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Pexomernoosarno euenoio padoio [pocobuyvrozo 0epiicasHoco nedazo2iuHoco

yHigepcumem) imeni leana Ppanka
(npomoxon Ne 11 6io 31.102024 p.).

Peuenzenmu:
- Oaer KY3HUK, nouent xadeapu ¢izuku Ta iHGOpMAIIHHUX CHUCTEM
J{poroOGuIIbKOT0 JIep>KaBHOTO IEJaroriyHoro yHiBEpCUTETy IMeHi1 IBaHa
®panka, KaHaUAAT Pi3UKO-MaTEeMaTHYHUX HAYK, TOTCHT;

- IOpiii TTABJIOBCBKHUM, nmouent xadeapu TexXHONOTIYHOI Ta

npodeciitHoi  ocBiTH  J[poroOUIIBKOTO  JEPXKABHOTO  MEAAroriyHoro
yHIBepcUTeTy 1MeH1 IBana ®panka, KaHAUAAT (PI3UKO-MATEMATUYHUX
HayK, JIOLEHT.

Bionogioanvnuii 3a eunyck — Bikrop BPUTAH, nouent kapeapu ¢izuku ta
iHopmarmiinux  cucteM  JlporoOuibkoro  JlepkaBHOTO  MEJaroriyHoOro
yHiBepcuTeTy iMeH1 IBana ®panka, KaHauAaT (PI3UKO-MAaTEMaTUYHHX HAaYK,
JIOLICHT.

Poman Jlemxo, Oabra Jlemko.

STEM-texnonorii Ha ocHOBiI mmiatgopmu Arduino : pexkoMeHmarii as
BUKOHAHHS JabopatopHux poOit. [porodbuu : [IporoOULbKUN Aep:KaBHHI
nejaroriyHuil yHipepcureT iMeHi [Bana @panka, 2024. 58 c.

HapuanpHuii mnociOHuk «STEM-texHosorii Ha OCHOBI MmiaTdopmu
Arduino» CKJIaJeHO BIAMOBIAHO JO HaBYAJNBHUX TMPOTpaM HaBUYAIbHOI
mucuuiuiiag - «[adopmariiini kepyroui cucremu Ta STEM-TexHonorii» s
nmiarotoBku (axiBiiB wmarictparypu 3a HampsMmamu 014 Cepemns ocBita
(dizuka), 104 dizuka Ta actpoHomis Ta 122 Komn'torepHi Hayku,
3aTBEP/KEHUX BUYEHOIO pPajoi0 J[poroOMIBKOrO AepaBHOTO IEJaroriyHoro
yHiBepcuTeTy iMeHi IBana dpanka.

Y mnociOHuky TmomaHi JabopaTopHi POOOTH, $KI € OCHOBOIO IS
OBOJIOJIIHHS 1H(OpMaliiiHO-KepyrouuMu cuctemMamMu T1a STEM-TexHoorisSIMH,
310paHi OCHOBHI METOJU Ta MPHUHIMNHU poboTu 3 minatamu Arduino. [TociGHuK
XapaKTepU3y€e€ThCsA TMOEAHAHHAM TEOPETUYHUX BIIOMOCTEH 3 TPaKTHUYHUMH
BKa31BKaMHM Ta 3aBJaHHIMU J0 Jab0paTOpHUX pOOIT.
bibmiorpadis: 10 na3s
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PREFACE

Laboratory work in the discipline of "Information Control Systems and
STEM Technologies™ is a crucial part of the educational process, enabling
students to gain practical skills in developing information systems and to
become acquainted with modern technologies in the STEM field. One of the key
technologies studied during these laboratory sessions is the Arduino platform.

Arduino is a globally recognized open-source platform for creating
embedded systems that use microcontrollers. It provides the ability to create
various interactive devices and systems that can be used across different fields
of science and technology. Arduino offers students limitless opportunities for
implementing innovative ideas and conducting research in the realm of
information technology and automation.

Arduino is a compact microcontroller platform that has become very
popular in the world of education, especially in STEM education (Science,
Technology, Engineering, and Mathematics). It has several key advantages for
studying information control systems and STEM technologies:

1. Ease of Use and Programming: Arduino features a simple and intuitive
interface that allows students to learn the basics of programming quickly and
effectively. Using Arduino enables students to grasp fundamental programming
concepts, algorithms, and logic without delving into complex low-level aspects.

2. Low Cost and Accessibility: Arduino is known for its relatively low cost
and accessibility, making it an ideal tool for teaching and use in educational
institutions with limited budgets.

3. Large Community and Resources: Arduino boasts a large and active
community that supports learning and knowledge sharing. There are numerous
online resources, from tutorials to forums, that help solve problems and expand
skills.



4, Wide Range of Additional Equipment: Arduino is compatible with a
wide array of sensors, modules, and other hardware. This allows students to
explore various aspects of STEM technologies and information control systems,
including sensors, robotics, and automation.

5. Practical Application: Arduino offers the opportunity to create functional
devices and projects. This facilitates a better understanding of theory and
motivates further exploration.

6. Modularity and Flexibility: Arduino’s modular design allows students to
experiment with different components and configurations, providing flexibility
in project design and implementation. This encourages creativity and
experimentation in developing custom solutions.

7. Educational Resources and Support: Arduino is supported by a wealth of
educational materials, including textbooks, online courses, and instructional
videos. These resources are tailored to various learning levels and can be used to
complement hands-on laboratory work.

8. Cross-disciplinary Learning: Arduino facilitates cross-disciplinary
learning by integrating concepts from electronics, programming, mathematics,
and engineering. This holistic approach helps students understand how different
fields intersect and apply their knowledge in practical, real-world scenarios.

9. Scalability: Arduino projects can be scaled from simple introductory
experiments to more complex and advanced applications. This scalability allows
students to progressively challenge themselves and build upon their initial
knowledge as they advance in their studies.

10. Encouragement of Collaborative Learning: Arduino projects often
require teamwork and collaboration, which fosters the development of
communication and problem-solving skills. Working on group projects helps

students learn to share ideas, divide tasks, and work together effectively.



In this methodological guide, we will provide instructions and
recommendations for performing laboratory work using the Arduino platform.
You will learn how to connect components, program microcontrollers, create
programs for reading data from sensors, manage data, and develop interactive
projects. We hope that these laboratory exercises will help you acquire practical
skills that will be valuable in your future career and research.

May this guide serve as your gateway to the world of Arduino, information
control systems, and STEM technologies, where theoretical knowledge is
combined with practical skills, and help you realize your ideas and projects in

electronics and programming.



IHHEPEIMOBA

JlaGopartopHi pobotu 3 guctuIuliHA «IHpOopMaIIifHO-KEPYIOYl CUCTEMH Ta
STEM-TexHoMOr1i» € BaXJIMBOK YaCTMHOK HABYAJIBHOTO MpOIeCy, IO Ja€
3MOTY CTy/A€HTaM 3700yBaTH MPaKTHYHI HABUYKU B Po3poOi iH(pOpMaLiiHUX
CUCTEM Ta 3HAMOMUTHUCA 3 CydyaCHUMHU TexHoJjorissMu y chept STEM. Opniero 3
KIIOYOBHX TEXHOJIOTiHM, sSKI BHUBYAIOTHCA IMiJl Yac JAOOpPaTOpPHHUX 3aHATH, €
matdopma Arduino.

Arduin0 — 1ie BCECBITHRO BH3HAHA BIIKPHUTA IIaT(GopMa i CTBOPCHHS
BOYJOBAaHUX CHUCTEM 3 BHUKOPHUCTAHHSIM MIKPOKOHTpoJsiepiB. BoHa Hamae
MO>KJIMBICTh CTBOPIOBATH PI3HOMAHITHI 1IHTEPAKTUBHI MPUCTPOI Ta CUCTEMH, SIKi
MOXHa BUKOPUCTOBYBATH B pI3HUX Traiy3sX Hayku 1 TexHikKd. Arduino
BIJIKpUBAE CTYJ€HTaM O€3MeXH1 MOKIIMBOCTI JIJIsl peali3alii IHHOBAIIHUX 11ei
1 TPOBENCHHS [OCHIDKEHb Yy Tramy3l 1HhOpMaIiiiHuX TEXHOJIOTIM Ta
aBTOMAaTH3allli.

Arduino € KOMITAaKTHOIO TMJIAaT(HOPMOI0 HAa OCHOBI MIKPOKOHTpOJEpa, sKa
3100yJIa BENMKY MONYJSPHICTE y cdepl ocBiTH, ocobauBo B STEM-ocBiri
(Hayka, TEXHOJIOTiI, 1HXKEHepiss Ta maTemaTuka). BoHa mae Kijibka OCHOBHHX
nepeBar Jjisi BUBUCHHS 1HpopMaliifHO-kepytouux cucteMm 1a STEM-TexHomor1ii:

1. IIpocToTa BUKOPUCTAHHS Ta MporpaMmyBaHHsi: Arduino Mae npocTuit
Ta 1HTYITUBHO 3pO3yMinuil iHTep(deiic, Mo Jae 3MOry CTyACHTaM IIBHIKO M
e(eKTHBHO OCBOIOBATH OCHOBH TIpOrpaMmyBaHHS. 3aBaskd Arduino BOHH
MOKYTbh 3pO3yMITH OCHOBHI KOHIUEIIII MpOrpaMyBaHHs, aJlfTOPUTMHU Ta JIOTIKY
0e3 3araubIeHHs Y CKIIaJH1 HU3bKOPIBHEBI ACTIEKTH.

2. Huzbka BapTicTh Ta J0CTYNHICTH: Arduino BijoMa BiIHOCHO HU3bKOIO
BapTICTIO Ta JOCTYMHICTIO, IO POOUTH ii iA€aJIbHUM I1HCTPYMEHTOM IS
HABUYaHHS Ta BUKOPUCTAHHS B OCBITHIX 3aKJIaJIax 3 0OMEKEHUM OO/ IKETOM.

3. Beauka cnisibHOTa Ta pecypcu: Arduino Mae BeIUKY W aKTHUBHY

CHUIBHOTY, SIKa MATPUMY€E HaBYaHHS Ta OOMiH 3HaHHSIMH. [cHye O6araTo oHaiH-
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pecypciB, BIJ HaBYaIbHUX MarepialiB J0 (OpPyMiB, IO JIONIOMararoTh
BUPIIIYBaTH MPOOJIEMH Ta PO3IINPIOBATH HABUUKH.

4. llIupoxuii cnekTp A0AATKOBOro odJjagHaHHs: Arduino cymicHa 3
BEJIMKOIO KIJBKICTIO CEHCOpPiIB, MOJIYJIB Ta iHIIOro ob6namHanHs. Ile nae
CTYACHTaM MOJIMBICTh JOCHiIKyBaTH pi3Hl acnektu STEM-texHonoriii ta
iHQOpMaIIITHO-KEPYIOUUX  CHUCTEM, 30KpeMa CEHCOpH, pPOOOTOTEXHIKY,
aBTOMAaTHU3ALIIO.

5. [IpakTuyHe 3actocyBaHHs: Arduino Hajae MOXJIMBICTH CTBOPIOBATH
GbyHKIIOHATBHI MPUCTPOI Ta NMpoekTH. Lle crpusie kpamomy po3yMiHHIO Teopii
Ta MOTHBYE JI0 TIOJIaJIHIIIOT0 BUBYCHHS.

6. MoayabHicTh i rHyukicTh: MoayneHuii auzaitn Arduino cTBoOpro€e
CTyJI€HTaM MOXJIMBICTh EKCIEPUMEHTYBaTH 3 pPI3HUMH KOMIIOHCHTAMH Ta
KOH(DirypamisiMu, 3a0e3ne4yround THYUYKICTh y po3poO1li Ta peani3anli IpO€eKTIB.
e 3a0xo0uye 10 TBOPYOCTI Ta EKCIEPUMEHTIB Y PO3POOIIl YHIKAILHUX PIllICHb.

7. OcBiTHi pecypcu Ta miaTpumka: Arduino MIATPUMYETHCS BEJIMKOIO
KUIBKICTIO HAaBYAIBHUX MaTEepialiB, BKIIOYAIOYHU MIIPYYHUKH, OHIAMH-KYPCH Ta
HaBuasbHI Bigeo. L1 pecypcu agantoBani 10 pi3HUX PIBHIB HABYAHHS 1 MOXKYTh
BUKOPHUCTOBYBATHUCS JIJIs IOMTOBHEHHS J1aDOPaTOPHOI pOOOTH.

8. MisxkaucuumnjiiHapHe HaBYaHHs: Arduino cnpusie MDKIUCIUTUTIHAPHOMY
HABYAHHIO, IHTETPYIOUHN TOHATTS 3 CNEKTPOHIKH, TPOrpaMyBaHHs, MAaTEMATUKH Ta
imkeHepii. Takuii KOMITIEKCHUM TIAX1J J0oToMara€ CTyJISHTaM 3pPO3YMITH, SK
MIEPETUHAIOTHCS Pi3HI Taly3i, Ta 3aCTOCOBYBATH 3HAHHS y MPAKTUYHUX PEATbHUX
CUTYAIIIsIX.

9. Macmra6oBaHictb: [Ipoektn Ha Arduino MoxHa MacmTabyBaTu Bif
MPOCTUX TIOYATKOBUX €KCIIEPUMEHTIB JO OUIbII CKJIAQIHUX 1 TEPEeIOBUX
3acTocyBaHb. Taka MaclITa0OBaHICTh JO3BOJISIE CTYAEHTaM TOCTYIOBO
PO3IIMPIOBATH 3HAHHS Ta OyIyBaTH iX HA OCHOBI MOTIEPEIHHOTO JOCBIY.

10. 3aoxoueHHs a0 cnijibHOro HaByaHHsi: [Ipoexktn Ha Arduino yacto

BUMAararTh KOMaHJHOI poOOTH Ta CIiBOpaIli, 0 COPUSE PO3BUTKY HABUYOK
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CHUIKYBaHHA Ta YCyHEHHS mpoOiem. PobGota Haj TrpymnoBUMH MPOEKTaAMU
J0TIOMarae  CTyJeHTaM HaBYUTHUCA OOMIHIOBATUCS 1€SMHU, PO3MOAUIATH
3aBJIaHHS Ta MPaIIOBaTH Pa3oM €PEKTHUBHO.

VY 11bOMY METOJIMYHOMY TTOCIOHHMKY MM HaJaMO 1HCTPYKIIIi Ta peKOMeHaIlii
I0JI0 BUKOHAHHS JTaOOpaTOpHHUX pOOIT 3 BUKOpHUCTaHHAM Tutatdgopmu Arduino.
Bu pi3Haerecs, sK MAKIIOYaTH KOMIIOHEHTH, TPOrpaMyBaTH MIKPOKOHTPOJIEPH,
CTBOPIOBATH MIPOTPAMH JJIsi 3UNTYBAaHHS JAHUX 3 CEHCOPIB, YIPABISITH JTaHAMHU
Ta PO3POOJISITH 1HTEPAaKTHBHI TpoekTH. CromiBaeMocs, 1O IIi JIabopaTopHi
BIIPABU JIOTIOMOXKYTh BaM 3700yTH MPAKTUYHI HABUYKH, K1 OYJIyTh HIHHUMU Y
Ballllii MaliOyTHIN Kap’e€pl Ta HAYKOBUX JOCIIIJIKEHHSX.

Hexaii mneit mociOHMK cTaHe sl Bac JBepuMa y cBiT Arduino,
1H(popmarliiiHo-kepyrounx cucteMm Ta STEM-TexXHOJOr1H, e TEOPEeTUYHI 3HaHHS
MOETHYIOTHCS 3 TPAKTUYHUMHU HAaBUYKAMH, a TaKOX JOIIOMOXE pealli3yBaTH

Ballll 171e1 Ta MPOEKTU B €JICKTPOHIII i MpOrpaMyBaHHI.

12



Laboratory Work No. 1.

Arduino Board and Its Components

Objective
Study the components of the Arduino board and gain skills in connecting it
to a personal computer. Learn to use the Arduino IDE environment.
Plan
1. Study of the Arduino board and its types.
2. Installation of Arduino IDE and port configuration.

3. Connecting the Arduino board to a personal computer.

Theoretical Information

Arduino is an open-source platform designed for the rapid and easy
development of various electronic devices. Arduino can gather data about the
surrounding environment through sensors and respond by controlling lights,
motors, and other actuators. The microcontroller on the board is programmed
using the Arduino programming language and the Arduino development
environment. Programming does not require a separate programmer, as the code
is uploaded via a USB port. To get started, you only need the Arduino board and
a computer with the Arduino IDE installed. The project, which originated in
2003, was named after a tavern near the IVREA Institute in Italy (Bar di Re
Arduino or Bar del Rey Arduino). The project aimed to solve the problem of
teaching students to quickly program electronic devices with microcontrollers
without the need for soldering and assembling complex circuits.

Arduino was conceived by Massimo Banzi, David Cuartielles, Tom Igoe,
Gianluca Martino, and David Mellis as part of a design course at the Interaction
Design Institute Ivrea. The goal was to create a simple and affordable

microcontroller platform that would make it easier for students and designers to
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build interactive projects. The initial version of Arduino was based on the
ATmega8 microcontroller and featured a minimalistic design to keep costs low.

The project's open-source nature was a key factor in its success, as it
allowed a wide range of users to contribute to the development of both hardware
and software. The Arduino team released the hardware designs and software
under open-source licenses, enabling hobbyists and educators worldwide to use
and modify them.

In 2005, the first official Arduino board, the Arduino Diecimila, was
introduced. It featured improvements over the original prototype, including
better USB connectivity and more memory. The board's name, "Arduino," was
inspired by the local Italian tavern where the founders would often meet to
discuss the project.

Over the years, Arduino has evolved significantly, with numerous versions
and variants of the board being developed to cater to different needs and
applications. The platform's success has led to a vibrant community of users and
developers who continue to expand its capabilities and applications.

Today, Arduino is widely used in education, prototyping, and DIY
electronics projects. It has played a crucial role in popularizing the maker
movement and democratizing access to electronics and programming. The
Arduino Foundation, founded in 2009, continues to support and develop the
platform, ensuring its ongoing relevance and growth.

Today, various "families" of Arduino boards are known. Here are a few of

them.
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1. The Nano family consists of a range of compact boards with numerous

features. It includes the affordable basic Nano Every and the multifunctional

D2' D3 D4 D5 D6 D7 D8 DI D10 D1l D12

FC CE

PONS oML TANT
DESICMED AR ASTENILED T™ ITALY

---------------

Nano 33 BLE Sense / Nano RP2040 Connect, which come with Bluetooth® /
Wi-Fi radio modules. These boards also feature a set of built-in sensors, such as
temperature/humidity, pressure, gestures, microphone, and more. They can also

be programmed using MicroPython and support machine learning.
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2. The classic family includes boards such as the legendary Arduino UNO
and other classic boards like the Leonardo and Micro. These boards are
considered the foundation of the Arduino project and have been popular for
many years (and continue to be in the future). The following discussion wil

focus on these boards.

LEONARDO y
Ol

ARDUINO

-

L¢3}l

LN
S0 |

e ™

< o y

The Arduino microcontroller on the board is 'programmed using the
Arduino programming language, which is based on C and C++, and its own
development environment, which is available for free download. Arduino-based
device projects can operate independently and interact with a computer.

To interact with Arduino, a USB cable and the Arduino IDE (Integrated
Development Environment) are required. The appropriate software can be
downloaded from https://www.arduino.cc/en/software for various platforms
(Windows, Linux, Mac OS). After installation and the first launch, the program

window appears as follows:
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https://www.arduino.cc/en/software

2 | Arduino 1.8.19

File Edit Sketch Tools Help

jj C++ code

1nt pin7
int pin8
byte val
vold setu
{

pinMode(pin?, INPUT);

pinMode(pin8, OUTPUT) ;
g

7:
g;
@.
)

|: ’

= nonon

vold loop()
{

val = digitalRead(pin?);

flval == 1)

Arduino Uno on fde

The menu, control buttons, program editor, and console, where some

information is displayed. The console displays various types of information,
including:

1. Compilation Messages: Information about the status of code compilation,
including errors and warnings.

2. Upload Status: Messages indicating the progress of uploading the code to the
Arduino board, including success or failure notifications.

3. Serial Monitor Output: Data sent from the Arduino board to the computer via
the serial connection, useful for debugging and monitoring real-time data.

4. Program Execution Messages: Any print statements or debug messages
included in the code that are output to the console for tracking program

behavior.
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After connecting the Arduino to the USB port, you need to specify the
required port and select the board type in the software. For example, as shown in

the image.

File Edit Sketch Tools Help

Auto Format
Archive Sketch
Manage Libraries...
Serial Monitor
Serial Plotter

Board: "Arduino Uno" >
Port: "/dev/cu.usbmodem13401" >
‘Get Board Info

WIiFi101 /| WiFININA Firmware Updater

Upload SSL Root Certificates

Programmer >

Burn Bootloader

It is important to note that the port name may vary for each individual
computer (it does not necessarily match the one shown in the image above).

After configuring the settings, you can check if the interaction is set up
correctly. To do this, write a simple empty program (which does nothing) and
upload it to the board. Programs for Arduino are called sketches. Once the
sketch is uploaded, you can verify the connection by observing whether the
board responds as expected, such as by displaying an indicator LED or similar
signal. This process ensures that the Arduino board is correctly recognized by

the computer and is ready for further programming and development.
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/l C++ code
void setup()

{
}
void loop()
{
}

The structure of the program is as follows: code placed in the “setup()’
block is executed only once when the board is powered on; code added to the
“loop()” block runs continuously while the board is powered. If everything is

done correctly, after uploading the program, a message will be displayed.

2 | Arduino 1.8.19

File Edit Sketch Tools Help

> Click here

fS4 C++ code
v

int pin7
int ping8
byte wval =
vold setup

7:
8;
cH
)1
pinMode(pin?, INPUT) ;

pinMode(pind, OUTPUT) ;
}

vold Loop()
{

val = digitalRead(pin?);

if(val == 119

ogram storage space. Maximum is 32256 bytes.

) of dynamic memory, leaving 2039 bytes for

Arduino Uno on /dewttyACMO
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If something is configured incorrectly, the console will display an error message
along with a link to an online resource describing the issue and possible

solutions.

Tasks
1. Download and install the Arduino IDE software.
2. Configure the board type and port.

3. Explore the menu and upload an empty sketch to the board.

Control Questions
What is Arduino?
What information can be obtained about Arduino?
What types and families of Arduino boards exist?
What are the typical boards belonging to the Arduino Nano family?
What are the typical boards belonging to the classic Arduino family?
What is needed to connect Arduino to a computer?
What is Arduino IDE and where can it be downloaded?

What is required to configure Arduino IDE?

© ©o N o 0~ WD PE

For which platforms can Arduino IDE be installed?

10. What programming languages are used to write programs for Arduino?

11. What is a sketch?

12. What are the features of the “setup” and “loop" blocks in the program?

13. Can Arduino operate independently without a computer?

14. How can you verify that Arduino is correctly connected and recognized
by the computer?

15. What types of messages are displayed in the Arduino IDE console?

16. What steps should be taken if an error occurs during the upload process

to the Arduino board?
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Laboratory Work No. 2.

Online platform Tinkercad

Objective
Learn the basics of working on the Tinkercad platform and simulate the
operation of an Arduino controller and other electronic components.
Plan
1. Exploring the Tinkercad platform.
2. Creating accounts and projects.
3. Learning about the simulation features for Arduino on the Tinkercad

platform.

Theoretical Information

AUTODESK
@Enm Tinkercad

Tinker~  Gallery  Projects  Classrooms  Resources v

ﬂ ‘ v\\\‘\ﬂ M Q w: Join Tinktober! :w

Your designs

.

Tutonals

) 3D Design
i3 Create collection -
L (9  Circuit

B Codeblocks

Stunnin g Hillar-Jaagub

(- Circuits T 5

To simulate the operation of an Arduino controller, it is not necessary to have

the actual Arduino board. It is sufficient to register on the Autodesk Tinkercad
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web platform (https://www.tinkercad.com/). There are various registration options
and methods, but each allows access to the online simulator.

After registering, you should select "Designs." In this section, you may find
user-created circuits and also have the option to create a new circuit: Create —
Circuits. After creating a new circuit, a window will open as shown in the

image below.
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In the component list, you will find both the Arduino board and a
breadboard, which we will use for assembling educational circuits and models.
The breadboard consists of four areas. At the top and bottom, there are two rows
of holes designed for creating power rails. All the holes in a row are connected
to each other. We assume that a power supply voltage (positive and negative
terminals) is connected to the holes in one row of these rails, and then
components of our circuit can be connected to the power supply through the

other holes.

22


https://www.tinkercad.com/

The holes in each of the two vertical areas are vertically connected,
organized in rows A-B-C-D-E and F-G-H-I-J. These areas are used for placing
and connecting electronic components.

Let's add an LED and a 9-volt power source. Connect them as shown in the
image and start the simulation.

The simulation indicated that the LED burned out because the voltage of
9V was too high for the LED. To troubleshoot the circuit, stop the simulation
and either add a 450-ohm resistor or change the power source to a lower voltage
of 2V. Each component has its own properties where parameters can be set. For
example, the "solar battery" power source allows you to specify the maximum
voltage (which we set to 2V). As seen, when the simulation is restarted, the LED

operates and lights up.

Solar Cell

Thus, the Autodesk Tinkercad platform allows you to test any circuits and
their ~ connections  (including  Arduino  boards), simulate their
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operation,experiment, and not worry about damaging real electronic

components.

Tasks
1. Register on Autodesk Tinkercad.
2. Assemble the circuit shown above and check its operation.

3. Experiment with components and circuits on the simulator.

Control Questions
What is needed to simulate the operation of Arduino?
What is Autodesk Tinkercad?
How to register on Autodesk Tinkercad?
What areas does the breadboard have?
How are the holes on the breadboard connected?
How to start a simulation in Autodesk Tinkercad?
Why might an LED burn out if 9V is applied to it?

Is it possible to adjust component parameters in Autodesk Tinkercad?
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Name the components available in Autodesk Tinkercad.

10. Where can you write sketches in Autodesk Tinkercad?

11. How to set the color of wires and connection type?

12. Where can you switch from real component images to schematic views in
Autodesk Tinkercad?

13. How can you simulate different power sources in Autodesk Tinkercad?

14. What are the benefits of using Tinkercad for electronic circuit design and
simulation?

15. How do you add and configure a resistor in Autodesk Tinkercad?

16. Can you export your Tinkercad designs for physical prototyping?
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Laboratory Work No. 3.
Digital input-outputs of Arduino. Working with an LED

Objective
Study the possibilities of connecting LEDs to the Arduino controller.
Setting up a program to control the LED.

Plan
1. Study of digital outputs of the Arduino board.
2. Investigation of LED characteristics and the electrical circuits for their
activation.
2. Connecting an LED to Arduino and configuring its operation via digital
ports.
3. Performing virtual simulations and real-world operation of the LED with
the Arduino controller.

4. Connecting multiple LEDs.

Theoretical Information

One of the simplest actions that the Arduino controller can perform is
switching the states of digital input-output pins. Any of the digital input-output
pins of the Arduino microcontroller can be programmatically switched between
high level (+5V) and low level (0V). Such switching is used to control simple
devices. The switching between levels is done using the command:

digitalWrite(_pin_number _, signal_level );
Remember that commands in C++ end with the symbol ;" (semicolon).
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The signal parameter (_signal_level ) can take two values: HIGH and LOW
(high and low). The _pin_number_ is a number corresponding to the pin of the

Arduino board.

DIGITAL
contacts

ANALOG
Contacts
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Note that the same digital pins can function as both input and output. Therefore,
before using them, it is necessary to specify the role in which the corresponding
pins will be used (input or output). This is done using the function:
pinMode(_pin_number_, mode );

where _mode_ — has two possible value: OUTPUT or INPUT. OUTPUT sets
the pin as an output for sending signals, while INPUT configures the pin to
receive signals. Before using a pin as an input or output, it is crucial to initialize
it correctly to ensure proper functionality. Incorrect pin configuration may lead
to unexpected behavior or failure to control connected devices. Make sure to
use the pinMode() function to set the pin mode before calling functions to read
or write to the pin. So, to set a high signal level on pin 2, the following program

can be executed:

const int pin = 2;

void setup()

{
pinMode(pin, OUTPUT);
digitalWrite(pin, HIGH)

}

void loop()

{

}

Let's consider one of the simplest connections for actuators that can be
controlled using a digital pin: connecting an LED. This is a semiconductor
device that can emit light when an electric current flows through it in the
forward direction (from the cathode to the anode). To correctly connect an LED
in an electrical circuit, it is necessary to distinguish between the cathode and the

anode. This can be done by three characteristics:
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1) the anode has a longer lead.
2) on the side of the cathode is the LED's body.
3) the cathode inside the LED is wider.

Let's connect the LED to the Arduino board and "make" it blink with a 2-

second interval. To do this, we will build the circuit shown in the diagram. The

resistor value will be set to 220 Q.
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We will also enter the program into the appropriate window. After starting
the simulation, the LED will blink. The same circuit can be built in reality,
connect the Arduino board to the computer, and upload the program through the

Arduino IDE environment.

Tasks
1. Implement the circuit described above.
2. Connect another blue LED and arrange for alternating blinking (blue-red), as
if they were flashing warning lights.
3. Create a circuit where an LED fades in and out smoothly. Use PWM (Pulse
Width Modulation) to gradually increase and decrease the brightness of the
LED. Implement a program that controls this fading effect.
4. Design a circuit with three different colored LEDs (red, green, and blue)
connected to the Arduino. Write a program to make the LEDs cycle through all
possible colors by adjusting the brightness of each LED. For example, create a
rainbow effect by varying the intensity of the red, green, and blue LEDs in

sequence.

Control Questions
What are the inputs and outputs on the Arduino board?
What voltage can be applied to a digital pin?
How many digital pins are there on the Arduino UNO board?
In what modes can the pins on the Arduino board operate?
How do you set the operating mode of a pin on the Arduino board?
What is a Ground pin?
How many pins does an LED have?

How do you distinguish between the cathode and the anode?
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What voltage sign should be applied to the cathode?
10. What voltage sign should be applied to the anode?
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11. Which command tells the Arduino board to pause?

12. What is the function of a resistor in an LED circuit?

13. How do you use a “digitalWrite()" function in an Arduino program?

14. What is the purpose of the “pinMode()" function in Arduino
programming?

15. How can you test if an LED is connected correctly in a circuit?

16. What are some common problems that can occur when working with
LEDs and how can they be resolved?

17. How does PWM (Pulse Width Modulation) control the brightness of an
LED?

18. What is the difference between HIGH™ and "LOW' in the context of
Arduino digital pins?
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Laboratory Work No. 4.

Connecting Buttons and Switches

Objective
Explore the possibilities of connecting buttons, switches, and buzzers to the
Arduino controller. Configure a program to control an LED through
switches.

Plan
1. Study the characteristics of switches and buttons and their activation.
2. Connect an LED, buttons, switches, and a buzzer to Arduino, and
configure their operation.
3. Perform virtual simulations and real-world testing of the LED and buttons

with the Arduino controller.

Theoretical Information

A switch is a device that allows you to close or open an electrical circuit.
The state of the switch can change in various ways depending on the type of
device. In this lab exercise, we will use a simple mechanical pushbutton switch,
which closes its two contacts when pressed. For ease of mounting, these are
often made with 4 contacts, where the outputs are paired together.

To read a signal from one of the Arduino pins, you need to use the function

res = digitalRead(_pin_number );

After calling this function, the variable res will store the level of the digital
signal detected on the corresponding pin.

To read the state of a button, it should be connected in such a way that
pressing the button results in a high signal (+5V) at the input, and releasing it
results in a low signal (OV). To achieve this, connect a button and a resistor in
series between the power supply and ground (GROUND), and connect the
microcontroller input between them. When the button is NOT pressed, the
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microcontroller output will be connected through the resistor to ground and will

have a low signal level. When the button is pressed, the input will be connected

to the power supply and will have a high signal level. With this connection

scheme, a current will flow through the resistor, depending on its resistance. To

avoid high power consumption, use a resistor with a high resistance, such as

10 kQ.
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1 /1 C++ code
2.
3 const byte piezo = 1;
const byte button = 5;
6 byte value = 6;
2 void setup()
{

pinMode(piezo, OUTPUT);

1 pinMode(button, INPUT);

85 14 void loop()

value = digitalRead(button); // OTpUMATH 3HAYEHHS CHTHANY 3 KHOMKI
if(value == HIGH)

// MOJaTH BMCOKMil piBEHb CHTHaNy Ha 3ymep
digitalWrite(piezo, HIGH);

else

|||||||||||

// MOJATH HU3bKMIl piBEHb CHTHANY Ha 3ymep
digitalWrite(piezo, LOW);

We will also connect a Piezo buzzer to the board (a device that produces a

sound when a high voltage level is applied to it). We will configure its operation

as follows: when the button is pressed, the buzzer will produce a sound, and

when the button is released, there will be no sound. This way, you can generate

an audible signal.
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Tasks

1. Reproduce the circuit shown in the instructions on both the simulator and the

real device.

2. Add an LED to the previous circuit. Configure it so that when the button is
NOT pressed, the LED is lit and the buzzer is off, and when the button is

pressed, the LED turns off and the buzzer produces a sound.

3. Connect a second button to the circuit and program the Arduino to toggle the

LED on and off with each button press, while the buzzer remains off.

4. Add a resistor to limit the current through the LED, and create a program that

makes the LED blink at a 1-second interval while the button is pressed, with the

buzzer turned off.

A A o

9.

Control Questions
How do you read the signal level from a digital pin on Arduino?
What is a pushbutton?
How are the contacts in a 4-pin button connected?
How do you connect a buzzer to the Arduino board?
What is the purpose of connecting a resistor in the circuit described in the
instructions?
What do the constants HIGH and LOW represent?
How can you make the buzzer sound continuously for 10 seconds?
How can you "remember" in the program that the button has been
pressed?
Can you adjust the voltage on the pins marked 5V and 3.3V?

10. How can you debounce a button in your Arduino program to avoid false

triggering?

11. What is the purpose of using ‘digitalRead()” and ‘digitalWrite()

functions in Arduino programming?
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12. How can you modify the LED blink rate in the Arduino program based
on button presses?

13. What are the common troubleshooting steps if the buzzer does not sound
as expected?

14. How does the internal pull-up resistor feature work in Arduino, and how
can it be enabled?

15. What are the differences between analog and digital pins on the Arduino

board?
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Laboratory Work No. 5.
Seven-segment LED display

Objective
Study the seven-segment display. Learn how to configure the display and
organize the output of information through it.

Plan
1. Study the characteristics of the seven-segment display.
2. Connect the seven-segment display to the Arduino and configure its
operation.
3. Perform virtual simulations and real-world testing of the seven-segment
display with the Arduino controller.

4. Set up atimer.

Theoretical Information

A regular LED can easily inform the user about binary events, that is, events
where it is important to know whether they have occurred or not. For example,
turning a device on or off, exceeding a threshold value, etc.

But what if you need to provide the user with more complex information,
such as numerical data? For these purposes, electronics often use a seven-
segment LED display. This device consists of a set of LEDs arranged in the
shape of the number "8" so that by turning some of them on, you can create

different figures.
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According to their construction, seven-segment LEDs are divided into
groups with a common anode and a common cathode. All segments are marked
with Latin letters from "A" to "G." Usually, the numbering starts from the top
segment and proceeds clockwise. The dot is marked separately with the word
"dot." In addition to the contacts connected to the segments, the schematic also
shows two contacts COM (for the common cathode or anode) and one DP (for
the dot).

Connecting a seven-segment display is similar to connecting an LED. Since
the display has 7 contacts (in addition to the dot and the common cathode or
anode), you will need 7 digital outputs from the Arduino and 7 resistors of 220
ohms each.

We will provide a connection schematic and a program that will display the
number "7" on the display. We will use a common cathode display. Below is the

connection diagram and the program code.
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void setup(
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pinMode(s_a,

14 pinMode(s_b,
1 pinMode(s_c,

1 pinMode(s_d,
17 pinMode(s_e,
pinMode(s_T,
pinMode(s_g,

digitalwrite(s_a,

HIGH);

digitalwrite(s_b, HIGH);

digitalwrite(s_c,

a )

2 void loop()
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HIGH);

As seen from the figure, the number "7" is displayed on the indicator.
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Tasks

1. Reproduce the schematic shown above.

2. Implement a counter that displays numbers from 0 to 9 with a 1-second

interval.

3. Modify the counter to display numbers from 0 to 9 in ascending order every

0.5 seconds.

4. Create a program that makes the seven-segment display show a countdown

from 9 to 0, with each number displayed for 2 seconds.

O N o g Bk~ W DN

Control Questions
What is a seven-segment LED display composed of?
How are the contacts on a seven-segment display numbered?
How is the dot marked on the display?
How many contacts does a single-digit seven-segment LED display have?
What types of seven-segment LED displays are there?
How should a seven-segment LED display be connected to Arduino?
What is needed to display a digit on the indicator?
What type of single-digit seven-segment LED display is used in the lab
work?
How will the connection schematic change if the type of single-digit

seven-segment LED display is changed?

10. What is needed to implement a counter?

11. How do you write a program to display different digits on a seven-

segment display using Arduino?

12. What is the purpose of the resistors connected to the segments of the

seven-segment display?

13. How can you troubleshoot if the seven-segment display is not showing

the correct digits?
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14. What are the differences in wiring between a common cathode and a
common anode seven-segment display?
15. How can you use the Arduino delay() function to control the timing of

digit changes on the seven-segment display?
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Laboratory Work No. 6.
Liquid Crystal Display (LCD)

Objective
Study the characteristics of the liquid crystal display (LCD) and its usage.
Plan
1. Study the characteristics of the liquid crystal display (LCD).
2. Connect the liquid crystal display to Arduino, configure its operation, and
display data on it.
3. Perform virtual simulations and real-world testing of text output on the

screen.

Theoretical Information

In the previous work, you were introduced to the seven-segment LED
display. However, a more informative and simultaneously more complex type of
indicator is the display. In this lab work, we will work with a liquid crystal
display (LCD), which is found in many devices: electronic clocks, calculators,
and screens of old (often button-based) phones. All of these devices use liquid
crystal displays to some extent. LCDs are widely used due to their ability to
display a wide range of characters and graphics. They offer a clear and versatile
way to present information in various electronic devices.

We will be using a 16x2 display. This means it can display 2 lines of 16
characters each. The appearance and designation of the display are shown in the
diagram below.
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The indicators are labeled as follows:

- GND — ground (negative power supply)

- VCC — power supply (+5V)

- VO — contrast (display contrast control)

- RS — register select

- RW — data direction (read or write)

- E — (enabled) synchronization

- DB0O-DB7 — data bus

- Led- — backlight cathode

- Led+ — backlight anode

The connection diagram for the display is shown in the diagram below. In
addition to connecting the information signals and power supply, it is necessary
to adjust the display contrast. To do this, connect a 10 kQ potentiometer to the
circuit. If backlighting is also needed, it should be connected using the LED
contacts through a resistor of at least 100 Q2.

To work with a liquid crystal display (LCD) in Arduino, there is a special
library called LiquidCrystal. It is included with the directive #include
<LiquidCrystal.h>. After that, you need to initialize the display by specifying
which contacts are used for the Arduino.

LiquidCrystal Icd(4,5,6,7,8,9);
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#include <LiquidCrystal.h>

LS C++ code
.-'l. ."ll

LiquidCrystal lcd(4,5,6,7,8,9);
void setup()

led.begin(16,2);
11 led.print("My first print™);

void Loop()

18}
Here, the first contact is RS, the second is Enabled, and the third through sixth

are DB4 to DB7. Other display contacts do not need to be connected to the
Arduino. The library also includes a function to set the cursor position:
Icd.setCursor(0,1) (column with index 0 and row with index 1). To clear the
screen, use Icd.clear().

The diagram above shows the schematic and program that displays the
message "My first print” on the screen. It also includes backlighting connected
through a 220 Q resistor to a +3V power supply.
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Tasks

1. Reproduce the schematic shown above.

2. Implement a scrolling text effect with any desired message.

3. Display the current time on the LCD using a real-time clock module (RTC).

4. Create a program that shows a static message on the LCD and then scrolls

through a different message when a button is pressed.

2 A

Control Questions
What is the purpose of using a liquid crystal display (LCD)?
What examples of liquid crystal displays are you familiar with?
What type of display is used in the lab work?
How are the contacts labeled on a liquid crystal display?
Which contact regulates the display contrast?
Is it mandatory to connect the LED contacts? If so, what are they used
for?
What library is used for working with a liquid crystal display?
How is the library for working with the liquid crystal display initialized?
Which directive is used to include the library for working with the liquid

crystal display?

10. Which contacts are sufficient to connect to be able to display something

on the screen?

11. How do you set the cursor position?

12. How do you clear the screen?

13. What command displays a message on the screen?

14. What concept should be applied when creating a scrolling text effect?
15. How can you adjust the backlight brightness of the LCD?

16. What are the differences between a common anode and a common

cathode LCD?

17. How do you control multiple LCDs with one Arduino?
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18. What function is used to print text on the LCD?

19. How do you display numerical values on the LCD?

20. How can you update the displayed text dynamically without clearing the
screen?

21. How can you use the LCD to display characters other than standard
alphanumeric characters, such as symbols or custom characters?

22. What is the purpose of the Icd.begin() function in the LiquidCrystal
library?

23. How do you use custom characters on the LCD?

24. What is the purpose of the lcd.print() function, and how does it differ

from lcd.write()?
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Laboratory Work No. 7.

Sensors. Resistive Sensors

Objective
Study the features of sensor operation. Learn to process analog signals.
Plan
1. Study the characteristics of analog signals.
2. Connect a rheostat or potentiometer to Arduino, configure its operation,
and read data from it.
3. Perform virtual simulation and real operation to display the voltage value

from the rheostat.

Theoretical Information
In previous lab exercises, resistors were used to limit the current through an
LED. In addition to fixed resistors, there are similar devices with variable
resistance, known as potentiometers or rheostats. The image above shows

pictures of rheostats and their symbols in circuit diagrams.

M s

What is a potentiometer used for? Firstly, as described, it can be used to set
a specific resistance value when a suitable fixed resistor is not available or when

precise adjustment of an existing device is needed. Secondly, a potentiometer
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can create a voltage divider — a device that can supply a load with only a portion
of the voltage from the source. In this lab exercise, we will use a rheostat as a
voltage divider, changing the value on one of the analog contacts of Arduino.
During work with buttons, we have already encountered the digitalRead
function, which can read a digital signal from a given contact. There is also an
analog version of this function, analogRead, which allows you to do the same
for an analog signal:
res = analogRead( _pin_number_);
After calling this function, the variable ‘res™ will store the value of the analog
signal read from the corresponding contact. The "analogRead" function returns a
number from O to 1023, where O represents 0V, and 1023 represents +5V.
Intermediate voltage values correspond to intermediate numbers in the range of

1-1022. You should connect the potentiometer to contacts AO-A5.

Tasks
1. Connect the potentiometer to the Arduino (similarly to the previous work).
2. Write a program that will measure the voltage value from the potentiometer
every 2 seconds and display it on the liquid crystal display.
3. Create a program to display a static message on the LCD indicating the
current position of the potentiometer (e.g., "Potentiometer Value: X").
4. Modify the program to show the potentiometer value on the LCD in a bar
graph format, where the length of the bar corresponds to the value read from the

potentiometer.

Control Questions
1. What is a potentiometer?
2. What is the purpose of a potentiometer?
3. What is a voltage divider?

4. How does the analogRead function work?
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5. What values can be read from analog contacts?

6. How are analog contacts labeled?

7. How many analog contacts are there on an Arduino UNO board?

8. What is the concept behind displaying voltage values on a display?

9. How can you connect a potentiometer to an Arduino?

10. What is the range of values that analogRead can return?

11. How can you calibrate a potentiometer in your Arduino code?

12. What is the purpose of using a resistor with a potentiometer in a circuit?

13. How do you calculate the voltage from the analogRead value?

14. What are the limitations of using analogRead for precise measurements?

15. How can you display the potentiometer’s value in different units on an
LCD?

16. How does changing the resistance of a potentiometer affect the voltage
read by the Arduino?

17. What is the purpose of using a resistor in series with an LED?

18. How can you display the analog value from a potentiometer on an LCD?

19. What changes would you need to make to the program if you use a
different analog pin?

20. How can you convert the raw analog value to a corresponding voltage?
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Laboratory Work No. 8.

Analog Temperature Sensor

Objective
Study the features of working with a temperature sensor. Learn to process
temperature data.
Plan
1. Study the temperature sensor and its parameters.
2. Calibrate the temperature sensor.
3. Conduct virtual simulation and real-world testing to display the

temperature reading.

Theoretical Information
A common type of sensor with an analog output is the temperature sensor.

The contact labels for such sensors are as follows:

+Ve [

Vout [
GND |

TMP36
pinout

/"\
> 0 & 0 12

Vs — power supply voltage from 2.7 to 5.5 V (for Arduino 5V);

Vout — output voltage that depends on the temperature;

Gnd — ground.

The output voltage of the sensor depends only on the temperature and is not

affected by the supply voltage provided to the sensor.
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To determine the temperature, you need to find the maximum temperature
value (Tyax) and the minimum temperature value (T.i,) that the sensor can
measure. In other words, you need to calibrate the scale. For the minimum and
maximum temperature values, there are minimum (Vi) and maximum (Vmax)
voltage values that are read by the Arduino contact. Then, considering the linear
scale, you can establish the relationship between the voltage read by the Arduino
contact and the temperature:

T =V = Vi) fracTnax — TminVinax = Vimin + Tinin-
Here, V is the output voltage in volts, and T is the temperature in degrees
Celsius. V is also the value obtained from calling the function analogRead on
the Arduino.
V = analogRead( _pin_number ).

An example of connecting such a sensor is shown in the figure below.

o I = (1 B @- —- «& 4

Temperature Sensor [TMP26]

#include <LigquidCrystal.h>

#§ Ta» vode

.

const byte pim_A = 5;

float res;

LiquidCrystal lcd(4,5,6,7,8,9);

float const VW_min = 28;

float const V_mawx = 358;

float const T_min = -48;

2 float const T_max = 125;

woid setup()
lcd.begin{16,2);
pinMode(pin_aA, INPUT);

woid Loop()

i
float V = analogRead(pin_A);
float T = (Vv - V_min) * ((T_max - T_min} / (V_max - V_min)) + T_min;
lcd.clear();

led.print(T);
delay(100);
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In the example in the simulator, the maximum and minimum voltages are 20V
and 385V, and the temperature range is [-40...125] °C.

Tasks
1. Recreate the schematic shown above.
2. Connect an LCD display to the circuit and output the temperature reading.
Calibrate the scale.
3. Modify the program to include a temperature alert feature that triggers an
LED if the temperature exceeds a certain threshold (e.g., 30°C).
4. Implement a program that logs temperature readings every minute and
displays the average temperature on the LCD display.
5. Design a system where an LED or buzzer activates when the temperature
exceeds a predefined threshold. Display the current temperature and the warning
status on the LCD.

Control Questions
How does the temperature sensor work?
What type of sensor is the temperature sensor?
How many contacts does the temperature sensor have, and what are they?
What does the output voltage of the temperature sensor depend on?
What is the scale of the temperature sensor?
In what units is the signal from the temperature sensor measured?

How are voltage and temperature related in the temperature sensor?

O N o g bk W DN

How can the formula for the relationship between voltage and
temperature in the temperature sensor be derived?
9. What supply voltage can be applied to the temperature sensor?
10. How can the temperature be adjusted in the simulator?
11. To which Arduino contact should the temperature sensor's Vout be

connected?
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12. What is the typical range of temperatures that a temperature sensor can
measure?

13. How does the output voltage change with temperature in a typical
temperature sensor?

14. How can you calibrate the temperature sensor to ensure accurate
temperature readings?

15. What kind of analog signal does the temperature sensor output?

16. Why is it important to use a specific calibration formula for the
temperature sensor?

17. How does the analogRead function help in measuring the temperature
from the sensor?

18. What is the purpose of connecting a temperature sensor to the Arduino?

19. How does the sensor’s output voltage correspond to the temperature
range specified in its datasheet?

20. What should you do if the temperature readings from the sensor seem

inaccurate or inconsistent?
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Laboratory Work No. 9.

Light sensor

Objective
Learn the features of working with a light sensor. Learn how to process
lighting data.
Plan
1. Study the light sensor (photoresistor) and its parameters.
2. Calibrate the light sensor.
3. Conduct virtual simulation and real-world operation of a device that

automatically turns on/off the light based on external lighting conditions.

Theoretical Information

In this lab, we will examine another type of analog sensor — the light sensor,

also known as a photoresistor.

A photoresistor is a simple component with two contacts that changes its
resistance depending on the level of light. Unlike a temperature sensor, a
photoresistor does not provide a voltage but rather changes its resistance in

response to varying light levels.
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To read the values from a photoresistor, you first need to convert the change in
resistance into a change in voltage. This is done using a "voltage divider" circuit.
Connect one contact of the photoresistor to the supply voltage, and connect the
other contact to a standard resistor, which is then connected to ground. The
voltage across the resistors will be proportional to their resistances. For
example, if the resistance of the photoresistor is 20 kQ and the standard resistor
is 10 kQ, the voltage across the photoresistor will be twice that across the
standard resistor. With a supply voltage of 5V, the resulting voltages would be
3.333V and 1.666V, respectively. As the resistance of the photoresistor changes
with light levels, the voltages will also change. By connecting the midpoint
between the resistors to an analog input on Arduino, you can measure the
voltage across the standard resistor and infer the light intensity. The output
voltage from the voltage divider circuit will vary with the amount of light falling
on the photoresistor, allowing you to gauge the light intensity. By reading the
analog voltage with Arduino, you can then display or use this data to control
other devices, such as turning on lights when it gets dark. Calibration may be
required to map the raw voltage readings to meaningful light intensity values.

Photodiodes included with Arduino boards typically have a resistance that
varies from 200 kQ (in complete darkness) to 1 k€ (at a brightness of 10 lux).
When experimenting with the sensor, you'll notice that the analog readings don't
change linearly. This is a key difference from temperature sensors, which have a
linear relationship.

We'll create a circuit with a resistor, a photoresistor, and an LED. We'll set it

up so that the LED turns on at minimal lighting conditions.
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1 [/ C++ code
I
const int digit i = 7;
7 const int analog_r = A®;

2 const float rate = 508; | rate level
void setup()

Serial.begin(960@);
pinMode(digit_i, OUTPUT);
pinMode(analog_r, INPUT);

.. }
'; void loop()
{

float light = analogRead(analog r);
delay(16);

if(light > rate){
// BuMK ceiTno
digitalwrite(digit_i, HIGH);

Jelse{
digitalWrite(digit_i, LOW);

Tasks
1. Reproduce the circuit shown above.
2. Connect an LED to the analog pin and adjust its brightness based on the
voltage from the photoresistor.
3. Test the light sensor by varying the light intensity and record the changes in

the analog reading.
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4. Create a program that turns on the LED when the light level falls below a

certain threshold and turns it off when the light level exceeds that threshold.

Control Questions

1. What is a photoresistor?

2. To which type of signals (analog or digital) does a photoresistor belong?

3. How many contacts does a photoresistor have?

4. How should the contacts of a photoresistor be connected? Does it matter
which is “+” and which is “-7?

5. What does a photoresistor change in response to changes in lighting?

6. How is a "voltage divider" connection implemented?

7. When is the resistance of a photoresistor higher: in complete darkness or
in bright light?
8. Is the resistance of a photoresistor linear or nonlinear?

9. How can you adjust the lighting falling on the photoresistor in a
simulator?

10. Is an LED different from a photoresistor?

11. To which Arduino pin should the photoresistor be connected?

12. What is the “rate” constant mentioned in the program?

13. How does changing the value of the fixed resistor in the voltage divider
affect the readings from the photoresistor?

14. What is the typical range of resistance values for a photoresistor in low
and high light conditions?

15. How does the light intensity affect the voltage output in the voltage
divider circuit?

16. Can a photoresistor be used for detecting very small changes in light
levels? Why or why not?

17. How can you calibrate a photoresistor for specific lighting conditions?
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18. What are some practical applications of photoresistors in electronic
projects?

19. How can you implement a threshold value in a program to trigger an
action based on light levels detected by a photoresistor?

20. What are the limitations of using a photoresistor in your projects, and

how can they be mitigated?
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