THOOPMAIIITHO-KEPYIOUI CHCTEMU HA 3AJIIBHUYHOMY TPAHCITOPTI

MIBHAKOCTI HAa NEBHIA AUISHII HUIAXY BHU3HAYAOTHCH,
HalpUKJIag, 3 YMOBH KOM(OPTHOCTI IacaKupiB,
MIHIMaJIBHOCTI EHEProBUTPAT, WIBKMAKOMIT Ta I1HIIHX
YMOB.

Orninky moTpiOHOrO YHCIa HEHpPOHIB (TEpPMiB),
3a0ecrevrounX 3a/laHy TOYHICTh peanm3aliii Mozaemi
¢dbopmyBaHHSI Tpadika pyxy N0 MaKCHUMAIbHOMY
BIJIXMJICHHIO MI2K CUCTEMHOIO Ta MOJICJIbHO KPIBUMH Ha
JIISTHII anlpOKCUMAIIiY HaBeneHo B [1-2].
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3ABE3IIEYEHHSA BE3IIEKU PYXY
MOI31IB TA MATEMATHUYHE
MOJAEJIOBAHHA ITPOLECIB ITIOABU
HEBE3IIEYHUX BIIMOB

KiHIIeBOIO METOH BIPOBAIDKCHHS CHCTEM
texniyHoi  miarHoctuku  (TJZ) e  3a0e3meueHHs
Oe3repe0iiHOCTI  epeBI3HOro IMpolecy 3a paxyHOK
MiIBUIICHHS HAAIWHOCTI pOOOTH CHCTEM Ta MEXaHI3MIB
3aIi3HUYHOI aBTOMATHKH 1 TeneMexaniku (C3AT).

IMousTrss Oe3meku pyxy MOI3AIB  MOXKHA
chopMysIOBaTH  SK ~ BU3HAYANbHA  CYKYIHICTH

BJIACTHBOCTEH TEXHIYHUX 1 TEXHOJOIIYHHX 3aco0iB
3aJI3HUYHOTO TPAHCIIOPTY, HaBKOJIMLIHBOT O
Cepe/IOBHINA TA IJIECHIPSIMOBAHOT JISIIBHOCTI JIFOJIUHU.
Mertoau 3abe3neueHHs Ge3MeKH TyKe PiISHOMaHITHI, ajne
MOXYTb OyTH 3BEJEHI JI0 JBOX OCHOBHHX HMPWHIIMIMIB.
[Meprmii mpuHIAT MOB'SI3aHO 13 BBEACHHAM HaIMipHOCTI
B CTBODIOBaHI €JIEMEHTH, BY3JIH, [IPUCTPOI, CUCTEMH Ta
nofganHa iH(opMalmii B Hii. BigmoBigHo mo apyroro
NPUHIMIY — 3a0e3levyeHHss  Oe3NeKH  JJOCATAETHCS
3aCTOCYBaHHSIM 3ac00iB, IO JIOKATI3ylOTh PO3BHTOK
HECTIPUATIMBUX TPOLECIB, 10 3aXUIAIOTH CUCTEMY Bijl
BUJIaui HEMPABUIILHUX BIUIMBIB, 10 MOMEPEPKAIOTH MPO
MOXJIMBE HACTaHHS EKCTPEMalbHUX CHUTyallii, sKi
YIOPaBIAOTh (DYHKIIOHYBAHHAM 00'€KTa B KPUTHYHUX
CHUTYaITisX.

BukopucTaHHs 3 METOI0 YNpaBlliHHA PYXOM
noi3aiB iHGOpMaLiHHUX PECYpPCIB Yy CYHaCHUX CHCTEMaXx
3yMOBWJIO  TOSIBY  HEOOXIHOCTI  3a0e3medeHHs
iHpopMaIliifHOi Oe3meku Npu (QYHKIIOHYBaHHI TaKHX
cucteM. OcHOBHa yBara B Teopii Ta TPaKTHUII
3abe3neueHHs iHpopManiiiHoT Ge3meKr 30cepeKEeHO Ha
TXHBOMY 3aXHCTi BiJi HECAHKI[IOHOBAHOTO IOCTYNY 3
METOI 30epekeHHs KoHpimeHiHoCcTI iHdopMarii, 1T
IUTICHOCTI, JOCTYITHOCTI TO3BOJICHHM KOPHCTYBAadaM.
JIs  ONMHO3HAYHOrO IMOAITy TOHATH Ta  BHUMOT
iH(MopMarliitHoi Oe3meku Ta Oe3MeKu pPyxy MOI3MiB, IO
3a0e3meuyeThes MIPUCTPOSIMHU Ta cHCTeMaMH
VIpaBIiHHSA, Al OCTAHHBOI 3aCTOCOBYETHCS HOBHH
TepMiH — (PyHKI[IOHaTbHA Oe3IeKa.

IIpobnemn QyHKUIiOHANBEHOI OE3MEKH CHUCTEM
3ai3HUYHOI aBTOMaTWKU Ta TeneMexaHiku (C3AT)
PO3TIISIAIOTECS B PSIIi MIXKHAPOTHHUX CTaHAApTiB [1-3],
BIIOBIMHO /O SIKUX JO OCHOBHUX  IIOHSTH
(yHKITIOHATTBHOT Oe3MeKH BiTHOCITHCS HACTYIIHI:

— cucTeMa, 1110 TOB's13aHa 3 0e3MEKOI0;

— (yHKLiA Oe3MeKku Ta IIOBHOTA Oe3MeKy;

— piBeHb IIOBHOTH O€3IEKH;

— cTaH Oe3neKy;

— BIJIMOBH.

DyHKIII1O, sIKa Bi0Opakae IEIKOK BETHIYHHOIO
Oe3meKky cHUCTeMH, METOK SKOi € 3abe3medeHHs abo
niATpUMaHHs 6€31eYHOr0 CTaHy CTOCOBHO KOHKPETHOr'O
HeOe3[MeYHOr0 CTaHy, HA3UBAIOTh (DYHKIIIEIO OC3MEKH.

[loBHOTa Oe3meku — Iie PiBEHb 3a/I0BLIBHOTO
BHUKOHAHHSI CHCTEMOI0 HEOOXiTHIX (YHKIIiNA Oe3neKn 3a
BCIX 3aJIAHUX YMOB IIPOTSIIOM [IEBHOTO TIEpiofy yacy. Y
cranapti IEC 61508 HaBosiThCst YOTUPH PiBHI HOBHOTH
6e3niexu (PIIB):

PIIb 1 > 10° go < 10°, (iHTeHCHBHICTH
Hebe3neuHnx BiMOoB), roauHa’’;

PII6 2 > 107 no < 107, roquna *';

PITB 3 > 107® 1o < 107, romuna *';

PI1I6 4 >10° 1o < 10°® romuna .

PIIb 1 nocsraeTbcsi BIAHOCHO JIETKO 33 YMOBHU
3aCTOCYBaHHS Ha BCIX CTagisiX pO3poOKH Ta
BHPOOHHUIITBA BUMOI' CTAHIAPTIB SKOCTI.

IKC3T, 2023 Ne3 (nogaTok)




THOOPMAIIITHO-KEPYIOUI CHCTEMU HA 3AJIIBHUYHOMY TPAHCITOPTI

PIIb 2 Bumarae Oijgblie nepeBipok i
BunpoOyBaub HiK it YIIB 1, mo npusBomuts Jio
IT/IBUIICHHS BAPTOCTI CUCTEMH.

PITb 3 Bumarae OUIbII ICTOTHUX 3YCHJIb 1 BUIIOT
KOMITETEHII1 po3poOHuKiB, HIX y Bunajgkax PIIb 1 ta
VIIb 2. BaxnmBuMmu QaxkropamMu € BapTICTh Ta 4ac
PO3pOOKH.

PIIb 4 Bumarae mpoBENEHHsS  CKJIAJHOL
pO3pOOKM 3 BHUKOPHCTAHHSIM TICBHOI HOBW3HHM Ta
3acTocyBaHHS (opMaTbHUX METOJiB. BapTicTh Takoro
MPOCKTY € JIOPOTOI0 1 TPU CTBOPCHHI 3HAJO0OUTHCS
BUKIJTIOYHO BUCOKA KOMIETEHTHICTB.

Juns  cucreM, TmoB's3aHMX 3 OC3IMEKOIO,
3aCTOCOBYIOTh ~ KiJIbKa  KUIBKICHUX  TOKa3HUKIB
(b yHKIIOHATBHOT Oe3MeKH. Ha  3anizanunomy
TPAHCIIOPTI  MOIMUPEHI  Taki  MOKAa3HWKH,  SIK
IHTCHCHUBHICTh HEOE3MEeYyHHX BiMOB, WMOBIPHICTh
HeOe3MeYHNX BIIMOB, HMOBIPHICTH Oe31e4HOI poOoTH 32
3aJaHuil yac, cepeHe HAMpallOBaHHS O HeOe3MeqHOl
BiIMOBM Ta iHIII. Bu3HayaroTh 1 mHapaMeTpu
eKCIIePMEHTAJIbHO, PO3PaxXyHKOBUM ILUIIXOM abo 3a
JIOTIOMOr'OK0 MO EIFOBAHHS. OnmHak  HeoOXimHO
BiJJ3HAYHUTH, 10 TOsIBa HEOE3MEeYHOT BiJIMOBH - PiJKiCHA
TOMisA, 1 I BU3HAUCHHS ii IMOBIPHICHHX IapaMeTpiB
EKCTIIEPUMEHTAIBHIMH METOJaMU MOTpiOEH dYac, MIo
3HAYHO MEPEBHIIYE XUTTA TOCIHIIIPKYBAHOTO TIPUCTPOIO.
Kpim Toro, mosiBa Taxoi pigkicHOI mofii, sk Hebe3meuHa
BiIMOBa, HE MOXKHA OITMCYBAaTH BiJIOMHMH 3aKOHAMH
pO3TONITYy BHUNANKOBUX TOMHiA, IO IIiJTAlOTHCSA
AQHAJTITHYHUM JIOCHTI/DKEHHSM, a, OT)XKE, PO3paxyHKOBi
METom¥ A7 OTPUMaHHS  BCIX  TeEperiueHuX
XapaKTePUCTHK Oe3leKn He MOXYTh OyTH aJaeKBaTHi
(GakTHYHUM TapaMeTpaM IpHCTpolo. MaremaTtuyHe
MOJICTFOBaHHSI TIPOIIECIB MOSBU HEeOE3IEeYHUX BIiIMOB €
MOTY>)KHUM 1HCTPYMEHTOM JOCIIKEHHS IIPUCTPOIB Ta
CHCTEM YIpaBIIiHHS Ha BiAITOBITHICTh BUMOTaM Oe3MeKH,
aime mnsd  Horo peamizamii HEOOXiTHO CTBOpPEHHS
BIMOBITHOTO  MaTeMaTUYHOro  omucy  o0'exTa
JIOCII/KEHHSI — TIPOIeCY TOSBU HEOE3MEUHNX BiIMOB,
0 HEe MO)ke OyTH MOBHOIO MipOI0 peaii3oBaHO depes
BUCJIOBJICHI BHILE IPUYMHU.

Juisi  CTBOpEHHSI CKJIaJHUX 0araTopiBHEBHX
C3AT nHa MIKpPOIPOIIECOPHIX KOMITOHEHTaX BHHUKAE
HEOOXIJHICTh Y BUPOOJICHHI KOMIUIEKCHOTO X0y 10
palliOHAILHOT'O ~ BWKOPHCTAaHHS  QHANITHYHHX 1
EKCIIePUMEHTAIHUX METOJIB J0Ka3y Oe3nekH. 3 Ii€ro
METOI0 JIOLJIBHO HOETHYBATH pe3yJsibTaTu
MaTEMaTHYHOI'O 3 pe3y/IbTaTaMy eKCIIEPTH3H TeXHIYHOT
Ta KOHCTPYKTOPCHKOI JOKyMEHTallii, BUITPOOYBaHHSIMH
IMITalliIfHUX MOJIeNIed MpOrpaMHo-anapaTHUX 3aco0iB,
CTEH/IOBUMH BUIIPOOYBaHHSIMH, a TaKOX 3 OLIHKaMH
Oe3reky 3a CTATUCTUYHUMM J@HUMH IIPO BiJIMOBH B
npoleci excruTyarari.

Cnucok BUKOPUCTAHUX JZKepet

1. IEC 61508: 1-6. Functional safety of
electrical / electronic / programmable electronic safety —
related systems. 1998 — 2000.

2. CENELEC EN 50126: Railway Applications
- The Specification and Demonstration of Reliability,
Availability, Maintainability and Safety (RAMS). 1998.

3. CENELEC EN 50126-2: Railway
Applications: Dependability for Guided Transport
Systems. Part 2: Safety. 1999.

Sadovnykov B.,
Zhuchenko O.,
Perets K.(USURT)

UDC 621.396.2

OVERVIEW OF STATE-OF-THE-
ART IMAGE OBJECT DETECTION AND
CLASSIFICATION APPROACHES

Problem of object detection and classification
has always been a pretty complex and current topic in the
computer vision area. A proper solution of this problem
will give us a lot of different quality of life
improvements. First of all it’s a huge enhancement in the
automotive area, manufacturing automation, city traffic
control, different kinds of tasks related to children
activity monitoring, and this list can be extended even
further. Under the “proper” word we mean that object
detection and classification algorithms should have good
accuracy, ability to process data in real time and save
accuracy with some noises, work with low quality input
images, and different lighting.

Requirements listed above are quite complex
for the conventional computer vision algorithms, let’s
discuss it in more detail. It makes sense to start with some
sort of algorithm definition. Algorithm is a sequence of
steps required to achieve some result. In the case of
computer vision, it’s a set of mathematical operations
and transformation applied to pixel data of an image.
This set is predefined by algorithm developer and
constant. Any adjustments and fine tuning for a
particular image data set or working environment have to
be done by developers and basically we have a lot of
similar algorithms but with some minor differences in
numbers or steps, like a bit different filter size, weights
or thresholds. In other words, conventional algorithms
lack flexibility and ability to adapt themselves to the
working environment without human’s efforts. This
drawback is crucial for the object detection and
classification task. However, a lot of conventional
algorithms are acceptable and efficient. Image
preprocessing, noise compensation algorithms can be
used as one of the steps to solve the object detection
problem.

Nowadays artificial intelligence and machine
learning areas have made a huge step forward. A lot of
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