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Application of Al-Based Image Analysis Using Smartphone Images for
Assessing Pine Needle Gall Midge Damage
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ok E A= AU Pinus densiflora)?t HE(P. thunbergii)©)| TallE F= 31521 £AUSu2|(Thecodiplosis japonensis)
of ¥e] oArEAo] Rt AF HHE a8 0 R s A% Yo AntEE ou|x|ef Ay Als Z|Hk ow|A] &

4 o] 98 1548 B o1 SI5) £Uge Ta AR} ATEE olu| | ST, ARRE A
S e ANl QBAS Ju olulx] HA welo] 843 AR Slat 4w BEAT. ARy BE HHS
Agte 2= 9 Eg;ﬂ‘ﬂ Zhaa duba SHEE 93] Holsk5(transfer learning)¥} o]u] ]| Zﬂ(augmentatlon) 71He e

stgon], HolaksS o3t MUl E ResNet-187F AFA BH5E 712|2 o] 83191 sF&sAlRols 27F 7]HS 2-83}o] A
0K S sk, A5 S8 2L SIYE Lol RSE 405 meRZ) 0.989] 2 4
=2 Helow o]E yHlo g Besl usjx E3 A3k , Cohen's Kappa 0.889] =2 U#& Yetych 18y

AR AR FROA 14 L77F BRI, fﬂ"“’ﬂ*ﬂ 2 ﬂ | FliA Bt s ﬂia oo 2l ¢
R Aol Hasitte e Aujdith FFolls 7| % 3t JJ s & 115“4 el ‘:41 | o, C”IW A7l fdr%

EHEJE} 2 ?L *O‘E#El Oﬂ%«l a8 *é ?% RS
Sl old AAE Bsh] s 28T = e 7,&31% 71

it

Abstract: The pine needle gall midge (Thecodiplosis japonensis) is an invasive pest that poses a serious threat to
Korean red pine (Pinus densiflora) and black pine (P. thunbergii) in Korean forests. This study evaluated the potential
application of artificial intelligence (AI) models to analyzing images taken by smartphones for the damage caused
by the pine needle gall midge to aid in monitoring and management efforts. Smartphone images were taken of
damaged first-year shoots, which were then collected to measure data such as the gall formation rate (GFR) and
severity level (SL) for model training and validation. To mitigate the limitations of the dataset and enhance
generalizability, transfer learning was applied using the ResNet-18 architecture with pretrained weights, and the
training data were augmented to increase the variability in terms of color and geometric characteristics. The final
model predicted the GFR with high accuracy by achieving an RMSE of 4.05 and R? of 0.98. The SL was also
predicted well with an accuracy of 0.92 and Cohen's kappa of 0.88. Some inconsistencies in the prediction performance

* Corresponding author ORCID
E-mail: dwko@kookmin.ac.kr Dongwook W. Ko (® https://orcid.org/0000-0002-6944-0261
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were observed that were likely due to the limited diversity of the training data. More training data are needed that
account for variations in the symptoms and resistance of the host species, morphological traits within species,
symptoms in different phases, and overlapping damage from other pests. The developed Al-based methodology is
expected to enhance the efficiency of monitoring systems at tracking the pine needle gall midge and other forest pests.

Key words: forest pest monitoring, pine needle gall midge, invasive species, deep learning, pest damage assessment
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Figure 1. Training data sampling site for the pine needle gall midge damage assessment model: (a) site location; (b) site

overview; (c) sampling activity.
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Figure 4. Visual examples of augmentation methods used in this study.

HS 8-8519 1(Iman et al., 2023), He et al. (2016)0] Aot
3l ResNet-189] AMASHSGE 715X (pretrained weights) S
34 (backbone) R ALESIo] £eBake] 53] HAS
Siet 519] welo] Holshee Sl B FAA
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Figure 5. Learning curves of Al model training for assessing
damage caused by pine needle gall midge.
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Table 1. Accuracy metrics for severity level classification based
on predicted gall formation rates.

Severity Recall Precision F1 score Accuracy Kappa

Low 0.92 0.92 0.92
Moderate  0.93 0.87 0.90 0.92 0.88
High 0.92 1.00 0.96

100 y=x
y = 0.8892x + 4.1641

80 R? = 0.9762 A
g RMSE = 0.0457
£ 60
O
©
£
£ 40
2

20

0

0 20 40 60 80 100
Measured GFR (%)

Figure 6. Performance evaluation of the Al model for assessing
damage caused by pine needle gall midge.
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Grad-CAM
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Figure 7. Examples of smartphone images (top) and corresponding Grad-CAMs (bottom) with high performance on the test
dataset.
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Figure 8. Examples of smartphone images (top) and corresponding Grad-CAMs (bottom) with unsatisfactory performance on the

train and test datasets.
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