METOAbl OBECNEYEHUA ®YHKLMOHAJIbHOWN
BESOMNACHOCTU MTHHOBALWMOHHDLIX CUCTEM
HA NMPAKTU4YECKOM NMPUMEPE

PoanMmaHoBa EkaTtepuHa CepreeBHa

[NaBHbIM cneymnannucTt cektopa GyHKLUMOHaNbHOW 6e30MacHOCTHU
cneo AO «HNUNAC»
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AKTYyasIbHOCTb AOKa3aTeNibCTBa 6e30nacHOCTH ps0
CUNCTEM TEXHUNYHECKOIO 3peHuns HUMAC
KaapoBsbiii aedmunTt Ha ceTu Nl [l = - ""“-"?' -

YKeJie3HbiX aopor
Yrposa ctabunbHOCTN N 3P PEKTUBHOCTH
NepeBO30K B CpeAHe- U A0IrOCPOYHOM
nepcrnekTnee

ABTOMaTMsauma pyHKLMA MAaLLMHUCTA
Heobxoanma 3amMeHa C BOCNpOn3BEeAEHNEM
dyHKLUMOHaNa Ha AOCTaTO4YHOM YPOBHE
6e3onacHoCTH

Cno>xHocTun Bepupmkaumm cuctem
TEXHUYECKOro 3peHus

Hun3kasa cteneHb MHTepnpeTUupyemMocCcTu

N OTCYTCTBME (hOpPManN30BaAHHbLIX MOAXOA0B
K Bepndunkaymm
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NoueMy AoOKa3aTeNIbCTBO 6€30MacHOCTU BaXXHO? /0

HUMNAC
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; BHeapeHue 6e3 Hanuuwne I .

. . YpoBeHb NOJIHOTbl 6@30MNaCHOCTU - AVCKPETHbIN YPOBEHb,
: AokasaTeJibCcTBa. Aoka3aTeJibCTBa: : COOTBETCTBYOLWMIA AMana3oHy NosHOTbl 6e3onacHocTn
I | = = = o e e e e e e e e e e = === -
| yesioBeK Mo-rnpexHemy BblIHY>XAEH MO3BOJIUT MO3TANMHO I

MonHoTa 6€30NacHOCTU — CTENeHb YBEPEHHOCTU B TOM,

' 0CTaBaTbCA B KOHTYpPE NCKNIOYUTL HENOBEKA ! yTO cucTeMa byaeT BbINOSHATb 3a4aHHble pyHKL MM 6e30nacHOCTU
: ynpaBJeHUs N3 KOHTYpPa ynpaBieHU4 b : NMpu AaHHbIX YCNOBUSAX 3KCMAyaTaL My B 3aiaHHbI Nepnoa BpEMEHN
| |

4
| CpenHsis BEepOATHOCTb OMAaCHOro
Tp650 BAHUA K CUNCTEéMaM TeXHMN4YeckKkoro 3pe|'| nA I YpoBeHb N0/IHOTbI 6e30nacHOCTH oTKasa pyHKUMM 6e30MacHOCTH
| no 3anpocy (PFD,,)
I 5 ”
4 105- < 10
YpoBeHb NOAHOTHI CpeaHsis Hapa6oTka I - =
2) 3 >10%-< 103
DyHKUMA 6e3onacHocTH Ao oTtka3za?) no NOCT I . TENPETE
no [11]Y 27. 002, 4. He MeHee I .
[ 1 >102-< 10"
KoHTponb cBo60aHOCTH :
nyTW OT NPEnaTCTBUMN [BHaueHue 2 nnn 3 Cpeansisi yacrTora onacHbix
| YpoBeHb NOMHOTbI 6€30MacHOCTK | 0TKa30B yHKLMM 6e30MacHOCTU
CUCTEMaMM TEXHUYECKOr0 |- B COOTBETCTBUM I (PFH)
3peHUs npu C npunoxeHnem A 5 O O O O I 4 > 109 - < 108
aBTOMaTn4yeckoMm pexume | (tabnuua A.2) I 3 > 10 - < 10-7
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Cyuwecrteyouime npobnembl goKa3aTesibCcTBa 6e30MnacHOCTH prd

CUCTEM TEXHUNYHECKOIo 3peHus HUMAC

1 OTCYTCTBVIe HETKUNX TPEGOBaHMﬁ 1 1 29 63
CTaHAapTOoB Tabnuy TpeboBaHMM TpeboBaHus
FTOCT P M2K 61508 n TOCT P M2K 62279 Tpe6oBaHuM o6s3aTesibHbI o6s3aTesibHbI
He MoAXoAAT AN CUCTEM TEXHUYECKOro 3peHus Ansa YNb2 Ansa YNb3
|
|
= e e e e e e e e e e e e — e m e ——

Mpumep Tabnuubl C METOAAMMU, KOTOPble Heo6xoaNMO
NPUMEHATb Ha 3Tane AeTaJibHOro NPoeKTUpPoBaHUA

HenpoHHbIe CeTU KaK «YEPHbIN ALK :

I
1
nopegeHume CJ1I0XKHO 0O BACHUTBL U npeacka3artb : < Metoa/cpeacrso <1> Cebinka ynet | yne2 | yne3 | vne4
I < 1la MeToabl CTPYKTYpPHbIX AnarpamMm <2> c.2.1 HR HR HR HR
I ©
| g la MeToabl CTPYKTYPHbIX Anarpamm <2> Tabnuua B.7 R R HR HR
I g
HeT I'IpOCJ'Ie)Kl/IBaeMOCTVI ME)K.D,Y I ‘E ;cy?ooBzr;auT::;igagﬁﬂ:lgggeKTmpOBava B.2.2,C.2.4 B R R HR
CN104AMU CETU U Tpe6OBaHVIF|MVI -
| and e/ICTBa aBTOMaTU3NPOBaHHOIO
[ 8 ﬁp(:or)ewprlwpoaB:HMﬂ ° Pose B.3.5 R R HR HR
1o -
o o I é 3 MNporpaMMupoOBaHNE C 3a LWL UTON C.2.5 - R HR HR
O6yl—IeH Ne HENPOHHbLIX CETEN CTOXACTUYHO. I E 4 Moy nbHul noAx0 TabmuaBo | MR | MR | MR R
pe3yfnbTaTbl HECTAabUbHbI I
[ v 5 CTtaHaapTbl 4N NPOEKTUPOBAHMA U C.2.6, R HR HR HR
I 2 KOAMPOBaHUS Tabnuua B.1
I o 6 CTpyKTypHOEe nporpamMmMmpoBaHue C.2.7 HR HR HR HR
l -
o | Q 7 Ucnonb3oBaHwne
KayectBo paboTbl 3aBMCUT OT obydatoulen BbIbopKku ;2 ROBE PUTENbHEIX/MPOBEPeH HbiX €.2.10 A O R
NpOrpaMMHbIX MOAYNEN N KOMMOHEHTOB
| (N0 BO3MOXHOCTU)




CVI.I.I,ECTBYI'OI.I.IVIE npoGneMbl AoKa3atTeNbCTBa 6e30nacHOCTM 770
CNCTEM TEXHUNYHECKOIo 3peHumns HUNAC

2 Be3rpaHN4YHOCTb BO3MO>HbIX
cueHapueB

Onsa oueHkn TpebytoTca Habopbl AAaHHbIX,
NOKpbIBaoLWMe BCE BO3MOXHbIE CUTYyaLUU

TecTnpoBaHue B peasibHbIX YCNOBUSAX
Hebe3onacHo, AOPOro U AOMro

TecTnpoBaHue C NPUMMUPEHNEM CUMYNATOPA:
TpebyeT noaTBEPXAEHUS COOTBETCTBUS
peasibHOM YCNOBUAM U cepTudmkaumm

MCMOosIb3yeMOro MHCTPYMEHTA




CyuwecTtByrouime npobnembl Aoka3aTenbCcTBa 6e30nacHOCTH ps0
CUCTEM TEXHUNYHECKOIo 3peHus HUWAC

3 BxoaHble AaHHbIEe BJIMAIOT HA paboTy

[laxe He3HauuTeNbHble OTKJIOHEHUS BO BXOAHOW MHCI)OpMaLI,VIM MOTyT paaAuUKaJZibHO NMOBJ/INATb
Ha noBeaeHmne aJiropnTtMa

TexHnuyeckune cbou dunsnyeckune ABneHuns Owwnbkun anropntMoB 06paboTkm




NMpeanaraembi noaxon Ana obecneveHmns 6e30NacHOCTU

CNCTEéM TEXHNYHECKOIo speHums

1 BbiHecTn pyHKUMM 6€30MaCHOCTM B OTAEJIbHbIN
NPOrpaMMHbIA MOAY b

DyHKLMM 6€30NacHOCTM CNPOEKTUpPOBaThb
B BUJe BJIOXKEHHOM MAaLlUHbl COCTOSSHUM
C UCMOSIb30BaHNEM CepTUDULMPOBAHHbIX
WHCTPYMEHTOB KoAoreHepaunm

Onpepenntb Habop MeTpuk 1 cobpaTb CTaTUCTUKY
AN panbHEWWero NPUHATUS peleHni

0 NPaBUIbHOCTU (PYHKLMOHUPOBAHUS CUCTEMbI Ha
KaXaoM aTane o6paboTkn AaHHbIX

CnpoekTupoBaTb nepexoj B 3allUMTHOE
COCTOsiHUe

npun obHapy>XeHnn BbIXOAa NapaMeTpoB 3a npeaensbl
rPAHNYHbIX 3HAYEHU

f !
I Synchronization
I submaching processorn
I ! pefaunt ZExe eption
* L)
| 1 |
InitProcessor dle
I entry /
I raise processoractivate
_-_——— Processon sUCCess
I PrOCessonsy
processor. fault /
I raisa |:m:\-t:c".:.l:\r.l:hr.sl:tl\.-.\‘ll::I
Datagacontrol DataWatchdog
I submachine data_ga
R A—
| 4 2
PIOCESsor LSUCCess
I [data_ga.sFnal]

KOMNOHEHTHI

Knaccudpunkaums
roNocoB

OrpaHvymsaoLwas

M1 nnn MO

Beoa
AAHHbIX

' OrpaHWYeHus

KoMnoHeHThI
cynepeusopa

nornka
Pesynbrar

\_ o6Hapy»xeHunA
ownbok

after init_timeout s

ICCRSS

after data_timeout s
f— ]

MepeknioyaTenbHblA

( ]
Cucrtema pesepBHOro
NencTemsA

|

. — apXMTEKTYPHbIA naTTepH 1;
D — apXWTeKTYPHbIA NaTTepH 2;
D — @pXWTEKTYPHbIA NaTTepH 3;

2N1eMeHT

MHCT 836 - 2023



_
dakTnueckan peanmsauma pyHkUmin 6e3onacHoOCTU Ps0

Moaynu NO pgenarcAa Ha:
Bblunucnurenes
* HelpOHHbIe ceTn C6op napaverpos
- aIrOPUTMbI, NoBeAeHne i BpEMeHU
KOTOPbIX HE SIBHO, MOJIHOCTbIO '
3a4aeTcs obyyarowmmm ([ Brok :
AaHHbIMU (__CEHCOPOB ) ¢ | OcrosHoit
. 5 pyHKUMOHAnN
Brok A : OyHKUUU : BHewwHss
- Knaccuyeckoe NO \__CErcoPos céll KOHTPOS cuctema
() \) ] 0 ]
- aNIFOPUTMbI C YETKOW JIOrMKOWN, ( Bk} | g [ napaMerOB J -
He NMpuBsi3aHHble K BXOAHbIM (__CeHcopos ' pabotbl HC
AaHHbIM earrramul| .
(__ CEHCOPOB ) C6op napameTpoB
+ data-driven anropntmboi KAHecTBa AarHsx
- aNIFOPUTMbI C YETKOWN JTOFUKOW, .‘ ,
NOCTPOEHHOM Ha 6ase TTTTTTTTrreesssooooooooieieeess s ‘
CTaTUCTUKWU
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H
daKkTnyeckasa peanmsauma MeToaa OLleHKM KavyecTBa psO

BXOAHbDbIX AAdHHbIX HUWMAC

current_dataset
M no_light

OTCcyTCTBME OCBELLEeHHOCTH

11 N 0N
1 2 3 4 5 6 7 8 9 10

PachokycmnpoBka curtent,_dataset

2.5 W defocus_blur

15

0.5

i mr - nmn
1 2 3 4 5 6 7 8 9 10



H
dakTNUYecKkas peaamsaumsa MeToaa oueHKUn paboTbl psO

HEeMPOHHbIX ceTeun HINAC

NMunkcenum B 30He
JIOKOMOTUBA UMeloT
BbICOKYIO
HeonpeneneHHOCTb

HenpoHHOM CceTn CJI0XKHO
OT/INUUTDb KJN1acC «<DPOH>»
N KJ1acC «BaroH»

yeM 60/1bLLIE HEOMNPENEJTIEHHOCTbD,
TEM bos1€E€ CUHUM UBET A4J19 Harssa4HoCcTu

10
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Db dbeKTUBHOCTb DYHKLUMMN 6€30MacHOCTH yKe cenyac

om mm mm o Em o Em Em Em o Em Em Em Em Em O Em EEm O Em Em O M Em M M M M R M M M M M M M M M Em Em Em Em Em Em oy,

O6HapyxeHue ownbok HC,
NOTEHLMANbHO OMACHbIX
C TOYKM 3peHns 6e30nacHoOCTu

HeMpoHHas ceTb oWMBOYHO onpeaenseT
NOAEN KaK HEU3BECTHbIN 06beKT

Nno MeTpukKam ob6beKkT obHapyXnBaeTcs
BO BCEX Ciyyasx

- EEE EEE EEE S EEE EEE B S EEE S S S S S S S e S S S S S S e e S S e e

C ApPYroy KamMepbl HEMPOHHAs CeTb
HEe BUAUT 06BbEKTbI Ha NyTH
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DddbeKTUBHOCTb DYHKLIMN 6e30NaCcHOCTHU YyiKe cenvac 7O
HUWAC

MpuMep nepexoaa B 3aWUTHOE COCTOSIHUE
npn owmnbKax HEMPOHHOMN CETU

YnyduweHne npouecca noncka m obpaboTku MOXHbIX .
HenpoHHasa CeTb CHUTAET «TYNAOLLYHO»

TeHb Ha NYTAX 06BEKTOM B KPAcHOW 30He

cpabaTbiBaHMI Ha 3Tanax oT/aAKN CUCTEMbI

det nn quality

nepexon B 3alUMTHOE COCTOSAHUE
nokas3aH PM1OoNeTOoBbIM LIBETOM




Cnacmb6bo 3a BHMMaHue!
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