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PED®EPAT

Jle6eapko [.O. [IpoekTyBaHHS Ta MOJECIIOBAaHHS CUCTEMU KepyBaHHS KOJIICHUM
pobOTOM IO JIOKAJi3ye€ Ha MapUIpyTl JDKEpenao CBITJIAa 3a JaHUMHU JaTYUKIB
IHTEHCUBHOCTI CBiTJa - Ha mpaBax pykomnucy.

[losicHroBanpbHa 3amucka KBamidikamiifHoi paboTu 3100yBaya  CTyINEHA
OakanaBpa: 59 cTopiHOK, 45 pucyHKiB, 3 Tabnuii, 32 mKepena, 4 1o1aTka.

3BIT MICTHTHh OIKMC PO3POOKH CHUCTEMH KEpPYBAaHHSA KOJICHUM pPOOOTOM IO
JIOKaI3y€ Ha MapUIPYTI JHKEPEJIo CBITIIA 3a IaHUMHM JIATYMKIB IHTCHCUBHOCTI CBITJIA.

OO0’eKTOM JOCHII)KEHHSI € CHCTeMa KepyBaHHS poOOTOM, sKa J03BOJIsE
JIOKaJIi3yBaTH Ha MapIIpPyTi JHKEpesio CBITJIa 3a JAaHUMH JIaTYMKIB 1HTEHCHUBHOCTI
CBITJIA.

Mertoro kBamidikaiiHol poOOTH € CTBOPEHHS 1HTENEKTYalIbHOI CUCTEMH, SKa
3a0e3neuye JOKali3alliio CBITIa Ha MaplIpyTi, BIAIPABKY JaHUX MPO HKEPENO CBITIA
Ta TIepecyBaHHs 3T1IHO MapUIpyTy.

Y poboti mochimxeHo 3actocyBaHHsi ceHcopiB BH1750 1 HC-SRO04,
PO3MIIIEHHSI CEHCOPIB Ta BIUIMB Ha SKICTh HaBiraiii. /[is 0OpoOKu BXITHUX CUTHAIIIB
Ta peasiszalii JIOTiKM KepyBaHHS 3MOJIEIbOBaHO peryistop y cepeaosuini MATLAB
ta Fuzzy Logic Toolbox. ¥V pamkax kBaniikaiiifHOi poOOTH peasi3oBaHO IPOTOTHI
Ha 6a31 MII Arduino Uno, o sxoro miakmrodeHo nqaturk BH1750, Tpu ynsTpa3BykoBi
natunkn HC-SRO04, npaiiBep asuryHiB L298N ta nBa mortop-penykropu tumy TT
Motor. Pyx po0GoTa KepyeTbcsi 3MOJIeIbOBAHUM HEUITKUM PETYIATOPOM Ha ITiJICTaBl
JAaHUX 3 CEHCOPIB.

Pe3ynbrat MoOAENIOBaHHS IMOKa3ald CTa0LIbHY TMOBEIIHKY IPU PyCl IO
MapHipyTy Ta JIOKaJi3allio Ha MapHIpyTi KEpesia CBITIa, CBOEYaCHE pearyBaHHS Ha
MIEPEITKO/IH.

MOBUIBHUN POBOT, JIOKAJII3ALIIS JUKEPEJIA CBITJIA, BH1750, HC-
SR04, MATLAB, ARDUINO.



ABSTRACT

Ilya Lebedko. Design and Modeling of a Control System for a Wheeled Robot
that Localizes a Light Source on a Route Based on Light Intensity Sensor Data —
Manuscript.

Explanatory note of the qualification work of a bachelor's degree applicant: 59
pages, 45 figures, 3 table, 32 references, 4 appendix.

The report contains a description of the development of a control system for a
wheeled robot that localizes a light source on a route using data from light intensity
sensors. The main object of the study is the robot control system, which enables it to
localize the light source on the route based on data from light intensity sensors.

The goal of the qualification work is to create an intelligent system that ensures
stable localization of the light source on the route, transmits light data, and moves
according to the route. The work investigates the operating principles of the BH1750
and HC-SR04 sensors, their placement, and their impact on navigation quality. A
controller was implemented in the MATLAB and Fuzzy Logic Toolbox environment
to process input signals and realize the control logic.

As part of the qualification work, a hardware prototype was built based on an
Arduino Uno, connected to a BH1750 sensor, three HC-SR04 ultrasonic sensors, an
L298N motor driver, and two TT Motor gear motors. The robot’s movement is
controlled using signals generated based on sensor data.

Simulation results showed stable behavior when moving along the route,
localization of the light source on the route, timely obstacle response, and correct

operation of decision-making algorithms.

MOBILE ROBOT, LIGHT SOURCE LOCALIZATION, BH1750, HC-SR04,
SENSOR NAVIGATION, MATLAB, ARDUINO
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BCTVII

Y cydacHMX yMOBax aBTOMAaTH3allii Ta PO3BUTKY POOOTOTEXHIYHHMX CHCTEM
BOXKJIMBUM 3aBJaHHSIM € po3poOka €hEeKTUBHMX METOJIB KEepyBaHHS MOOIILHUMHU
miaThopMaMu Ta iX MOKIIMBICTD B3aEMOIISITH 3 HABKOJIHIIIHIM cepenoBuiieM. O 1HIM
13 IEPCIIEKTUBHUX MIIXO/IIB € BAKOPUCTAHHS pOOOTIB, 110 00pOOISIOTH 1HGOpMAITiio 3
JTATYUKIB Ta MIPUHAMATH PIIIICHHS B YMOBaX HEBH3HAYCHOCTI. JlaHuil Mmiaxi 0cOOIMBO
e(eKTUBHUHN y CKIIAIHUX CEPEJOBHUIIAX, TAKUX SIK KOPUAOPH, a0 M001 MPUMIIICHHS
Jie TpaJUIIiiHI METOU HaBIraIii MOXXYTb BUSIBUTUCS MEHII €()eKTUBHUMMU.

Meroto nanHoi kBamiikaiiiHoi poOOTH € MPOEKTYBAaHHS Ta MOJICTIOBAHHS
CUCTEMHU KEpYBaHHs IHTENEKTyaldbHUM MOOLIbHUM (IM) areHTom, sKuil 3A1MCHIOE
JIOKai3alliio Ha MApIIPYTI KEpeia CBITIIA 3a TaHUMHU IaTYHKIB IHTEHCUBHOCTI CBITJIA.

Jist 300py 1H(popMallii Npo OTOYEHHS BHKOPHCTOBYETHCS MAAaTYMK CBITJIA
BH1750, sikuit 103BOJIsI€ JTOKaNi3yBaTH CBITJIO, Ta TpU YAbTpa3ByKoBi naruuku HC-
SR04, po3ramoBaHi npaBopyd, JIBOPYY 1 CHEpery, 110 3a0e3Meuyl0Th YHUKHEHHS
MEPENIKO]l Y MPOCTOpi. 3aCTOCYBAaHHS TAaKOTrO HAOOpPY CEHCOPIB JAa€ 3MOTY CHUCTEMI
e(deKTHUBHO 3IIMCHIOBATH KOPEKII0 TPAEKTOPIl pyXy Ta MPHUHMATH PIlICHHS I0/0
MaHEBpPYBaHHS y CKJIaJHMX yMOBax JaOipHUHTY.

OuikyBaHUM PE3YIBTATOM POOOTH € CTBOPEHHSI MATEMATHUYHOT MOJIE1 CUCTEMHU
KepyBaHHSA, po3poOKa anropuTtMy (YHKIIIOHYBaHHS CHUCTEMH Ta IE€peBipKa
€(EeKTUBHOCTI  3alpPOMOHOBAHOIO  MIAXOAY 32 JIOMOMOIOK  KOMII'FOTEPHOIO

MOJJEIIOBAaHHA.



1 IIOCTAHOBKA 3A/JJAYI

Mertoro naHoi kBamidikaiiiHoi poOOTH € CTBOPEHHS MOJell MOOLIBHOTO po0oTa
OXOPOHIIS, IKUH, IEPECyBAIOYUCh BU3HAYEHUM MAPUIPYTOM Yy TEMHOMY MPUMIIIIECHHI,
3[IaTEH BUABIIATH TMOSBY JDKEpeEN CBITiIA Ta dikcyBaTu (PakT ix HasBHOCTI. OCHOBHUM
KpUTEpIEM JJisi BUSBICHHS TaKUX JDKEpeNl € pi3ka 3MiHa pIBHA OCBITJICEHOCTI,
3ahiKCOBaHa CEHCOPOM, BCTAHOBJICHUM Ha I1aTopmi podora.

VYrpaBiiHHS pyxoM poOoTa 3MIHCHIOETHCS 3a JOMIOMOTOI0 KOHTpoJiepa. Takuit
OiAX1J J03BOJIsAE€ 3a0€3MEUUTH THYYKE pearyBaHHsS Ha 3MiHM B HaBKOJIMIIHBOMY
CEpEIOBHIIII.

VY nporueci BUKOHaHHS pOOOTH NepeadadaeThCsl BUPIIIEHHS HACTYITHUX 3a/1a4:

1. Po3pobuTH 3arajibHy KOHIIETIII0 (GYHKIIOHYBAaHHS OXOPOHHOTO pPo0OTAa.

2. BubOpatu ceHCOp OCBITJICHOCTI, IO JO3BOJIUTH 3 BHUCOKOI YYTJIUBICTIO

BUSIBJISITH 3MIHY SICKPABOCTI B YMOBaX CJIA0KOTro ad0 HyJIbOBOTO OCBITJIEHHS.

3. PeainizyBaTu HEUITKUM aiTOPUTM BUSBIICHHS JKEpeEJia CBITIIa HA OCHOBI 3MI1H

MOKA3HUKIB CEHCOpa IMiJ Yac HAaOJMXKEHHsI Ta BIJJAJICHHSA BiJ JKepena
CBITJIA.

Peanizariis BkazaHUX 3ajay nepeadadyac BUKOPUCTAHHS MIHIMAIbHOT KIJTBKOCTI
CEHCOPIB 3 METOI0 ONTUMI3allii CXeMH Ta MiBUILICHHS HAIIHHOCTI pOOOTU CUCTEMU.

Takum uMHOM, OCHOBHa 3ajadya poOOTa - I BUSBJICHHS JKepea CBITJIAa B
TEMHOMY MMPUMIIIEHH] B MPOIECI aBTOHOMHOT'O MIEPECYBAHHS Ta (piKcallisl TAKUX MOA1M

I IO JaJIbIIOr0 pCaryBaHH:A.



BUCHOBKHA

VYV Mexax kBamidikamiiiHoi pobotn Oyna po3poOiieHa MOJelh CHCTEMH, Ta
IPOTOTUII ABTOHOMHOTO MOOUIBHOTO POOOTA-OXOPOHIS 3JaTHOTO 3I1HCHIOBATH
NaTpyJNIOBaHHS MPUMINICHb Ta BUSBIATH JKepena cBitia. Ilpororunm cuctemu
KepyBaHHs poOOTOM moOynoBaHuil Ha 0a31 MikpokoHTpodiepa Arduino Uno 3
BUKOpUCTaHHAM ceHcopa ocBiTiaeHocTi BH1750 ta Tphox ynbTpa3ByKOBHUX JAaTUUKIB
HC-SRO04, mo po3ramioBaHi criepefy, 3/1iBa Ta cipasa. Taka KoHITypallis J03BOJISIE
TOYHO BU3HA4YaTH HANpPSIMOK Ha JIKEPENIo CBITJIA, @ TAaKOX YHHUKATH 31TKHEHb 13
NEPEIIKOAAMH IiJ] Yac pyxy.

VY paMmkax npoekty Takox Oyya moOy/1oBaHa KOHIIENTyallbHa MOJieib Y Mental
Modeler, mo omnucye B3a€MO3B’SI3KM MDK eleMeHTaMu cucrtemu. Cucremu Oyna
3mojeneBana B cepenopuili MATLAB. Pe3yiabTaT MOAEIIOBaHHS HA OCHOBI JIOTIKH
HEYITKOTO KEpyBaHHS MIATBEPKYIOTh JOLUIBHICTh 3aCTOCYBaHHS OOpaHOIo
CEHCOpPHOr0o Habopy Ta CTPYKTypuU KEpyBaHHsA MJisd peajizaulii 3aJad BUSBIICHHS
CBITJIOBUX CUTHAJIIB.

VY mnepcnekTuBl MOXKIUBUM € PO3MHMPEHHS (YHKIIOHATBHUX MOKIUBOCTEH
CUCTEMH, 30KpeMa IHTErpauisi JA0JATKOBUX CEHCOpIB, BUKOPUCTAHHS OUIbII
MOTY>KHOTO OOYHUCIIIOBAILHOTO MOMAYJIS 3B'SI3KY 3 IHIIMMU POOOTamMu, 110 J03BOJIUTH
peanizyBaTd KOOINEPATHBHY TMOBEAIHKY Ta OUIbII CKJIaJHI CIieHapii aBTOHOMHOI

poOOTH B peaJIbHOMY CEpPEIOBHIILII.



CIIMCOK ITOCHUJIAHb

1) OcitHbO-TIpOdeciitHa mporpama « TeXHOJOrIT MTYYHOTO IHTEJIEKTY» MEePILIOTo
(6akamaBpChKOTO) PIBHS OCBITH 3a crieliaibHICTIO 126 [HDOopMaliitHi cuctemMu
Ta TexHoyorii ramy3i 3HaHb 12 IHdopmamiitni Texnonorii. URL:
https://kart.edu.ua/wp-content/uploads/2022/08/opp_bak 126 tshi_23-

24 pidpisi-1.pdf ([lara 3Bepuenns: 10.05.25)

2) erpenxo T.I'. Metoauuni marepiaiid 0 MOPAIKY Ta 3MICTY MiJTOTOBKH,
oQOpMJICHHSI Ta 3aXMCTY MOSCHIOBAIBHOI 3alMCKH KBaMi(iKaliiftHOi poOOTH.
XapkiB: YrkplY3T, 2020. — 15 c.

3) Ilerpenko T.I'. MeroauuHi maTepiajd O MOPSAKY Ta 3MICTY MIJTOTOBKH,
o(opMIIEHHS Ta 3aXUCTY KypcoBOi poO0TH 3 Kypcy «OCHOBU 00UNCIIOBAIBLHOTO
1HTeNnekTy». Xapki: YkpAY3T, 2023. — 14 c.

4) Iletpenko T.I'. MeTtoauuHi Martepianu 10 HNOPAIKY Ta 3MICTY MiATOTOBKH,
o(opMIIeHHS Ta 3aXUCTy KypcoBOi poOoTH 3 Kypcy «OCHOBU 00UNCIIOBAIBLHOTO
1HTeNnekTy». Xapki: YkpAY3T, 2023. — 14 c.

5) ACTY 3008:2015. Hamionansauit Crangapt Ykpainu. [Hbopmaris Ta
JNOKyMeHTalis. 3BITH y cdepi Hayku 1 TexHUKH. CTpyKTypa Ta MpaBHIIa
opopmimoBanns. Kuis: AT «YkpHAHL», 2016, 31 c.

6) ACTY 8302:2015. Hamionansauit Crangapt VYkpainu. [Hbopmaris Ta
nokymeHnTauis. biomorpadiune [locunanns. 3aranbHi MOJOKEHHS Ta MpPaBUIIA
cxiaaanus. Kuis: AIT « VkpHIHILL», 2016, 16 c.

7) Springer Handbook of Robotics. Siciliano, B., & Khatib, O. (Eds.), 2016,
Springer. URL: https://link.springer.com/book/10.1007/978-3-319-32552-1
(Last accessed: 01.06.2025)

8) The K5 ASR. URL: https://knightscope.com/products/k5 (Last accessed:
01.06.2025)

9) Simple Light Following Robot using Arduino UNO. URL:
https://circuitdigest.com/microcontroller-projects/light-following-robot (Last

accessed: 01.06.2025)
10



10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

Digital 16bit Serial Output Type Ambient Light Sensor IC.URL:
https://www.mouser.com/datasheet/2/348/bh1750fvi-e-
186247.pdf?srsltid=AfmBOopY8VoDXL5DuXNXbio§ROMuw27igrmme3cm
eBmXg8QcQ2kEVD3 (Last accessed: 01.06.2025)

Ultrasonic Ranging Module HC - SR04. URL:
https://cdn.sparkfun.com/datasheets/Sensors/Prox  imity/HCSR04.pdf (Last
accessed: 01.06.2025)

4 Sets TT Motor DC 3-6V Gearbox Motor Dual Shaft 200RPM Ratio 1:48 Motor
with Tire Wheel Kit for Arduino DIY Smart Car Robot. URL:
https://www.amazon.com/AEDIKO-Motor-Gearbox-Shaft-
200RPM/dp/B099Z85573 (Last accessed: 01.06.2025)

L298 Datasheet. URL: https://www.st.com/resource/en/datasheet/1298.pdf (Last
accessed: 01.06.2025)

Arduino Uno R3. URL: https://docs.arduino.cc/hardware/uno-rev3/ (Last
accessed: 01.06.2025)

Bastiaens S. et.al. Visible Light Positioning as a Next-Generation Indoor
Positioning Technology: A Tutorial. URL:
https://simple.ascee.org/index.php/simple/article/download/96/pdf?utm source
.com (Last accessed: 01.06.2025)

Guntara D., Sunardi S. Effectiveness of Various Light Sensors for Indoor Use.
URL:
https://simple.ascee.org/index.php/simple/article/view/106?utm_sourcet.com (
Last accessed: 01.06.2025)

Raj T. et. al. A Survey on LiDAR Scanning Mechanisms. URL:
https://www.mdpi.com/2079-9292/9/5/741?7.com (Last accessed: 01.06.2025)
Shahria T. et. Al. A Comprehensive Review of Vision-Based Robotic
Applications: Current State, Components, Approaches, Barriers, and Potential
Solutions.  URL:  https://www.mdpi.com/2218-6581/11/6/139?.com (Last
accessed: 01.06.2025)

Diagrams.net. URL: https://app.diagrams.net (Last accessed: 01.06.2025)
11



20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

Mental modeler. URL: https://www.mentalmodeler.com (Last accessed:
01.06.2025)

MATLAB. URL: https://www.mathworks.com/products/matlab.html (Last
accessed: 01.06.2025)

Fritzing. URL: https://fritzing.org/ (Last accessed: 01.06.2025)

BH1750. URL: https://github.com/claws/BH1750 (Last accessed: 01.06.2025)
Wire. URL: https://www.arduino.cc/en/reference/wire (Last  accessed:
01.06.2025)

Arduino New Ping. URL: https://bitbucket.org/teckell2/arduino-new-
ping/src/master/ (Last accessed: 01.06.2025)

Bring Your Projects to Life with Arduino Software. URL:
https://www.arduino.cc/en/software/ (Last accessed: 01.06.2025)

Jabines J., Perin M. Obstacle Avoiding Robot Using Arduino UNO and HC-
SR04 Ultrasonic Sensor. URL:
https://www.researchgate.net/publication/361322570 Obstacle Avoiding Rob
ot using Arduino UNO and HC-SR04 Ultrasonic Sensor (Last  accessed:
01.06.2025)

Ma J. Obstacle Detection and Avoidance Using Ultrasonic Sensors in
Autonomous Robots. URL:
https://drpress.org/ojs/index.php/HSET/article/view/12378?utm_source.com (L
ast accessed: 01.06.2025)

Shiddiqy M., Sunardi. Performance Analysis of LDR, Photodiode, and BH1750
Sensors for Sunlight Intensity Measurement in Open Areas. URL:
https://simple.ascee.org/index.php/simple/article/download/96/pdf?utm_source
.com (Last accessed: 01.06.2025)

Kargin A., Petrenko T. Feeling Artificial Intelligence for Al-Enabled
Autonomous Systems. In Proc. of 2022 IEEE Global Conf. on Artificial
Intelligence and Internet of Things (GCAIoT). Alamein New City, Egypt, Dec.

18,2022, pp. 88-93. URL:
12



31)

32)

https://doi.org/10.1109/GCAIoT57150.2022.10019235 (Last accessed:
01.06.2025)

Kargin A., Petrenko T. Knowledge Distillation for Autonomous Intelligent
Unmanned Systems. In Pedrycz W., Chen S.-M. Advancements in Knowledge
Distillation: Towards New Horizons of Intelligent Systems. Studies in Comput.
Intell., vol. 1100. Springer International Publishing, 2023, pp. 193-230. URL:
https://doi.org/10.1007/978-3-031-32095-8 (Last accessed: 01.06.2025)

Kargin A., Petrenko T. Feeling Artificial Intelligence. Cognitive Decision-
Making Model Borrowed from Living Beings. In: Proceedings 2024
International Symposium on Networks, Computers and Communications,

October 22 - 24, 2024, Washington DC — USA. P. 1-6

13



