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Abstract. The monitoring of Colorado potato beetles in large fields is a complex and time-consuming
process that requires accurate data collection, analysis, and interpretation. The use of artificial intelligence
(Al) can greatly simplify this complex process by automatically monitoring fields and detecting beetles marking
locations of their location. We trained an object detection neural network using YOLOv5 framework using the
dataset with 150 images of the Colorado potato beetles photographed in the natural conditions. We trained
YOLOv5s model and got the most perfect result that was 0.995 mAP. Using the best trained neural network, we
can now put videos and image files in the code and the neural network will run and detect all the Colorado
potato beetles in the given files automatically.
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levads

Kolorado kartupelu vabolu invazijas monitorings lielos kartupelu laukos ir sarezgits un
laikietilpigs process. Maksliga intelekta (Al) izmantoSana var ievérojami vienkarSot So procesu,
automatiski uzraugot laukus un identificjot inficétas rindas un lauka kvartalus. Tas lauj
lauksaimniekiem iegiit savlaicigus datus par kartupelu laukiem un savlaicigi cinities ar
Kolorado vabolém. Turklat Al nodarbinasana varbiit izdeviga no ekonomiska viedokla, jo
ietaupito laiku un resursus var novirzit citiem uzdevumiem, uzlabojot kartupelu audzeSanas
efektivitati un rentabilitati.

Neironu tikli ir viens no modernas datorzinatnes progresivakajiem un strauji
attistoSakajiem tehnologiskajiem risinajumiem, kas sp&j apstradat un interpretét datus dazadas
jomas, tostarp gudra lauksaimnieciba. ST pétijuma objekts ir neironu tiklu izmanto$ana
Kolorado vabolu atpazisanai laukos, piedavajot daudzsolo$u risingjumu kartupelu razas
aizsardzibai.

Petijuma merkis: apmacit maksligo intelektu, lai tas spetu atpazit Kolorado vaboli attela
vai video.

Uzdevumi:

1) Sagatavot att€lu datu kopu ar kolorado vabolém.

2) Izpildit datu kopas anotaciju.

3) Apmacit neironu tiklu atpazit Kolorado vaboles, pielietojot YOLOVSs modeli.
4) Parbaudit modela atpaziSanas kvalitati ar citam bildém un video failiem.

Materiali un metodes
YOLOV5s [1] apmacibai tika atlasitas un izvélétas 150 bildes no interneta vietnes
INaturalist [5], kuras satur Kolorado vaboles (sk. 1. att€lu). 1zmantojot jau gatavo servisu
INaturalist Open Data, tika lejupieladétas bildes.

https://doi.org/10.17770/het2024.28.8254
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1. auéls. Kolorado abo]u bilzu piemeri

Kad bildes bija veiksmigi icladétas, tika izveidota mape un taja ieks$a vel divas
apakSmapes, pirma ar nosaukumu “images” un otra ar nosaukumu “labels”. Abas mapgs tika
izveidotas vél divas mapes ar nosaukumiem “train” un “val”. Bilzu mapé “train” tika ievietotas
100 bildes un “val” mapé atlikusas 50.

Lai apmacitu YOLOv5s modeli, vispirms veicam datu kopas anotacijas YOLO formata,
un So procesu veicam, izmantojot timekla vietni "makesense.ai" [2]. leladgjam att€lus un
manuali mark&jam katru redzamo kolorado vaboli (sk. 2. attélu). Kad visas 150 bildes tika
iezimé&tas kolorado vaboles tika eksportéta .zip pakotne ar YOLO formata failiem. (Actions >
Export Annotations > A .zip package containing files in YOLO format). Kad faili tika izvilkti
no .zip pakotnes, tos ievietojam mapé “labels”, “train”.

2. attels. Marketas Kolorado vaboles

Talak tika atvérta oficiala YOLOV5 GitHub lapa [1], taja var atrast saiti uz Google Colab
[3], kur ar gataviem koda piemériem ir paradits ka apmacit YOLOV5.

Python koda, izmantojot iepriek§ uztaisito mapi ar bildém un YOLO formata teksta
failiem, tika veikta maksliga intelekta neirona tikla trené$ana ar priek§ apmacitu YOLOvVS5s
modeli uz COCO128 datu kopas (sk 3. att€lu). Tren&Sanas procesa tika izmantots 50 epohu
daudzums.

©

Ipython train.py --img 640 --batch 16 --epochs 50 --data coco128.yaml --weights yolov5s.pt --cache

3. attéls. Python kods, lai trenétu maksligo intelektu

26



Rezultati un diskusija

Labakais tren&Sanas rezultats bija 0.995 mAP (mean Average Precision), kas ir gandriz
perfekts precizitates rezultats. Zemak attéla (sk. 4. att€lu) ir paradits salidzinajums starp
manuali apvilktajam bildém (augs€ja rinda) un YOLOVS apvilktajam bildém (apaksgja rinda),
ka arT YOLOvV5s pie nosaukuma blakus pievienojs parliecibas raditajs (confidence score) no
0,1 11dz 0,9, ka var redzet neirontikls bija loti parliecinats par rezultatiem un apvilktas vaboles
robezkastes var teikt ir identiskas un parliecibas radita;js, ka bildg€ ir redzama kolorado vabole
ir uz maksimala.

ColoradoBeetle™" - ColoradoBeet7

ColoradoBeetle 0.9 -, - oBeetle 0.9

W \ /

4. artels. Salidzinajums starp kolorado vabolu bildem (Augseja rinda — manuali apvilktas
robeZkastes, apakSeja — YOLOvSs apvilktas robeZkastes)

Zemak ir paraditi grafiki (sk. 5. att€lu), kuros ir redzami zaud&juma un precizitates
raditaji.
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5. artéls. Grafiki ar precizitates un zaudejumu raditajiem

train/box_loss — tas grafiks norada uz zaud€jumiem, kas saistiti ar prognozésanu, kas
saistiti ar ierobezojoSo kastu (bounding box) koordinatu prognozésanu trenéSanas laika. Tas
parada, cik precizi modelis regresé ierobezojoSo kastu koordinatas. Zemakas vertibas norada
uz labaku veiktsp&ju, precizi lokalizgjot objektus attélos [4].

train/obj_loss — tas grafiks norada uz zaud&jumiem, kas saistiti ar objektu detektéSanu
trenéSanas laika. Tas parada, cik precizi modelis identificé un klasific€ objektus att€los. Tiesi

27



tapat ka iepriek$€jam grafikam zemakas vertibas norada uz labaku veiktsp&ju, precizi atpazistot
objektus [4].

metrics/mAP_0.5 — tas grafiks norada uz vidgjo precizitati (mean Average Precision -
mMAP), kas aprékinata pie Krustpunkta par SavienoSanu (Intersection over Union - loU) sliek$na
0,5 novértejuma laika. Sis grafiks kvantificg objektu detektéianas precizitati, nemot véra gan
precizitati (cik daudz no paredz&tajiem noteikumiem ir pareizi), gan atgrieSanu (cik daudz no
patiesajiem objektiem ir konstateti) pie konkréta loU sliekSna. Augstakas vertibas
‘metrics/mAP_0.5" norada uz labaku veiktsp&ju [4].

metrics/mAP_0.5:0.95 — tas grafiks norada uz vidgjo precizitati (mean Average Precision
- mAP), kas aprékinata pie dazadiem Krustpunkta par Savienosanu (Intersection over Union -
loU) slick$niem, kas svarstas no 0,5 lidz 0,95 novértéjuma laika. Sis grafiks nodrosina
visaptveroSu novért€§jumu par objektu detekteSanas veiktsp&ju, nemot vera precizitati un
atgrieSanu dazados IoU sliekSnos. Augstakas vértibas ‘metrics/mAP_0.5:0.95" norada uz
kopgjo labaku veiktsp&ju, precizi atpazistot un lokaliz&jot objektus dazados IoU slieksnos [4].

Secinajumi

Izmantojot MakeSense riku un Google Colab vidi tika apmacits maksliga intelekta
YOLOv5s modelis, kur$ var atpazit un iezimét bilzu vai video failos Kolorado vaboles. Bildes,
kas tika izmantotas apmacibai, tika izv€lGtas no interneta vietnes INaturalist. Neirona tikla
apmaciSanai izmantojam 50 epohu skaitu. M&s konstatéjam skatoties miisu datu kopas apjomu,
ka 50 epohu skaits bija pietickoSs apmaciSanas procesam, jo p&€dgjie rezultati bija ar vertibu
0,995 mAP. Péc veiksmigas neirona tikla apmacibas sanémam klidu un precizitates grafikus,
kuros tika paradits ka neirona tikls macas un ka ar katru nakoso apmacibas epohu mAP pieaug.

Verts pieminét, ka modela precizitati var uzlabot palielinot datu kopas apjomu, lai neirona
tiklam bitu vairak bilZzu pieméru ar Kolorado vabolém no kuram varétu precizak noteikt kur
atrodas objekts un tadé] precizak iezimg&jot robezkastes. Bet ja tiek palielinats datu kopas
apjoms attiecigi ir japalielina apmacibas epohu skaits un apmaciSanas process biis ilgaks.
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Summary

Summary: The YOLOvV5 model was trained to recognize Colorado potato beetles using a
dataset comprising 150 images sourced from the INaturalist website. These images were
downloaded using the INaturalist Open Data server. The dataset was divided into training and
validation sets, with 100 images in the training set and 50 images in the validation set.

The training process involved marking the Colorado potato beetles in each image using
the "makesense.ai" website. Annotations were exported in YOLO format, and the training was
conducted using Python code. The training utilized 50 epochs to achieve high precision results,
with the best mean Average Precision (mAP) of 0.995, indicating near-perfect accuracy.

Evaluation of the model included comparing the annotated images with those annotated
by YOLOV5, showing high confidence scores for the detected beetles. Graphs depicting loss
and precision metrics were also provided, including box loss, object loss, mAP at loU 0.5, and
mAP across various loU thresholds (0.5 to 0.95), demonstrating the model's robust
performance in detecting and localizing Colorado potato beetles.

Overall, the YOLOV5 model demonstrated exceptional accuracy in recognizing Colorado
potato beetles, with precise localization and high confidence scores, as evidenced by the
evaluation metrics and comparison with manually annotated images.
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