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Ozet

Aycicegi, yiiksek nektar iiretim kapasitesi nedeniyle gezici aricilik faaliyetleri agisindan stratejik oneme
sahip tarimsal bitkilerden biridir. Aygicegi ekim alanlarimin mekansal ve zamansal dagilimi, art
kolonilerinin beslenme olanaklarini ve dolayisiyla bal verimini dogrudan etkilemektedir. Bu nedenle,
ar1 kovanlarinin uygun alanlara ve dogru zaman dilimlerinde yerlestirilmesi, gezici ariciligin verimliligi
acisindan kritik bir karar siirecini olugturmaktadir. Ancak mevcut uygulamalarda, kovan yer se¢imi
c¢ogunlukla aricilarin  bireysel deneyimlerine ve sezgisel yaklagimlarina dayali olarak
gerceklestirilmekte; uzaktan algilama, goriintii isleme ve mekansal analiz gibi veri temelli yontemlerden
yeterince yararlanilmamaktadir. Bu durum, potansiyel olarak verim kayiplarina ve kaynaklarin etkin
kullanilmamasina yol agabilmektedir. Bu ¢alismada, ay¢icegi yogunlugunun dogru ve giivenilir bicimde
belirlenmesi yoluyla kovan yerlestirme planlamasini desteklemeyi amaglayan, ¢ok 6lgekli bir uzaktan
algilama tabanli karar destek cercevesi Onerilmektedir. Onerilen yaklagim, saha olgeginde yiiksek
mekansal ¢dziiniirliik saglayan insansiz hava araci (IHA) goriintiileri ile bolgesel dlgekte genis alan
kapsama imkani sunan Sentinel-2 uydu goriintiilerinin entegrasyonuna dayanmaktadir. Calisma alani
olarak, Tiirkiye’nin énemli aygicegi iiretim merkezlerinden biri olan Kirklareli ili secilmis; veri seti,
nektar tiretiminin en yliksek oldugu aycicegi ciceklenme donemi dikkate alinarak olusturulmustur.
Aycicegi tespiti, makine Ogrenmesi tabanli Random Forest siniflandirma yontemi kullanilarak

gerceklestirilmis ve gelistirilen model %90,7 genel dogruluk degerine ulagmustir. Sinif bazli performans
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degerlendirmelerinde ise, aycicegi ekili alanlar ile aycicegi olmayan alanlar i¢in F1-skoru her iki sinif
agisindan da 0,91 olarak hesaplanmistir. Bu sonuglar, modelin hem nektar agisindan zengin aygigegi
alanlarim1 hem de aygigegi bulunmayan bolgeleri giicli ve dengeli bir sekilde ayirt edebildigini
gostermektedir. Elde edilen aycicegi yogunluk haritalar1 temel alinarak, aycicegi oranmin yiiksek
oldugu alanlar ar1 kovani yerlestirilmesi i¢in uygun bolgeler olarak tanimlanmus; ay¢igegi yogunlugunun
diisiik oldugu veya hi¢ bulunmadig: alanlar ise kovan yerlestirilmesine uygun olmayan bdlgeler olarak
degerlendirilmistir. Calismadan elde edilen bulgular, ¢ok 6lgekli uzaktan algilama verilerinin makine
Ogrenmesi yontemleriyle biitiinlestirilmesinin, gezici aricilik uygulamalarinda veri temelli, giivenilir ve
Olgeklenebilir karar destek sistemlerinin gelistirilmesine Onemli katkilar saglayabilecegini ortaya

koymaktadir.

Anahtar Kelimeler: Bitki simiflandirmasi, uzaktan algilama, IHA goriintiileri, Sentinel-2, random

forest, tarimsal karar destek sistemleri, gezici aricilik

A BEEHIVE PLACEMENT DECISION SUPPORT SYSTEM BASED ON SUNFLOWER
MAPPING USING UAV AND SENTINEL-2 IMAGERY

Abstract

Sunflower is one of the agricultural plants of strategic importance for migratory beekeeping activities
due to its high nectar production capacity. The spatial and temporal distribution of sunflower cultivation
areas directly affects the feeding opportunities of bee colonies and thus honey yield. Therefore, placing
beehives in suitable areas and at the right times constitutes a critical decision-making process for the
efficiency of migratory beekeeping. However, in current practices, hive location selection is mostly
based on the individual experiences and intuitive approaches of beekeepers; data-driven methods such
as remote sensing, image processing, and spatial analysis are not sufficiently utilized. This situation can
potentially lead to yield losses and inefficient use of resources. In this study, a multi-scale remote
sensing-based decision support framework is proposed to support hive placement planning by accurately
and reliably determining sunflower density. The proposed approach is based on the integration of
unmanned aerial vehicle (UAV) images, which provide high spatial resolution at the field scale, and
Sentinel-2 satellite images, which offer wide area coverage at the regional scale. The study area was
selected as Kurklareli province, one of Turkey's major sunflower production centers; the dataset was
created considering the sunflower flowering period when nectar production is at its highest. Sunflower
detection was performed using a machine learning-based Random Forest classification method, and the
developed model achieved an overall accuracy of 90.7%. In class-based performance evaluations, the
F1 score was calculated as 0.91 for both sunflower-planted and non-sunflower-planted areas. These
results show that the model can strongly and consistently distinguish between nectar-rich sunflower
areas and sunflower-free regions. Based on the obtained sunflower density maps, areas with a high

sunflower ratio were identified as suitable areas for beehive placement; areas with low or no sunflower
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density were evaluated as unsuitable for beehive placement. The findings of this study reveal that
integrating multi-scale remote sensing data with machine learning methods can significantly contribute
to the development of data-driven, reliable, and scalable decision support systems in migratory

beekeeping applications.

Keywords: Crop classification, remote sensing, UAV imagery, Sentinel-2, random forest, agricultural

decision support systems, migratory beekeeping
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