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BO3MOXXHOCTH ABTOMATHUYECKON OILIEHKH CTEKJIOBUJHOCTHU
HNIIEHAUIbBI METOAOM AHAJIM3A IMUPPOBOI'O U3O0BPAXKEHUSA

OpraHoJenTu4eckue METOABI aHaJTN3a MPOAYKIIMH O0YCIaBIMBAIOT BBICOKYIO TOTPEUIHOCTh M OOJBIIYIO MPOAOI-
KHUTEIBHOCTh TaKNX M3MepeHuil. [loatomy pa3paboTka HHCTPYMEHTAIBHBIX KCIIPECC-METOIOB OTPEICICHNS Kade-
CTBa TMPOAYKINH — aKTyaJbHas 3a7ada. B pabote mccie10BaHbl BO3ZMOXKHOCTH TPOTPAaMMHOM OIEHKH CTEKJIOBHJIHO-
CTH NIIEHHUIBI. VcciaenoBanus MpoBOIMINCH ¢ HCIIONb30BaHHEeM uadanockona "SHraps" u nuadanockona J1C3-2.
CpaBHUBaAINCH CTAOWIBHOCTD PE3yJbTATOB M3MEPEHMSI M BpeMs, 3aTpaueHHOe Ha aHanm3. [y m3Mepenus Obun
BBIOpaHBI 00pa3ibl MATKOM M TBEPIOW MILIEHHUIIBI CO CTEKJIOBHHOCTHIO B uamnasone 12-97 %. [Iporpammuas oneH-
Ka CTEKJIOBHJHOCTH MO3BOJMJIA CHHU3UTHh CTAHJIAPTHOE OTKJIOHEHHE pPEe3YyJbTaTOB H3MEPEHUIl CTEKIOBHIHOCTHU
¢ 5.5 no 1.3 %. Cpennee BpeMsi u3MepeHHs CHU3IIOCH OoJiee uem B 10 pas.

Kn. ca.: aBToMaTu3zanus u3mMepeHuii, 00padoTka n300pakeHuH, MIIeHHUIA, CTEKJIOBUIHOCTD

BBEJEHUE

OnpeneneHue KadecTBa miieHuibl B Poccun mpo-
m3Boautca coriaacuo I'OCT 9353-2016 "Ilmenwumna.
Texuuueckue ycnoBus" [1]. B aTom nokymente yka-
3aHO, KaKUe aHAIHM3bl U U3MEPEHUS HEOOXOIUMO MPO-
BECTU JUIsI OMpPEAENICHUSI OCHOBHOI'O HHTErPajIbHOTO
MoKa3aressl KauecTBa MUICHUIBI — ee kinacca. OueH-
Ka Kjacca MIISHHUIBI 3aHUMAaET MPOJOJDKUTEIBHOS
BpeMsl, T.K. 3HAUUTENIbHAS YacTh pabOTHI TPOU3BOIMT-
Cs BPYUHYIO: ONpEEICHUE TUIIOBOTO COCTaBa, OTMbI-
BaHHUE KJICHKOBUHBI, OIpEAENCHUE CTEKIOBUAHOCTH,
OIICHKa MOBPEXKJIECHHOCTH BpenuTesiMu U T.4. Ilpu
3TOM 3HAYUTEINIbHAS YACTh MOTPEUTHOCTH TAKUX HU3Me-
peHuii 00yCIIOBJIEHA HEOOBEKTUBHOCTHIO OPraHOJICII-
TUYECKMX METOJOB aHanu3a. C y4yeToM JaHHBIX (Dak-
TOB pa3zpaboTka 00OPYJOBaHUS U HOPMATUBHOU 0a3bl
JUIST UHCTPYMEHTAIIBHBIX HSKCIPECC-METOJIOB OIpe/ie-
JICHHSI KaueCTBa 3EpHA ABJISICTCS aKTyallbHOU 3aj1auehi. Puc. 1. Jinadanockon JIC3-2 ¢ KacceToit

OmvH W3 moKa3aTenel KauecTBa IMIICHUIIBI, Tpe-
Oyrommux orpezaenenus corsmacHo 'OCT 9353-2016, —
CTEKJIOBUAHOCTh mineHuIsl. [Iponenypa npoBeaeHus
ananuza onucana B 'OCT 10987-76 [2]. Cam meTon
CBOJUTCS K BU3YAIbHOU OLIEHKE MPO3PAYHOCTHU 3€PEH,
MoMeIeHHbIX B auadanockon (puc. 1). B mpomecce
nposeneHus ananuza 100 3epeH pa3MelaioT B Crelu-
aNbHOM KacceTe, 3aTeM C MOMOIIBI0 JuadaHoCcKoIa
MPOCMATPUBAIOT 3€PHA U MOACUUTHIBACTCS KOIHYECT-
BO CTCKJIOBUIHBIX (IIPO3PAyuHBIX), YACTHYHO CTEKJIO-
BUJHBIX (TIOJTYIIPO3PAYHBIX) MU MYYHHCTHIX (HEIpO-
3pavHbIX) 3€peH B MpPOOE, MOCIE Yero BBIYUCIIACTCS

pe3yabTar.
B nanHbBIil MOMEHT pa3BUTHE MPOU3BOACTBA (PoTO-

YYBCTBUTCIBHBIX MaTPHUI] M PacIpOCTPaHCHUE IICp- Puc. 2. Inacanockon "SHTaps" ¢ kacceToil U KOM-

COHAJIBHBIX KOMIBIOTEPOB [3] MO3BOJIWIO CO34aTh IBIOTEPOM

yc’[’pOﬁCTBO AJI TOJIYUCHU A I_[I/I(l)pOBOI‘O 1/1306pa>1<eH1/1;1
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Puc. 3. Mz00paxxeHre NpoCBEUEHHOTO 3epHa

3epHa C MOCIEAYIOIIEH MPOrpaMMHOM OLEHKOW ero
cTeKIoBUAHOCTH (nmacdanockon "SuTtape", puc. 2).
[TpoBenenue aHamu3a CBOAUTCS K 3allOJHEHUIO Kacce-
THI, €€ MMOMEIICHUIO B MPHOOP M MOJYYCHUIO pe3yiib-
TaTa C MOMOILBIO IPOTPAMMHOI0 00eCIIeYeHusI.

W3BecTHBI UCceI0BaHUs, HAaNPaBICHHbIE HA H3Y-
YEHHE BO3MOXKHOCTEH WHCTPYMEHTAIbHOM OLECHKH
CTEKJIOBUJJHOCTH 3€PHA C HCIIOJIb30BaHUEM CIIEKTPO-
ckonnu B OmmxHeW wWH(pakpacHOW obmactu [4],
C HCIOJb30BaHHUEM PEHTTEHOBCKOTO H3IydeHHs [5],
a TaKk)Ke METOJIOM aHajn3a M300pakeHUil B BUAMMOMN
obnactu B oTpakeHHOM cBeTe [6]. Bce mepeuncien-
HBIE HCCICJOBAHHS MOKA3bIBAIOT MPUHIMITHAIBHYIO
BO3MOXXKHOCTh IIPUMEHEHHS YKa3aHHBIX MOJIXO/A0B, HO
UCIIOJIb30BaHue 000pYyIOBaHUs HMCCIEI0BATENBLCKOTO
KJacca B 3aJadax PyTHHHOTO aHAIN3a HEepalroHaIb-
HO BBUJY CJIOXHOCTH M JOPOTOBHU3HEIL. nadaHockomn
"SuaTapp" pa3paboTaH IS MOIyYEHUS H300paKEeHHIH
MIPOCBEYEHHOIO 3€PHA B BUIMMOM OONACTH CHEKTpa.
[MporpamMma 00paboTku H300paKeHHH OCHOBaHA Ha
METO/aX KOHTYPHOTO aHajlu3a M HCHOJb3YeT ajro-
PUTMBI, OITUCaHHbIC B paboTtax [7], [8].

HOEJb U 3AJAYU UCCIIEJOBAHUA

Llenpto wmccnenoBaHus SBISETCS  OMpeeseHue
BO3MOKHOCTEH HCIOJB30BaHMs MPOTPaMMHOHN OLIEH-
KM CTEKJIOBHUIHOCTH ISl TPOBENEHUS PYTHHHBIX W3-
MEPEHUH NpHU ONpEIEICHUN KayecTBa 3epHa MIIECHH-
1pl. B pamkax mpoekra ¢ HOCTaBIEHHOM LEIbIO pe-
IIaf0TCA CIELyIOIINe 3aadu:

1) pa3zpaboTtaTb U peaqnu30BaTh aJrOPUTM aBTOMa-
TUYECKON OLIEHKH CTEKIOBUIAHOCTH;

o6beEKTUB

S Y

noaceeYeHHan naaThopva

Puc. 4. [lelicTBue napa3suTHON 3aCBETKU.
1 — oOmias cocrasnstomas,
2 — MmecTHas

2) CpaBHUTH CTaOMJIBHOCTH PE3yJbTAaTOB OIpeie-
JICHUA CTCKIIOBUIHOCTHU CTAaHIAAPTHBIM METOJIOM U ME-
TOJOM IIPOrPaMMHON OLICHKH;

3) cpaBHUTH CpeAHEE BpEMs OIPEACICHHUS CTEK-
JIOBHJTHOCTH CTaHAAPTHBIM METOJIOM W METOAOM IIpPO-
IPAaMMHOM OLICHKHU.

METO/IUKA UCCJIEJOBAHUI

ANTOPUTM aBTOMATHYECKOW OLEHKH CTEKJIOBHI-
HOCTH TIPUHUMAET Ha BXOJ| U300paXKeHNE MPOCBEUCH-
HOTO 3¢pHa (puc. 3) U COCTOUT U3 HECKOJBKUX IIIaroB.
Ha mepBom 1mare npou3BoAuTCsl OWHApHU3aIns U cer-
MEHTUPOBaHKE N300paXKeHus1, B X0Je KOTOPOIo OIpe-
JIEISIOTCSI KOHTYPhI 00BEKTOB (OTACTBHBIX 3€PEH).

Ha BropoM miare npou3BoanTCsS KOMIIEHCALUS I1a-
pa3uTHOM 3acBeTKU. Jleno B TOM, UTO MOJACBEYEHHAs
atdopma mprudopa He MOXKET OBITH 3allOIHEHa 3ep-
HOM TIOJIHOCTBIO BBHIY €ro (opmbl. Mexnay 3epHamu
HEN30€XKHO TOSBILSIFOTCS MPOMEXYTKH, pasmep, dop-
Ma M IOJIOKEHHE KOTOPBIX HOCAT CIy4alHBIH Xapak-
Tep. Uepes 3TH MPOMEXYTKH CBET MPOHUKAET B BEPX-
HIOIO 4acTb Npubopa M, OTPaKasicb OT HOBEPXHOCTH
3epHa, MCKaXaeT ero mzoopaxenue. T.e. B 0OBEKTUB
KaMepbl TONaJaeT He TOJLKO CBET, MPOIICAIIHHA
CKBO3b 3€pPHO, HO U CBET, OTPaXEHHBIA OT €ro Io-
BEpXHOCTU. [IefiCTBME Mapa3uTHON 3aCBETKU IMPOUII-
JIIOCTPUPOBAaHO Ha puc. 4. YCIOBHO MapasUTHYIO 3a-
CBETKY MOXHO pa3lelTh Ha JBE COCTaBJISIOIINC:
o0mryto (mefcTByeT OAMHAKOBO Ha BCE 3€pHA U IPO-
NMOpIHMOHATbHA O0OHIeH IUIOmAnM  TOJCBEYCHHOM
1aTOpMbI, HE 3aHSATOW 3epHOM) M MECTHYIO (IIpo-
MOPLMOHATbHA IJIOMIAAN, HE 3aHATOW 3€pHOM, B He-
MTOCPEICTBEHHON OJIM30CTH OT HETO).
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Puc. 5. O6iacts BOKpYT 3epHa (OrpaHUYCHA SJUTAIICOM), UCIIOIb3YOMIAsICS IS KOMIICHCAITUH
MECTHOH MMapa3uTHOW 3aCBETKH 3epHA (aHATU3UPYEMOE 36PHO OTMEUEHO *).
a — HACXOAHOE n300pakeHne, 6 — OMHapHOE M300paKeHNe, IPIMEHIEMOE B pacueTax

Jlig KOMITeHCallMM Mapa3uTHON 3aCBETKH SIPKOCTh
KaXIIOTO IHKCeNsl OO0BEKTa MEepecunuTHIBACTCS IO

dhopmye:
P'=P—Sk,—S K,

rae P — uW3HaYalbHOE 3HAYCHHE SIPKOCTH IHKCEJIS;
So— mons Beelt ruiomaau miathopmbl, CBOOOIHAS OT
3epHa; S; — J0JIA IJIOLAaJM, CBOOOJHOH OT 3epHa
BOJIM3M j-TO 3epHa; ko, ki — MOCTOSHHBIE KO3 dHUTIN-
CHTBHI.
So BEIYUCISIETCSI CIISAYIOIIAM 00pa3oM:
5 G
0 C 4
0
rne C,, — oOmiee KOJIWYEeCTBO HEHYJIEBBIX IMHUKCE-

neit;” Cy— obliee KOTHIECTBO MHKCEIEH.

S; BBIYHCIAETCS OTAENBHO Ul KaXIOTO 3€pHa.
Jlns pacuera HCIONB3yeTCsl OOJACTh BOKPYT 3€pHA,
OTpaHUYCHHAS JUTAIICOM (pHC. 5).

rae Cj, — KOJINYECTBO HEHYJIEBBIX MUKCEIEH BHYTPU
siumnca; C; — IJI0oIaAb JJIMIICA B TUKCENX.

Koaddunments ko, k| ObLTH BBIYUCICHBI SKCIIEPH-
MeHTaJbHO. {7151 3TOT0 OBUTH TIOMY4YeHBI N300paKeHUS
WIaTOPMbI C Pa3HBIM 3aMOJHEHHEM 3€pHOM U IIO-
CTpO€Ha JIMHENWHAsI MOJIeJTb

"
) [IpuMm. pen.: aBTOp MOA "HEHYIEBHIMU MUKCEISIMH" TIOI-
pa3yMeBaeT TOYKH H300pakeHHs (B CTaThe) C YPOBHEM,
OTIMYHBIM OT "Oenoro” (255).
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V=V+—f=']\} k, + Sykys

rae V — cpenHee 3Ha4eHHUE SIPKOCTH OOBEKTOB, BbI-
YUCIICHHOE IS BCETO M300paxkeHus; V — cpemHee
3Ha4YeHue sIpKocTu 00beKToB, pu 100 % 3anonHeHUM
wiarpopmel; N, — miomap j-ro 00bEKTa B MKCEIX;

N — o0Ouras rronans BceX 0ObEKTOB B IIUKCENIX.

Ha Tperbem miare ajaropurMa OLEHKH NPOU3BO-
JTUTCSI OIpeJIeIeHNne CTEKIOBUAHOCTH KaXKIOTO 3epHa
Y pacueT Mokasarens AJs Bcel mpoobl.

HccnenoBanne u cpaBHEHHE pe3yIbTaTOB H3Mepe-
HUHM Ha JuadaHOCKONIax OCHOBAaHBI HA METOAE, OIU-
caugioM B I'OCT P MCO 5725-3-2002 "TouHOCTH
(TpaBUIIBHOCTh W TMPENHU3MOHHOCTH) METONOB M pe-
3ynbeTaToB u3MepeHui. Yacte 3. IlpomexyTouHble
MOKa3aTeNl MPEU3NOHHOCTA CTaHJApTHOTO METOoJa
m3Mmepenut" [9]. Cormacuo [9], OCHOBHOH BKJaJ
B M3MEHYMBOCTh U3MEPEHUH BHOCAT 4 (akropa: Bpe-
M, KaTMOpoBKa, onieparop, obopynosanue. B nannom
Clly4ae WCCIJIEJIOBAHBI IOKa3aTeNH IPEelU3HOHHOCTH
C OHHUM HM3MEHSIOMUMCS (aKTopoM (omepaTop) s
pasHBIX METOJI0B U3MepeHus. [ns uccienoBanus Obl-
JIX TIOATOTOBJICHEI 6 00pa3IoB MIICHUITHL: 3 oOpasia
MsTKOM 1 3 oOpasua teepaoii. OOpasibl 3epHa ObLTH
npenoctasiensl PI'BY  "Poccenbxo3nentp”. 3ass-
JICHHBIH AMANa30H CTEKJIOBUIHOCTH 00Pa3LoB MSTKOM
mImeHuIsl coctaBun 1279 %, tBepmoit — 73-97 %.
Jannble 00pasipl N3MEPSIIUCH C UCIIONB30BaHUEM IIPO-
IPaMMHON OLICHKH CTEKJIOBHIHOCTH Ha OTKAIMOpOBaH-
HOM anadanockore "SHTapp" 1 CTaHAAPTHBIM METOIOM
Ha auaganockomne [AC3-2. B xone ananusa Ha auada-
HOockome "SHTapp" oOIleHWBAeTCA TMPUOIMZUTEIHHO
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400 3epen, Ha gumadanockome JIC3-2
100 3epen. Wsmepenus Ha nuadanockone J1C3-2
MPOBOAWJIM 5 Pa3HBIX CIEHUAIVMCTOB Ha OJHOM TIPH-
Oope. Y CHEIUATUCTOB Mepea U3MEPCHUEM HE ObLIO
WHPOpPMaNK O pe3yibTaTtax JpyTruX YYacTHHKOB
W O 3asBJICHHBIX 3HAYEHHUSIX CTEKJIOBHIHOCTH 00pa3-
oB. M3mepenus Ha nuadanockorne "SHTapp" mpoBo-
JHCh 1O 5 pa3 Ans Kaxaoro odpasua pasHbIMU cCIie-
nuanucramu. KonmuuecTBo ¢ mpo0 3epHa U ydacT-
BYIOIIMX CHEIHAaINCTOB 7 BHIOPAHO B COOTBETCTBUU
¢ pexomennanusamu [9]: (n — 1)t > 15. B xone skcre-
puMeHTa (UKCUPOBAIOCH BpeMs, 3aTPAYeHHOE Ha HC-
NBITAHUE, U PE3yJIbTATHI.
Bpewms, 3aTPA4YECHHOE

Ha HUCIIBITAHHUC,

P. 1O. AHTOHOB

BKJIIOYAET B ce0s 3alIOJIHEHNE KACCEThI U €€ OCBOOOK-
JICHUE OT MPOOBI.

PE3YJIbTATHI HCCJIEJTOBAHUA
N OBCYXJEHUE

[TonyuyeHnsie maHHBIE U3MEPEHUH ISl IPOTpamMM-
HOH OIIEHKH CTEKJIOBHIHOCTH Ha AuadaHockore "SH-
Tapp" IMpeCTaBleHbI B Ta0J. 1, IS OLIEHKH C UCTIONb-
3oBanueM JC3-2 — B 1abi. 2.

Hanee, cnenyst pekoMeHaauusM [9], pe3ynbTaTsl U3-
MepeHHs1 Kaxoro n3 6 o0pasoB ObUTH MPOBEPEHbI HA
HaJIM9IHe BRIOPOCOB ¢ TIOMOIITHIO KpuTepus [ padoca [5].

Tab6a. 1. Pe3ynbrarsl n3MepeHus CTEKJIOBUIHOCTH Ha auadanockone "SHurapp"

CTeKJIOBUIHOCTD, %0
Oobpaserr, Ne Cpennee 3HaueHue, % CKO, %
uen. | | men. 2 | uen. 3 | uen. 4 | wem. 5
1 77 80 78 78 80 78.6 1.3
2 15 14 11 12 15 13.4 1.8
3 44 44 46 45 48 45.4 1.7
4 96 97 96 98 97 96.8 0.8
5 72 74 72 73 74 73 1.0
6 84 83 83 82 84 83.2 0.8
Tab6.. 2. Pe3ynbraTel n3MepeHns CTEKJIOBHAHOCTH Ha quadanockomne JC3-2
CTexII0BHAHOCTE, Y% CKO
Obpazer, N uct. 1 uct. 2 ucr. 3 uct. 4 ucm. 5 Cpenice snaserme, % % ,
1 83 60* 81 79 78 80.3 2.2
2 23 37 11 13 24 21.6 10.4
3 47 61 52 48 56 52.8 5.8
4 97 93 96 97 100 96.6 2.5
5 80 78 74 73 81 77.2 3.6
6 93 90 88 86 96 90.6 4.0
Ta6u. 3. Craructuku ['pab0ca s n3MepeHuil CTEKIOBUAHOCTH Ha Auadanockone "SHTaps"
O6pasen, Ne G, Gs Gipur.1 Gia Gas Gipur2
1 1.193 1.043 0.123 0.031
2 1.321 0.881 0.017 0.118
3 0.837 1.554 0.139 0.02
4 0.956 1.434 1715 0.079 0.079 0.009
5 1 1 0.056 0.056
6 0.73 1.095 0.079 0.079

HAVYYHOE ITPUBOPOCTPOEHMUE, 2020, Tom 30, Ne 3
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Ta6u. 4. Craructuku ['padb0ca mist n3Mepenuii crexkiosuanoctu Ha J1C3-2

O6pasen, Ne G, Gs Gipur.1 G Gas Gipur2
1 1.75 0.735 — —
2 1.021 1.483 0.094 0.064
3 0.999 1.413 0.101 0.035
4 1.434 1.355 L7135 0.079 0.115 0.009
5 1.179 1.067 0.031 0.092
6 1.157 1.359 0.095 0.042

Craructuku ['pab6ca npusenensl B Tabn. 3 u 4.
Cornacno [10], B ciydae ecint Gy > Gpur.1, HAUMEHb-
niee 3HaYeHHWE BBIOOPKM SIBIAETCS BBIOPOCOM; €CiH
Gs > Gypur.1, HaHOOIIBIIIEE 3HAYEHUE BBIOOPKU SABIISAET-
cs BeiOpocoM; ecitt Gip < Gypur2, Ba HAUMEHBIIMX
3HAYCHUs] BBIOOPKH SIBISIOTCS BBIOpOCaMH; €ciH
Gys < Gipur2, ABa HaMOOJNIBIIUX 3HAYEHUS BBIOOPKU
ABISAIOTCSA BBIOpocaMu. C HMCMONB30BAHHEM JAHHOTO
KpPHUTEpHUs U3 AaJbHEHIIIEro aHann3a ObUIO UCKITFOUYEHO
OJTHO M3MEpEeHHe MmepBoro odpasia Ha quadaHockore
JC3-2 (momedeno * B Tadi. 2).

CornacHo [9], olleHKa CTaHJAPTHOI'O OTKJIOHEHUS
MPOMEXYTOYHOM MPEUU3NOHHOCTH IPU HW3MEHSIO-
memcs (akrope (omepatope) S, U3MepeHHl BbIpa-

JKaCTCA B BUIC

1 t n —\2
Si0) = t(n—_l)zj‘:IZk:I(yfk _yj) ) M

rIe n — KOJMYECTBO M3MEPEHHH OJHOTO 00pa3ia;
{ — KOIMYECTBO 00pasuoB; Y, — k-i pesynbrar u3-

MepeHusl j-ro 00pasua; y,— Cpe/iHee 3Ha4YeHHe j-ro

oOpa3a.
Takum obpazom, S,(O) =1.3 114 OLIEHKH C UCIIOJIb-

3oBanueM auadanockona "Surapy" u S, =5.5 mus

OPTaHOJICITUIECKON OIIEHKH ¢ ucmob3oBanueM JC3-2.

Crenyer oTMETHTH 00IINE 3aKOHOMEPHOCTH U3Me-
pEHUH: TpU YBEIMYCHWH CTEKIOBHUIHOCTH MPOOKI
YBEIMYMBAETCS CTAOMIBHOCTH PE3yNIbTaTOB, CTAOWIb-
HOCTb PE3YJbTAaTOB JUIS TBEPAOH MIIeHUIBI (00pa3ibl
4-6) BpImIe, yem I MATKoU (06pasiel 1-3), mpudem
00a yTBEp>KAEHUS CHPaBEeIIMBBI KaK JUIS IPOrpaMM-
HOW OLIEHKH, TaK W JJS CTaHAapTHOTro Merona. JlaH-
HBIA (aKT MPOUJLTIOCTPHPOBaH Ha puc. 6. [lomyden-
HOE CHW)XEHHME CTaHJapTHOTO OTKJIOHEHHUS MpH HC-
MOJTE30BAaHUH MTPOTPAMMHON OIEHKH CTEKJIOBHIHOCTH
00BsICHSIETCS, BO-TIEPBBIX, OOBEKTUBHOW, HE 3aBUCH-
mel OT yeloBeKa OIEHKOM IMoKa3arelis, BO-BTOPBIX,
yBenuaeHneM mpoost co 100 no npubnusurensHo 400

HAVYYHOE [NPUBOPOCTPOEHMUE, 2020, Tom 30, Ne 3

0 20

CTeKI0BUIHOCTD, % 100

Puc. 6. CTaHHapTHHe OTKJIOHCHUS MOBTOPACMOCTU KaK
(I)yHKIII/ISI CTCKJIIOBHJJHOCTHU

3epeH. Kpome Toro, cpenHee BpeMst W3MEpEHHsI OIHON
npoObl C HCIIONB30BAHUEM aBTOMATHYECKOW OICHKH
(ITpunoxxenune, tabn. I11) okazamoch MeHbIIE HA TIO-
PSAAOK BpEMEHHU CTaHIapTHOro aHanu3a (tab:i. [12).

BbIBO/JbI

1. CraOuibHOCTh aBTOMATHYECKOTO OTIpEAeTIeHHS
CTCKJIOBHJIHOCTH 3HAYHMTEJILHO BBIIIE CTAOMIBHOCTH
CTaHAAPTHOTO METOAA. JTO MO3BOJISIET PEKOMEHO-
BaTh METOJ| AJs PYTHHHOIO aHajiu3a IMoKa3aTelss Ha
MPEINPUATHSIX 36pPHOBON TPOMBIIUIEHHOCTH U m30e-
JKaTb TOTPELIHOCTH, CBS3aHHOM C CYOBEKTHBHBIM
MHEHHEM CIIELUAINCTA.

2. Huzkue 3aTparbl BpPEMEHU aBTOMATHUYECKOIO
OIPEJEICHNS] CTEKJIOBUAHOCTU I03BOJSIOT ONTUMU-
3UpPOBATh NPOLECC aHAIN3A MILIECHULIBI.

3. IomyueHHsle pe3yJbTAaThl JOKA3bIBAIOT MpHUMe-
HUMOCTb HCIIOJIb30BaHHBIX AJITOPUTMUYECKUX pelle-
HUM B 00JaCTH aBTOMATHYECKOI'O aHalHu3a HpPOIyK-
1115178
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Ta6a. I11. Bpemst u3MepeHus CTEKIOBUIHOCTH Ha auadanockorne "SHTapp'

P. 1O. AHTOHOB
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POSSIBILITIES OF AUTOMATIC WHEAT VITREOUSNESS
DETERMINATION BY DIGITAL IMAGE ANALYSIS

R. Yu. Antonov

Ekan Ltd, Saint Petersburg

Organoleptic methods for the analysis of products lead to a high error and a long duration of such measure-
ments. Therefore, the development of instrumental express methods for determining the quality of products is
a relevant task. The paper explores the possibilities of a program evaluating the wheat vitreousness. The studies
were made using Yantar and DSZ-2 diaphanoscopes. The stability of the measurement results and the time spent
on analysis were compared. We selected samples of soft and durum wheat with vitreousness in the range of 12—
97% for the measurement. The program evaluatingwheat vitreousness made it possible to reduce the standart
deviation of the vitreousness measurements from 5.5% to 1.3%. The average measurement time has decreased

by more than 10 times.

Keywords: measurement automation, image processing,wheat, vitreousness

INTRODUCTION

Wheat quality in Russia is determined according to
GOST 9353-2016 "Wheat. Specification " [1]. This
document indicates what analyses and measurements
need to be carried out to determine the main integral
indicator of wheat quality - its class. The evaluation of
the wheat class takes a long time, since a significant
part of the work is done manually: determination of
the standard composition, elimination of gluten, de-
termination of vitreous steel, assessment of damage by
pests, etc. At the same time, a significant part of the
error of such measurements is due to the bias of orga-
noleptic methods of analysis. Taking into account
these facts, the development of equipment and the
regulatory framework for instrumental express me-
thods for determining grain quality is a relevant
source.

One of the indicators of quality of wheat, which
have been determined in accordance with GOST
9353-2016, is the vitreous nature of wheat. The analy-
sis procedure is described in GOST 10987-76 [2]. The
method itself is reduced to a visual assessment of the
transparency of the grains placed in the diaphanos-
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cope (Fig. 1). During the analysis, 100 grains are
placed in a special cassette, then, using a diaphanos-
cope, the grains are viewed and the number of vi-
treous (transparent), partially vitreous (translucent)
and powdery (opaque) grains in the sample is calcu-
lated, after which the result is calculated.
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Fig. 1. Diaphanoscope DSZ-2 with a cartridge
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Fig. 2. Diophanoscope "Yantar" with a cartridge
and a computer

At the moment, the development of the production
of photosensitive matrices and the distribution of per-
sonal computers [3] made it possible to create a de-
vice for obtaining digital images grain followed by
programmatic assessment of its vitreality (diaphanos-
cope "Yantar", Fig. 2). The analysis is limited to fill-
ing the cassette, placing it in the instrument and ob-
taining a result using software.

There are known studies aimed at studying possi-
bilities of instrumental estimation of grain vitreality
using near-infrared spectroscopy [4], using X-rays [5],
and image analysis in visible area in reflected light
[6]. All these studies show the fundamental possibility
of applying these approaches, but the use of research
class equipment in routine analysis tasks is unsustain-
able due to the complexity and high cost. Diaphanos-
cope "Amber" is designed to obtain images of trans-
mitted grain in the visible region of the spectrum. The
image processing program is based on contour analy-
sis methods and uses algorithms described in works

(71, [8].

PURPOSE AND OBJECTIVES OF THE STUDY

The aim of the study is to determine the possibili-
ties of using a program glassy assessment to make
routine measurements in determining the quality of
wheat grains. The objectives of the project are:

1) develop and implement an algorithm for auto-
matic glassy estimation;

2) compare the stability of the vitreous results by
the standard method and by the software evaluation
method;

3) compare the mean time to determine stack-
gravity by the standard method and the program eval-
uation method.

RESEARCH METHODOLOGY

The automatic glassy estimation algorithm receives
an image of the transmitted grain (Figure 3) and con-
sists of several steps. In the first step, the image is bi-
narized and segmented, during which the outlines of
objects (individual grains) are determined.

At the second step, parasitic illumination is com-
pensated. The fact is that the illuminated platform of
the device cannot be fully filled with grain due to its
shape. Between grains inevitably appear gaps, the
size, shape and position of which are random. At these
intervals, light penetrates into the upper part of the
device and, reflecting from the surface of the grain,
distorts its image. I.e. not only light passing through
the grain, but also light reflected from its top gets into
the camera lens. The action of parasitic illumination is
illustrated in Figure 4. Conditionally, parasitic illumi-
nation can be divided into two components: general
(acts equally on all grains and is proportional to the
total area of the illuminated platform not occupied by
grain) and local (proportional to the area not occupied
by grain, in the immediate vicinity of it).

Fig. 3. The image of the translucent grain

Lens

\A&J\

Fig. 4. The effects of ambient illumination.
1 — common component,
2 — local component
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Fig. 5. The area around the grain used to compensate for the local ambient illumination of the
grain (the analyzed grain is marked *).
On the left is the original image, on the right is the binary image used in the calculations

To compensate for the parasitic illumination, the
brightness of each pixel of the object is recalculated
by the formula:

P'=P—Sk,~ Sk,

where P — is the original pixel brightness value;
So — share of the total area of the platform, free of
grain; S; — is a fraction of the area free of grain near
the j-th grain; ko, k; — are constant coefficients.

Sy 1s calculated as follows:

where C,, — 1is the total number of non-zero pixels;*)
Co — 1is the total number of pixels.

S; is calculated separately for each grain. The cal-
culation uses the area around the grain bounded by the
ellipse (Figure 5).

where Cj, — is the number of non-zero pixels inside
the ellipse; C; — is the area of the ellipse in pixels.

The coefficients ko, k; were calculated experimen-
tally. For this, images of a platform with different
grain filling were obtained and a linear model was
built

M

>SN,

J

V=V+£ﬁf_h+%%’

Y Comment. ed.: the author, under "non-zero pixels", takes
into account the dots of the image (in the article) with a
level other than "white" (255).
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where V' — is the average brightness of the objects
calculated for the entire image; V' — is the average
brightness of the objects, with 100 % platform fill;
N; — is the area of the j-th object in pixels; N —is

the total area of all objects in pixels.

In the third step of the estimation algorithm, the
determination of the vitreality of each grain and the
calculation of the indicator for the entire sample are
carried out.

Research and comparison of measurement results
on diaphanoscopes are based on the method described
in GOST R ISO 5725-3-2002 "Accuracy (correctness
and precision) of measurement methods and results.
Part 3. Intermediate precision indicators of the stan-
dard measurement method" [9]. According to [9], the
main contribution 4 factors are introduced into the
variability of measurements: time, calibration, opera-
tor, equipment. In this case, precision indicators were
investigated with one changing factor (operator) for
different measurement methods. For the study,
6 wheat samples were prepared: 3 soft and 3 solid
samples. Grain samples were provided by the Federal
State Budgetary Institution "Rosselkhoztsentr." The
claimed range of glassy properties of soft wheat sam-
ples was 12-79 %, solid — 73-97 %. These samples
were measured with use of program assessment of
a steklovidnost on the calibrated diafanoskop "Amb-
er" and a standard method on DSZ-2 diafanoskopa.
During the analysis on the Amber diaphanoscope, ap-
proximately 400 grains are estimated, on the diapha-
noscope DSZ-2 — 100 grains. Measurements on a
diaphanoscope DSZ-2 were carried out by 5 different
specialists on one device. Before measurement, spe-
cialists had no information about the results of other
participants and about the declared values of vitreous
samples. Measurements on the Amber diaphanoscope
were carried out 5 times for each sample by different
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specialists. The number t of grain samples and partici-
pating specialists n is selected in accordance with the
recommendations [9]: (n — 1)¢ > 15. During the expe-
riment, the time spent on the test and the results were
recorded. Time spent on the test, includes filling the
cassette and releasing it from the sample.

RESULTS OF RESEARCH
AND DISCUSSION

The obtained measurement data for the program
assessment of vitreality on the Yantar diaphanoscope
are presented in Table 1, for the evaluation using
DSZ-2 — in Table 2.

R. Yu. ANTONOV

Further, following recommendations [9], the mea-
surement results of each of the 6 samples were
checked for emissions using the Grabbs test [5].

The Grabbs statistics are shown in Tables 3 and 4.
According to [10], in the case of G| > Gy 1, the smal-
lest sample value is the emission; if G5 > Gy, the
largest sample value is emission; if Gj, < Gyyieo, the
two smallest sample values are emissions; if Ggs5 <
< Gyita, the two largest sample values are emissions.
Using this criterion, one measurement of the first
sample on diaphanoscope DSZ-2 was excluded from
further analysis (marked * in Table 2).

Table 1. Vitreousness measurement results at the Yantar diaphanoscope

Vitreousness, %
Sample, no. Average value, % STD, %
measur. 1 | measur. 2 | measur. 3 | measur. 4 | measur. 5
1 77 80 78 78 80 78.6 1.3
2 15 14 11 12 15 13.4 1.8
3 44 44 46 45 48 45.4 1.7
4 96 97 96 98 97 96.8 0.8
5 72 74 72 73 74 73 1.0
6 84 83 83 82 84 83.2 0.8
Table 2. Vitreousness measurement results at the DSZ-2 diaphanoscope
Vitreousness, %
Sample, no. Average value, % STD, %
measur. | | measur. 2 | measur. 3 | measur. 4 | measur. 5
1 83 60* 81 79 78 80.3 2.2
2 23 37 11 13 24 21.6 10.4
3 47 61 52 48 56 52.8 5.8
4 97 93 96 97 100 96.6 2.5
5 80 78 74 73 81 77.2 3.6
6 93 90 88 86 96 90.6 4.0
Table 3. Grubbs statistics for vitreousness measurements on the Yantar diaphanoscope
Sample, no. G, Gs Gt Gio Gys Guito
1 1.193 1.043 0.123 0.031
2 1.321 0.881 0.017 0.118
3 0.837 1.554 0.139 0.02
4 0.956 1.434 1715 0.079 0.079 0.009
5 1 1 0.056 0.056
6 0.73 1.095 0.079 0.079
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Table 4. Grubbs statistics for vitreousness measurements on the DSZ-2 diaphanoscope
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Sample, no. G, Gs Giit.1 G Gys Giait2
1 1.75 0.735 — —
2 1.021 1.483 0.094 0.064
3 0.999 1.413 0.101 0.035
4 1.434 1.355 L7135 0.079 0.115 0.009
5 1.179 1.067 0.031 0.092
6 1.157 1.359 0.095 0.042

According to [9], the estimate of the standard devi-

18

Vitreousness, % 100

0 20

Fig. 6. Repeatability standard deviations as vitreousness
function

ation of intermediate precision with a changing mea-
surement factor (operator) S, is expressed as

1 t n —\2
S10) :\/szlzk:l(J’jk —yj) ’

where n — is the number of measurements of one
sample; ¢ — is the number of samples; y, — the k-th

measurement result of the j-th sample; y, — the av-
erage value of the j-th sample.

Thus, S,,, =1.3 for evaluation using the Amber

diaphanoscope and S, =5.5 for organoleptic evalu-

ation using DSZ-2.

It should be noted the general patterns of mea-
surements: with an increase in the vitreous nature of
the sample, the stability of the results for hard wheat
(samples 4-6) increases higher than for soft wheat
(samples 1-3), both statements being valid for both
the program assessment and the standard method. This
fact is illustrated in Figure 6. The resulting decrease in
standard deviation in the use of the program glassy
stance assessment is explained, firstly, by an objec-
tive, non-human-dependent assessment of the indica-
tor, and secondly, by an increase in the sample from
100 to about 400 grains. In addition, the average mea-
surement time of one sample using automatic evalua-
tion (Appendix, Table I11) was less by the order of
time of the standard analysis (Table I12).

CONCLUSIONS

1. The stability of automatic vitreous determination
is significantly higher than that of the standard me-
thod. This allows you to recommend a method for
routine analysis of the indicator at grain enterprises
and avoid the error associated with the subjective opi-
nion of the specialist.

2. The low time required for automatic vitreous de-
termination optimizes the wheat analysis process.

3. The obtained results prove the applicability of
the used algorithmic solutions in the field of automatic
product analysis.

APPLICATION

HAVYYHOE [NPUBOPOCTPOEHMUE, 2020, Tom 30, Ne 3
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Table II1. Vitreous measurement time on the Yantar diaphanoscope

Sample, no. Time, 8 Average value, s
measur. 1 | measur. 2 | measur. 3 | measur. 4 | measur. 5

1 27 35 24 29 33 29.6

2 30 24 23 25 31 26.6

3 25 20 28 32 22 254

4 20 22 24 21 29 23.2

5 27 22 24 34 28 27

6 26 29 21 23 25 24.8
Average value for all samples, s 25.8

Table I12. Vitreous measurement time on diaphanoscope DSZ-2

Sample, no. Determination time, s Average value, s
measur. 1 | measur. 2 | measur. 3 | measur. 4 | measur. 5

1 552 280 281 326 304 348.6
2 603 291 254 372 357 375.4
3 580 311 302 362 341 379.2
4 556 263 290 311 282 340.4
5 629 267 247 398 266 361.4
6 518 318 273 361 293 352.6

Average value for all samples, s 359.6
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