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Abstract

In this paper, we propose a novel algorithm for predicting the number of apples on an apple tree using a deep
learning-based object detection model and a polynomial regression model. Measuring the number of apples on an
apple tree can be used to predict apple yield and to assess losses for determining agricultural disaster insurance
payouts. To measure apple fruit load, we photographed the front and back sides of apple trees. We manually
labeled the apples in the captured images to construct a dataset, which was then used to train a one-stage object
detection CNN model. However, when apples on an apple tree are obscured by leaves, branches, or other parts of
the tree, they may not be captured in images. Consequently, it becomes difficult for image recognition-based deep
learning models to detect or infer the presence of these apples. To address this issue, we propose a two-stage
inference process. In the first stage, we utilize an image-based deep learning model to count the number of apples
in photos taken from both sides of the apple tree. In the second stage, we conduct a polynomial regression analysis,
using the total apple count from the deep learning model as the independent variable, and the actual number of
apples manually counted during an on-site visit to the orchard as the dependent variable. The performance
evaluation of the two-stage inference system proposed in this paper showed an average accuracy of 90.98% in
counting the number of apples on each apple tree. Therefore, the proposed method can significantly reduce the
time and cost associated with manually counting apples. Furthermore, this approach has the potential to be widely
adopted as a new foundational technology for fruit load estimation in related fields using deep learning.
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Fig. 1. Flowchart for fruit number counting.
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Table 1. Training and test dataset.
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Dataset Training Validation Test
Deep Learning 1455 390 188
Regression 93 80

Table 2. Varieties and ages of apples.
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No Variety Age Adress

1 Fuji 6 Uiseong

2 Sinano Gold Bongwha

3 Fuji 8 Andong

4 Myanmar(Fuji) 11 Cheongsong
5 Myanmar(Fuji) 8 Andong

6 Myanmar(Fuji) 5 Yeongju

7 Myanmar(Fuji) 8 Cheongsong
8 Fuji 6 Uiseong

9 Myanmar(Fuji) 15 Andong
10 Fuji, Sinano Gold 10 Cheongsong
11 Fuji 9 Andong
12 Myanmar(Fuji) 10 Mungyeong
13 Myanmar(Fuji) 5 Andong
14 Fubrax(Fuji), Miyabi(Fuji) 15 Mungyeong
15 Myanmar(Fuji) 9 Yeongju
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Fig. 2. Labeling process for training dataset.
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