NPUNOXEHUA

K ctatbe E.[. Kombiwesa, M.A. leHaeBa, V.. bycosa, M.B. KoxeknHa, H.B. AptemeHko, A.lO. Mnaroneson,
B.C. Kosans, [I.A. ApoHHMKoBa «OnpegeneHmne cogepxaHna MenaHHa U aHTOLMAHOB B 3epHax AUMeHA
Ha OCHOBe aHanM3a UndPOoBbIX N306paXKeHN MeTOgaMN MALLMHHOTO 00yYeHNA»

[Mpunoxenus 1 12 cogeprkar XapaKTePUCTHKK 00Pa31IOB SIUMEHS: Ha3BAHUE, COJCPIKaHHE MEIAHIMHOB, aHTOIIMAHOB,
TUICHYATOCTH/TOJI03EPHOCTb. JIOMOIIHUTETLHO OTMEUYCHBI TOJTy003epHBIC M (PHOIETOBO3EPHBIC 00PAa3IbI TaM, TIE ATO
OBLIO BO3MOXKHO, OCKOIIBKY JUTsS 00pa3IioB, KOTOPHIE OJHOBPEMEHHO HAKAIIMBAIOT aHTOIMAHBI U MEJIAHUH, TaKas
XapakTepu3alys 3aTpyIHUTEIbHA. B aHali3e [[BET aHTOLMAHOB HE YUUTHIBAJICS.

MpunoxeHue 1. O6pa3upbl C TEMHOWN OKPACKo 000SI0UEK 3epHa 1 C HEOKPALLEHHbBIM 3€PHOM
Ana obyyatoLen 1 TeCToBOW BbIGOPKM

Obpazel Ha3BaHue obpasua MenaHuHbI AHTOLMaAHbI MneHyaTbI/rono3epHbii




E.G. Komyshev, M.A. Genaey, |.D. Busov ... Determination of melanin and anthocyanin content
A.Y. Glagoleva, V.S. Koval, D.A. Afonnikov in barley grains by digital image analysis

OKoHYaHue npunoxeHus 1

Ob6paszel Ha3BaHue obpasua MenaHunHbI AHTOUMAHDI MneHYaTbIN/roNno3epHbIn
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MpunoxeHne 2. O6pa3Lpbl C Pa3NNUYHLIMU KOMOVIHALMAMM MUTMEHTOB B 3€PHe,
npencTaB/ieHHbIE B OT/IOXKEHHON BbIGOPKe

Ob6paszel Ha3BaHue obpasua MenaHuHbI AHTOUMAHDI lonosepHocTb/
MJ1eH4aToCTb
60 .................................... k3282(V|R) ........................... ﬂ ; ............................................. HeT .......................................... rono3epr M ........................

67 .................................... k17384(V|R) ......................... ,u ; ............................................. ﬂ ; ............................................ I'InquaTb||/| ..........................

68 .................................... k 1 7 554( V |R) ......................... ﬂ a ............................................. )1 a ............................................ rono3epr M ........................

69 .................................... k1883o(v|R) ......................... ,q ; ............................................. HeT .......................................... I'InquaTbM ..........................

75 .................................... k20024(V|R) ......................... u ; ............................................. HeT .......................................... nnquaTbm ..........................
6 k20028 (VR) | Her la(ony6on) | fonosepHbii
8 k20079 (VIR) | Her la(rony6on) | fonosepHbit
105 .................................. k3477(V|R) ........................... ﬂ ; ............................................. )1 ; ............................................ rono3eprm ........................

”0 .................................. k15150(V|R) ......................... HeT .......................................... ﬂ ; ............................................ I'InquaTbM ..........................

”8 .................................. k19068(V|R) ......................... ﬂ ; ............................................. )1 .a.l ............................................ I'InquaTbm ..........................

122 .................................. k25872(V|R) ......................... ,u ; ............................................. ,u ; ............................................ rono3epr||/| ........................

124 .................................. k26750(V|R) ......................... ﬂ ; ............................................. HeT .......................................... nnquaTbm ..........................

161 ................................... k26311(V|R) ......................... ﬂ ; ............................................. HeT .......................................... nnquaTbm ..........................

162 .................................. k11356(V|R) ......................... p, ; ............................................. HeT .......................................... rlneHLIaTbIVI ..........................
7a k22501 (VR) | Her Na (vonetosbiin) | fonosepHbii
181 ................................... k26105(V|R) ......................... ﬂ ; ............................................. ,u ; ............................................ I'InquaTbm ..........................

185 .................................. k22603(V|R) ......................... HeT .......................................... HeT .......................................... nnquaTbm ..........................

196 .................................. k3302(V|R) ........................... ,u .a. ............................................. ﬂ ; ............................................ I'InquaTbM ..........................

197 .................................. k13241(V|R) ......................... ﬂ ; ............................................. HeT .......................................... nnquaTbm ..........................

200 .................................. k176(v|R) ............................. ,u ; ............................................. HeT .......................................... I'InquaTb||/| ..........................

201 ................................... k1067(V|R) ........................... u ; ............................................. )1 ; ............................................ nnquaTbm ..........................

Wh_31J‘|421(|cG) ............................ HeT .......................................... HeT .......................................... nnquaTbm ..........................

Wh32 ............................ Morex (| CG) ........................... HeT .......................................... HeT .......................................... I'In qu a T b M ..........................
Wh33 Benoropckwit (ICG) | Her Her Mnewvatoii
‘Wh3a larectamcknit (ICG)  Her | Her Mnewvarom
Wh3s KpacHospckwit (ICG)  Her Her Mnewvatoii
Wh36 ............................ T an aH( |CG) ............................ HeT .......................................... HeT .......................................... I'In qu a T b M ..........................
Wh_37 ............................ A n em(lce) ............................. HeT .......................................... HeT .......................................... |'|n qu a T b M ..........................
Wh38 ............................ I/IMﬂynbc ................................ HeT .......................................... HeT .......................................... I'InquaTb||/| ..........................

METOJbI [MTYBOKOIO MALUVMHHOIO OBYYEHUA AN BUOUHOOPMATUKU U CUCTEMHOW BUOJIOTAN /
DEEP LEARNING METHODS IN BIOINFORMATICS AND SYSTEMS BIOLOGY



E.G. Komyshev, M.A. Genaey, |.D. Busov ... Determination of melanin and anthocyanin content
A.Y. Glagoleva, V.S. Koval, D.A. Afonnikov in barley grains by digital image analysis

MpunoxeHue 3. Mpouecc NonyyeHns M306parkeHNn 3epeH AUMEHS No NPeANoKeHHOMY NPOTOKOSy
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MpunoxeHue 4. Mprmep n3obpaxeHna obpasua c HAHECEHHON BPYUHYIO pa3MeTKOM 3epeH (KpacHbiM)
W rpaHnL Yawwku MNeTpu (3eneHbim). Ana obyyeHns Mogenn cermeHTaLnm NCnosib3oBanach Pa3smeTka
obnacT 3epeH (KpacHbIM).

METO/bl IMTYBOKOIro MALLMHHOIO OBYYEHUA AJ11 BUOUHOOPMATUKM U CUCTEMHOW BUONOTUN /
DEEP LEARNING METHODS IN BIOINFORMATICS AND SYSTEMS BIOLOGY
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MpunoxeHne 5. OnucaHue npoueaypbl CTpaTUdUKaLMM AaHHbIX

Jlns monmy4eHHbIX M300pakeHus OblLTa MCIIOJIb30BaHa CTpaTH(UKALHUA 110 00pa3nam: Bce U300paKeHUsI OTHOTO
oOpasiia Bcerja HaXoAWJIUCh B OHOW nojBbiOopke. [liisi cOalaHCUPOBAaHHOCTH pacHpe/ielieHNs] MYJIbTHKIACCOB
B KaX/0il MoJBbIOOpKE ObUI MCIIOIB30BAH aJrOPUTM HUTEPATHBHOW CTpaTH(HKAIMK, PEalM30BaHHBI B METOJE
iterative train_test split() momxyis model selection python 6mbmmorekn skmultilearn (Szymanski, Kajdanowicz,
2017). lauHbie 0 pa3oueHnd 00pa3IoB Ha MOABBIOOPKH MTPE/ICTABICHBI HIDKE B IBYX TAOIHUIIAX.

PacnpegeneHvie o6pa3sLoB no obyualoLer, BaiMaaLMOHHOW, TECTOBOW 1 OTIIOXKEHHOW BbI6OpKam

Bbibopka O6pasLubl, nonasLume B BbIGOPKY

O6yuatoLan 32,24,Wh_10, 28, Wh_25, 35, Wh_29, 41, Wh_07, 21, 17, Wh_26, Wh_06, Wh_17, 27, Wh_14, Wh_32,
Wh_24, Wh_04, Wh_21, 34, 05, 04, 15, Wh_36, Wh_08, 01, Wh_03, 14, Wh_02, 22, 40, 39, 30, 02, 07, 26, 20, 38,
Wh_28, 36, Wh_35, Wh_33,Wh_09, 10, 25, Wh_34

Pacnpenenexne 06pasLoB no obyyaioLei, BanngaLyioHHOW, TECTOBOW 1 OT/IOKEHHON BbiGOpKam
B MPOLEHTHOM COOTHOLLEHNN OTHOCUTESIbHO OCHOBHOW BbIGOPKM

O6yuatoulan BannpaunoHHaa TectoBas OTnoxeHHasa  [NapameTp

47(60%) .................. 16(20%)16(20%) .............. 29 .......................... KonmquTBOO6pa3uOB ...............................................................
26(63%)8(20%)7(17%) ............. 20 .......................... KonmquTBOO6pa3HOBCaneHTOM ......................................
21(55%)8(21%)9(24%)9 ......................... KonmquTBOO6pa3HOB6e3aneHTOB ...................................
17(61%)6(21%)5(18%)16 .......................... KonmquTBoo6pa3HOBCMG”aHMHOM .....................................
12(60%)4(20%) .................... 4(20%)12 .......................... Konmqecmowpasuo“aHToumaHaMM ..................................
sse% 202  202% 8 KOMECTB0 0BPa3UOB C MeNaHUHaMI 1 aHTOLMaHaM
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MpunoxeHune 6

M3BneuyeHmne LBETOBbIX AECKPUNTOPOB 13 MaCOK 3epeH

Jlnist oncaHus IIBETOBBIX XapaKTEPUCTUK 3€PECH MBI HCTIOJIB30BAJIH ITPEICTABICHHE [[BETA B BU/IC YCTHIPEX MOACICH:
RGB, HSV, Lab, YCrCb (Gowda, Yuan, 2018; Kombrmes u nip., 2020). Kaxnas u3 HUX IpeACTaBIsSeT IBET B BUJIC
TpeX KOMITOHEHT. 3HaYEeHUs KOMIIOHEHT OHOTO ITPOCTPAHCTBA MOTYT OBITH ITOJYUICHBI ITyTeM ITpeoOpa3oBaHuUil 3HA-
YeHUH KOMIOHEHT ApYTroro. [{BeToBbIe 1eCKPUNTOPHI BBIYUCIIUIMCH HE3aBUCHMO JUISI KasKIOW M3 9TUX KOMIIOHEHT.

[lepBblif THI JECKPUNITOPOB: CPEIHIE 3HAUCHUSI HHTEHCUBHOCTH KOMIIOHEHTBI JIsl TUKCENEH OT/Ie/IbHOTO 3epHa.
J11s1 3TOTO M3HAYaIBHO BBIYUCIISUIA OOBIYHBIN CpeTHUI IBET MUKCeNnei. Jlanee BBIYNCIISIN CPETHEKBAPATHIECCKOE
OTKJIOHCHNE KOMITOHEHTHI M OTOPACHIBAIN MTUKCEIIH, 3HAUCHHE KOMIIOHEHTH! KOTOPHIX OTKJIOHSUIOCH Oojiee YeM Ha
TPH CPETHEKBAIPATHICCKUX OTKIOHEHMS. [l OCTAaBIINXCS MHUKCENIeH BHOBD BBHIUMCIISUIA CPEIHEE 3HAYCHHUE KOM-
TIOHEHTBI, KOTOPOE MCIIOIB30BAIH JTaliee.

CJIeayroIIuii TUIT IBETOBBIX XapaKTEPHUCTHK — INI00ATbHAS IIBETOBAs rucTorpaMma. OHa OLICHHBACTCS ITyTEM pas-
OUEeHHsI TPEXMEPHOTI'O IIBETOBOTO IPOCTPAHCTBA HA TPEXMEPHBIC OUHBI, pa3Mep KOTOPBIX OANHAKOB U ONPEIEISIeTCS
4HCIOM OMHOB Ha KOMITOHEHTY, d. B ntore mosyuaercst obiee koianuecTBo d3 6unoB. Kakapiit Oun onpeensercs
unHnekcamu (i, j, k=1, ..., d), COOTBETCTBYIOIIUMH TPEM KOMIIOHEHTaM, ¥ HHTEPBaJIaM{ HHTEHCHBHOCTH TI0 K)K0H
KOMIIOHEHTE B ipenenax (ixb;, (i+1)xb;; jxbj, (j+1)xbj; kxby, (k+1)xby), tie b — 310 pasmep OnHa MO0 KOMIOHEHTE C.
MBI HCTOJIB30BAIH JIBA THITA THCTOrpamM ¢ d = 4 (Bcero 64 neckpuntopa) u d = 8 (Bcero 512 1ecKpUITOPOB).
3HaueHHe KaXJ0ro OMHa COOTBETCTBYET UUCITy MUKCENIEH 3epHa, NONaJaoIluX B TUANa30Hbl HHTEHCUBHOCTEH 1O
KOMITOHEHTAaM.

JleckpunTop AOMNHAHTHbIX LBETOB
JeckpunTop JOMHHAHTHBIX IIBETOB 00ECIIEUNBACT KOMIIAKTHOE OTHCAHHE PEIPE3CHTAaTUBHBIX [IBETOB Ha M300pa-
skeHuH win obmact nzobpaxenus (Cieplinski, 2001).

Jeckpunrop onpeaensercs Kak

F= {{Cz’,Pi, V,'}, S}a (l = 1: EREE) N),

rae N — YUCIIo IOMUHAHTHBIX 1[BETOB. KayKaplil JOMUHAHTHBIH LIBET ¢; — 3TO BEKTOP COOTBETCTBYIOIIUX KOMIIOHEHTOB
I[BETOBOTO NpocTpaHcTBa (Hampumep, 3D BekTop mpoctpanctBa RGB). Jlons p;, HOpManu3oBaHHasl HA 3HAYCHUS
Mexy 0 1 1, 3TO 107151 TMKCeTel Ha M300pakeHUH HITH 00JIACTH H300paXKeHHUsI, COOTBETCTBYIOMIEH 1BeTY ¢;. Omino-
HaJlbHAs JUCIICPCHS I[BETA V; OIICHIBACT BapHaOebHOCTh [IBETA MTUKCEIICH B KJIACTEPE BOKPYT COOTBETCTBYIOUICTO
penpe3eHTaTUBHOIO (JOMHUHAHTHOTO) 1BeTa. [IpocTpaHCTBEHHAs KOTEPEHTHOCTD § — 3TO YUCIIO, MPEJICTaBIIsIOLIee
00LIYI0 TPOCTPAHCTBEHHYIO OHOPOIHOCTh JOMHUHUPYIOLIMX [IBETOB Ha U300PaKEHHH.

Mopenu knaccudumkaumm NUrmeHTHOro coctaBa Ha ocHose CNN

B Harreli paboTe MBI HCITONIB30BaJIM METOJT TpaHCc(hepHoro o0ydeHus (transfer learning): HauanbHbIC 3HAUCHHS HA0OPA
JAHHBIX CETEBBIX BECOB OBUIN ITONYYCHBI ITyTeM OOyUeHHS CETH Ha Habope maHHbIX ImageNet. Monmenu o0yganich
HA BCIO DIyOMHY, 3aMOPOXKEHHBIX CIIOCB He ObL10. 115 yBennueHusl pazmepa o0ydaroiiell BBIOOPKH U MOBBIIICHUS
reHepaIn3aluy UCIIONIb30BAINCh AyTMEHTAUN U300paKEHHI alrOpUTMAMHK, PEAIM30BaHHBIME B OHOIMOTEKE
Albumentations (Buslaev et al., 2020). IIpeobpa3oBanns kK H300paskeHUSIM U3 00ydarommeii BHIOOPKH MPUMEHSIIICEH
¢ BeposiTHOCTHIO (.5 M BKIIOYANIM: BEPTUKAJIbHBIE U TOPU3OHTANIbHBIC OTpaxkeHuss Metomgamu HorizontalFlip() u
VerticalFlip(); n3ameHenue sspkocTi U KoHTpacTHOoCcTH MeTonoM RandomBrightnessContrast(brightness limit=0.2,
contrast_limit=0.2).
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MpunoxxeHune 7. letanu apxmteKTypbl 1 NapameTpbl 0byueHus
MOZENV CerMeHTaLunn 1 Mofenei Knaccudrkauum NnMrmeHTHOro CocTaBa 3epeH

3apava 0O603HaueHne Apxutektypa DyHKUMA NOTEPb MeTpuka Yucno Pasmep HauanbHan
Moaenu Kopepa anox 6aTya  CKOpOCTb
0byueHus obyuyeHna
BbigeneHue U-Net ResNet-18 Dice loU 10 4 Ir=5e-5
obnacTu 3epeH
Knaccnoukauma  ResNet-18 ResNet-18 BCEWithLogitsLoss + Accuracy 10 16 Ir=5e-5
¢dparmeHTa Sigmoid

obnacTu 3epeH

CermeHTayusa U-Net+ClassHead EfficientNetBO BCEWithLogitsLoss, loU (cermeHTauuns), 10 2

n Knaccudukauma Diceloss + Sigmoid  Fscore n Accuracy

N306paxKeHnin (knaccndukauwma)

CermeHTauus U-Net+ClassSegment ResNet34 DiceLoss + Sigmoid  MopgepHu3mnpo- 10 4 Ir=1e-4
N306paxeHnin BaHHaA loU

2-KaHanbHas

MpunoxeHne 8. Matpua owN6GOK onpeaeneHns Knacca o6pasLoB 3epeH.

A, AM, M, NP — aHTOLMaHbI, aHTOLMaHbl 1 MelaHWHbI, MeNaHVHbI U OTCYTCTBUE MUTMEHTOB COOTBETCTBEHHO;
H - nneHyatble 3epHa.

NP

AM

True label

NP-H

A-H

AM-H

NP M A AM NP-H M-H AH AM-H
Predicted label

Cnucok nutepatypbl / References

Kowmpimres E.I'., ['enaeB M.A., AdbonnukoB JI.A. AHaIM3 BETOBBIX U TEKCTYpPHBIX XapaKTEPUCTHK 3€PEH 3JaKOB Ha IMH(POBBIX U30-
OpaxeHusx. Basunosckuii srcypuan cenemuxu u cenexyuu. 2020;24(4):340-347. DOI 10.18699/VJ20.626
[Komyshev E.G., Genaev M. A., Afonnikov D.A. Analysis of color and texture characteristics of cereals on digital images. Vavilov
Journal of Genetics and Breeding. 2020;24(4):340-347. DOI 10.18699/V]20.626]

Buslaev A., Iglovikov V.I., Khvedchenya E., Parinov A., Druzhinin M., Kalinin A.A. Albumentations: fast and flexible image augmen-
tations. Information. 2020;11(2):125. DOI 10.3390/info11020125

Cieplinski L. MPEG-7 color descriptors and their applications. In: International Conference on Computer Analysis of Images and Pat-
terns. Springer, Berlin, Heidelberg, 2001;11-20

Gowda S.N., Yuan C. ColorNet: Investigating the importance of color spaces for image classification. In: Asian Conference on Com-
puter Vision, Springer, Cham., 2018;581-596

Szymanski P., Kajdanowicz T. A scikit-based Python environment for performing multi-label classification. arXiv preprint arXiv.
2017;1702.01460

8 BaBunoBckuii XKypHan reHeTuku u cenekuum / Vavilov Journal of Genetics and Breeding - 2023 - 27 - 7



