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AHHOTALUA

B nanno#l ctathe mpeacTaBieHbl pe3yiabTaThl IPUMEHEHUS PACIIMPEHHOTO CIOBaps
IPU3HAKOB I CUCTEMbl PACIO3HABaHUs 3arpsi3HEHUN MOBEpXHOCTeW. PaccmaTpuBaercs
BO3MOXHOCTb HCIOJIb30BaHUSl TEOPUHM pacro3HaBaHus oOOpa3oB NPUMEHHUTEIBHO K
ONTHUKO-3JIEKTPOHHOMY KOHTPOJIO KauyecTBa IMOBEPXHOCTEH U3JeIuil  (2JIEMEHTOB
U3JIeJ M) aBUAIIMOHHONW M PAKETHO-KOCMHUYECKOW TEXHUKHU JJISI ONPENICIICHUSI YPOBHS UX
nedeKToB pa3IuyHOro poja. B kadecTBe pacIIMPEHHOTO CJIOBaps HCIOJIb30BAINCH
MPU3HAKKA, OCHOBAHHBIE HA CTATHUCTHKAaX BTOPOro MopsAlka (MaTrpuuax CcovYeTaHUi).
[IpencraBieHHbIe pe3yIbTaThl MO3BOJSAIOT CIENIATh BBIBOA 00 YIYUIIEHUH PACIIO3HAIOIINX
CBOWCTB CHUCTEMBbl JUAarHOCTHKHA II0 CPAaBHECHHUIO C PAHEE PACCMOTPEHHOM CHUCTEMOM,
WCMOJIB3YIOIIEH TPHU3HAKH, OCHOBAHHBIE TOJIBKO HA CTAaTUCTUKAX IIEPBOTO MOPSIKA

(rucTorpaMMax pacrpee’IeHuss HHTCHCUBHOCTEH OTPaKeHHBIX CUTHAJIOB).
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KiawueBble cioBa: KOHTPOJIb Ka4€CTB4, pa3JACJICHUC KJIaCCOB, PACIIO3HABAHHC O6p&30B,
CJIOBApb MPHU3HAKOB, MaTpHIld I/IHTeHCHBHOCTeﬁ, MaTpuiia CO‘I@T&HI/If/'I, HWHTCHCHUBHOCTbH

OTPAKCHHOT'O CUTHAaJIA.

BBenenue

CucreMbl HMCKYCCTBEHHOTO HWHTEJUIEKTa Mg oOecleueHuss KayecTBa BCE wyalle
HaxXoAsT CBOE NPUMEHEHHE B Pa3IUYHBIX OOJACTAX MPOMBIIUIEHHOCTH, OCOOEHHO B
aBUALIMOHHOM M KOCMUYeCcKO#. J[0CTaTOUHO aKTUBHO CETO/IHS 3TU CUCTEMBI BHEAPSAIOTCS B
IPOLIECC HePa3pyIIAIOIIETO KOHTPOJIS JIEMEHTOB PAKEeTHO-KOCMHUYECKOW TEXHUKH MPU UX
Npou3BOJACTBE M OKciutyatauumu [1-9]. 3amaua pacno3HaBaHusi 00pa3oB — OJIHO W3
HampaBJieHUil ucKyccTBeHHOro wuHtewiekta [10-12, 14, 15]. Pe3ympratoM Takoro
BHE/IPEHUS SBJISETCS MOBBIIEHUE HHPOPMATUBHOCTH U OOBEKTUBHOCTU CUCTEM KOHTPOJIS
U JUArHOCTUKM T1pu  (HOPMHUPOBAHMM OKCHEPTHBIX 3aKIIOUEHUH O COCTOSTHUM
uccieayeMoro oObeKTa, B TOM 4YHCIE€ M 3a CYET YCTPaHEHMs, TaK Ha3bIBAEMOIO
4esoBeueckoro ¢akropa. B paHee mpoBeIeHHBIX HCCIEIOBAHUSX OBLIM IMPE/ICTaBICHbBI
pe3yabTaThl ITIOMCKA JUAarHOCTMYECKUX MPU3HAKOB JJIi CHCTEMbl pacHO3HABaHMS
IIOBPEXKACHUN IIOBEPXHOCTEH, BBI3BAHHBIX OKHMCIICHUEM, IOSBICHUEM ILIEPOXOBATOCTEU
pPa3IMYHBIX KJIACCOB W MACISHUCTBIM 3arpsi3HEHHEM pa3JIMYHOM CTENEHH, KOTOpBIE,
Hapsy C OTaJOHHOW (YUCTON) IMOBEPXHOCTHIO COCTAaBWIIM al()aBUT PACIIO3HABACMBIX
obpasos [1, 20, 21].

Knaccom curnanoB (Kji1actepom), KOTOpbIE€ JOJKHBI HaXOJUTHCS B TPAH3UTHBHOM

(mepexogHOM) OTHOIIEHMHM K o00pa3y (TUIy MOBEPXHOCTH) NPUHUMAIUCH 3aMeEphl
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UHTCHCUBHOCTCH OTPaXCHHBIX OT PAa3JIMYHBIX TOBEPXHOCTEH AJIEKTPOMATrHUTHBIX
CUTHAJIOB ONTHYECKOTO JMAINa30Ha BOJIH.

B kadecTBe cioBapsi NMPU3HAKOB HCIIOJIB30BAJIUCh MaTeMaTHYECKOE OXKHJIaHUE,
aucrepcusi, Kod(h(HUIMEHTh aCUMMETPUH M JKCIlecca, IMOJIy4aeMble W3 THCTOIpaMM
MHTCHCUBHOCTEH (CTATUCTHK MEPBOTO MOPSJIKA) CUTHAIOB, OTPAKEHHBIX OT MOBEPXHOCTEH
C pa3IUYHBIMU 3arps3Henusmu [1, 21-23].

HenocratkoM maHHOH METOAMKHM OKa3ajach HEBO3MOXKHOCTh OJIHO3HAYHOI'O
pa3jMueHus] MaCJISHHCTOM M YHUCTOHW IOBEPXHOCTEH, OOpPa3yIomUX B MPOCTPAHCTBE
MIePEYNCIICHHBIX MPU3HAKOB MEPECEKAIOIINECs 00IacTH.

B nmaHHO# cTaThe MpeaCTaBICHBI PEe3yabTaThl YCTPAHCHHUS YKa3aHHOTO HEIO0CTAaTKa
32 CYET paCIHIMPEHHUS NPHU3HAKOBOrO MPOCTPAHCTBA INpPHU3HAKAMH, OCHOBAHHBIMH Ha
CTaTUCTHKE BTOPOrO TOPSJIKA, a WMEHHO: MATpPHUIIE MPOCTPAHCTBEHHOW 3aBUCHMOCTH

(MaTpulle cCOUueTaHUiA).

Onucanue 1TMAarHOCTHYECKUX NPU3HAKOB
Kparkoe omnucanue cyTd BBOJMMBIX MPU3HAKOB 3aKIIOYAETCA B CIEAYIOIIEM.
O6o3naunm  |(N,M) — 3HaYeHHWE WHTEHCUBHOCTH OTPAKEHHOTO OT TIOBEPXHOCTH
ONTUYECKOTO CUTHANa ¢ KOOPAWHATAMH OTPAXKAOLIEro MUKCEIa N— HOMEpP CTPOKH, U M -
HOMep ctonbia. Torma BCl0 COBOKYIMHOCTh MU3MEPEHHN MHTEHCHUBHOCTEW OTpPasKeHHMM IS

MTOBEPXHOCTH MOYKHO IMPEJICTABUTh B BUC MAaTPUIIHl MHTCHCHBHOCTEH [16-19]:
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PaCCMOTpI/IM, KaK MCHACTCA HMHTCHCHBHOCTb OTPAXCHHOI'O CHUTHAJIa B COCCIAHHX

nukcenax. Ilycte d-paccTossHue MEXKIy IUKCEIaMH, a (p:{0°,45°,900 ,1350} -

opueHTaius (puc. 1), T.e. y HaC UMEETCS TOPU30HTAIBHOE, TUArOHATIBHOE, BEPTUKAIHLHOE

N aHTHJIUaroHaJIbHOC COCCACTBO.

I(n-d, m-d) I(n-d, m) I(n-d, m+d)
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Pucynok 1 — Cxema opueHTalny NUKCEJIOB B IPOCTPAHCTBE

O6osnaunm wepes P [1,(n,m), 1,(n,,m, )] — coBMecTHyto BepositHocTh. Torma By —

BCPOATHOCTDH TOI'O, YTO ITMKCCIIbI, PACIIOJIOKCHHBIC HAa TOPHU30HTAJIM HAa PAaCCTOSHHUHA d Apyr

OT Jpyra MMCKOT MHTCHCHUBHOCTH Il 141 |2, PAaBHBIC OTHOIOCHHUIO 4YHCJIA IIap ITHMKCCIOB C
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paccrossaueM d u wmHTeHCHBHOCTAMH |, m |, Kk oOmeMy 4YWCily TakuX COYETaHUH B
MAaTpPULIE UHTEHCUBHOCTEM:

P [l(nm)=1; I(n+dm)=1,], 2)
AHaJIOTUYHO ONPEAEIISIEM

Ps(l,.1,)=P[1,(n,m),= 1, 1(n£d,mFd)=1,],
Po(l1,1,)=P[l,(n,m),= I, I(n,mFd)=1,], (3)
Pas(l,1,)=P[1L,(nm),= I, I(nxdmtd)=1,].

Kaxplii Takoii MaccuB siBisieTcst matpuneit coueranuit P(1 1)

P(0,0) P(0,G-1)
P, .1, )= : . 5 : 4)
P(G-1,0) --- P(G-1,G-1)
rae G-KoJIu4ecTBO rpaialuii HHTEHCUBHOCTEH.
Hanpumep, mas maTpuisl nHTeHCHBHOCTEH | !
(1122
| 1100 c
13233 ©)
| 3222 |

0
s @ =07, d =1 obmiee KOMMYSCTBO MPOCMATPHUBAECMBIX TI0 TOPH3OHTAISIM MATPHIIBI I1ap

paBHO 24 (T.K. MPOCMOTP MPOUCXOIUT B 00¢ cToponsl), 0<1 .1 <3, marpuma coueranuii

m?’»’ n —

IPUHUMACT BU.
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[P(0,0)P(0,1)P(0,2)P(0,3) (4110
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U T.].

OnpeneneHue NPU3HAKOB, 0CHOBAHHBIX HA CTATHCTHKAX BTOPOro MOPsiAKa
CyIIeCTBYIOT CJIEAYIONHE OCHOBHBIC BH/IbI MPU3HAKOB, OCHOBAHHBIX HA CTATUCTKAX
BTOpOro mopsaka [11, 12, 14-18]:

— YIJIOBOM MOMEHT BTOpOro nopsiaika ASM — mepa riaikocTu u300paskeHus .

O
AR

ASM=Y>"S[PG, )] . (8)

i j=0

Iy
o

pu Masioit Bapuarmu ASM=1, a ipu Gonbmux Bapuanusx koutpacta ASM—0.

— xkoHTpacT 1o 3aaanHoi nmape CON — Mepa okanbHOM AMCTIEPCUU CEPOTO UMEET BHI:

G-1 G-1
CON=> n’ {

i=0 i=0 j

O

P(, J’)} ©)

Il
o

— MOMeHT o0patHoii pasHocTH IDF onpenensiercs no popmyie:

G-1G-1 P(l J)

IDF=) > — =

iz joo L+ (i— J) (10)
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—sutponus H — mepa paBHOMepHOCTH:

[LEN

G-

H=>">"P(i, j)log,P(i, j) (11)

i=0 j=

[LEN

OHTponusi cBA3aHAa C (UKCUPOBAHHOW OpHEHTaUueW U  (QUKCUPOBAHHBIM
paccTOsTHUEM.

Pe3ynpTaThl pacyeTOB BBIIICTIEPEUUCICHHBIX MPU3HAKOB JUIsI BCEX KIACCOB
pacno3HaBaeMbIX IOBEPXHOCTEH TMpuBENEeHbl B Tabiuue 1, Tae mnpeacTaBieHb
BU3YaJbHbIE WUIIOCTPALIMA MATPHUI] WHTEHCHUBHOCTEH OTPAXKEHHBIX OT Pa3IU4HbIX
MOBEPXHOCTEM  ONTHYECKUX CUTHAJIOB, MX TUCTOTPAaMMbl HWHTEHCUBHOCTEH U
KOJIMYECTBEHHbIC 3HAYEHUS BBIIIEC YIOMSHYTHIX MPU3HAKOB, PACCUMTAHHBIE Ha OCHOBE
MaTpHI] COYETAHUsI CUTHAJIOB, OTPAXKEHHBIX OT Pa3JIMYHBIX MOBEPXHOCTEH U3 UCXOAHOTO

andapura KJIaCCOB [13].
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Tabnuma 1
P€3YJIBTaTBI pacdCeTOB NPU3HAKOB JJIA BCCX KIIACCOB PACIIO3HABACMBIX HOBCpXHOCTeﬁ
Kaace 1 2 3 4 5 6 7 8 9 10
Tun pedexra Uucras Macno Macno Macno Oxwucrienne Oxwucrienne OxwcrieHne [epoxosatocts | IllepoxoBaTocTsh [lepoxoBaTocTb
Rz =6,3- R; = 3,2-
Crenens i ﬁgoﬁazi 11(1)01\12;11}:{[?1 sgoﬁazli 1 gvac B HCL 2 yacB 3 gac B HCL 10 MxwMm, 6,3 MKM, ?’;_Miﬁ:
0,0024 m? 0,0024 m? 0,0024 m? 90% HCL 90% 90% Ra=125-25 Ra=063-126 | o = 0,32-0,63 e
MKM MKM
Martpuna
HHTEHCHMBHOCTe
Iin.m)
I'merorpamma - o 5 o | |+ " - - -
MHTEHCUBHOCTEN | b x> B ‘:”: ] ‘:“. ‘:”. 153 ‘;
B(I )i 1 i r 0 T i
n‘::é % o o o i B % W e m r"::i 0 o e e 4 “:6 o w0 1o a2 l‘::i ® W e s Q::ﬁ % % W d! qz'é % Wt ®  # l;:ﬁ % ko an “‘:ﬁ PR ) hv s w  aw
ASM | 23,554-10° 4,39-10° 12,794-10° 22,045-10°° 9,345.10° 4,913-10° 4,54.10° 4,71310° 4,54.10° 4,448.105
0=0° IDF 0,079 0,035 0,06 0,077 0,052 0,04 0,039 0,041 0,038 0,039
H 13,625 14,99 14,12 13,43 14,87 15,039 15,03 14,943 14,944 14,96
ASM 25,48-10°° 4,71.10% 12,374-10 22,78-10° 9,262-10° 5,05:10° 4,538-10° 4,685-10° 4,604-10° 4,605-105
0=90° IDF 0,087 0,042 0,059 0,082 0,047 0,044 0,041 0,042 0,040 0,042
H 13,614 14,981 14,193 13,443 14,874 15,038 15,049 14,978 14,968 14,961
ASM 15,55.10°° 3,452.10°° 8,8-10° 15,972.10° 5,643-10° 3,49:10° 3,269-10° 3,461-10° 3,434-10° 3,434.10°
¢=45° IDF 0,049 0,023 0,036 0,052 0,03 0,025 0,023 0,023 0,023 0,022
H 13,840 15,171 14,375 13,672 15,069 15,24 15,248 15,156 15,144 15,144
ASM 15,579-10 3,386-10°° 8,769-10° 15,711.10% 5,265-10° 3,496-10° 3,291-10° 3,410-10° 3,417-10° 3,395-10°
¢=135° IDF 0,049 0,021 0,036 0,05 0,028 0,024 0,023 0,022 0,022 0,021
H 13,838 15,187 14,381 13,681 15,088 15,237 15,251 15,168 15,149 15,152
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[IpuBenennsie HuUXe wWUIOCTpauu (puc. 2) oToOpaxaroT o0JacTH, 3aHUMaeMble B MPU3HAKOBOM MPOCTPAHCTBE

PpasiIMdIHbBIMHU Kj1acCaMH HOBGpXHOCTeﬁ
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['paduixu pacnpeneneHus: yrioBoro MOMeHTa BTOporo nopsiaka ASM

¢=0° ¢=90°

1+ Macno | |+ Macno
+ Omucnenme | | [} Omatcnenne | |
1 Illepox. ||+ Wepox.
Uncras i Uncras

@=45°

1 Macno - L 1 Macno
+ Owcaense | | . Omucrenne

1 Illepox i 1 Llepox. i
Uscran 1 [ Hscras i

0 $x107 0t 1507 2107 0 51075 11074 15107 2107

I'paduku pacnpenenenust MomeHTa oopaTHoit pasHoctu IDF

(p:OO (p:900
+ Macao
+ Owucaenne | |
1 llepox
YUncras
1 Macao
1 Omcaenme | |
1 lepox.
Usscras
I'paduku pacnpenencHus saTponuu H
¢=0° ¢=90°
+ Macao I 4 L[+ Macao ’ ' ' ’ 4
: gnc;c;':nme | L ‘ S;::onlmne |
Uscras i 1 : Yucras i :
©=45° @=135°
: Macao i L[+ Macno I
|+ Osucnenne [ |+ Omscaenue

! Illepox. il ! Llepox. ]
Ustcran 7 [ Yncras 1
35 ) 55 3.5 5 5.5

Pucynok 2 — I'paduku pacnpeaenenus mpru3HaAKOB, OCHOBAHHBIX HAa CTATUCTUKAX BTOPOTO
nopsiiKa

3aKkJa0ueHue
ITo pe3ynpTaTam MPOBEAECHHBIX MCCIAEIOBAHUS MOXKHO CJeJaTh BBIBOJ O

HpHHHHHH&J’IBHOﬁ BO3MOKHOCTH OAHO3HAYHOI'O Pa3aCIICHUA YUCTOM U MACJISTHUCTBIX
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HCCIICAYCMBIX HOBerHOCTefI, YTO HEBO3MOXKHO OBIIIO CJACJIaTb Ha OCHOBC IMPCALIAYIICTO

Habopa nmpu3Hakos [1].
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Abstract

The subject of the study is the methods of quality control of elements of rocket
and space technology in production and operation. The aim of the work is to separate
surfaces with various impurities (defects) due to an expanded dictionary of features

based on second-order statistics (combination matrices).

The method of identification (recognition) of various damage to the surfaces of

elements of rocket and space technology is considered.

The initial data for generating signs of damage discrimination is a two-
dimensional array of intensities 1(n,m) of electromagnetic waves reflected from
these surfaces in the optical range. The reflection of light from the studied surfaces is

recorded by the digital camera's CCD-matrix when they are irradiated with a single-
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mode laser module S-5 (Sanyo) of the visible (red) range with a continuous radiation
power of 5 MW in the spectral range of 635 nm, which is the optimal source of
coherent radiation for building control and automation systems, alignment and

marking devices, as well as for scientific purposes.

The generation of a dictionary of surface recognition features is based on
nonlinear transformations of the resulting images (textures). To do this, the two-

dimensional array I(n,m) is transformed into a second-order statistic — the spatial

dependence matrix (the matrix of combinations) P(l .1, ).

The description of class recognition in the language of newly generated
features made it possible to eliminate areas of ambiguous solution when identifying
surfaces that were present in the previously developed method based on the feature
space (mathematical expectation, variance, skewness and kurtosis coefficients)
formed on the basis of first-order statistics (histograms of the intensity distribution
of reflected signals). Thus, it is possible to separate the contamination (damage) of
the surface of the studied elements from each other, eliminating the previously

existing uncertainty.

The proposed methodology can be used to form expert opinions that exclude
the «human factor» when assessing the condition of the studied surfaces of rocket
and space technology elements at various stages of their manufacture and operation
(at the manufacturing plant - during production and in operating organizations

during repair and maintenance work).


http://trudymai.ru/

Tpyast MAU. Beimmyck Ne 118 http://trudymai.ru/
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