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Fig. 1 Dataset visualization
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Fig. 2 Growth Dataset of Ceratopteris pteridoides
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Fig. 3 Flowchart of growth status monitoring
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Fig. 4 Self-attention module based on Euclidean distance
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Tab. 1 Results of ablation experiments

e TR/ % TR/ % I/ % F1/% PR ZI L/ HinlE/
UNet3+ 95.9 90.0 82.5 90 89.8 85.6
UNet3_SelfAttention 94.9 90.7 83.4 90.7 90. 1 87.3
EDSAUNet3+ 95.7 91.9 85.2 91.9 91.4 88.6

2.1.2 sl ER N TRIEAXREEN
EDSAUNet3-+ #5 # f) 16 A K 3k 7> 5 - i A
ROPE ok #F 2 26 B AR 0 18 40 8 5 vk i
TrXr I, s s 2 ROE BT 2R W%
DeepLabV3+" | H #5 i1 # )& 1 B J1 i) Agate
Net™ g4 CNN 5 Transformer B9 TransUNet™,
DL R AR SR 12 (1 5% AR i B W 45 UZNE TP Al

f 24 Transformer 43 #| 4 A SegFormer ™", [ [1] 4
My AE BRSE ) LA R A A B HAPT Y, ax gt
D53 ARG TR 1 2 7 3G 3R AU R Transformer
AU AN [F] BB 7 W) — R s A Y 2 BIROR #E 47 X0
Fb DT BT 4 T b 2V A AR SC 5 9 i A 0 o vk
AE45 R L an 3R 2 s .

2 AR LR LI g b

Tab. 2 Comparison experiments results of different networks
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HAPT 94.70 91.00 83.80 91.00 90. 40 88. 00
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Abstract: Ceratopteris pteridoides, an aquatic fern classified as a second—level nationally
protected wild plant, holds significant ecological value. Scientifically monitoring its growth
status 1s crucial for elucidating its endangerment mechanisms and formulating conservation
strategies. In this study, computer vision technology was employed to collect and construct a
comprehensive image dataset covering its entire growth cycle. Building upon the UNet3+
image segmentation model, a Euclidean distance self-attention mechanism was introduced to
enhance the model's efficiency in utilizing global contextual information and its ability to retain
fine features, thereby improving segmentation accuracy for aquatic plants with complex leaf
morphologies and slender stems. Based on the image segmentation results, morphological
parameters such as canopy coverage, shape factor, and greenness index were extracted. A
comprehensive growth status monitoring index (GPI) is constructed to enable quantitative
analysis of the growth status of Ceratopteris pteridoides. The results indicated that the GPI
values were less than 0. 27 during the seedling stage, between 0. 27 and 0. 44 during the rapid
growth stage, and greater than 0. 44 at the maturity stage, demonstrating the effectiveness of
GPI in distinguishing growth stages. These findings provide a technical reference for the
intelligent monitoring of growth status in other aquatic plants.
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