202543 &k Lok 2= i 556 4 43 W)

doi:10.6041/j. issn. 1000-1298. 2025. 03. 035

ETZ%®#mzfBNH R 2B 5ERBESHIRNTE

Fax'” #hEZ B #'7 HZZI KFW

(LU R =R TR S B, BT 2120135 2. VL9548 W R B Dl it T A2 SR P52 o, 6 34 215555)

FE: A SRIBUE R Z R BE RN B NE PR 2R B OCHE B, T 21 = 4 2 Ak FRROR M LU TE B TR B
S L 2R BT A R B, o HIERR R A ROCR B AR . AR SO T — B et 9 DO A R WV O xR
SR AT R AR . T S A TR BE AT AL 4 A 3R A B TR = B TR S0 T O R T € i R 2 B R M R L
TERUA SR L, 5 T e 5% i AT SCRGE #5935 {8 ( Generalized nearest point iterative , GICP) 53 Xf £ 25 £ 47 Bl fE 4R 52
B BT bR il 2 5 (8 I 3K RS /s B3k (Moving lest squares, MLS ) X0F DX 380 A 4 B0 JE A7 el i, 52 B 28 2
B MR E SRR S s H S RO s AR S M KR S R, RS R R, &S
DB R BV R B, S DX A K B T LJORS E M 23 0 i B i R B 15 d M HER R IR TR 12,5 AT
R RE R 60 d B HERG H 4R T 22,5 AT A ML G I E R G 4 A4S 280 EUSE I  {E AT e U E R
BOR 43514 0.96.0.93 0. 93 0. 94, ¥ )5 #1125 (RMSE) 43 51 7 12. 69 em® 0. 93 ¢m 0. 98 e¢m 2. 27 em, A< 34 H Y
5 RE A DA MR BT o i 0O 43 B0 B BRI s, O AT SRR 06 R BRI = Il i B 3
I PR AT B BOR SH

KW WM F =458 BRMSHG HFE _ o
RESKS TP3O1  XEARIRE: A XEHS: 1000-1298(2025)03-035409  OSID; Gt

Cucumber Leaf Segmentation and Phenotype Extraction Method
Based on Three-dimensional Point Cloud
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(1. School of Agricultural Engineering, Jiangsu University, Zhenjiang 212013, China
2. Jiangsu Province Internet of Things Intelligent Horticultural Facilities Engineering Technology Research Center,
Changshu 215555, China)

Abstract: Automatic acquisition of plant canopy phenotypic shape is essential for seed selection and
scientific cultivation of cucumber varieties. Segmentation accuracy and efficiency are low due to the
difficulty of current 3D point cloud processing techniques to perform effective separation of stems and
leaves on cucumber plant point clouds. Aiming to address this problem, an improved algorithm for
regional growth segmentation and phenotype extraction was proposed by segmented leaves. Firstly, the
point cloud data of cucumber was collected from four angles by depth camera, and on the basis of
statistical filtering and color filtering to remove the background noise as well as outliers, the complete
cucumber plant point cloud by aligning the point cloud based on rotary axis and generalized nearest point
iterative algorithm ( GICP) , and then the region growth algorithm was improved by using voxel-based and
moving least squares algorithms ( MLS) to realize the separation of stems and leaves and the segmentation
of leaves; finally, phenotypic parameters such as number of leaves, leaf area, leaf length, leaf width,
leaf circumference were automatically extracted from the segmented leaf point cloud. The experimental
results showed that individual leaves could be accurately segmented by the improved zone-growth
algorithm compared with the traditional zone-growth algorithm, with an average increase in accuracy of
12. 5 percentage points for 15 d of transplanting and 22. 5 percentage points for 60 d of transplanting. The
coefficient of determination R® for the four parameters of leaf area, leaf length, leaf width, and leaf

circumference were 0.96, 0.93, 0.93, and 0. 94, respectively, and the root-mean-square error RMSE
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was 12.69 ¢cm”, 0.93 c¢m, 0.98 c¢m, and 2. 27 cm, respectively, compared with the true measurements.

Therefore, the proposed method can efficiently segment individual leaf point clouds from a single

cucumber point cloud and accurately calculate related phenotypic traits, providing strong technical

support for high-throughput automated phenotypic measurements in greenhouse cucumbers.

Key words: cucumber leaf; 3D point cloud; phenotypic parameters; segmentation
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Fig.2  Point cloud processing flowchart
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