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Three-dimensional Estimation of Money Plant Leaf External Phenotypic
Parameters Based on Geometric Model
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Abstract: In order to obtain the external phenotypic parameters of the leaves and grasp the growth status
of the plants quickly and efficiently, a three-dimensional estimation method of leaf length, leaf width and
leaf area was proposed based on a geometric model by using the leaves of money plant. The Microsoft
Kinect V2 camera was used to obtain the local point cloud of the leaf from the 80 cm height vertical pose
and perform preprocessing such as pass-through filtering, denoising and simplification of the bounding
box. The shape parameters of the point cloud were measured, and the pre-established SAE network
classification prediction was used to obtain the geometric model parameters. The geometric model of the
blade was established based on the surface parameter equation. The particle swarm optimization algorithm
was used to calculate the spatial distance between the discrete point cloud and the local point cloud of the
geometric model for spatial matching. The genetic algorithm was used to solve the internal model
parameters of the optimal matching model, and the leaf length, leaf width and leaf area of the optimal
matching model were output, were used as the estimation result. A total of 150 point cloud data were
collected from the experiments. The estimated results and real values were analyzed by mathematical
statistics and linear regression analysis. The average errors of the estimated leaf length, leaf width, and
leaf area were 0. 46 cm and 0. 41 cm and 3.42 cm®, respectively. The R* and RMSE of estimated leaf
length were 0. 88 and 0. 52 ¢cm, the R* and RMSE of leaf width were 0. 88 and 0. 52 ¢cm, and the R* and

RMSE of leaf area were 0. 95 and 3. 60 ¢cm”, respectively. It can be known from the experimental results
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that this method had good estimation effect on the shape parameters of money plant leaves, and it had

high practical value.

Key words: money plant leaf; phenotype parameter; 3D point cloud; geometric model
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Fig. 1 Point cloud data collection
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Fig.2 Segmentation and processing of point cloud data
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Fig.3 Leaf geometry model and external phenotypic parameters
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based on geometric model
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Fig.5 Estimation results of external phenotypic parameters of money plant leaves based on geometric models
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Fig. 6 Estimation results of external phenotypic parameters of money plant leaves based on point cloud reconstruction
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Tab.5 Estimation error statistics of money plant leaves

based on point cloud reconstruction

Gt S M4/ em M5/ cm T AR/ cm?
R HE 1.16 0. 84 5.81
IRERAME 4.39 3.27 20.24
PR 2 /M 0.02 0.01 0.03

Al U AR i/ % 89 87 86

22 0. 01 ~3.27 em, M TATARAG DU ROCR 350 2% R 257
0.03 ~20.24 cm® Z [0, Kl 6 R AEM T s
AN F A S SEME , PG A e, 2k ]
THLE R* #7E 0.6 ~ 0.8 Z[A], WEAK T HE T L Aa] 45
RUPCEC A T3 {HH RMSE 7F fo i il 253
LA

6.7 &3 NMMESE BT LR
TRUPC IS4 7 30068 T i o R ) A 0 2 2 de i, - 2R
FZAVAT 3.42 em® | R* 9 0. 95 ; % T I A At ) 25 2
TN FEAR AP 23R 22 W AUA 0.46 em, R® N
0. 88, BIFEARVEERN . B , 5T LA A5 T
BC 5 206 F4r B R (0 SRR I S A ISR 55
U A A M S HER

gicFke 5T, MK M HASHET
JUARTASE AL DT e F 05 325 ik O A 8 SR A 1 8 A A

) S5 5, It T RS R A 0 P A D1 A 25 F A A
F6 FHIENREMFIMIRBSHMHENHR

Tab.6 Estimation of external phenotypic parameters

of money plant leaves
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R* RMSE R? RMSE
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Tab.7 Comparison statistics of effects of the two methods

for estimating money plant leaf parameters
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