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ABTOMATH3MPOBAHHAS COPTHUPOBKA A0JI0K CHCTEMOH TEXHMYECKOI0 3peHust
C HCKYCCTBEHHOM HEeiiPpOHHOM CeThI0 IIIY0OKOro 00y4eHus

Automated sorting of apples by vision system with deep learning artificial
neural network
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OO0si3arenbHOM  omepariiel mpu  TOBapHOM 00pabOTKE TUIOAOB  SIBISIETCS
coprupoBaHue. VICronb30BaHWE aBTOMATH3MPOBAHHBIX COPTHPOBAIBHBIX — MAIlIHH
MO3BOJISICT 3HAYMTEIILHO MTOBBICUTH KAYECTBO COPTUPOBAHUS M ITPOU3BOIUTEIILHOCTD [1].
JUis  co3maHusi aBTOMATU3MPOBAHHOM JIMHUM COPTHPOBKM IIOAOB OOOCHOBaHA
KOHCTPYKTHBHO-TEXHOJIOTUYECKasi CcXema cucteMbl TexHudeckoro 3penus (CT3)
COCTOsIIAst U3 ONTHYECKOTO MOJYJIS, IEKTPOHHOTO OJIOKa yrpaBlieHUs] U KoHBeiiepa. B
MpoIecce MCCIEeOBaHMs OOOCHOBAaHBI OJHO TPU3HAKOBBIA THUM TIOTOKA ILIOAOB C
OJHOMEPHOM, PaBHO WHTEPBAIBHOM HMX MOJAYEH W MPUHYIUTEIBHBIM BpaALICHUEM,
pa3pabotaHsl Momenb u  anropuT™  ¢yHkuumonupoBanusi CT3, mnporpammHOe
o0ecriedeHre Ha OCHOBE aJITOPUTMOB CETMEHTAITUY I[BETOB TUIOJIOB U TPEKHUHTA, & TAKXKE
nryookoro ooOyuenust (MHC) obGecrnieunBaroniye pacro3HaBaHHE pa3MEpOB IUIOIOB U
MOBPEXJIEHUI OT MEXaHMYECKOrO BO3ICWUCTBUS, BpenuTenield U Oone3Hel. B kauectse
ocHoBbl MHC ucnonk3oBanach cerMeHTalmoHHasi ceTh lraspp mobilenetV3 u3 makera
mmsegmentation PyTourch. Oo6yuenne WMHC mnpoBomuiock Ha H300paKeHUSIX
peanpHBIX 070K mocpenctBoM mporpammbel LabelMe. Ha wuzoOpaxenun miona
pa3Meyaluch €ro MOMOJIOIMYECKME OCOOEHHOCTH, a Takke 10 pa3lMyHBIX KIIACCOB
nedextoB. [lomyueHHble pa3MeueHHbIE H300pakeHUs IUIOAOB  CPOPMUPOBAIH
ATAJIOHHYI0 00yyarotnyto BeIOOPKY. [IpoBepka addexruBnocTu padorst MHC mokazana,
YTO TOYHOCTB OIPEICICHHS BBICIIEro copra sioaok cocrasiser 0,763, mepsoro — 0,825,
BToporo — 0,851, 6e3 coproBbix 5010k — 0,864. Co3znannas CT3 ¢ MHC npuveneHa B
muann coptupoBku 500k JICII-4 pazpadorannoit PYII «HIIL HAH bemapycu mo
MEXaHHU3AINH CETbCKOTO XO3SHUCTBA», IPUEMOYHBIE UCITBITAHUSI KOTOPOU TIOKA3aJIH, 9TO
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OHa 00eCIeunBaeT TOUHOCTh COPTUPOBKH 1O pazmepy — 75,4%, 1o Hamuuuio AeQeKToB
— 73,1 % u npou3BOAUTENHLHOCTD TpyAa 1,8 /4.

A mandatory operation in the commodity processing of fruits is sorting. The use
of automated sorting machines can significantly improve the quality of sorting and
productivity [1]. To create an automated fruit sorting line, a structural and
technological scheme of a technical vision system (VTS) consisting of an optical
module, an electronic control unit and a conveyor is substantiated. In the course of
the study, one indicative type of fruit flow with one-dimensional, equally interval
feeding and forced rotation was substantiated, a model and algorithm for the
functioning of the STZ, software based on fruit color segmentation and tracking
algorithms, as well as deep learning (INS) were developed that provide recognition of
fruit sizes and mechanical damage, pests and diseases. The segmentation network
Iraspp mobilenetV3 from the mmsegmentation PyTourch package was used as the
basis of the ANN. ANN training was carried out on images of real apples using the
LabelMe program. On the image of the fetus, its pomological features were marked,
as well as 10 different classes of defects. The resulting labeled images of fruits
formed a reference training set. Checking the efficiency of the ANN showed that the
accuracy of determining the highest grade of apples is 0.763, the first - 0.825, the
second - 0.851, without varietal apples - 0.864. The created STZ with INS was used
in the LSP-4 apple sorting line developed by RUE "SPC NAS of Belarus for
Agricultural Mechanization", the acceptance tests of which showed that it ensures the
accuracy of sorting by size - 75.4%, by the presence of defects - 73.1% and labor
productivity 1.8 t/h.

KRR M T i —IEgR G MR 2 i . M BBk S n] LA
e g MAE (1], & 7 BV H B KR a4, MRS 1 ki
BARG (VS) WEEIHEM TSR, ZASHCEREAL ., &3 B oo i issg
. TERFFERES, BE TR M. SR R I A A Sm T e ) B — R
BRI R, B2 7 STZ EATRIBI ARG, FE R /K S BH (7 81 A1 PR IR SRV
IRRS, DLIBE IR AR (ANN) HSERE, AT RECRAH 7K SR KN DL R B 1 52
e EIERIIESE . mmsegmentation PyTourch B H) 70 B4 H lraspp
mobilenetV3 #ZFH{E ANN Hy3EME. fHH] LabelMe F2z N L &8 44 g i 47
HEHALENIS. B EER bR T R ERE, R 10 EA RS
AIHIGRRE . ik A KRR GG EMR IE R T 2508 EE . md ANN HIREE
T, WEE R HARE R ERERE & 0.763, 2B A4y 0.825, A
0.851, fEm#IERRFAy 0.864. Jr Al A A AT 1) STZ & H ik LA
B—AZE [ AR 7 B 2R B = SE Bt R B A s | B 95 1) LSP-4 38
ForiEsr, BfloRECRET, R EARIREE 1 IERE E RST - 75, 4%, SREAIAF

594 Teopvm cuctem, anre6pav|‘-|eCKa;| 6uonorus, VICKyCCTBeHHbIVI NHTENNEKT: MateMaTn4yeCckne OCHOBbI 1 NPUNOXeHUA



E- 73.1%. 5ENAE S 1.8 WA/ /N,

JTumepamypa References 2EEH

1. Kazakevich P. P., Yurin A. N., Prokopovich G. A. Vision system for apple
defects recognition: substantiation, development, testing. National acad. Sciences of
Belarus. Ser. ag-rar. navuk. 2021. T. 59, No. 4. p. 488-500. https://doi.org/
10.29235/1817-7204-2021-59-4-488-500.

2. Yurin A. N. Innovative technological processes and technical complexes for
intensive horticulture in Belarus / A. N. Yurin. - Minsk: Belarusian Science, 2022. -
208 p.

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 595



	4
	Таким образом, искусственный интеллект, а также общественные отношения, связанные с его созданием и использованием, постепенно приобретают правовую форму, которая развивается в системе координат, заданной идеями приоритета прав человека, безопасности личности, общества и государства. Принимая во внимание поддерживаемую доктриной практику правого регулирования в данной сфере, можно прогнозировать укоренение разрешительного правового режима оборота технологий и систем искусственного интеллекта, расширение юридических гарантий безопасности человека и его прав, обеспечение правового бытия искусственного интеллекта в строго определённых параметрах. Стоит ожидать экстенсивного развития предмета законодательного регулирования в области искусственного интеллекта, усложнение его структуры и системы юридических норм, обеспечивающих гармоничное сосуществование людей и интеллектуальных систем.
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