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Features

(D SOLAR4.8-6.0V interface

It is connected to the solar panel and can power the control
board and charge the battery.

2 BAT interface

It can be connected to the battery case we provided and
charge the battery.

(3Micro USB Port

This interface allows you to use the USB cable to power the
control board and charge the battery.

@power output pin

It can power the control board through the 20cm M to F
DuPont Wire. G is connected to the GND of the control
board, and V is connected to the VIN of the control board.
@Power switch

This is the switch that controls power to the control board.
Turn it off, the @ power out pin will lose power output.
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137mm

Power: 1.5W Size : 137+85«2mm Voltage : 6V

(2)PET Solar Panel +

Current: 250mA Wire length: 25cm  Weight: 36.5g

PH2.0 Welded wires for power supply Double-sided tape for pasting

The main factors that affect the output performance of solar panels are as follows:
(1) Load impedance

(2) Sunlight intensity

(3)Temperature

(4) lumination angle and illumination area

You can use a multimeter to measure the output current of the solar panel, adjust the
multimeter to DC current level and large range jack, connect the red pen of the multimeter to
the positive pole of the solar panel and the black pen to the negative pole of the solar panel,
and measure it.

Can solar panels store electricity?

No, generally it needs to be paired with a battery to store electricity.

Can solar panels generate electricity on cloudy days?

No, the power generated by solar panels on cloudy days is very small. In this case, they have
voltage but no current.

Can solar panels generate electricity under indoor lighting?

No, solar panels cannot generate electricity under indoor lighting.
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(3)Charge the battery with the solar panel.

In this kit, we provide a battery case that is compatible with one 18650 battery, and it is also
configured with two interfaces so that you can charge the battery or use it for power.

2 You will need to prepare yourself a 18650 battery as well as a battery charger.

The following parameters are available for your purchase:

Specifications
Size 18650
Positive Terminal: with a top
Capacity >2200mAh
Nominal Voltage 3.7V
Maximum Voltage 4.2V
Discharge cut-off Voltage 2.5V
Rechargeable Yes
Approx. Dimensions 18.5mm x 65.2mm
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We can connect the solar panel to the charging module and a 18650 lithium case, so that the
solar panel will charge the battery.

Solar panels are not batteries, do not have the function of power storage. It can store
electricity in the batter.

The output of solar panels is weak in environments where there is no sunlight, indoor lighting
and low winter light. The energy carried by these lights is very small, even if it is brighter.

Note:

The solar panel may require long periods of direct sunlight to charge the batteries enough.
18650 batteries should not be exposed to direct sunlight as well as avoiding high temperatures
around it to avoid burnout.

51



(5)Smart phone charging Module

The mobile phone charging module is a lithium battery boost module of 3.7V which can output
5V, 1A through the PH2.0 terminal and USB port.

Parameters:

Property non-isolated boost module (BOOST)
Input voltage 1-5V

Output voltage 51 0.1v

Output current:

Rated 1-1.5A (single cell lithium battery input), maximum 1.5A
(single cell lithium battery input)

Conversion efficiency | Up to 96% .

Switching frequency 500KHz .

Working temperature | industrial grade (-40° Cto +85° C)
Full load heating 30° C

Quiescent current 130uA

PH2.0 terminal of the phone charging module can be connected to the battery case.

The USB port of it can be connected to an android phone and charged.

Note that the power of 18650 battery must be sufficient (voltage up to 3.2-4.2V) to charge an
Android phone. Otherwise it does not work, even if the phone shows it is charging.

f‘-
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Ty ]
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o
F

52




(6)Charging Principle of the Solar Tracking Kit

1. Maximum charging current of micro USB port 1A

2. Solar panel maximum charging current 80mA

3. Maximum output voltage of USB A port female holder: 5V/1.5A (can be used for mobile
phone charging)

4. Battery type: 18650 lithium battery with a top, recommended to buy capacity greater than
2200mAh

USB 2.0 to micro USB cable "
\ Android

Note:

1).The charging protocol of phone charging Module only supports Android but not iOS.

2).The solar panel can't charge mobile phones directly; it need to store electricity in a battery
and the battery charge the phone.

3).The voltage of the 18650 battery needs to be in the range of 3.2---4.2V to charge the cell
phone. When the voltage of the battery is less than 3.2V, even though the phone shows that it
is charging, it is not actually charging.

4).The solar panel may require long periods of direct sunlight to charge the batteries enough.
18650 batteries should not be exposed to direct sunlight as well as avoiding high temperatures
around it to avoid burnout.

5).If you want to charge your 18650 battery quickly, you can charge the battery using the
18650 dedicated charger. Or use a USB 2.0 to micro USB cable to connect the charging module
and charge the battery using a computer or power supply. (USB 2.0 to micro USB cable not
included in kit)

6).This is just a simulation experiment and will not meet your daily power needs, don't use it as
your regular cell phone power source.
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Things to note before assembly:

1.Before assembly, please tear off the protective film on the acrylic boards.

2\

Before assembly, please
tear off the protective
film on the acrylic.

2 You will need to prepare yourself a 18650 battery as well as a battery charger.

The following parameters are available for your purchase:

Specifications
Size 18650
Positive Terminal: With a top
Capacity >2200mAh
Nominal Voltage 3.7V
Maximum Voltage 4.2V
Discharge cut-off Voltage 2.5V
Rechargeable Yes
Approx. Dimensions 18.5mm x 65.2mm
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Part 1
Components Needed

Acrylic Board.

|Keyestudi0 12C1602 Display Module' Battery Holder'

1

| |
Ht 0080

=
M3*%8MM Flat Head Screws Bélg;égféﬂdpglﬁagual—pass

Assembling the 1602 display and battery box

M3#%8MM Flat Head Screws
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Part 2
Components Needed

4 000

Keyestudio UNOI M3%10MM Hex Dual-pass
Control Board M3*8MM Flat Head Screws Copper Pillar
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Assembling the control board

M3*%8MM Flat Head Screws
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Part 3
Components Needed

\'ﬁéﬁﬂi"‘ﬁﬂﬁﬂ‘iéml (Charging Mndule' 4265¢ LEGO Part'|43n93 LEGO Part.

Assembling the Lithium Battery Power Module and Charging module

Tear the thin film off the charging module,
then stick it on the acrylic board
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Part 4
Components Needed

M3%45MM Hex Dual-pass .
Copper Pillar I |H3*ﬁ+ﬁlﬂl Hex Copper Flllar.
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Assembling the M3*45MM Copper Columns
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Wiring the Lower Part Of The Kit

1) Use the 20cm M to F DuPont Wire to connect the Solar USB Charging Module to the uno
control board. The G pin of the module is connected to the GND of UNO, the V pin of the

module is connected to the Vin of UNO

20cm M to F DuPont Wire

] _
'
¢ ]

o VIO RST 3V3 SV

2) Connect the LCD display to the UNO board

Pin Connection Table

Pin of the LCD Dispaly Pin of Control Board
GND(black wire) G/A4
VCC(red wire) V/A4
SDA(blue wire) S/A4
SCL(green wire) S/A5
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Note: The working voltage of the LCD Display is 5V, please make sure the 3.3-5V Switch on the
control board is dial to 5V.

3) Install an 18650 battery inside the battery case, taking care that the positive and negative
terminals of the battery are all the way to the positive and negative terminals of the battery
case.

Connect the battery case to the solar usb charging module and mobile phone charging
module.
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Part5
Components Needed

4265¢ LEGO Part.

Acrylic Boardl 43093 LEGO Part'

e o5 o5 &

Photoresistor SEHSOI‘I Passive Buzzer. Button Modulely|DHT11 Temperature and
Humidity Sensor

Assembling the sensors and modules
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Part 6
Components Needed

2888
|M3*45h{M Hex Dual-pass Copper Pillar' |M3*8MM Flat Head Screws'
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M3%8MM Flat Head Screws
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Part 7
Components Needed

Ilrn‘!ﬂu-'u ""”1'
-
] --
—=__ iy <4

T

M3%8MM Flat Head Screws'

Note the orientation of the upper section, the buzzer module and the LCD display below are in
the same orientation.

"r“““'”""nr

4.
“—--..________!“ 7
i
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Part 8
Components Needed

|Bassw00d board'

67
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Part 9
Comp_onents Needed

The screws listed -‘h

below are packaged Mss
TS :

TTYVITIT 7

with servo mount.

Servo Hount.

or o

‘M2%8MM Round-head screws
Servo' (belong to Servo Mount)

Installation Diagram (mind the installation direction of the servo)
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Part 10
Components Needed

iCoupling (belong to Servo)'

Ty Wy

M1. 2%4MM Round-head screws
(belong to Servo Mount)
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Part 11
Components Needed

The screws listed

below are packaged

with servo.

Before putting them
together, you need
to adjust the angle
of the servo @
Setits initial angle to
10 degrees to keep
the solar panel level.

IM2#3. 5MM Round Head Screws
| (belong to servo)

X3
Before putting them together, you need to adjust the angle of the servo @.Set its initial angle
to 10 degrees to keep the solar panel level.

Connection Diagram
Note: The servo is connected to G (GND), V (VCC), D10. The brown wire is connected to Gnd
(G), the red wire is connected to (V), and the orange wire is connected to digital pin D10.

mrf .
ke yt-studl.ll'-_

FURRRERANND

L rmaE



1.Connect the control board to

. adjust the lower servo
the computer with the usb
adjust the upper servo

cable.
2.0pen the INO file inside lesson_1.1
the adjust_the_upper_servo i

folder with Arduino IDE.

&) adjust_the_upper_serva | Arduino IDE 2.2.1 — u] x
3.Click the board selector or [se i sicwn Tools ek
tool menu to select "Arduino Aiu -
UNO" and COM-XX
4.Click upload >>>done 2 || o
uploading. 2 || g
The angle of the servo will be : )
setto 10° i

Installation Diagram (pay attention to the angle of the servo, as shown in the picture)

Note: You cannot turn the servo shaft until you have completed this fixing step, otherwise you
will need to re-set it to 10 degree using the code above.
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Part 12
Comp_onents Needed

The screws listed -‘h

below are packaged Mss
TS S
IARAARRA NI

with servo mount.

Servo Mount'

g T

M2%4. 5SMM Round Head Screws
(belong to Servo Mount)

73



Part 13
Comp_onents Needed

The screws listed -‘m

below are packaged Mss
LLLLLETS:
IARAARRA NI

with servo mount.

8888

M1. 2%4MM Round-head screws
(belong to Servo Mount)

Servo Mount.
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Part 14
Components Needed

The screws listed
below are packaged

with servo.

E

M2¢3, 5MM Round Head Screws
{(belong to servo)
X3

w

Before putting them together, you need to adjust the angle of the servo . Set its initial angle

to 90 degrees.

Connection Diagram
Note: The servo is connected to G (GND), V (VCC), D9. The brown wire is connected to Gnd (G),
the red wire is connected to (V), and the orange wire is connected to digital pin D9.

RN o o o i o S
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- £
fmrf &
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-

[RLLLIERELL
L]

1§ Keyestudi
=1 i ] == -

. . VO RST AVISW GNDVIN A0 A1 AZ A3 Ad AS
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1.Connect the control board to
the computer with the usb

cable.

2.0pen the INO file inside
the adjust_the_lower_servo
folder with Arduino IDE.

adjust_the lower servo
adjust_the upper servo
lesson_1.1

lesson 1.2

3.Click the board selector or [F-

tool menu to select "Arduino
UNO" and COM-XX

4.Click upload >>>done
uploading.

The angle of the servo will be
setto 90°

¥ Arduino Uno

adjust_the_lower_serve.ino
1

#include <Servo.h>
Servo 1lr_servo;//define the name of the servo rotating right and left

[
bR ®we - owmb W

Installation Diagram

Note: You cannot turn the servo shaft until you have completed this fixing step, otherwise you

will need to re-set it to 90 degree using the code above.
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Part 15
Components Needed

v
M3#8MM Flat Head Screws
4
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Part 16
Components Needed

Acrylic Board'

111 cone

M3*%14MM Flat Head Screws M3 Nuts
T







Part 17
Components Needed

1] =

|M4*8MM Round Head Screws.
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Part 18
Components Needed

|Solar Battery Panel'



Tear the thin film off the solar panel,
then stick it on the acrylic board
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Part 19

Components Needed
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Wiring the Upper Part Of The Kit

1) Connect the lower servo to D9 of the UNO control board, and the upper servo of D10 on
the UNO control board. Connect the brown wire of the servo to G, the red wire to V, and the

yellow wire to S.
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2)Plug the jack of the solar panel to the SOLAR4.8-6.0V end of the solar USB charging module.

2) Next, we will use the seven 3P 26AWG 200mm F-F DuPont Wires to connect the
photosensors, buzzer module, pushbutton module and the DHT11 temperature and humidity
sensor to the uno board.

E—c—-ﬁ 3P 26AWG 200mm F-F DuPont Wire

The photosensitive sensor on the left is is connected to the A0 pin of UNO board.

The photosensitive sensor on the right is is connected to the Al pin of UNO board.
The photosensitive sensor on the back is is connected to the A2 pin of UNO board.
The photosensitive sensor on the front is connected to the A3 pin of UNO board.

The button module is connected to the D2 pin of UNO board.

The buzzer module is connected to the D6 pin of UNO board.

The dhtl1 temperature and humidity sensor is connected to the D7 pin of UNO board.
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Note: In order to avoid reverse connection, we recommend wiring according to the following
method:

-The G pin of the module is connected to the G pin of UNO with a black wire;

-The V pin of the module is connected to the V pin of UNO with a red wire;

-The S pin of the module is connected to the S pin of UNO with a orange wire.

As shown in the way the dhtll temperature and humidity sensor is connected to the UNO
board.
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The assembled solar panel device is ready!

In the previous lessons, we only studied the function and working principle of a certain
electronic part individually, and tested whether it can work normally.

Now we have them working together to build a solar panel device with multiple functions.
Keep the 18650 battery charged enough as it will be needed to power two servos, an LCD
display, four light sensors, a DHT11 sensor and button module.

1.Connect the control board to lesson 8
the computer with the usb
lesson 9.1
cable. -
2.0pen the INO file inside lesson 9.2
the lesson_11 folder with |
Arduino IDE. il
3.Click the board selector or |&esonttiAdinoibt 210 D

File Edit Sketch Tools Help /
too menu to select"Arduino [ORRY T~

UNO" and COM-XX lesson_11.ino
4.Click upload >>>done
uploading.

#include <wWire.h>
#include <LiquidCrystal_I2C.h>
9 LiquidCrystal T12C lcd(@x27, 16, 2);

11 #include <BH175@.h>
12 BH1750 lightMeter;

14 #include <dhti1.h>
15  dht1l DHT;
16  #define DHT11 PIN 7

18 #include <Servo.h>
19  Servo 1r servo;/
20 Servo ud_servo;

After the code is uploaded successfully, turn on the power switch of the charging module and
press the power switch of the control board to 5V.

Turn the power switch on

The servo will rotate to the initial angle. When the ambient light sensor detects changes in
light intensity, servos rotate the solar panel to the position where the light is the strongest and
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LCD1602 shows the value of the light intensity and temperature and humidity detected by the
BH1750 and XHT11 respectively.

If you feel that the solar panel rotates too slowly or the solar panel shakes, you can adjust the
rotation speed of the servo through the button module.

For example, within the specified time, the servo rotates 1° each time. After pressing the
button, the servo will rotate 2° each time within the same time.

Press it again and the servo will rotate 3° each time in the same time. By analogy, the servo
can be adjusted to rotate up to 5° each time in the same time.

“byte m_speed = 10”

You can also change this code to set the delay time to adjust the speed of the servo; the longer
the time, the smaller the speed.

Iritialize the angl e

ofthe servo

Read BR17 50 i ght

intensity value

Read T&H value

Adjust the angle

I:lf t |-—":| =R TN

and Té&H valua

88



	1.What's in the package?
	2.Getting Started with Arduino
	2.1 What is Arduino?
	2.2 Installing the Arduino IDE for Windows
	2.3 Introduce of Keyestudio UNO Board
	2.4 Select Board and Port in Arduino IDE
	2.5 Add Libraries to Arduino IDE

	3.Test Electronic Parts
	Lesson 1.1: LED Blinks
	Lesson 1.2: Changing the blinking frequency of th
	Lesson 2.1: Adjust the Brightness of the LED
	Lesson 2.2: Slow down the change of the brightnes
	Lesson 3.1: Read the Digital Signal of Button Mod
	Lesson 3.2: Control the LED by the Button Module
	Lesson 4.1: Passive Buzzer
	Lesson 4.2: Use Passive Buzzer to Play Pusic
	Lesson 5: 1602 LCD Display Module
	Lesson 6: Photosensitive Sensor
	Lesson 7: DHT11 Temperature and Humidity Sensor
	Lesson 8: BH1750 Digital Light Intensity Module
	Lesson 9: Test the Servo Motor
	Lesson 10: Charging Principle of the Solar Tracki

	Assembling the Solar Tracking Kit
	Lesson 11: Solar Panel Device with Multiply Funct

