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Remote Sensing from UAV for Visualizing Canopy Information and Predicting Yield in
Satsuma Mandarin Orchards

Youyou KUIDA, TAKU YANO
Summary

This study aimed to establish yield assessment and prediction techniques from canopy and fruit information by analyzing
RGB images of Satsuma mandarin orchards captured by UAVs. We validated the high-precision quantification of canopy and
fruit information using several methods. Specifically, these included the quantification of canopy morphology using Structure
from Motion (SfM) three-dimensional point cloud analysis, the quantification of canopy coverage area using an Al fully
automated extraction model (SAM), and the quantification of canopy coverage area and fruit color area using a semi-automated
extraction method leveraging Al assistance.

While the canopy diameter calculated using the SfM three-dimensional point cloud analysis showed relatively high agreement
with ground-truth measurements, significant errors were observed in tree height estimation. Consequently, the accuracy of
canopy volume calculated from SfM data was not ensured, and it was not possible to estimate yield from the obtained canopy
information. Similarly, with the Al fully automated extraction model (SAM), reliable quantification of canopy area was
challenging due to interference from shadows, weeds, and covering materials in the images, thus preventing the derivation of
yield-related indices.

In contrast, the semi-automated extraction method utilizing Al assistance allowed for the high-precision quantification of
canopy coverage area from aerial images by enabling manual visual correction on a PC screen for ambiguous boundaries with
shadows or weeds, following established analytical procedures. A strong positive correlation was confirmed between this
canopy coverage area and fruit yield (coefficient of determination R? = 0.76), indicating its potential for yield prediction.
Furthermore, an extremely high positive correlation was observed between the fruit color area extracted by orange pixel
segmentation within the canopy region during the fruit coloring stage and fruit yield (coefficient of determination R? = 0.99).
This result suggests that fruit color area can serve as a promising new indicator for yield assessment.

As a result of this research, the semi-automated extraction method, which leverages Al assistance for RGB image analysis
and is operable with general-purpose UAVs and typical PC environments, is expected to be a practical technology for yield

assessment and prediction in Satsuma mandarin orchards, with promising future applications.
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