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Abstract. Fruit cultivation is a significant part of the country economics and agriculture. In this paper, aiming to
improve apple cultivation, we trained a neural network for apple detection using the YOLOV5 architecture, utilizing the
dataset from the Izp-2021/1-0134 project. The dataset consisted of a set of apple tree photographs with apple fruits. Dataset
contained 40 images with size 640x640 px. YOLOv5m model was trained five times. The best result model achieved
mAP@0.5 equal to 0.9 and mAP@0.5:0.95 equal to 0.63. The artificial intelligence opens new possibilities for horticulture
saving resources, which can be redirected on other tasks significantly increasing the efficiency of commercial orchards.

Keywords: artificial intelligence, fruits, object detection, precision horticulture, YOLOVS5.

levads

Auglkopiba ir butiska ne tikai cilvékiem, bet arT lopkopiba. Augli tiek pielietoti gan
cilveéka, gan majdzivnieku diéta. Auglkopiba nes lielu veértibu ne tikai ka partikas avots, bet ar1
ekonomiskaja zina. Dazadi augli tiek patéreti miljoniem cilvéku visa pasaulg, kas veicina tirgus
un ekonomikas kopgjo izaugsmi. Dala ekonomikas ir balstita uz partikas produktu pardosanas,
tostarp augliem. Auglkopiba un auglu pardoSana nodroSina cilvékiem darbavietas, ienakumus
un ieguldijumu pasaules ekonomika.

Lieli komerciali aboli darzi vienmér prognozeé abolu razu, planojot abolu tirdzniecibu.
Loti svariga ir preciza datu vaksana, novértéSana un analize. Ar moderno tehnologiju un
maksliga intelekta (MI) palidzibu prognozésanas procesus var vienkarsot. M var apsekot lielu
komercialu auglu darzu, saskaitit taja esoSo koku skaitu, aprékinat auglu skaitu konkréta auglu
darza sektora. Sada veida darzkopji sp&j optimizét plano$anas un datu analizes procesu un
uzlabot resursu pielietosanas efektivitati. [etaupitus resursus, pieméram, laiku, darbaspéku u.c.,
var izmantot citiem uzdevumiem, kas palielinas abolu un citu auglu audzeSanas efektivitati un
rentabilitati.

Neironu tikli ir matematiskie modeli, kas spgj imitet cilvéka smadzenu darbibu, jo Tpasi
sp&ju macities Uz piemériem. MI ir vissvarigaka tehnologija musdienu industrija, kas spgj
apstradat un izmantot datus dazadas dzives nozarés, tostarp darzkopiba. Saja raksta ir apliikota
neironu tiklu apmaciba abolu skaitiSanai.

Pétijjuma mérkis: apmacit YOLOv5m modeli, kas sp&j meklet abolus darza fotografijas.

Uzdevumi:

1) sagatavot datu kopu neironu tikla apmaciSanai;
2) apmacit neironu tiklu, pielietojot YOLOv5m modeli;
3) novértét apmacita neironu tikla precizitati.

Materiali un metodes
Lai apmacitu YOLOV5 neironu tiklu, tika izmantotas fotografijas, kas tika savaktas lzp-
2021/1-0134 projekta ietvaros. Datu kopu veido 40 640x640 pikselu izméra attéli, kuros att€loti
koki ar aboliem. Sakuma visi attéli tika saglabati viena kopiga mapé, un péc tam, izmantojot
Python skriptu, visi attéli tika nejausi sadaliti tris dazadas mapé€s. Pirmas divas mapes ir
paredzetas neironu tiklu apmacibai - apmacibas un validacijas kopas; un vél viena mape ir
paredzeta test€Sanai. Zemak ir paradits piemers ar diviem att€liem no datu kopas (sk. 1. attelu).
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1. attels. Attelu pieméri no datu kopas

Datu kopa tika sadalita tris dazadas mapées attieciba 65%, 25% un 10%, atbilstosi —
apmacibai, validacijai un testéSanai. Tas bija nepiecieSams, lai pareizi apmacitu modeli un
parbauditu ta atpaziSanas precizitati. Pielietotas tehnologijas: dators ar NVIDIA videokarti, kas
atbalsta CUDA tehnologiju [1], YOLOVS5 satvars [2], Python un MakeSense [3].

Nakamais solis bija apmacit neironu tiklu ar YOLOv5mM modeli, izmantojot personigo
datoru un pielietojot GPU (Graphics Processing Unit) skaitlosanu. YOLOVS neironu tikla
apmaciba sastavéja no vairakiem posmiem — YOLOvS5 pakotnes tika instalétas, ieklaujot
nepiecieSamas atkaribas, tika izvéléts YOLOvSM modelis, YOLOv5m precizitate tika
novertéta, tika veikta neironu tikla apmacibas progresa vizualizacija, test€jot treninus ar
att€liem, rezultati tika saglabati secinajumu izstradei. Lai ieglitu precizakus trenina rezultatus,
visas §1s darbibas tika veiktas 5 reizes, katru reizi mainot trenéSanas, validacijas un parbaudes
kopu att€lus.

Rezultati un diskusija
Neironu tiklu apmacibu veica piecas reizes, lai varétu vélak novertét tas efektivitati un
izveleties labaku rezultatu. P&c katras apmacibas mes saneémam grafikus ar atskirigiem
rezultatiem. Lai turpmak veiktu aprékinus, més saglabajam testa grafikus, jo tie satur
nepiecieSamo informaciju, lai novértetu cik labi tika pamacits neironu tikls.Zemak ir paraditi
labakie apmacibu rezultati (skat. 2. att.).
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2. attels. Apmacibas rezultati: labakais gadijums

2. att€la ir pieci grafiki ar zaud&juma un precizitates rezultatiem.
Zaudgjuma funkcijas:

e val/box_loss: §1 diagramma parada modela veiktsp&ju, precizi prognozgjot robezlodzinu
ap aboliem. Sakotngja liela mainigums stabiliz€jas, kas liecina, ka, apmacibai
progresg€jot, modelis kliist labaks, lai att€los lokalizétu abolus.

e val/cls_loss: klasifikacijas zudumu grafiks parada modela sp&ju pareizi klasificét
identific€tos objektus. levérojamais zaud&umu samazinajums norada uz uzlabotu
klasifikacijas precizitati laika gaita, noradot, ka modelis klust arvien prasmigaks, lai
atSkirtu abolus no fona.

e val/dfl_loss: attélojot modela nesp&ju pareizi noteikt objektus, validacijas noteik$anas
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klimes zudums sakas augsts, tacu iev@rojami samazinas, ejot uz priekSu, atspogulojot
modela pieaugosas sp&jas atpazit un noteikt abolus dazados apstaklos.
Precizitates funkcijas:

e MAP@O0.5: vidgja precizitate krustojuma virs Savienibas (IoU) slieksna 0,5 saglaba
augstas vertibas visa pasaul€, kas liecina, ka modelim ir spéciga sp&ja pareizi noteikt
abolus, ja prognoze un pamatpatiesiba parklajas vismaz par vienu (50%).

e MAP@0.5:0.95: Saja diagramma ir sniegts precizitates novertejums loU slieksnu
diapazona no 0,5 lidz 0,95. AugSuposa tendence norada uz modela palielinasanos
sp&ju noteikt abolus dazados parklasanas [imenos, un veiktspgjas limenis samazinas,
tuvojoties vélakiem laikmetiem. Sis plato parada, ka modelis ir sasniedzis
konsekventu noteikSanas sp&ju dazadas precizitates prasibu pakapes.

Lai saprastu, cik labi modelis atpazist objektus, un piefiksétu precizitati, p&tijumos
izmantosim mAP@0.5:0.95 maksimalas vertibas. Zemak var redzet tabulu ar mMAP@0.5:0.95
maksimalam veértibam no visam 5 apmacibam (skat. 1. tab.).

1. tabula
MAP@0.5:0.95 maksimalas veértibas péc katras apmacibas
Nr. 1 2 3 4 5
mMAP@0.5:0.95 0,57579 0,57835 0,59459 0,62373 0,63259

P&c vértibu sakartoSanas var secinat, ka:
e Minimala mAP@0.5:0.95 vertiba — 0,57579;
e Maksimala mAP@0.5:0.95 vértiba — 0,632509.
Mediana tiek aprekinata pielietojot nepara skaitla formulu (1), iegiistot rezultata
vertibu —0,59459.
Me=X [nT-i-l], 1)

kur X — sakartots vértibu saraksts; n — vértibu skaits datu kopa.
Lai atrastu vidgjo vertibu, izmanto nepiecieSamo formulu (2) un ieglist rezultatu —
0,60101.

V: x1+x2+-~-+xn’ (2)

n
kur x — vértiba no kopas X, n — vértibu skaits kopa X.

Lai parbauditu, cik labi strada apmacitais neironu tikls, tika pielietota vizuala metode.
Pielietojot apmacito neironu tiklu, tika apstradatas bildes. Parskatot att€lus bija konstatets,
ka dazos att€los neironu tikls atzimgja abolus, kur drosi nevar pateikt, ka tur ir abols, ka ar1 ne
loti precizi uzzimétas robezas. Piem@ru ar $adiem att€liem var apskatit zemak (skat. 3. att.).
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3. attéls. Abolu atpaziSanas piemeérs, pielietojot apmacito neironu tiklu

Secinajumi

YOLOv5m neironu tikls tika apmacits meklét abolus auglu darzu fotografijas, izmantojot
personalo datoru ar NVIDIA grafisko karti, kas atbalsta CUDA tehnologiju un izmantojot
MakeSense tehnologiju. Eksperimenta tika izmantotas fotografijas savaktas projekta Izp-
2021/1-0134. Datu kopa saturgja 40 att€lus ar 640x640 pikselu izméru.

Saja pétijuma katras apmacibas sesijas beigas mes ieglistam zaud&jumu un precizitates
grafikus, bet més nemam v&ra un izmantojam maksimalo MAP@0.5:0.95 vértibu, lai
atspogulotu modela precizitati. Galigaja rezultata més ieguvam 5 veértibas, kur minimala vertiba
ir 0,57579 un maksimala vertiba ir 0,63259. Ar1 ar formulas aprékinu palidzibu mes uzzinajam,
ka medianas vertiba ir 0,59459, bet vid€ja vertiba ir 0,60101. Pasas beigas, izmantojot iebiivéto
YOLOVS5 skriptu neironu tikla test€Sanai un testa att€lus, mes veicam p&dgjo testu, kura neironu
tikls méginaja atpazit abolus. P&c testa rezultatu parbaudes tika konstatéts, ka maksligais
intelekts nesp&ja identificét vai precizi noteikt abolu, ko dal&ji aizsedza lapotne, vai arT ne
vienmer sp&ja identificét pat acimredzamu abolu. Tacu vairuma gadijumu neironu tikls pareizi
atpazina un izc€la skaidras abola robezas.

So modeli var uzlabot daudzos veidos. Ja ir lielaks apstradajamo fotografiju apjoms un
maksligo intelektu var apmacit atpazit abolus pat nestandarta situacijas. Sadi uzlabojumi prasis
vairak resursu apmacibai, bet tad tas sevi attaisnos un resursu patrin$ samazinasies vairakas
reizes.

Summary

Fruit production is a very important part of life, not only for humans but also for animals.
Fruit is a source of sucrose, vitamins and many nutrients that are so necessary for humans.
Fruit is of great value not only as a source of food but also in economic terms. Different fruits
are consumed by millions of people around the world, contributing to the overall growth of the
market and the economy. Part of the economy is based on the sale of food products, including
fruit. Growing and selling fruit provides people with jobs, income and a contribution to the
world economy. Large commercial orchards always forecast the yield of apples and other
fruits, as detailed data collection, evaluation and analysis are essential when growing apples
for sale.

Using neural networks to detect fruits on trees involves training the network with images
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of trees and their fruits. Neural networks can be employed to identify fruit on trees by training
them with images of trees and their corresponding fruits. Through computer vision techniques,
the network can subsequently recognize and tally fruits by analyzing their characteristics such
as shape, size, color, and texture. This paper explores the viability of utilizing the YOLOv5
neural network for apple detection in orchards.

The neural network YOLOV5 was trained on a dataset which is 40 pictures of apples on
trees. In the images, we manually labeled all apples using the MakeSense image annotation
tool. The training was performed on a computer with an NVIDIA graphics card supporting
CUDA technology. This technique allowed the neural network to take the labeled apples in the
photos as an example, thus training the artificial intelligence to recognize and label apples in
videos and photos. Recognition was not successful in all cases, but average recognition
accuracy was found. Using modern technologies such as YOLOV5 will advance the optimization
of agricultural operations and bring great benefits in terms of saving resources, while efficiency
and productivity will be increased.

In this study, at the end of each training session, we obtain visual loss and accuracy
graphs, but we consider and utilize the maximum mAP@0.5:0.95 value to reflect the model's
accuracy. In the final results, we obtained 5 values, where the minimum value is 0.57579 and
the maximum value is 0.63259. Additionally, with the help of calculations, we found that the
median value is 0.59459, but the average value is 0.60101. Ultimately, using the built-in
YOLOVS5 script for neural network testing and test images, we conducted the final test where
the neural network attempted to identify apples on the apple tree. After verifying the test results,
it was found that the artificial intelligence failed to identify or accurately determine apples
partially obscured by foliage, or sometimes even failed to identify obvious apples. However, in
most cases, the neural network correctly recognized and highlighted the clear boundaries of
the apple.

This model can be improved in many ways. If there is a larger volume of processed
photographs and artificial intelligence can be trained to recognize apples even in non-standard
situations. Such improvements will require more resources for training, but then it will justify
itself, and resource consumption will decrease several times.
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