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COBpCMeHHBIG IHoAXoAbl K OCMBICJICHHUIO
IHOHATHUA aBTOHOMHOCTH TCXHHUYCCKUX CUCTCM

A.C. Kopornes, JI. B. Pszanos

Annomayun — Ceifuac B pasHbIX 00J1aCTAX AeATEJbHOCTH
4ye0BeKa INPHOOPETAT AKTYalbHOCTh TaK Ha3bIBaeMble
aBTOHOMHbIE TEXHHYECKHE CHCTeMbI, CIOCOOHBIE 00ecneYnBaTh
yHnpaBjieHHE¢ ¢ MHHUMAJIBHBIM Y4YacTHeM 4YesloBeKka uiau Oe3
ydacTus 4eJIoBeKa BooOLie.

Ipun »>toM, B 3anagHbIX NyOJHKANUAX MO-PA3HOMY
TPAaKTyeTcsl TOHATHE ABTOHOMHOI TeXHHYECKOH CHCTeMBI,
CrocooHoi €caMOCTOATEIbHO NPHHUMATH peuieHus.
IMosiBAsIIOTCH  KAPrOHHBIE, ¢ TOYKH 3pEeHHs] HHKEHEPHOIo
coobmrecTBa, moHsATHS  «Autonomous»,  «Self-Driving»,
«Driverless», «Unmanned», «Robotic». B  4yacTtHOCTH,
HCMOJIb30BaHHE TEePMHHA «aBTOHOMHBIH» MNPHBOAMT K
HEO/IHO3HAYHOCTH B OCMBICJICHHH TMOHATHS «ABTOHOMHOe
TPAHCHOPTHOE CPEICTBO», TAK KAK OCTAETCH HENMOHSATHBIM
He00X0MMa JIH TAKOMY TPAHCIOPTHOMY CPeACTBY /JIsl CBOEro
(GYyHKUMOHMPOBAHUSA  KaKafA-JIM00 KOMMYHHKALUS  WJIHU
KOONepanus ¢ BHEHIHUMH CYIIHOCTAMH.

Eme Oosabuine CJI05KHOCTH MOSIBJSIIOTCA HPU IepeBoje
3amaJHbIX TEeKCTOB WM MNPH H3HAYAIBHOM HANMHCAHHH
PYCCKOSI3BIYHBIX TEKCTOB MO 3TOif TeMaTHKe, TaKk KaK pa3Hble
aHI1053bIYHbIe TEPMHHBI, B TOM 4HcJe NpPHBeJeHHbIEe BbIIIe,
NMpeJCTalOT B PYCCKUX CTAThAX B BH/JAE €IWHOI0 MOHSTHSA
«aBTOHOMHBII».

JlaHHast cTaTbsl MbITaeTcsl 0003HAYMTHL OTBeThI Ha
ciaeayionme BONPOCHI:

e Kak B 001eNPU3HAHHBIX MesKIYHAPOIHBIX
CTaHJAApPTax packpbiBaeTcs TOHATHE
«aBTOHOMHOCTb»?

e Kakoii 0a3uc 3akiaaabiBaeTcsi B  TAKCOHOMHIO

ABTOHOMHOCTH U B Y€M U3MepHETCH ABTOHOMHOCTH?
o Kakue nmerorcs BapUaHTbl TAKCOHOMUH H B Y€M HX

o6ocHOBaHMe?

e Kakas cBsI3b M€Ky aBTOHOMHOCTBIO U HHTEIEKTOM
MAIIHHBI?

e Kakas CBSI3b MEKITY ABTOHOMHOCTEIO "

(GyHKUMOHATBHBIMU BO3MO:KHOCTSIMH (capabilities),
Npe0CTABIsIEMbIX MAIIMHOM ?

Knrouesvie c106a—aBTOMATH3ALMS,
OecIUJIOTHBIIi, TPAHCIIOPTHOE CPEICTBO.

ABTOHOMHBI,

I. BBEAEHUE. [IOHATUE ABTOHOMHOCTH

CraHmapThl W CCBUIAIONIMECS HA HHUX CTaTbU OOBIYHO
Pa3INYaoT TMOHSITHS «AaBTOHOMHOCTEY M «aBTOMAaTH3ALIHSD.

Bo MHOI'HX CTaThIX, rae 00Cyx)marTcs
aBTOMATH3UPOBAHHBIC W/WJIM aBTOHOMHBIC CHCTEMBI U
paccMaTpUBAIOTCS YPOBHU aBTOMATH3ALUH ¥ aBTOHOMHOCTH
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Vehicle Recommended Practice [1]. B Hux omucsiBaeTcs
TaKCOHOMHS JJII CHCTEM aBTOMAaTH3aIllMd  JBIDKCHUS
TPaHCIOPTHBIX cpeacTB (motor vehicle driving automation
systems), KOTOpbIe Ha TIOCTOSHHOIN OCHOBE Pean3yioT 4acTh
WIA BCIO 3alla4y «YyINpaBICHHS B PEAILHOM pPEXHME
BpemeHm» (dynamic driving task (DDT)). YpoBHEm Taxoi
aBTOMAaTHU3alUK BapbUPYIOTCS, COTJIACHO ATOMY JOKYMEHTY,
or «no driving automation (level 0)» mo «full driving
automation (level 5)». Taxke B 3THX pPEKOMEHIANUSIX
JlenaeTcs IOMBITKA OXapaKTepPHU30BaTh <«CKapTOHHBIE», C
TOYKH 3pEHHsI COOOLIeCTBa, MOHATHS «Autonomous», «Self-
Driving», «Driverless», «Unmanned», «Robotic».

B pexomenpanusax SAE mnoxa3biBaeTcs peTpOCHEKTHBA
WCTIONB30BaHUS TEPMUHA «ABTOHOMHBIID) OT OTPa)KeHUS
XapaKTePUCTUKUA COOTBETCTBYIOIICH MOJCIN HPUHSITUSL
pemIeHnit B CHCTEME /0 OXBaTa 3THUM MOHSATHEM IOJIHOTO
(YHKIIMOHAJIA CHUCTEMBbI M TPEBPALICHUS €r0 B CHUHOHUM
CIIOBY «aBTOMaTHUYECKUI. IToka3biBaercs, 4TO
UCTOJB30BaHHE TEPMUHA «ABTOHOMHBIW» IPUBOJUT K
HEOJHO3HAYHOCTH B OCMBICIICHHH TIOHATHS «aBTOHOMHOE
TPAaHCIIOPTHOE CPEJCTBO», TaK KaK OCTAeTCSl HEMOHSITHBIM
HEeoOXomuMa I TaKOMY TPAHCIIOPTHOMY CpEICTBY IUIS
CBOETO (DYHKIIMOHMPOBAHUS KaKas-THO0 KOMMYHHKAIIUS
WA KOOmepanus ¢ BHEUIHHMH CYITHOCTSMH. B OpITOBOM
MOHMMaHUU aBTOHOMHOCTb Moryt otHocuth K full driving
automation (level 5), MOTyT OTHOCHTH KO BCEM YPOBHSIM
driving automation, MOryT K ypOBHSM, HauMHas ¢ 3-ero
(ADS omnpenenénnoro Tuma).

KpomMe 3TOro, «aBTOHOMHOCTE» B Pa3HBIX HCTOYHUKAX
(0OBIYHO TIO COIMATBHBIM HCCIEIOBAHHAM) MOJPa3yMeBaeT
«caMmoyIIpaBlicHHE Ha BBICOKOM ypoBHe» (self-governance),
YTO SBISIETCS HENOCTIDKUMBIM, B mpuHImIe, mist ADS,
MMOCKOJIEKY OHU BCerja (YHKIMOHUPYIOT MO aJrOpUTMaM U
KOMaH/aM, 3aJI0’KEHHBIM TI0JIb30BaTeIIeM.

B cBere ckazanHoro Bhime pekomeHpanuu SAE,
MOTYEPKUBAsl TOMYISAPHOCTh TEPMHHA «ABTOHOMHOCTBY,
NpeaaraloT He  WCIOJb30BaTh €ro JUisl  ONUCAHUS
aBTOMarm3anuu newxerns (driving automation).

OpHaKo, BO MHOTHX PaboTax HCIIOJIB3YIOT 3TOT TEPMHMH.
Hampumep, B [2], KOTOpas cchllaeTcsl Ha pPEKOMEHIAINN
MEXAyHapOIHON OpraHu3ali MOPCKOTO CYIOXOJACTBA —
International Maritime Organization (IMO) [3], roBopurcs,
YTO TEPMUH «aBTOHOMHBIA KOPaOJIb» XapaKTePHU3yeT CYIIHO,
KOTOpOe o OTIpe/IeIeHHON CTeTIeHI MOJKET
(YHKIMOHUPOBATH B OTIEPALIOHHON Cpesie He3aBUCHUMO, 0e3
ydacTusi JIoJeH-oneparopoB. B 3aBucHMOCTH OT TOrO,
CKOJIbKO BO3MOJKHOCTEH cHUCcTeMa MOXKET oOecreduTh 0e3
y4acTHs OIepaTopa, €€ aBTOHOMHOCTh OTHOCHUTCS K OJTHOMY
U3 MpeJylaraeMbIx aBTopamu yposHel (ot 0 10 5).

CornmacHo pexomeHmamusM SAE, 3HaueHme TepMuHa
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«Self-driving» MoxeT BapbUpOBaTHCS B 3aBHCHMOCTH OT
MIPEANOJIOKCHNH O 3HAYCHWW TOHATHH "BOXjaeHue" |
"Bomurens" (driving u driver). Torna 3TOT TepMHH MOXET
HCTIOJIB30BaThCS Il 0003HAYCHNUS PAa3HBIX CUTYAIIH:

® CHTyanui, B KOTOPBIX OTCYTCTBYET BOJIUTEIb;

e CHUTyanuii, B KOTOPBIX ITOJB30BATEIb HE BEIIOIHACT
3ajjady yIpaBiIeHHs JBIDKEHUEM B pPEIbHOM
BpeMenu — dynamic driving task (DDT);

e cHuTyanuii, B KOTOPBIX CHCTEMa aBTOMAaTH3alUU
BoxAeHUs (driving automation system) BBEITIOJHSCT
moOyto gactb 3amaun DDT.

Tepmunbsl  «Driverless» u  «Unmanned», cornacHo
pexoMeHmamsiM SAE, yacTo HEmpaBUIIBHO yIOTPEOISIIOTCS
Juisl 0003HAYECHUsI TPAHCIIOPTHOTO CPEJCTBA, OCHALICHHOTO
cHUCTEeMOW aBTOMaTm3amuu BoxIeHHs (driving automation
System) BTOporo ypoBHs u Bbimle (no mxaine ot 0 1o 5). Tak
Kak cJoBO «driver» MOXET WMETb pas3Hble 3HAYCHHS,
nousitue  «Driverless»  Moxer  ckopee  BBECTH B
3a0MyKAeHHe, YeM TPOSICHUTh cuTyanuio. lloHsTHe
«Unmanned» mpenmonaraer OTCYTCTBHE 4YeJOBeKa B
TPAHCIIOPTHOM CPEACTBE, YTO TAaKKE HE J0 KOHIA MOXET
NPOSICHATH CHUTYallMIo, TaK Kak He IpeIoyaraeT pasHUILbI
MEXIy  TPaHCHOPTHBIM  CPEACTBOM,  YIIPABISIEMBIM
YEJOBEKOM YNAJIICHHO, M TPAHCHOPTHBIM CPEICTBOM,
yrnpaBisieMsIM cucteMoir ADS, B KOTOPOM OTCYTCTBYIOT
JIFOJTY, UMEIOIIIE BO3MOXKHOCTD YIPaBIISITH (Operate) uMm.

B [2] «cymHO Ge3 uwemoBeueckoro ygactus» («unmanned
ship») xapakrepuzyer KopabOibp 0e3 KOMaHABI JIIOAEH,
KOTOPBIM JOJDKeH o0Jlanath HEOOXOAMMOW  CTENEeHBIO
aBTOHOMHOCTH, KOIJIa TIIOTE€psHa CBSI3b C yJaJEeHHBIM
LEHTpOM ympaBieHus. «TyMaHHOI», Kak 3aMe4eHo B
pexomennaiusx SAE, BuITsiuT cutyanus B Marepuaie [5],
I7le B Ha3BaHUH MPUCYTCTBYIOT HOHSATHS M «aBTOHOMHOCTEY
n «unmanned». IIpemiaraercs omvcaHue aBTOHOMHOCTH C
MTOMOIIIBIO TIOHATHH «aBTOMATH3AIUN» U «HHTeIuIekTay. [Toxn
noHsATHeM «unmanned system» nojpa3zymeBaeTcs «yMHasD»
cucTeMa, KOTopas BBITONHSIET 33a4M OT JHIA W B MOJB3Y
mozen.

Tepmun «Roboticy, cormacao SAE, nHorIa ncnonesyercs
JUIl  acColMalMid ¢ ypOBHsMH aBTomaru3auuu (driving
automation) 4 u 5, HO OH SABJSAETCS HECKOJIHKO HEUETKUM C
TEXHUYECKOH TOUKH 3PEHHMsI, TOTOMY YTO JIF00ast TEXHOJIOTUS
aBTOMaTH3aIlM MOXXET paccMaTpuBaThcs Kak Robotic, u
3TOT TEPMHUH HE HECeT HHUKAKOW JOIOJIHUTEIHLHOM
nH(pOpMANMKH OTHOCUTENbHO ADS WM TpaHCIOPTHOTO

CpeJcTBa.
PykoBoxctBo SAE He pekoMeHIyeT NIpPUMEHATH
TEPMHHBI,  MPEIIOJArafIIue B  KadyecTBE  OOBEKTa

aBToMaTHM3alMu MamuHbel  (vehicles), a He mpormecc
BokeHHs (driving), Tak Kak 3TO BEAET K IMPOTHBOPEUUSIM
IPY PAacCMOTPEHHH MallWH, KOTOPbIE MOTYT YIPaBIATHCS
monemu (operated by a human/driver) m mammH, KoTopble

ObUIM  CO3JaHBl  WCKIIOYWTENBHO  JUI  yIPaBICHHSA
aBTOMAaTHUYECKUMU cucTeMamu ympasieHus (ADS u ADS-
DVs).

Jna OMHCAHUA TPAHCHIOPTHOTO CpeacTBa c

BO3MOXKHOCTBIO aBTOMATH3ALMH BOXICHHUS PEKOMEHIYETCsI
UCTONB30BaTh (pa3bl «TPAHCIIOPTHOE CPEICTBO YPOBHS
[manp., 1 wmm 2], ocHaIIEeHHOE CHCTEMOM aBTOMATH3AIlNH

BOXKJICHUS WM TPAHCIIOPTHOE CPEJCTBO YPOBHA [3, 4 wiun
5], ocHamenHoe cucremoii ADSy.

PekomeHnmyemMoe ~ HMCHOJB30BAHWUE  JUI  ONHKCAHUSA
TPAHCIIOPTHOTO CpEACTBAa C BCTPOCHHOW (B OTIHYHE OT
MPOCTO JOCTYITHOM) CHUCTEMOI aBTOMATH3AIlMH BOXKICHUS
SIBIIIETCSL «TPAHCIIOPTHOE CPENCTBO C BCTPOSHHOM CUCTEMOM
apTOMaTH3allMM JBWKEHUS YypoBHA [l wmu 2]» wim
«TPaHCIIOPTHOE cpencTBo ¢ cuctemoit ADS yposu:a [3, 4
uima S».

Tepmun «aBTOMATHU3ALDY UCTIONB3YETCS TSt
XapaKTepUCTUKU BO3MOXKHOCTEH CHCTEMBI YyIIPaBICHUS
peann3oBbIBaTE T€  (YHKIMHM, KOTOpbIE OO  3TOTO
peanusoBbiBaiuCch  yeiaoBekoM [8] Takum  oGpasowm,

aBTOMATH3anus ABIACTCA HEOOXOMMMOW I pealM3anuu
aBTOHOMHOCTH, HO TIPH 3TOM cama o ce0e aBTOMAaTH3aLus
HE MPUBOINT K aBTOHOMHOCTH.

CreneHp WM YpPOBEHb ABTOHOMHOCTH 3aBUCUT OT
HUMCIOIINXCS y CHUCTEMBI BO3MOXKHOCTEH, KOTOPBIE MOTYT
HaXOAUTbCA B IIMPOKOM JHANa30HE — OT MHTETPUPOBAHHON
CHCTEMBI ABTOMAaTHYECKHX CEHCOPOB [0 YHPaBISEMOTO
KOMIIBIOTEPOM TIpoliecca MpUHATHA peuleHuil. B sToMm

nuamazoHe  OyAyT — HaXOAWTBCI W BO3MOXKHOCTH,
IpenocTaBisieMble aBToMaTtuzanueil. CrenoBarenabHoO, HAI0
pa3nn4ath YpOBHH aBTOMAaTH3AIHH u YpOBHHU
aBTOHOMHOCTH.

B craTtee [6] mpoBomutcs moapobHas auddepenmuanys
MOHATUI aBTOHOMHOCTh W aBTOMAaTu3alusi B KOHTEKCTE
IAMR  (IpOMBINIIEHHBIX ~ aBTOHOMHBIX  MOOWJIBHBIX
poOOTOB), K 4YHCIYy KOTOPBIX Takke OTHOcUTcs MASS
(Mopckoe aBTOHOMHOE HaIBOIHOE CyIHO).
O00cHOBEIBaeTCS HE00X0IMMOCTh UCTIOJIb30BaHUSA
KOHIETIIINA aBTOHOMHOCTH. OOBEKTaMH HCCIEAOBAHUHA U
CpaBHEHUs SIBIAIOTCS 4 CHCTEMBI: aBTOIMIOT KOpaodis,
aBTOMATHYECKH  YIPaBISIEMBIi ~ MOOWIBHBIH  poOoT,
aBTOHOMHBII KapbepHbId camocBall, cyxorpys MUNIN.

3amaeTcs HECKOJIBKO HamOoJiee M3BECTHBIX OIpeesICHUN
aBTOHOMHOTO ~ MOPCKOTO  CyiHa C TOYEK 3pEHUs
knaccupukanmoHseix  obmects (DNV  GL, Class NK),
MEXAyHApOJHOI MOPCKOH OopraHu3aluuu (IMO),
MeXXIyHapOIHOU opraHm3anuy 1o cragmaprusanmn (ISO) n
NFAS. Hanpumep: «Mbl onpezaenseM MPOMBIIUIEHHYIO
aBTOHOMHYIO CHCTEMY KaK AaBTOHOMHBIH MOZYNIb WIIH
COBOKYITHOCTb TAaKOBBIX, KOTOPBIH MOXET 0€30IacHO |
3¢ deKTHBHO (HhyHKIMOHUPOBATH B (axTHUecKu
CYLIECTBYIOIIEH  OKpy’)Kawlleh cpexe. IIpu s3TOM
(YHKIIMOHUPOBAHWE TAaKOH CHCTEMBI HeceT 3a Cco0oit
NPSAMYI0 KOMMEPYECKYIO LIEHHOCTD, U TAKUE CUCTEMBI MOT'YT
MIPOU3BOAUTHCH, 00CITyKUBaThCs, pa3BOpaUNBATHC,
HCIOJIB30BATECA U YTHUIM3UPOBATLCA C MPUCMIICMBIMU T10
OTHOIIEHHIO K 3TOM EHHOCTH pacxogamu» [6]. Criennduxa,
IO MHCHUIO aBTOPOB, ACJIACTCSA UMCHHO Ha NUHAYCTPUAJIbHBIC
CHUCTEMBI, OCOOCHHOCTH KOTOPBIX COCTOHT B TOM, YTOOBI
CO3/1aBaTh KOMMEPYECKYI0 IIEHHOCTh, a TakKe pabora B
OTIEPAIIMOHHON CpEeJie B YCIOBHUIX PHCKOB.

B cratee, cceimasce Ha SAE, ynomuHaercs, 4to psin
WHKCHEPHBIX acCOLMalidi HE IPU3HAeT W IIBITAeTCA
oTMeHuTh (depreciate) NOHATHE «aBTOHOMHOCTBY. [Ipu aTOM
aBTOPBl CYMTAIOT, YTO TIOHATHE <«aBTOHOMHOE MOPCKOE
CYZHO» HMEeT MpaBO Ha CyLIECTBOBaHME. TpyIHO, IO
MHEHHUIO aBTOPOB, IIPOBECTH YETKYIO TPaHHIy MEXKIY
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aBTOHOMHEIM U aBTOMATHYECKHMM, T.K. «Hu 0O0IIEeCTBO WU
OTIC/IbHBIA  OpPraHW3M, HH HH)KEHEpHAas CHCTEMa HE
SIBIISTEOTCSI TIOJTHOCTBIO CBOOOIHBIMU OT BHEIITHETO KOHTPOJIS
moboro Ttrma... Ocobenno mit |AMR, Her HHKakoro
CMBICIIAa B CO3JaHMHM aOCOJIIOTHO aBTOHOMHOI CHCTEMBI,
KOTOpass He IMOAYUHAETCS MpHKa3aM WM ILIaHaM
BBIITOJTHEHHS. MHUCCHIY.

Il. YPOBHU ABTOHOMHOCTH

B paccmarpuBaeMbIX =~ MCTOYHHMKAX  IPUBOJSTCS
pasynyHbIC rpajanuu YpOBHEH ABTOHOMHOCTH,
OIMCHIBAIOLINE COCTOSIHUE 00BEKTA OT TMOJIHOI'O OTCYTCTBUS
aBTOHOMHMH JI0 IIOJHOTO  OTCYTCTBHSI  AEATEIbHOCTH
YeJIoBeKa B YIPaBJICHUH.

B pexomennanusax SAE [1] ommceiBatotes 6 ypoBHeit
aBTOMAaTH3aluK Ipolecca ynpasieHus aswkenueM (levels
of driving automation). OnuceiBaromiast uX CBOAHAs TabaMIA
BBITJIUT clieayronmm obpasom (Tabnuna 1).

Tabmuna 1 — YpoBHu aBToMaTH3anuu coriacHo SAE J3016

DDT
Mame | Namative definition P o7 o
B fongituinat | OEDR | failback
H vehicle motion|
L] controf
Driver performs part or all of the DDT
o | Ne Driving |The perfarmance by the driver of the entre ODT, even Drive Driver Driver na
Automation wihen enhanced by acfive safety systems
The sustained and GDO-specific execution by a
. driving automation system of either the isteral or the . ) .
1 Aaeﬂg’;m longitudinal vehicle mofion control sublask of the DDT Dgy"i,:m"d Driver Driver Limited
(but not both simultanecusly) with the expectation that
the driver performs the remainder of the DDT.
N The sustained and ODC-specific execution by a dnving
Partial | 5 tomation system of both the iateral and fongitudinal ) .
2 | Driving | epicie motion control subtasks of the DOT with the System Drver Driver Limited
Automation|  cynectation that the driver completes the OEDR
subtask and supervises the driving aufomation sysfem
ADS (“System") performs the entire DDT (while engaged)
Fallback-
The sustained and ODD-specific performance by an ready user o
Conditional| ADS of the entire DDT with the expectafion that the System System | (becomes Limited
3 | “Driving | DDTfallbackready useris receptive to ADS-issued the driver
Automation| requests to intervene, as well as to DD T performance- duining
relevant system failures in other vehicle systems, and Tallback)
‘will respond appropriately.
High The sustained and ODD-specific performance by an
) ADS of the entire DDT and DOT failback without any i
4 aciving | “expectation that a userwill respond to a request fo System System | System | Limited
infervene.
Full The sustained and unconditional (i e, not 000-
ul specific) performance by an ADS of the entire DOT )
5 Au?::r’::gun and DDT failback without any expectation that a user System System System | yniimited
will respond to a request to intervene.

bonpmuHCTBO cTaTed, MNPEACTABIAIOIINX B KadecTBE
00BEKTOB HCCIIEOBAHNS MEXaHU3UPOBAHHBIE MIEPEIBIKHbIC
MEXaHM3MBl W PacCMaTPUBAIOIINX  HUX  YPOBHH
aBTOHOMHOCTH, CCBUTAIOTCS Ha pexoMmeHmanuu SAE, B Tom
YHCIIe HA IPUBEACHHYIO BBIIIE TAOHILY.

Hanpumep, B marepuane [4] oOBeKTOM HCCIIeIOBaHHUN
SIBISTIOTCSI CENIBCKOXO3SICTBEHHBIE MAIIMHBI M YPOBHH HX
aBTOHOMHOCTH. I'oBopuTcs 0 HEJIOCTATOYHOCTH
pexomenmanuit  J3016 or SAE wu3-3a omepamuoHHON
cnernpukn c¢/x MamuH. [Ipemmaraemas KiaccUpHUKaInsA
ypoBHelr aBTOHOMHOCTH ALAAM (autonomy levels for
autonomous  agricultural machinery) MomuduIUpyer
pykoBonctBo SAE wm ommcwiBaeTr 6 yposHeit (0-5). fAmpo
KJaccu(uKanyuy OCHOBAHO Ha OTHOIICHWH POJIeH oneparopa
1 aBTOHOMHOI CHCTEMBbI ISl aBTOMATH3aluH AEATCIbHOCTH
C/X MaIuH.

ITpennaraercs KOHTEKCTHAs CXeMa aBTOHOMHOW CHCTEMBI
JUIL  C/X aBTOMATH3alWH, BKJIIOYAIOMAs OJIOK BXOIHOH
nH(popManny, CUCTEMY YIIPaBICHHS IBIDKCHHEM, CHCTEMY
c\x onepanuii, CHCTEMY TUHAMHYECKOW 0OpaTHOM CBS3U.

Krnaccupukanms ~ ypoBHEH ~ aBTOHOMHOCTH  HOCHT
MaTpuuHbeld xapaktep (Tabmmma 2), roe mo cTpokam

ABTOHOMHas TECXHOJIOT' U (I[BI/I)KGHI/IC, orecpanunu,
IJTAaHUPOBaHME 3aJady Y T.I.), MO CTOJOIAM - YPOBHHU
aBTOHOMHOCTH OT 0 (TIOJTHOCTBIO PY4YHOIA) 10 5 (TIOJTHOCTHIO
apTomMaTuueckuil). B  sdeiikax momemaercs 3 Twuma
MMUKTOTpaMM - YCJIOBEK, YCJIOBCK-MalllMHA, MalllnHa. Takum
o0pazoM, HaxoOXJEHHWE Ha  OINPEAeIeHHOM  YpOBHE
ABTOHOMHOCTHU 3aBUCHUT OT THIIOB 3aJad, peuacMbIX
MTOJHOCTHIO YEIOBEKOM, YEIIOBEKOM COBMECTHO C MAIIMHON
1 MOJIHOCThIO MAIIMHOM.

Tabmuna 2 — Kiaccudwukamuss ypoBHEH aBTOHOMHOCTH
ALAAM
Level classifications
Autonomous Level 0. Level 1. Level 2. Level 3. Level 4. Level 5.
technology Manual Operater Partially Cenditional High Full
Straight & ﬁ ¢, I‘(E/_‘ ﬁ/j r@_‘
th et
w;\rr;ifn; 'f b LaC @@ @-@ @—@
Path & T (3 (@
@
implement A
ISR e &6
Operation & (rﬂ

environmental
awareness

il v v B
i v vk v BB B
il v i e

B crarse [5] Oepercst 32 OCHOBY IIKajla aBTOHOMHOCTH
OECHMJIOTHBIX CHCTEM, YCTaHOBJICHHass pabodeidl TpyIIIbI
Autonomy Levels for Unmanned Systems (ALFUS) wu3
National Institute of Standards and Technology (NIST), u
JIeNIaeTcsl TOMBITKA KOJMYECTBEHHOH OIIEHKH KpHUTEpUs
aBTOHOMHOCTH. [IpeanokeHbl Ccleayrole MeTOIbl TaKOH
OLIEHKHM: METOJ] OLEHKH YpPOBHS, JBYXOCHBIH METO[,
TPEXOCHBIH METOJ, MOJEJbh OLEHKH NayTHHBI, METO]
HEYEeTKOH OLEHKH, METOJ[ IOWCKa B Tabiuile W METOA
¢dopmynbl. Bomee nerankHO B OJHOMMEHHBIX —OJIOKax
OIMCaHBl METOJ OLEHKH YPOBHS, IBYXOCHBIH U TPEXOCHBIH
METO/IbI K METOJI HEUETKON OLIEHKH.

OnucaH HOBBIH METOJ OLIEHKH aBTOHOMHOCTH MOPCKOTO
OecnmiioTHOrO JletatenbHoro ammapara (MBJIA) ¢ nByms

Errer response

Task area
planning

I ETET 5T 6T

KIIFOYE€BBIMHU aCIICKTaMHU: OIPCACIICHUC CHUCTEMBI
nokasareneii aBroHomMHoctTh MBJIA  u  omnpeneneHue
BECOBOI'0 3HAYEHMs KaXJOro OLEHOYHOro (haxropa.

[MpuBenena TabnMIa OIIEHOYHBIX (DAKTOPOB C YETHIPHMS
YPOBHSIMHU TOKa3areliel M Tabnuia C AECSATHI0 YPOBHSMHU
aBToHOMHOCTH ~ MBJIA.  JlocTmkeHHe  TEXHUYECKUM
CPEACTBOM TOTO MJIM MHOT'O YPOBHSI aBTOHOMHOCTH 3aBHCUT
OT KOJIMUECTBEHHOTO [OKa3aTesst OLEHKH (Hamp., mAjIs
yposus 10, Tabmumna 3).

Tabmuna 3 — BwIpe3ka u3 kiaccupukaTtopa ¢ YpOBHSAMH
aBToHOMHOCTH MBJIA

Autonomy core
level M EC H interval

‘Environments are very restrictive;
Fleet synergy, total real-time dynamic environments with great Complete the task

10 planning. and the highest level of | wncertainty and mechanical limitations; | independently without luman
situational awareness capability. | the highest levels of envirommental intervention
awareness capability.

[0.95.1]

XapaKkTepHUCTUKU mission complexity (MQO),
environmental complexity (EC) wu  human-machine
interaction (HI) B3sttel u3 dpeiimopka ALFUS 1 BKIIFOYEHBI
B KauecTBE IapaMeTpoOB B cucteMy pacueta. Kaxaslil 3 HUX
HOCHT KOMIUIEKCHBIN XapakTep W 3aBHUCHT OT psna JPYTUX
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mokazarenedd. Ilpumep it mission complexity (MC)
npusenet B Tabmuue 4.

B MaTepuae [6] YPOBHH ABTOHOMHOCTH
KJIacCU(UPYIOTCST  COIJIACHO  PsAy  KBaJM(DUIMPYIOLIMX
(haKkTopoB, TakMX Kak: HEOOXOIMUMOCTh MPUCYTCTBHS
yenoBeka (attendance), Kkoau4yecTBO (DYHKIMH, KOTOpBIC
MOTyT paboTaTh aBTOHOMHO, 3TaIlbl MUCCHH, HE TPeOyIoIue
PSIMOTO y4dacTus YeJioBeKa, BOCIPUHUMAEMOCTb
OKpYXKalOIIeH Cpelbl CUCTEMOM, CII0KHOCTh OKPY)KaIOIIEH
Cpelbl, TUTAHUPOBAHUE, HATHMYUC KOTHUTUBHBIX (DYHKITHIA,
HaJIMYMe UCKYyCCTBEHHOTO UHTEIUIEKTa, 00y4aeMOCTb.

Tabmuna 4 — Ilpumep omHcaHUS XapaKTEPUCTHK Ui
OTIpENECTICHUsI YPOBHEH aBTOHOMHOCTH W3 (ppeiiMBOpKa
ALFUS

Level Lindicator Level Il indicator Level IIT indicator Level IV mdicator
task mvolvement rate
task type Number of unmanned platforms to participate in missions
Subtask imvolvement rate
Mission and tactical " -
P— Task execution time and spatial resolution
Threat level
task compl
Task and target change rate
Military knowledge requirements
Task 1e-planning capebilities
Task planning
Formation mission planning capability
Global path planning capacity
Plasming and Path planning capacity Local path planning capacity
decision-making Formation nulti-taret path planning capability
capability Real-time status monitoring capabilities
Mission Fault Disgnosis and repair Fault self-diagnosis capability
Complexity capability Faults tolerant capability
Fault self-repair capability
Situation awareness Self-perception capability
capability External perception capability
Environment awareness Naturel environment perception capability
Perception capability capability Collision avoidance perception capability
Sensor fusion capability
Fusion capability Data fusion capabilities
Information fusion capabilities
Collaborative task level WA
Collaborative target search Na
Collab capability -
capabilitiss Collaborative target A
allocation capability -
Information sharing NA
Hpe[lCTaBHeHI)I Ta6J’II/IHLI, OIIMChIBAOIIUEC YpOBHU
ABTOHOMHOCTH BCEX YCTBIPEX CUCTEM corjiaCHoO

BBILICYIOMSIHYTHIM (pakTopam. [IpumMep Takoi TaOIHIbI s
(akTOopa WMCKYCCTBEHHOTO WHTEIUIEKTa TPHBENCH HIDKE
(Ta6muua 5).

Tabmmma 5 — [pumep KIaccuPuIUpyrOmMUX GaKTOPOB I
OIIpe/ieICHUs] aBTOHOMHOCTH

Autopilat AGV Mining truck MUNIN
AT Yes No (es) (Yes)
Learning Yes No No No
B craree [9] npeajaraeTcsi ONUCaHUE YpOBHEH

ABTOHOMHOCTH XHMPYPIMYECKHX MEAUIMHCKHX pPOOOTOB B
3aBUCHMOCTH OT CTEIEHH BMENIAaTeNIbCTBA YENOBEKa B
OTIEPAIIMOHHYIO JIeSTENbHOCT. Kak TakoBble OTCHUIKM Ha
cTaHaapTel U (GpeliMBOPKM aBTOHOMHOCTH OTCYTCTBYIOT. B
CTaThe OMKCHIBACTCSl HACTPAUBAEMBbIil (PEHMBOPK, KOTOPBIH
MOJIpa3yMeBaeT LIECTh BO3MOXKHBIX YPOBHEH aBTOHOMHOCTH,
HayMHAs OT IIOJHOTO BMELIATENILCTBA YEJOBEKa B IMPOILECC
olepanyy, 10 ero HOoJHOro oTcyTcTBHA. OLEHOUYHO, ceifuac
B YacCTH MPOLECCOB MPUMEHHUM TpeTHil ypoBeHb. OHUM M3
KJIFOYEBBIX AaCIIEKTOB C IIEPBOIO [0 YETBEPHIH YpOBEHb
SABJIACTCA TO, UTO neqamylﬁ Bpa4d B 3HAYUTEIIbHBINA CTEIECHU
KOHTPOJIUPYET CUTYALHIO, a POOOTH3UPOBAHHOE YCTPOHUCTBO
JieflaeT TO, 4YTO NpHKa3bIBaeT XuUpypr. B 3aBucumoctd ot
YPOBHA  YBCIIMYUBACTCA JIUIIb CTCHEHb ABTOHOMHOCTH
pobota. B crathe mpexacraBnena cxema (puc. 1), koTopas
NOAPOOHO ONMHUCHIBAET POJIb YETIOBEKAa M poOOTa Ha KAXKAOM
U3 YpPOBHEN.

OmnucaHo, 4YTO, KaKk W IS JPYTHUX OTpaciei, Mpu
VBEJIMYCHUN CTETIEHW aBTOHOMHOCTH MOTYT BO3HHMKATh BCE
OoJbIllc  pa3IMYHBIX  MPOOJIEM ¢ HOPMATUBHBIMHU
JOKYMCHTAMH W BHCAPCHHUEM IIPH JICTaIH3aluu OOJIBIIETO
CIICKTpa JACHCTBHUI U CBOOOIBI IS XUPYPTHUCCKUX POOOTOB.
C yBeIMYEHHEM CIIOKHOCTH pOOOTOB UX CTOUMOCTH
BO3pacTaeT HeMPOMOPIMOHAIFHO U BPEMS BBIBOJIA HA PHIHOK
3HAYUTENIFHO YBEJIMYUBAETCS, UYTO SBISETCS JTOCTATOYHO
rmobanbHOW  mpoOieMoit.  OCHOBHOH ~ OCOOCHHOCTBIO
CUYMTACTCs, YTO, B OTJINYME OT aBTOMOOMIHHON aBTOHOMHH,
B MEIUIIMHCKOUW OTpaciii HEBO3MOXKHO OTHCATh BECh CIIEKTP
3a[a4, TEXHOJIOTUH, PUCKOB M OKPYKAIOIIUX CPe.

2] ©

Ne Robot Task Conditional High Full

¥ au ¥ autonomy autonomy automation
Puc. 1. Tlpumep kimaccudukanuu aBTOHOMHOCTH IS
METUITMHCKIX POOOTOB

B cratbe [10] OCHOBHBIM OOBEKTOM HCCIIEIOBAHUI
SIBJIIFOTCSL (bpeiiMBOpK TAEV JUIsL OIIMCAHHUSA
CaMOKOH(UTYPUPYEMBIX POOOTOTEXHUYECKHX CcHcTeM. X
OCHOBHBIMH (axTopamu SIBJISIOTCS
MHOTO(YHKIIMOHAJIbHOCTb, SBOJIOLMOHUPYEMOCTD u
xuBy4ecTh (multiability, evolvability, and survivability), uro
NPUBOJMT K JaNTUBHOCTH W TOBBIIICHUIO HAJIE)KHOCTH.
OnwuceiBacMble  CaMOKOH(UTYypHpyeMble pOOOTBHI, MOTYT
OBITH MPUMEHUMBI N0 Pa3JINYHBIC HETUIIOBBIC CHTYaIUH 32
CYET  aBTOHOHOMHOM  MopynbHocTH.  IIpencraBneHsl
pasiuuHble  Ki1acCM(QUKALMK  CaMOKOH(UIypHpYyeMbIX
poGotor: external, mobile and coordinated; micro, mini,
macro; Mobile Configuration Change (MCC), Whole Body
Locomotion (WBL). ®peiiMBOpk mpemiaraet cHUCTeMy
TpUa/bl, B KOTOPOIl OCH INpPECTaBISIOT cOOOW KaTeropuu

B3aUMOKOH(HUTYPUPYEMOCTH, BO3MOXXHOCTH BHYTpPEHHEH
KOH(UTypaluH, ypOBHEH  aBTOHOMHOCTH,  3HAa4YCHHUE
KOTOPBIX 3aBUCST oT CTENeHU «3peJIoCcTh»
CaMOKOH(HUTYPUPYEMBIX poboToB (puc. 2).

CaMOKOH(GUTYpUpPYEMbIe POOOTHI CMOTYT U3MEHSTH CBOIO
MOpPQOJIOTHIO B COOTBETCTBMM C  IPEIINHCAHHBIMU
TpeOOBaHMAMH WIM MOTYT OBITh aJaNTHPOBAHBI K
OKpy)KaloIle cpeae C TPEAOCTAaBICHHBIM  YPOBHEM
aBTOHOMHOCTH.

113



International Journal of Open Information Technologies ISSN: 2307-8162 vol. 10, no. 12, 2022

7 A Autonomy Levels/
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Puc. 2. @peiimBopk TAEV s onwmcanus

CaMOKOH(HUTYPHPYEMBIX POOOTOTEXHHUECKIX CHCTEM

OCHOBHBIMHU OTJIMYMTEIHHBIM YEPTaMH JUIsl OTpeIeNICHNs
YPOBHS  3peJOCTH  CaMOKOH(HUIYpUPYEMOH  CHCTEMBI
ABISIOTCS (hakTophl: sense environment, plan configuration,
act of execute reconfiguration, KOTOpBIC BBIIOJHSIOTCS
YeJOBeKOM, pOOOTOM WM Ha COBMECTHOW OCHOBE B
3aBUCHMOCTH OT YPOBHS 3pEJIOCTH aBTOHOMHOM CHCTEMBI.
Ha ocnoBe stHx ¢aktopoB Bbimessiercsi 10 OCHOBHBIX
YPOBHEW 3pENIOCTH aBTOHOMHOW CHCTEMBI, ONUCAHHBIX B
Tabmure 6.

Tabmnwma 6 — YpoBHH 3peII0OCTH aBTOHOMHOM CHCTEMEI

Py Tanctons

Autonooy Sense Plan Act  Description
} The fask (Bcloding semsing (e exvIoament and momionng e
M coper T s 2
lanoal ickooperatod 0 M M M syste ansioptions/goals, and implementation are
reconfiguration
i by the Tobot (0 detcrmine the
7 . reconfigurati ons. However, human caries sensing and
! MR MR MR aaming. The robot then implements the reconfiguration that the
human chooses.
2 MR MR MR
- plve in the task
3
MR MR R e o
Both the robot and human sci ronment and plan for
4 MR R R Whereas, t and
command to insplement ot
The 10bot does all aspects of the task. Whereas, the human may
s y
MR R’ R intervene and influencs e robol's progress in reconfigurstion.
The robot performs all part of assignment. In case the robot
6 MR MR R encouters dsheulties. the mianual inicsveation prompts for seitiag
new configurati
5 R M v The mbot pe all pasts of the assignment, but masusl
override apiion is available in seiling new conlipurations
5 X MR N ve a sot gual. The rubet sense, plan and
autonomously.
N N N " performicd by the robot without any
10 R R R o e
reco sility
M. Manual or human  R-Robof, Scase: Sease cavironemt, Plan: plin conbguration, Act: Act of execulc reconh guration
Ha YpOBHE 0 - 9TO BCEro Jullb HWHCTPYMCHT,

MPEIOCTABIICHHBIA YeIOBeKY. MeXaHu3M pPeKOH(UTypaIuu
HA JaHHOM YypPOBHE IPEJOCTABIIACTCS JIOASAM  JUIS
YIAJICHHOTO BBIOOpa KOH(GUTYpaIu s IPeoOpa30BaHuUs, Y
poboTa HET a0COJIFOTHO HUKaKUX ABTOHOMHO
peKOHMUTYpUPYEMBIX BO3MOXHOCTEH. POOOT ¢ HyneBoii
PEKOHDUTYPUPYEMOCTBIO  aBTOHOMHOCTH  MOXKET  OBITH
CHUCTEMOI C BBICOKOH CTCNEHBIO PEKOHMDUTYPUPYEMOCTU
MEXaHU3MOB, MOXET HUMETh MHOXECTBO BO3MOXHBIX
KOH(UTypanuii, HO IOJHOCTBIO TIOJNAraeTcsi Ha pPydHOE
ympasieHue. Ha MakcuMaibHOM YpOBHE POOOT JOJDKEH He

TOJBKO  HMMEThb  BO3MOXKHOCTb  BBINOJHATH  3aJauu
CaMOCTOSITEJIbHO, HO TaKXe MOXET COTpyJHUYaTb U
MOMOTaTh  YEJIOBEKY,  HCIONB3ysl  PEKOH(PHUTYpaIruio

€CTECTBEHHBIM 00pa3oM. B Tekymmii MOMEHT BpeMeHH
CUUTAETCS JOCTUTHYTHIM JIMIIb IIECTOM YPOBEHb JAHHOIO
pamKUpOBaHHOrO coucka. Ha pmaHHOM ypoBHEe po0GoT
CaMOCTOATENILHO BBINOJIHAET BCIO 4acTh 3afaHus. B ciydae,
€CIM OH CTaJKUBACTCsS C TPYNHOCTSAMH, 32 CUET PYYHOIO

BMEIIIATENLCTBA OBLITH

KOH(UTYpanus.

MOXECT YCTaHOBJICHA HOBas

I1l. 3AKJIFOYEHUE

B cratpe Obuld TpUBENEHBI OCHOBHBIE COBPEMEHHBIC
MOIXOMABI,  ONHUCHIBAIOIIME  KIACCU(PHUKANMU  YPOBHEU
aBTOHOMHOCTH B PAa3lWYHBIX CJIOXHBIX TEXHHYECKUX
cuctemax. [IpuBeneHbl OCHOBHBIE CTAaHAAPTHI OMMCAHUS
YpOBHEW aBTOHOMHOCTH, Ha OCHOBAaHHH KOTOPBIX CTPOUTCS
GosbInoe KOJIN4ECTBO (hpeiMBOpKOB ONHUCaHUS
aBTOHOMHOCTHU. BBISBIEHBI KOPPESIMOHHBIE OCOOCHHOCTH
B 3aBHCHUMOCTH OT YPOBHS aBTOHOMHOCTM M HHTEJIEKTa
TEXHUYECKOTO CpE/ICTBA. PaccmoTpeHsl  pa3nu4HbIC
CTPYKTYphl ~ PAHXXHUPOBAHUS  YPOBHCH  aBTOHOMHOCTH:
MaTpUYHBIC, WEPapXHYHBIC, CMEIIaHHEIC. Omnmcansl
TEKyIIHUe, MpeleibHbIe U JIoCsIraeMble Ha JaHHBIA MOMEHT
COCTOSIHHSI ~ aBTOHOMHOCTH  OTHOCHTENBHO  Pa3IMIHBIX
TEXHUYECKUX CPEJCTB.
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Modern approaches to understanding the
autonomy of technical systems

A.S. Korolev, D.V. Ryazanov

Abstract — Now, in various fields of human activity, so-
called autonomous technical systems are becoming relevant,
capable of providing management with minimal human
participation or without human participation at all.

At the same time, some publications interpret the concept of
an autonomous technical system capable of making decisions
independently in different ways. There are "'jargon*, from the
point of view of the engineering community, the concepts of
"Autonomous™, **Self-Driving”, "Driverless”, "Unmanned",
"Robotic™. In particular, the use of the term *‘autonomous"
leads to ambiguity in the understanding of the concept of
"autonomous vehicle', since it remains unclear whether such a
vehicle needs any communication or cooperation with external
entities for its functioning.

Even greater difficulties arise when translating Western
texts or when initially writing Russian-language texts on this
topic, since various English-language terms, including those
listed above, appear in Russian articles in the form of a single
concept of ""autonomous™.

This article tries to identify the answers to the following
questions:

- How is the concept of ""autonomy™ revealed in generally
recognized international standards?

- What basis is laid in the taxonomy of autonomy and how is
autonomy measured?

- What taxonomy options are available and what is their
rationale?

- What is the connection between autonomy and machine
intelligence?

- What is the relationship between autonomy and the
capabilities provided by the machine?
frameworks, levels of

Keywords — autonomy, robots,

autotomy.
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