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AHOTALIA

Marictepcbka aucepTaiisi NPUCBAYEHA BUPILIEHHIO AKTYaJbHOI HayKOBO-
NPUKIAIHOI  3ajJadl  CTBOPEHHA MOOUIBHOI TYCEHMYHOI IiaThopMu s
aBTOMATH30BAaHOI PO3BIJKH Ta €KOJOTTYHOTO MOHITOPUHTY. B po0OoTi 00rpyHTOBaHO
HEOOX1HICTh pO3pOOKH (PYHKITIOHATHHOTO POOOTOTEXHIYHOTO KOMIUIEKCY, 31aTHOTO
BUKOHYBATH 3aBJIaHHS B YMOBaXx ITiJIBUIIEHOTO PU3HKY JJIs JIOAHN. OCHOBHY yBary
30CEpeKEHO Ha TMPOEKTYBaHHI amapaTHO-IPOrpaMHOi apXiTEeKTypH, IO TMOEIHYE
ABTOHOMHY HaBITaIlil0, 3aXWIICHI KaHAJW 3B 3Ky Ta MYJbTUCEHCOPHHM aHami3
HABKOJIMIITHBOTO CEepPeIOBHUIIA. 3arajibHUI 00CsT MaricTepchKoi qucepTallii ckias 154
cTopiHOK. [lucepTarlisi MiCTUTh BCTYII, 5 PO3/LJIIB OCHOBHOT'O TEKCTY Ta BUCHOBKH, 39

uTrocTparii, 44 TabiuIs Ta 62 MOCHIIaHb.

AKTYyaJbHICTh TeMHM: 3aCTOCYBaHHS aBTOMAaTHU30BaHUX 1HGOPMAIIIHHO-
BHUMIPIOBAJIbHUX CUCTEM Y BIMCHKOBIA PO3BIALI 103BOJISE 3MEHUIUTH PU3UKU IS
0CcOo00BOIr0 CKJIaMy, MIJBUIIUTH TOYHICTH 1 IIBUIKICTH OTPUMAHHS PO3BiAYBaIbHOT
iHdopmarlii. BukopuctanHs T'yCEeHHMYHUX POOOTHU30BaHUX IIATHOPM 13 CydYaCHUMU
ceHcopaMu crpusie epeKTUBHOMY MPOBEJCHHIO OIepalliii y CKJIaJHUX yMOBaX, TaKUX
SK TIepeciueHa MicleBicTh abo HeOesnmeuHi 30HUA. Takui miaxia 3abesnedye
NIJBUIICHHS CUTYyallliHOI 0013HAHOCTI, ONEpPaTUBHE MNPUUHATTSA pIillIeHb Ta

M1JBUILICHHS OE3MEKH MiIPO3/ILITIB.

Merta poOoTH: BUPIIIUTH aKTyalbHYy HAyKOBO-TE€XHIUHY 3aJady CTBOPEHHS
MOOUIBHOI TYCEHMYHO1 TIaT(opMu Ji1 aBTOMATHU30BAHOI PO3BIJIKK Ta €KOJIOTTYHOTO

MOHITOPHUHTY.
3aBaaHud:

1. [TpoBecTu anami3 cydacHux iH(GpOPMAaIIHHO-BUMIPIOBATHPHIX CUCTEM Ta TEXHOJIOT1H

ix iHTerpamii y po6oTu3oBaHii miathopmi.

2. Bubpatu onTuMainbHi CEHCOPH, MOJTYJIi 300py Ta 00pOOKHU JaHUX, IO BIAMOBIAIOTh

BUMOTaM PO3BIyBaIbHUX OTEpaIliid.



3. Po3pobutu mporpamHo-amnapatHe 3a0e3ledYeHHs s aBTOMAaTH30BaHOTO 300py,

aHaJi3y Ta rmepeaadi po3BiayBaibHOI 1H(OpMAILii.

4. TIpoBecTu TecTyBaHHS PO3POOICHOI CHCTEMH Ha TYCEHUYHIH Tu1aTtopMi B yMOBaX,

HAOMKEHUX 10 OOMOBUX.

5. OuiHUTH e(EeKTUBHICTh CUCTEMH MOPIBHSIHO 3 ICHYIOUMMHM aHAJOraMu Ta HalaTu

peKoMeHAaIli moA0 ii MOIaNbIIOr0 BIOCKOHATICHHS.

OO0’eKkT MOCHiTAKEHHSI: TIPOIEC MPOBEACHHS PO3BIIYBAaIbHUX ONEpaIiil 13

BUKOPHUCTAHHSM POOOTHU30BaHUX TUIAT(POPM.

IIpeamer fociigskeHHsi: aBTOMAaTU30BaHAa IIaTdopMa JUisl MPOBEIACHHS

PO3BIIKH.

HaykoBa HOBH3HA: YJOCKOHAJIEHO TEXHOJIOTII pO3BIAYyBaJbHUX ONeEparii
3aBJSIKU 1HTETpallii HOBITHIX CEHCOPIB 1 aJITOPUTMIB OOPOOKHU JTaHUX Y POOOTH30BaHY
maTdhopMy, 10 JTO3BOJUIO MiABUIIATA TOYHICTh, ONEPATUBHICTh T4 aBTOHOMHICTD

CHUCTCMMU.

IIpakTuyHa  wiHHiCTB:  pO3pOOJIEHO  MPWIAZOBY  aBTOMAaTH30BaHY
1H(hOopMaIITHO-BUMIPIOBAJIBHY CHCTEMY, sika 3a0e3neuye epexkTuBHMIA 301p 1 aHATI3
JAHUX JJIs. PO3BiAYBaJbHUX omepaniid. BuzHaueHo pexoMeHiaiii 1oa0 BUOOpY
CEHCOPIB 1 AITOPUTMIB OOPOOKH, 1110 CIIPUSIE MIABUIICHHIO 0€3MEKH 0COO0BOTO CKIIATY

Ta MOKPAIICHHIO CUTYaIlIMHOT 0013HAHOCTI.

KuarouoBi cioBa: MoOuUIbHa poOOTH30BaHa IuIaTgopMa, T'yCEHUYHE IIaci,
aBTOHOMHA HaBiTaIlisl, €KOJIOTIYHUI MOHITOpPHUHT, lidar, slam, lora, gps, onion omega2,

arduino dock 12, cuctema kepyBaHHs, CTapPTAM-TIPOEKT.



ABSTRACT

The master's thesis is devoted to solving the urgent scientific and applied task of
creating a mobile tracked platform for automated reconnaissance and environmental
monitoring. The work substantiates the necessity of developing an affordable yet
functional robotic complex capable of performing tasks in high-risk conditions for
humans. The primary focus is on designing the hardware-software architecture that
combines autonomous navigation, secure communication channels, and multi-sensor

environmental analysis.

Relevance of the topic: The application of automated information-measuring
systems in military reconnaissance allows for reducing risks to personnel and
increasing the accuracy and speed of obtaining intelligence information. The use of
tracked robotic platforms with modern sensors contributes to the effective conduct of
operations in complex conditions, such as rough terrain or hazardous zones. This
approach ensures enhanced situational awareness, operational decision-making, and
improved unit safety. The total volume of the master's thesis is 154 pages. The thesis
contains an introduction, 5 chapters of the main text and conclusions, 39 illustrations,

44 tables, and 62 references.

Aim of the work: The aim of the work is to increase the efficiency and safety
of intelligence gathering by an instrumented automated information-measuring system

based on a mobile tracked robotic platform.
Tasks:

1)To analyze modern information-measuring systems and technologies for their

integration into robotic platforms.

2)To select optimal sensors, data collection, and processing modules that meet the

requirements of reconnaissance operations.

3)To develop hardware and software for the automated collection, analysis, and

transmission of reconnaissance information.
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4)To conduct testing of the developed system on a tracked platform in conditions

approximating combat.

5)To evaluate the system's effectiveness compared to existing analogues and provide

recommendations for its further improvement.

Object of research: The process of conducting reconnaissance operations using

robotic platforms.
Subject of research: Automated platform for reconnaissance.

Scientific novelty: Reconnaissance operation technologies have been improved
through the integration of state-of-the-art sensors and data processing algorithms into
a robotic platform, which allowed for increasing the system's accuracy, responsiveness,

and autonomy.

Practical value: An instrumented automated information-measuring system has
been developed, which ensures effective data collection and analysis for
reconnaissance operations. Recommendations regarding the selection of sensors and
processing algorithms have been defined, contributing to increased personnel safety

and improved situational awareness.

Keywords: mobile robotic platform, tracked chassis, autonomous navigation,
environmental monitoring, lidar, slam, lora, gps, onion omega2, arduino dock r2,

control system, startup project.
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HEPEJIIK YMOBHHUX ITO3HAYEHDb I CKOPOYEHb

ABS  (Acrylonitrile Butadiene Styrene) —  akpuJIOHITPUIOYTaIIEHCTUPOI,

yAApOCTIMKUI TEPMOIUIACTUYHHUN MJIACTUK, BUKOPUCTAHUH JIs1 APYKY KOPITYCY.
ADC (Analog-to-Digital Converter) — ananoro-mudposuii neperBoproBad (ALIL).

COTS (Commercial Off-The-Shelf) — roToBi 10 BHKOpPUCTaHHS KOMEpIIiHHI

KOMIIOHEHTH CEPIHOTO BUPOOHHMIITBA.
CPU (Central Processing Unit) — ieHTpajibHHI TpOLIECOp.
DIY (Do It Yourself) — «3po6u cam», aMaTopchbke KOHCTPYIOBAHHS.

DMP (Digital Motion Processing) — ungposuii mporecop o0pooku pyxy (BOyaoBaHHI
y uinu IMU)).

EEPROM (Electrically Erasable Programmable Read-Only Memory) — enekrpudno

CTHpaHa TepenporpaMoBaHa eHeproHe3aIe)KHa TTaM'sITh.

FOV (Field of View) — kyT omisiry kamepu a00 1aT4HKa.

FPV (First Person View) — BuJ Bij nepioi ocoou (KepyBaHHS 4epe3 BiieoKkamMmepy).
GPS (Global Positioning System) — rio6ajibHa cCUCTEMa MO3UI[IOHYBaHHSI.

GPIO (General Purpose Input/Output) — inTepdeiic BBeCHHS/BUBEICHHS 3araJIbHOTO

IMPU3HAYCHHA.

[2C (Inter-Integrated Circuit) — mochioBHa IIMHA MAaHUX Ui 3B'SI3KY MIXK

MIKPOCXEMaMH.

IMU (Inertial Measurement Unit) — iHepIiaJIbHUI BUMIPIOBAJIbHUI MOJTYJIb (T1pOCKOM

+ aKkcenaepoMerp).

LiDAR (Light Detection and Ranging) — TexHomoris OoTpuMaHHS Ta OOPOOKH
iHopMarii mpo BiagageHi 00'€KTH 3a JOMOMOTOK AKTUBHUX OINTHYHHMX CHCTEM

(J1azepHUH CKaHED).
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LoRa (Long Range) — texHomorist 6€31p0TOBOI Iepenadl JaHUX Ha BEJIMKI B1JICTaHI

IPU MAJIOMY €HEpProCIOKUBAHHI.
MVP (Minimum Viable Product) — MiHIMaJIbHO KUTTE€3AATHUIN TPOAYKT.

NMEA (National Marine Electronics Association) — TEKCTOBHI MPOTOKOJ 3B'SI3KY

MOPCBHKOTO Ta HaBiraiiinoro oomnaananus (GPS).

PETG (Polyethylene Terephthalate Glycol) — mnonieTunenrepedranar-rikomib,

3HOCOCTIMKUH mnacTuk ajist 3D-npyky.

PID (Proportional-Integral-Derivative) — MPOTIOPIIHO-IHTET paTHHO-

mudepenmianbuuii peryiasatop (I -perymstop).
PWM (Pulse Width Modulation) — mupoTtHo-imMmynbcHa Moaysisiis (ILIIM).

R&D (Research and Development) — HaykoBO-A0CIIIIHI Ta JOCIITHO-KOHCTPYKTOPCHKI

poooru (HAAKP).
ROI (Return on Investment) — moka3HUK OKYMHOCTI IHBECTHUIIIH.
ROS (Robot Operating System) — onepaitiiina cucrema ajist poOOTiB.

SLAM (Simultaneous Localization and Mapping) — MmeTon ogHOYacHOI HaBiramii Ta

noOy0BH KapTH MICIIEBOCTI.
SoC (System on Chip) — cuctema Ha KpUCTaIi.
SPI (Serial Peripheral Interface) — mocninoBumii nepudepiiinuii inTepderic.

STEM (Science, Technology, Engineering and Mathematics) — Hayka, TeXHOJOrI,

1HXKEHEepisl Ta MaTeMaTHKa.

SWOT — meton crparerivnoro mianyBaHHs (Strengths, Weaknesses, Opportunities,

Threats).

UART (Universal Asynchronous Receiver-Transmitter) —  yHiBepcalabHUU

ACUHXPOHHUH MpUHMad-IepeaBay.

UGV (Unmanned Ground Vehicle) — 6e3ninoTHU HA3eMHUI TpaHCIIOPTHUH 3aci0.
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USB (Universal Serial Bus) — yHiBepcaibHa MOCI1I0BHA IIIUHA.
Wi-Fi (Wireless Fidelity) — Texnosoris 6e31p0oToBOi JIOKaJIbHOI MEPEXKi.
Bp — BupoOHuyi (TEXHOJIOT1YHICTh BUTOTOBJICHHS).
Tp — TpancnopTHi (3py4HICTh IEPEBE3CHHS ).
Tx — TexHiuyH1 (mapameTpu poOOTH).
E — Epronomiuni (3pyuHicts) a00 EcTeTnuHi (BUIIISA).
Op — Oprani3auiiiti (cepBic, TapaHTis).
JICHC — JlepxaBHa ciy>x0a YkpaiHu 3 HaA3BUYalHUX CUTYaIlill.

IIM — mupoTHO-IMITYJIBCHA MOTYIISLIIA.
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