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AUTO FILTERING OF APPLE FLOW ON THE CONVEYOR LINE
IN THE VARIETY RECOGNITION SYSTEM

Mema — Odocaioumu ¢hinempauiro 300pajxceHns NOMoky s0AYK HA KOHGEEPHIl AiHil 6 cucmemi
PO3NI3HABAHHS IX PI3HOBUOIE.

Memoou. Y pobomi 0asa nidsuwenns echekmusHocmi po3nizHaeaHus pizHo8udie 104yK y nomouyi
0y10 3acmoco8ano memoodu npocmoposoi ma uacmomtoi inbmpauii 306pasicets.

Pesyavmamu. Poszensnymo cxemy aemomamu308aH020 YNPAGAIHHA NPOUECOM COPMYBAHHS
A01VK, WO 8KAOHAE 6 cebe cucmemy po3Ni3HABAHH XAPAKMepUCmuK 10ayK, a came posmip d, eazy
m, Koaip g, agmomamusosany cucmemy ynpasainns (ACY) npouecom copmyeanus 10ayx, 8UKOHA8-
Yyl Mexaniam. 3a3Ha4eHo, wo cucmema po3nizHaeaHHs pizHosudie a0.1yK Ha 0CHOBI HU3KU (homoepa-
hiuHux 300pascenv, a makodic iHgopmauyii npo poamip, eaezy i Koaip 104yK y NOMoui Ha KOHGEEPHIll
AiHIT 8U3HAYaAE micye po3mauly8anHs ma sidcmedcye nepemiuierts a0ayK neenoeo pizHosudy. Ha
ocHogi ompumanoi ingpopmauii ACY gpopmye Kepyrouuil 6niue UKOHAB4020 MEXAHI3MY, AKULL 8i0-
OKPeMAIE A0MYKa WYKaH020 pi3Ho8uUdy i3 3a2anbH020 Nomoky. Soayka, wo 3aAumuiucs, Hanpae-
ASOMbCA 8 RPOMUCA08ULL nepedin 045 GUPOOHUYMBA COKY abo A0AYUHOI CUpOBUHU Y 6U2As0i NOBUOAA
abo diucemy. Jlocaioxnceno, wio echekmusHicms po3nizHABAHHSA PI3HOBUOIE AOAYK Y NOMOYI 3ANeHCUMb
8i0 sxocmi ii pomoepagiunux 300paxcensb, a cNOMBOPEHHA 300PANCEHHS | HAABHICMb WYMIE 3HU-
35Mb AKICMb GU3HAYEHHS KOHMYPIB I, IK HACAI00K, XApaAKmepucmux okpemux 06’ exmie. Bunuxuen-
Hs nepeukod modice 6ymu UKAUKAHO K 3MIHOI XApaKkmepucmuk 104yK i nogimps, max il iHuumu
mexHonoeiuHumu YuHHUKamu. Kopomxocmpokogi nepeutkoou, noe’ ss3ami 3 mpuearicmio nOpiGHsIHHS
Qixcauyii kadpie sideokameporo, 0OUiNbHO ycysamu YcepeOHeHHIM 0eKiAbKoX NOCAI008HUX Kadpie.
3a3zuaueHno, wjo 104yKa, AKi 3HAX00AMbCA 8 NOMOUI HA KOHBEEPHI NIHII, CNPUYUHAIOMb OesKe 3HU-
JICEHHSI KOHMpPAcmy 300pajceHHs, CHOmMeopro4l po3nodin nomoky. Ilpome uacmkose noeauHaHHs
i pO3CIsIHHS C8IMN06020 BUNPOMIHIOBAHHS NPU3800UMb 00 3MEHUIEHHS DI3KOCMI OMPUMAH020 (Homo-
epaghiunoeo 300paxcents. byno ecmarnoeneno, wio 015 6ioHo6AeHHS omoepadiunux 300padiceHs 6
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YMOBAX BUNAOKOBUX NePeuLKo0, BUKAUKAHUX 3MIHOI0 804020CMI, PYXOM A0AVK U000 KOHBEEPHOI AIHIT
il damuuka 8ideocucHany, a MaKkoic 306HIUHIMU NAPAMEMPAMU HABKOAUUHB020 cepedosuula 00-
YiNbHO 30ilICHIO8AMU 3 BUKOPUCIMAHHAM Memodie npocmopogoi i uacmommoi ghinompauii 300pajicens.

Karwuoei caosa: konseeprna ainis, npoyec copmyeants, gpomoepaghiute 300paycents, xapaKme-
pucmuku 504y, onepamop Jlanaaca, memod Piuapocona-Jlioci, soayka.

ITocranoBka npo6Jemu. EdhekTUBHICTb po3Mmi3HaBaHHS Pi3HOBUIIB SA0JIYK y TTOTOLI Ha KOH-
BEEPHIM JIiHil iCTOTHO 3aJIEXXUTh Bil IKOCTi (poTorpadiuyHux 300paxkeHb. CIOTBOpEeHHS 300pa-
KEHHS$I 1 HasIBHICTb 1IYMIB MNpU3Bele A0 HEeNpPaBUIbHOIO BU3HAUYEHHS XapaKTEPUCTUK SIOJIYK.
BuHUKHEHHS nepenkoa Moxe OyTH BUKIMKAHO 3MiHOIO MOBITPsI 00 iHIIMMU TE€XHOJIOTiYHU -
MU YMHHIKaM#. KOpOTKOCTPOKOBI ITepellIKOAM, OB’ sI3aHi 3 TPUBAJIICTIO MOPiBHIHHS (iKcallii
KaapiB BiAeoKaMepolo, JOLIIbHO YCYBAaTU YCEPEIHEHHSIM JIEKiJIbKOX MOCTiTOBHUX KaapiB.

AHaji3 oCTaHHIX JOCJiIKeHb i myomikamiii. BupimeHHs 3aBaaHHs MiABUILEHHS SIKOCTi 30-
OpaxkeHHSsI MOTOKY SI0JYK Ha KOHBEEPHil JIiHil NOTpedye AOCiIXKEHHSI METOAIiB MPOCTOPOBOI i
4yaCcTOTHOI (pinbTpallii 300paxeHb. A0ayKa, 1110 3HaXOASAThCS B ITOTOLIi HA KOHBEEPHili JIiHii, BU-
KJIMKAIOTh 3HUXXEHHSI KOHTPACTY 300paXkeHHSI, CIIOTBOPIOIOYM PO3MOAiA MOTOKY, X04a IMOTiK y
300paxkeHHi B LiJIoMy 30epiraetbces. J1sl yCyHEHHSI LIbOIo HEJOJIiKY i yac 00po0JIeHHsI 300pa-
JKEHHSI Moxke OyTH BUKoprcTaHuii oniepatop Jlannaca [1]. Crig 3a3HayuTH, 1110 Yyepe3 nudepeH-
HianbHUI XapakTep omneparopa Jlamiaca, ainstHKU poTorpadiyHoro 300pakeHHs 3 MOCTIHHUM
3HAYEHHSIM SICKPABOCTI IMepPeBOAsATLCS B HYJIb. HacTKOBE MOTJIMHAHHS 1 PO3CiSIHHSI CBITJIOBO-
ro BUIMPOMIiHIOBAaHHS MPU3BOAUTH 0 3MEHIIEHHS Pi3KOCTi OTpUMaHoOro gororpadiuyHoro 30-
OpakeHHs1. 3acTocyBaHHS aroputmy Pidapacona-JIioci € iTepaliiHUM i mOAiOHUM 10 METOAY
MaKCUMaJbHOI MPaBIOMOmiOHOCTI, Y IKOMY 300pakeHHSI MOACTIOETLCS Y BUTIISII CTAaTUCTUK
Ilyaccona [1, 2].

MeTa ctatTi — gocaiaKeHHs (inbTpallii 300paxkeHHS MOTOKY sI0JIyK Ha KOHBEEPHI JiHii B
CUCTeMi po3Mi3HaBaHHS iX pi3HOBU/IIB.

Buknan ocHoBHOro marepiany nociaimkennsa. Ha puc. 1 mogaHo cxeMy aBTOMaTH30BaHOTO
YIIpaBIIiHHS IIPOLIECOM COPTYBaHHS S0JYK, 110 BKJIIOYAE B ceOe CUCTEMY PO3ITi3HABaHHS XapaK-
TEPUCTUK 0JIyK, a came po3Mip d, Bary m, KoJjip g, ACY mnpoliecoM copTyBaHHS SIOJIyK, BUKO-
HaBuMii MexaHi3M. CucTteMa po3Ii3zHaBaHHS Pi3HOBUIIB sI0JyK HA OCHOBI cepii (hoTorpadiuHmx
300pakeHb, a TaKOX iH(popMalIil mpo po3Mip, Bary i Koip S0JIyK y TTOTOIli Ha KOHBEEPHIt JIi-
Hil BU3HAYa€ Miclle po3TalllyBaHHS Ta BiICTEXYE MepeMillleHHs sI0IyK MeBHoro pizHoBuay. Ha
OCHOBIi oTpuMaHoi iHpopMalii ACY dhopmye Kepyrounii BILTMB BUKOHABYOTO MEXaHi3My, SIKUIA
BiJOKpeMJIIo€ s10JIyKa LIYKAHOTO Pi3HOBUY i3 3arajabHOro MoToky. A0jyKa, 110 3aJIuIInaIncs,
CIIPSIMOBYIOThCSI B TIPOMUCJIOBUM TIepeAis il BAPOOHUIITBA COKY ab0 SI0JIydHOI CUPDOBUHM Y
BUIJISIII TOBUIJIA 00 IKEMY.

Baxxn1Boio xapakTepUCTUKOIO B JTaHOMY BUITaJKy € PO3Mip SI01yK, BUSHAUEHHS SIKOTO J0-
LJIHO 3AiMICHIOBATU 3 BUKOPUCTAHHSIM aBTOMAaTUYHMX 3aCO0IB Bi3yaJlbHOTO CITOCTEPEKEHHSI.
Lle 103BOJUTD TAKOX 3MiACHIOBATHU BiACTEXKYBaHHS MePEMillleHHS SI0J1yK ITOTOLI HA KOHBEEPHIiit
JIiHIi Ta 1X TToJaJIbIIIe COPTYBAHHSI.

EdexTuBHICTh po3Mi3HaBaHHS Pi3HOBUIIB SI0JYK y MOTOL 3aJIeXKUTh Bil sIKOCTi ii ¢oTo-
rpadiyamx 300paxkeHb. CITOTBOPEHHS 300paXkeHHS i HAIBHICTH IITyMiB 3HIKYIOTh TOUHICTh BU-
3HAUYEHHS KOHTYPIB i, IK HACJTiOK, XapaKTepPUCTUK OKpPeMUX 00’ €KTiB. BUHMKHEHHS MepeiKo
MOXe OYyTU BUKJIMKAHO SIK 3MiHOIO XapaKTePUCTUK SI0JYK Ta MOBITPs, TaK i TEXHOJOTNIYHUMU
YUHHUKAMMU.

K 3a3Hayvanocs BUlle, sI0yKa, 110 3HAXOASAThCS B MOTOLI HA KOHBEEPHI JIiHi1, BUKIIU-
KalOTh 3HUXXEHHS KOHTPACTy 300pakeHHSs, CIIOTBOPIOIOYX PO3IOIIT IMTOTOKY, X04a MOTIiK Y 30-
OpaxkeHHi 3arajioM 30epiraeTbcs. sl yCyHEeHHS LIbOTO HEAOJiKY MiJ yac o0pobieHHs 300pa-
>KeHH$ OYB BUKOpMCTaHU ontepaTop Jlamnaca [1], skuii ajist 300pakeHHs f(x, y) 3aJa€ThCS 3a
dopmylioro

V2 fay) - L0005 (), (1
ox? ox’
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Cucrema ACY mnponecom
pO3Mi3HaBaHHS -=-%»  CcOpTyBaHH:A
XapaKTePUCTHUK SOTYK S0TyK
7y
1
1
[Tpoayxkr, mo X L 4
ijyIArae IpucTpiil 115 . ) o
CODTYBAHHIO PHCTPIM AT BukonaBumii MexaHi3m Tp OMHCIIOBHH
pTY COpTYBaHHS nepein
(s6yKa)

Pucynok 1 — Cuctema yrpasiiHHS IIPOLIECOM COPTYBaHHSI SIOTYK

AxK yucenbHy HaONMMXKEHHA MOXiAHUX IPYrOro MOPAIKY BUKOPUCTOBYIOTh

2;{=f(X+1,y)+f(x—l,y)—2f(x,y); )
2;—{=f(x+1,y)+f(x—1,y)—2f(x,y)- 3)

V pesynabrati nincranoBku (1), (2) y (3) orpuMaeMo:
Vo[ Ly)+ =L )+ Sy D+ Sy =Dl 4f (). (4)

ITigBuiieHHs sIKOCTi (hoTorpacdiyHOTO 300paKeHHS 3 BAKOPUCTaHHSIM orepatopa Jlarmmaca
3MiMICHIOIOTH 3a (DOPMYIOI0

g(6,y)= f(%y)+ey> f(n), 5)

ne f(x, y) — BuxigHe 300paxeHHs; g(x, ¥) — MoKpallleHe 300pakeHHs; ¢ — mapameTp, 110
IOPIBHIOE 1, SIKIIO LEHTPAJIbHUI KOeDIlliEHT MacKM € MO3UTUBHUM [3], B iHIIIOMY BHUITaAKY
JopiBHIOE —1.

Yepes nudepeHuiaTbHUM XapakTep oneparopa Jlamiaca giasHku ¢gotorpadiyHoro 306pa-
JKEHHS 3 NOCTIMHMM 3HAYEHHSIM SICKPABOCTI MEPEBOASATHCS B HYJb. 11 BiTHOBJIEHHS TOHAIb-
HOCTi TaKMX JiISTHOK 10 MIEPETBOPEHOTO 300paKeHHsI OyJI0 JOAaHO BUXiTHE.

ITpuknagom pe3yabTaTy 3aCTOCYBaHHs ornepatopa Jlannaca € otorpadiuHe 300paxkeHH:I,
nomaHe Ha puc. 2.

ITigBuIiLIeHHS Pi3KOCTi OYJIO TOCSATHYTO 3aCTOCYBAaHHSIM BMCOKOYACTOTHOI (pinbTpallii, sska
nocaadI0e HU3bKI YaCTOTH 1 3aJIMIIIa€ BUCOKI YacTOTH nepeTBopeHHsT Pyp’e BiTHOCHO HE3MiH-
Humn. [lepemaBanbHy QYHKIIII0 BUCOKOYACTOTHOTO (DiIbTpa OTPUMYIOTH 3a BilITOBITHOIO (DYHK-
1LIi€10 HU3BbKOYACTOTHOTrO (inbrpa [4, 6, 7, 8]

th(u,v)zl—Hlp(u,v). (6)

PucyHnok 2 — 3acrocyBaHHs oreparopa Jlamiaca 1o ¢potorpagiuyHoro 300paxkKeHHs:
a — TI0YaTKOBE 300paxkeHHST; 6 — MEPETBOPEHE 300PaAKEHHS
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Jlo 300paxeHb TOTOKY S0JyK Ha KOHBEEPHIN JIiHil OyJIM 3aCTOCOBAHi BMCOKOYACTOTHI
GinbTpU, OTpUMaHI 3 ifeaabHOro iabTpa HU3bKUX YacToT i pinbTpa Taycca. IneanbHUT HU3BKO-
YacTOTHUH (iJIETP Ma€ mepeaaBaabHy (PYHKIIIIO

L, axuwo D(u,0)<D,;

H(u,0)= (7)
0, axuo D(u,0)<D,

ne D, — 3anaHe HeBiI eMHe yucnio; D(u, v) — BIICTaHb Bill LEHTPY (GUIBTPA 0 TOUKH (U, V).

[eomMeTprYHMM MiClIEM TOYOK, Ui AKUX D(u, v) = D, € KOJIOM, TOOTO ineanbHuil Qiabrp
MHOXXUTH Ha HYJIb YCi KOMIIOHEHTH OBOBMMIipHOIO IMCKPETHOTro nepeTBopeHHsI Dyp’e doTo-
rpacdiyHoro 306paxxeHHs F (u, v), sIKi BUXOISTh 3a MeXi KoJia, a BCi KOMITOHEHTH BCEPEIUHI Ta
Ha KOPIOHi KoJia 3ajIMIlIa€ HE3MiHHUMM (MHOXUTH Ha OJUHUIIIO).

YV mpoiieci pyxXy KOHBEEpa CITOCTEPIraEThCS IMEPEMIIIEHHSI OKPEMHUX SIOIYK IIOA0 KOHBEEP-
HOI CTPiYKHU, BUKJIMKAHE BiOpaIli€lo CTPIYKY i IBUILIEM cerperarlii.

ITicasa npoBeneHHsT JOCHiAXEeHb BCTAHOBJIEHO, 110 KpalllMM Pe3yJIbTaTOM 3 BiIHOBJIEHHS
¢otorpadiuyHoro 3006paxkeHHs1 00’eKTa € (iabTpallis 3rinHo 3 MetogoM Pivapacona-Jlioci [1, 2,
5,9, 10]. Makcumizalist (pyHKIIii TpaBAOMOAIOHOCTI MOAEi MPUBOAUTH A0 PiBHSIHHS, SIKE BU-
KOHYETBCS 32 YMOBH 3012KHOCTI TaKUX iTepaLiit

g(x,y)
h(xay)']}k(xay) '

TakuM yuHOM, BigHOBJIEHHSI (poTOorpadiuHuX 300paxkeHb B YMOBaxX BUITAAKOBHUX LIYMIB i
MepeIIKo/l, BUKJIMKAHUX 3MiHOIO BOJIOTOCTi Ta pyXoM sI0JyK 1100 KOHBEEPHOI JIiHii I JaTYnKa
BiZleOCHUTHAJTY, a TAKOX 3MiHOIO MMapaMeTpiB HABKOJIMIIIHLOIO CepelOoBUILIA, JOLIIbHO 3AilCHIO-
BaTU 3 BUKOPUCTAHHSIM METOiB ITPOCTOPOBOI i YaCTOTHOI (piibTpallii 300pakeHb.

BucnoBku. OTXe, cuctemMa po3mi3HaBaHHS pi3HOBHUIIB S0JIyK Ha OCHOBI cepii (poTorpa-
¢iuHMX 300paxKeHb, a TaKOX iH(opMallii mpo po3Mip, Bary i Kouaip sI0JyK y MOTOLi Ha KOH-
BEEPHIil JIiHiI BU3HAYA€ MicClle pO3TalllyBaHHSI Ta BiACTEXY€E IepeMillleHHS s01yK MEeBHOIO
pizHoBuay. s 11bOro OyJ0 AOCHIIXEHO CXeMy aBTOMATM30BAaHOTO YMpPaBIiHHS MPOLECOM
COPTYBaHHS S0JyK, 110 BKJIOYAE B cebOe CUCTeMy PO3IMi3HABaHHSI XapaKTepUCTUK SOJYK, a
came po3Mip d, Bary m, KOJIip g, aBTOMaTU30BaHy CUCTEMY YIIPaBJIiHHS MPOLIECOM COPTYBaH-
H4 s10JIyK, BUKOHAaBUMI MexaHi3M. JloBeaeHo, 1110 BiTHOBAEHHS (hoTorpadiuHUX 300pakeHb B
yMOBaXxX BUITaIKOBUX IITYMiB i ITepeIIKO, BUKJIMKAHUX 3MiHOIO TeMIIEpaTypu, BOJIOTOCTi, pPyXy
1IOJI0O KOHBEEPHOI JIiHil i (hiKCyl0Uuoro NprucTpolo, a TaKoX 3MiHOIO MapamMeTpiB HaBKOJMIII -
HbOTO CepeloBuIlA, JOLUUIBHO 3IiCHIOBATH 3 BUKOPUCTAHHSIM oriepartopa Jlannaca i aiaro-
putmy Pivapncona-Jlioci.

f Ei(,y) = LR [ HGy)- )
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Objective. The aim of the article is to study the auto filtering of apple flow on the conveyor line in
the variety recognition system.

Methods. In this work, methods of spatial and frequency filtering of images were applied to in-
crease the recognition efficiency of varieties of apples in a stream on a conveyor line.

Results. A scheme of automated control in the process of sorting apples is considered, which in-
cludes a system for recognizing the characteristics of apples, namely size (d), weight (m), color (g),
an automated control system (ACS) for the process of sorting apples, and an actuator. It is noted that
the apple varieties recognition system based on a series of photographic images, as well as information
about the size, weight and color of apples in the stream on the conveyor line, determines the location
and tracks the movement of apples of a certain type. Based on the information received, the ACS gen-
erates the control action of the actuator, which separates the apples of the desired type from the general
stream. Apples that remain are sent to the industrial redistribution for the production of juice or apple
raw materials in the form of jam or jam. It is proved that the recognition efficiency of apple varieties
in a stream depends on the quality of its photographic images, and image distortion and the presence
of noise will reduce the accuracy of determining the contours and, as a result, the characteristics of
individual objects. The occurrence of interference can be caused by a change in the characteristics of
apples and air, as well as technological factors. Short-term obstacles associated with the duration of
the comparison of frame fixation with a video camera should be eliminated by averaging several con-
secutive frames. It is emphasized that for apples located in the flow on the conveyor line, they cause a
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decrease in the image contrast, distorting the distribution of the flow, although the flow in the image as
a whole is preserved. To eliminate this drawback during image processing, the Laplace operator can be
used. However, partial absorption and scattering of light radiation leads to a decrease in the sharpness
of the resulting photographic image. It was found that to restore photographic images under conditions
of random noise and interference caused by changes in humidity and the movement of apples along the
conveyor line and video sensor, as well as changes in environmental parameters, it is advisable to use
the adaptive median filtering method and the Richardson-Lucy iterative method.

Key words: conveyor line, sorting process, photographic image, characteristics of apples, Laplace
operator, Richardson-Lucy method, apples.
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Mema — ydockonaaumu cnocio 3aconr08anHs CMagKo8oi pudbu 3 UKOPUCMAHHAM YAbMPA38)-
K060i 00po0OKU. JlocaiodxncenHs: 8i0n08IOH020 npoyecy 0acms 3Mo2y OMPUMAMU PAUiOHANbHI napame-
mpu, wo CApUSMUMYmMbd iHMeHCU@IKauii mexHoa02iYHO20 NPOYECY 3ACONOBAHHS.

Memoou. Y npoueci docaidxicenv suKopuUcmMaHo eKkcnepumeHmanbHi Memoou 3 UKOPUCMAHHIM
KOHMPOAbHO-8UMIDIOBANBHOI anapamypu 8i0nogionoi mounocmi, cmandapmui memoouku docai-
0JICeHHS Xap4080i CUPOBUHU, CY4ACHI Memoou Mamemamu4Hoi CmamucmuKi.
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