JIOJATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH
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Ananiz eniugy HA8KOJIUUIHIX YMOB HA

20/10CO08UX KOMAHO

Keanigixayiiina poboma

ApYraH piBeHb

% pogea /s

epekmugHicmb Memooie pO3Ni3HABAHHA
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Bukonamna: KepiBauK:
cryaeHTka rp. CIIzm-23-1 cT. BUKI. Kap. EOM
TitoBa €.C. Hi A.C.

Mema pobomu ma 3a60anns

MeTol0 _po00TH € aHali3 METOJIIB PO3MI3HABAaHHSI TOJIOCOBHX
KOMaHJi B YMOBaxX pI3HOTO PIBHS IIYMY, peBepOepallii Ta 1HIIHX
aKyCTHYHUX IEPEeNIKoJ 3 METOI0 IIJIBHIISHHS IX CTIIIKOCTI Ta
e(eKTUBHOCTI.

3aBaaHHA:

JTOCIJDKEHHS 3BHYAHHUX AJITOPUTMIB MAITMHHOTO HaBYaHHS
Ta Cy9acHHX M1JIXO/IIB TTTHOOKOTO HaBIaHHS;

aHaJI13 MOPIBHSAHHA e()eKTHBHOCTI MOJIeNIell y pI3HUX YMOBax;

JTOCHIJDKEHHSI TOMIUIOK pO3I3HAaBaHHS Ta iX 3B'S3Ky 13
XapaKTepUCTHKaMH cepeOBHUIA

po3poOKka Ta TECTyBaHHS MOJe]i PO3Mi3HaBaHHS T'OJIOCOBUX
KOMaH][, HaBYaHHS HeHPOHHOI Mepexl
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Emanu nonepeonvoi obpobku 36yKy
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curHany GintTpay KaHany
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Ilpoyec nasuanus HelipoHHOT Mepedici

Obpobka 36yKy 3a 0onomozor Xemminea ma iio2o 8
cnekmpie




Apximexmypa cucmemu

APXITEKTYPA CUCTEMW AHANI3Y BNANBY HABKOJIULLHIX YMOB

PIBEHbD 1: JUKEPENIA AAHMX

PIBEHD 2: NPENPOLLECUHI TA MOAENIOBAHHA YMOB

h A Y Y

PIBEHb 3: CUCTEMM PO3NISHABAHHA MOBNEHHA

Y

Y Y l Y .
PIBEHbD 4: CUCTEMA OLIIHIOBAHHA TA METPUK

¥

PIBEHD 5: BI3YANNSALLIA TA 3BITHICTD

E

1

)

(]

)

Peanizauisn

# Imnopt meobxiguux 6i6niotex

import numpy as np

import matplotlib.pyplot as plt

import librosa

import 1ibrosa.display

import os

import IPython.display as ipd

from sklearn.model_selection import train_test_split
from sklearn.metrics import accuracy_score
import tensorflow as tf

ras import layers, models

print("Bibniorexn imnoprosamo”)

BibnioTexn imnoprosano

# 3apantaxenna npuknagosux aypiodainis (imnopryite ceoi gami abo smkopucTOB
# Hanpwknan:

file_path = librosa.example('trumpet') # 3aminite ma ronocosi xomamaw

y, sr = librosa.load(file_path, sr=None)

ipd.Audio(y, rate=sr)

Do-nloadin! £ile ‘sorohanro_-_solo-trumpet-06.0gg’ from ‘https://librosa.or;

# fopasannn wymy A0 syaio

def add_noise(y, noise_level=0.005):
noise = np.random.randn(len(y))
augmented = y + noise_level * noise
return augmented

y_noisy = add_noise(y)
ipd.Audio(y_noisy, rate=sr)
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daxoea nyonikayin

CONTROL MODELS FOR MOBILE ROBOT PARKING USING DISTANCE SENSOR
DATA

Abstract. Relevance, The growing demand for awioacmous mobile systems capable of independent navigation and
parking is driven by several critical factors. Firsthy, the rapid robotiration m logastics, security, delrvery, and weriice mdus-
tries necessitates relisble mechamisms for precise positioning of mobile platforms in spatially comssrained envirements.
Secondly. in the context of astoncmous vehicle development. the wue of astomatic parking becomes 3 prionty for enbanc-
ing safesy, = comtrol processes. Curressly, 8 significest
muanber of studies ficus oa the implementatscn of amtoamatic packing 3ystems; however, most of them esther rely cn hsgh
ot sensers (such a5 LIDARSs or deep-learning based camesss) of ] 10 ensure the required accuracy under dynassie of un-
familiar enviscements] coadincas. Agamst this backdrop, the use of ulvasonic semsoes represests i effectre altermanre,
esabling a necessary level of adaptability and sensitnvty while mamtaining low system cost. The relevance of this research
w further renforoed by the need to develop 3 wnvenial control moded that i3 scalable. adaptive, and easily stegrable imto
various types of mobile platforms. This work foceses not only on the theoretical formslation of the control model but also
on it experimental validation simg data from ultrasonic sensors that reflect the phyncal envircnmest in real tame There-
B, the developmest of & mobdle subot parking costrel sodel based ca slivascan: seasces 1 8 sely aed impedtant task
thas combines scieatific novelty with practical sipsificance for the advancemeat of sstcacmous systems The sbject of re-
seareh A parking control systess for & sobele robet that cperutes based on dats obtased from ullrasonie dstince semates
This systess comprises both hasdware such as uhtrascnic sensory, acasces, and controllers, aad soffware that
implements algortms for environmental anafysis, decision.making related %o parking manesvers, and motion control
Purpose of the article. This article presents 3 comprebensive revien of contemporary models for mobile robot parking
ecateol based on distimee senses dats. The chyeetsue 1 t2 dentify and entieally evaluste effective sppeanches o semsce -
tepration. contro] alporithm design. mdwhnemnl =plementation of sush ystems Particular siteakion ix given  aos-
Iyzsng their applicabuliry o seal with the aim of el T
¢ under dymamic and construaed conditions. Research resules As & resuls of he coa-
ducted review, it has been established that moder control sysh a wide range of model-
ing appeoaches, varyig i both plexary and sensor coafs ‘The amalysis reveals thas the choice of
control model: mfluenced try th il rescarces, the robot's chassis type, and the nature
of the cperational emvironment. Particelar atbeation is grven fo the comparative asvessment of semsors, with ultrasonic sen-
sors setaining desunant o short fange positicaing sysems due to i low cest, exse of stegration, tnd relubilty in eca-
trolled conditions. Convessely, LIDAR vensors have demonstrated raperice accarscy and spatial resclstion, athough they
preseat higher implessentation, and maintensnee complenty. Caeras and mEued sensoes e regarded as supplesetary
data sources, functicemg effectively oaly within well defined conditins aad with appropriste software suppoet. The find-
ings of the review confirm that an effective parking costrol ystem for mobile roboes relies o a holistic approsch that inte-
Brates sesace selecton, coaol sodel desiga, Mpethanic wplesentatioe, ad system wehiesture. Such segration eas-
bles high 7 and mplex, dysamic, of Conclusions. Effec-
trve mobile robot parking control w based on the ‘ﬂ!xﬂ!lun of relisble pentor wyshems, particlarhy ultrasonic sensors and
ve dee algesuhems. Ulteascae sensors femass the most stable optica for Low-cont asd sseple systesms,
whereas hybrid approaches wvolving LiIAR or cumera-based solations offes higher precison. Amoag the costiol aigo-
rithins, Gecte state smachees, farzy logic, and greasest effectivences. The
most optimal system aschitectuce is ssodular, with & chtas separatson befween semsing, compulaisos, and actsstion layers,
which ensures adaptahility, accuracy, and cperational stability under real-world conditions
Keywords: mobile robot, sstonomous parking, whrasomc semsors, semsce systess, decision-making alpovithms, finite
furry logie, machine leaming, 9

- sors offer 3 simple, low-cost, and reliable means of de-
Introduction tecting obstacles and measuring distances to them, ena-

In the comtext of rapid advancements in autono-  blng the smplementation of adaptive maneuvenng algo-
mus mobality, the issue of efficsent parking control for  nthms. The prmary challenge lies i developmg an
mobile robots has become i by relevane. Acress 2 mode] and software-bardware
multiple industries — from warchouse logistics to aton-  implementation that can effectively mierpret semsor

RIS, T80 U CYRKGRID 08 SRR TG
system accuracy. The first two references are p:

Iy foundational, a5 they systematize key methods and
examine the potential of ultrasomic systems in real-
weekd especially wath
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DOC GEvesOpers. S PrESents ne agVanmiges of 3 mew
acoustic radar architecture that relies not on the classic
comical emissicn diagram, but on analytical reconstruc-
tion of the acoustic wave i space. By mininviring me-

chasical and increasing the data refresh rae

spatial of resource constraints

1n [1], the authers analyze moderm sensor svatems
used for obstacle detection in mobile robotics. The
study focuses on companing ubtrasosic sensoes, LIDAR,
infrared sensors, and cameras. Ultrasonic semsors are
identified as the most effective for short-range naviga.
tion, especially when ¢ tronal resources or budget
are lismuted. The authors cenclisde that ultrasomc sersors.
offer the lowest eergy consumption and cost, and hagh
indoce reliabality, bt can be affected by surfaces that
strangly absarb sound

The review in [4 explores a broad range of appli-
cations for ultrasonse sensors, mcluding robotics, suto-
motive ADAS systems, security systems, and smart
cities. In the context of robotics and ausonomous park-
ing, whrascaic sensors are highlsghted s the best sohs-
tson for short-dsstance measurement and obyect detec-
tion. The study also notes that combining them with
other sensors (infrared, magnetic, cameras) significantly
improves system stability and adaptability in complex

environments.

Studies (3] and [4] focus on emerging techralogies
that ephance traditional applications of ultrasonsc sen-
sors in mobale robotics, particulacly in the domain of
autonomous parkmg These works highlight the transi-
ton froen simple rwo-demensional systems to volumetre
sensing appeoaches, which open new possabilities for
achieving full ausoncmy in real-workd-like enviros-

5
Stady [3] addresses a new generation of ultrasonic
sensors designed to provide three-dumensional coverage
of the space surrounding a mobile robot. Specifically, it
explores Acoustic Detectson and Ranging (ADAR) sys-
tems, which enable 360-degree spatial perception with-
out the need for rotating mechanisms or complex optical
setups. One of the key advantages of thess sensors lies
in their signaficantly lower cost compared fo
LiDAR solutions: a single ADAR module is priced at
approximately 1,000, whereas 2 conventional 7D Li-
DAR system may cost 54,000 or more. In addition 10
affordability, the suthors emphasize safery advance-
meenits — ADAR sensors are cenified under [EC 61308
(&M maling them astshle for wes in il s

{up 1o 100 Hz m scannmg mode), the system sagmfi-
cantly improves obstacle detection stabality during rapsd
maneuvers. The authors also emphasize the sconomic
impact: 3 configurstion using four ADAR modules ef-
fectively replaces owo full-scale LIDAR wnits, resulting
in an overall cost reduction of 60-80%. Practical exam-
ples inchude configurations for Jogistics-class robots,
where the parking system operates based on 3 3D ultra-
sopic map of the environment Uslike traditional sys-
tems that require prior map alignment, the new system
performs local spatial reconstruction and does not rely
on external references. Consequently, this publication
not oaly confirms the potential of 3D ulirasonic sensors
but also serves as a vechnical foundation for their inte-
gration mio next-generation mobile robot parking con-
ol selutions.

In [5], the authors propose 3 findamentally mwe]

camalization system that combmes contact-based and
contactless semsitivity. The paper presents a techsical
description of the sensor archatechare: 2 piezoelectric
element embedded m the wheel nm generates acoustic
‘waves that propagate through the tire and reflect from
the surface with which the wheel makes contsct. By
amalyzing the acousts: response, the system can deter-
mane the fype of surface. detect micro-obstacles, and
even localize the mitial point of contact with a wall o
other object. Experimental results demoestrate that the
robet was able to accumately detect changes in ground
material without the assistance of cameras or comven-
tiomal semsors. This opens new prospects for parking
systems operatmg under low-light, dusty, or confined
conditions, where sltraseeic reflection from walls offers

eles duaring parking marewvers, spmificantly reducing
the risk of mechanical damage to the plasform.
In [6], the suthors investigate the deployment of

muiltinla niltraennie Inealiratine ostans in 3 singls s

A. Huk, V. Diachenko, M. Illarionov, Y. Titova Control models for mobile
robot parking using distance sensor data. CucteMu ynpaBiiHHS, HaBirarnii Ta

3B’A3KYy, BHIL4. [lonTara, 2025.

V' pesyneTari MpOBeNeHOT0 IOCTLLKEeHHA Oymo 3milicHeHO KOMIUIEKCHII aHali3 BIIINBY HABKOMHIMHIX YMOB Ha
e(eKTHBHICTE MeTOIiB pO3Mi3HABAHHA TOTOCOBIX KOMAHI, IO JO3BOJIIO BIDIIIHTH BAa#JINBY HAyKOBO-TEXHIYHY
npodneMy MiIBHINEHHA po0AcTHOCTI CHCTEM ABTOMATIMHOTO pO3Mi3HABAHHS MOBIEHHA B peanbHIX YMOBax

eKCILTyaTallii.

JocmipKeHHA MiATBEpIIIO TiloTe3y PO KPHTHYHINT BIUINB AaKyCTHYHIX XapaKTepICTHK HaBKONIIIIHBOIO
CepeIoBHINA Ha TOYHICTH PO3Ii3HABAHHA IONOCOBHX KOMaHI. EKCIIepHIMEHTANBHO BCTAHOBJIEHO, IO BiHONIEHHA
CHTHAII/IOTYM € IOMiHyMo9IIM (akTopoM, IIo BH3Hadae edeKTnBHIcTE ASR-cicTeMm. Kpntirade 3HadeHHA SNR Ha
pieHi 15 1B Oyno ineHTII(IKORAHO SK IOPIT, HIDKYe AKOTO CIIOCTEPIiTaeThCs eKCIOHeHIiankHe 3POCTaHHA YacTOTH
[IOMIUTOK PO3Mi3HABAHHSA JUIA BCIX JOCTIDKYBaHIX MeTonuiB. Ile Mae dyHIaMeHTaNbHe 3HAYeHHA UL IIPOeKTYBaHHA
ronocoBHX iHTepdeiiciB, OCKINBKN 103BONIAE HAYKOBO OOIPYHTOBAHO BI3HAYATI MiHIMaNbHI TeXHIUHI BIMOTH 10
AKYCTHYHOTO cepeloBIIa QYHKIIOHYBAaHHS CHCTEMIL

AHami3 BIIBY peBepOepallii moKa3aB, MO aKyCTHYHI XapaKTepHCTHKH NPHMIlleHb MaloTh MEHII KPHTHYHIIL, ane
CTATIICTHYHO 3HAYVINNII BINTHB Ha AKICTE pO3Ii3HARAaHHA. BCTAaHOBIEHA IiHIillHAa 3alexHicTE MK KoedimieHToM
peBepOepaniii Ta TOYHICTIO pO3Mi3HABAHHA CBIMYITE IIPO MOMIHBICTE KOMIIGHCAIIl IBOTO TIHIY CIIOTBOpeHB

BucHosxku

14

[IPOrpaMHHMH MeTOIaMII, IO BiIKPIBAE IIePCIIeKTHBH JUTA PO3pOOKIH aJalTHBHIIX alropHTMIB 00poOKII CHTHAIIB.

HocnimxeHHA BIIMIBY BincTaHi 10 MikpodoHa BHABIIO KBAaJIpaTHYHY 3aleKHICTE IOTipINeHHS SKOCTI
pO3Mi3HABAHHA, IO Y3TOKYETECA 3 (hi3IMHIMII 3aKOHAMII [TOIMIPEHHS 3BYKOBHX XBIUTE Ta IiITBEPIKYE TEOPETHTHI
MoIeni 3aTyXaHHA aKyCTIMHIX CHTHalIiB. BcTaHOBTEHO,
3a0e3medyeThCA HA BifcTaHAX 10 1,5 MeTpiB, IO Mae MpaKTHYHe 3HAYEHHS U1 eProHOMIYHOIO0 IIPOeKTYBaHHA

poOOoTIIX MicIb 3 TOTOCOBHM YIPABIiHHAM.

mo edekTiBHA podoTa CHCTeM pO3Ii3HABaHHA
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JIOJIATOK B

[Iporpamuuit Koz

# IvmnopT HeoOxipHux OiBjioTex

import numpy as np

import matplotlib.pyplot as plt

import librosa

import librosa.display

import os

import IPython.display as ipd

from sklearn.model selection import train test split

from sklearn.metrics import accuracy score

import tensorflow as tf

from tensorflow.keras import layers, models

import numpy as np

import matplotlib.pyplot as plt

import seaborn as sns

from sklearn.metrics import confusion matrix, accuracy score
# BaBaHTaxeHHd MNPUKJIAIOBUX ayniobamnis (imMnopryrTe cBoi maui abo
BUKOPUCTOBYMTE INOCTYyNH1 uepes librosa)

# Hanpuxian:

file path = librosa.example('trumpet') # 3amiHiTe Ha ToJOCOB1
KOMaHIu
y, sr = librosa.load(file path, sr=None)

ipd.Audio(y, rate=sr)

# JomaBaHHA WyMy OO aynio

def add noise(y, noise level=0.005):
noise = np.random.randn (len(y))
augmented = y + noise level * noise
return augmented

y _noisy = add noise(y)
ipd.Audio(y noisy, rate=sr)

# IlobynmoBa cHekTporpam

plt.figure(figsize=(12, 4))

librosa.display.waveshow(y, sr=sr, alpha=0.5, label='Original')
librosa.display.waveshow (y noisy, sr=sr, color='r', alpha=0.5,
label="Noisy"')

plt.title ("OpuriHanbHUM Ta 3amllyMJIeHUM curHamn")

plt.legend()

plt.show ()

# TeHepallsa CUHTETUUHMX OAHUX IJIS aHAJ1By

labels = np.array(["on", "off", "left", "right"])
y _true = np.random.choice (labels, 100)

noise levels = np.linspace (0, 1, D5)

accuracies = []
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for noise in noise levels:
noise effect = np.random.rand(100) < noise
y _pred = np.where(noise effect, np.random.choice (labels,
100), y true)
acc = accuracy score(y true, y pred)
accuracies.append (acc)

plt.figure ()

plt.plot (noise levels, accuracies, marker='o')
plt.title("TouHicThr pPO3Mi3z3HaABAHHS NPM Pi3HUX pPiBHAX mWymy")
plt.xlabel ("PiBeHb wmymy")

plt.ylabel ("TounicTe")

plt.grid(True)

plt.show ()

# MaTpuisg ODOMMJIOK IJiI OCTAHHBOT'O POBIi3HAaBaHHMA

cm = confusion matrix(y true, y pred, labels=labels)
sns.heatmap (cm, annot=True, fmt='d', xticklabels=labels,
yticklabels=labels, cmap="Blues")

plt.title ("MaTpuusa noMmMJIOK KJjlacudikamii'™)

plt.xlabel ("llporuos")

plt.ylabel ("PeanbHicTp")

plt.show ()



