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Fig.3 Pipeline of semantic model of soybean plant leaf
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Fig.4 Semantic segmentation of soybean plant leaf

2) K GAER M il SCE L, AR & 0 i
AT B R GAR R =4k 5 =, B 22 Mask R-CNN
AR~ 5] A5 30 1 2 i R o SCRHR A B3 T RS
) = 4 T AR AR, [ Sl R I 2 s 2 o UM B R B
BRI 2 , S0 2 3 = 4R i SGTE R4 ) it
AR AL 5 0 18 R R G AR = Al . ELR U
FEUNE 37K, Hi A A I R SUE B2 ER
RERRIE R, B el i SIM E JE3R A5 BT A [’ R X Rz A

FHALA SN ZBORA A  F i S B R B =, 2R
Jo PR BE T Rl 5 1) = 4 i VR A5 B A v i
B EISY: UL e

O T SIM B R TZAERR I Fi g iy XE . b
ARAFAL T M R U B K GRS =4 =,
K SIM U7 0 g A B — 50 o Fy Bl A i Fr il X
F R BR AR R AT A, R R WL 5.
6, A 12 J0 R R R PR PTG A s ot 121 45 Y



180

LS N AN S o ¢

o942 %

FRAE AL, XS e AT EME PPR D IE . 3R BT A R 2
(] AR U FIE G 2R 5, 0T DE e A 1y PR R A 3 4, T
MR MGG . AR5, BRI 2 5K UG i) R
XA T A, GO S = 4k A ) 1% DC L A
% FLE K H i 2 homography VE R AT G/ 1 E%:
MR 40 4y 2 Wt S AR B Tracks H-#E47€W . T
Tracks f7 £ — L8 &b 55 H HOR 0 P52 i 0 = 8 08
TP IR

Input unordered image

FRAESR S I

Feature extraction and matching

!
PG R M

Image connection graph construction

JE B, 75 A R 4G = 4 A, T R
SR R NN LR VA A3 1 R N WA Y T 79
JHE T2 B A AE AL 2 0 = 4 5 AR AR, B PP 3R
T ZRAHLAL 28, T B B 22 Tracks, I 4T Tracks #F
178 M Tracks 5 &, BRUR N 4 7 EMR AT 1IRIR SR
PR AAL A5 B 5 0 Rl UM BB K G A MR i
YA A

R SUE R R ARG =L =
Sparse 3D point cloud of soybean plant
with leaf semantic information

&5

Rt g

Initialization 2

e 2

VIR G TracksTE Pz tﬁmﬁﬂ%ﬂ% = ‘%

Initial image pair Tracks rebuild T Pose estimation Aretd, BUncie _‘ 53

adjustments BHg

— =]

ol

Tracks i R Tracks E Tracks & E

Tracks filter Bundle adjustment Tracks rebuild Tracks filter 8
T

’ PEFEHTIL A ’

Choose a new perspective

BEMHABEXHNAREERGR=-SERZERE

Fig.5 Sparse reconstruction process of soybean plant with leaf semantics
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Fig.7 3D reconstruction of soybean plant under different scenes
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A BAICA AN IERE, D EFIF 433055 B (AL . A, B, and C are front views; D, E, and F are their corresponding side views.
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Fig.8 Leaf semantics segmentation of different soybean plant seedlings
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AFIB 4354 G R A K AR £ 2=, C RN D 43 31 Rty i i SUE B EMR B K GA R s 5 o A and B are the soybean plant point clouds of
the original image, respectively; and C and D are the soybean plant point clouds with semantic information images of the leaves, respectively.
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Fig.9 Soybean plant point cloud based on with/without leaf semantic information
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AR T AERME B A X REIIE SCE 8L C o B s i i
RSB, Als a 2D image of the soybean plant, B is the semantic
point cloud of corresponding to A, and C is the point cloud of the leaf
extracted from B.
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Soybean leaf semantic point cloud extraction
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Table 2 Phenotypic measurement of

Fig.10

length and width of leaves mm
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Fig.11 Accuracy comparison of soybean
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A BFIC o B AR R/ANK GRS 2= IERE D, EFE B HX RS 2 ME . A, B and C are point cloud front views of soybean
plants with different sizes, and D, E, and F are their corresponding point cloud side views, respectively.
E 12 AEXNMNAEZHEKRITFESRE
Fig.12 Semantic point cloud of soybean plants with different sizes

A 18 5KA I i X Aw B A 5 = 8] Point cloud based on 18 images with leal semantic information; B:36 5K47 I F 18 SR B B9 25
7 & Point cloud based on 36 images with leal semantic information; C: 54 547 M F 18 S5 B 2 45 = & Point cloud based on 54 images
with leaf semantic information; D: 72 37 H- i U5 B A9 E & 5 = 18 Point cloud based on 72 images with leaf semantic information.
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Fig.13 Semantic reconstruction of soybean plant leaves from the same plant with different images
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Table 3 Reconstruction cost of soybean plant
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Soybean leaf 3D semantic reconstruction for plant phenotype analysis
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Abstract The 3D point clouds obtained from 3D scanner and multi-view data lack semantic informa-
tion, leading to difficulties in discriminating the plant organ parts from the point clouds when the number of
plant point clouds 1s large, or when different organs of the plant are similarly colored or obscured.To deal
with the problem, this article proposes a three-dimensional semantic modeling method for soybean leaves
embedded with a two-dimensional semantic prior. The semantic segmentation of soybean leaves based on
Mask R-CNN was conducted. The three-dimensional reconstruction, fusion and learning of the segmenta-
tion results and multi-view data were performed to transfer the semantic information of leave from 2D se-
mantics to 3D point clouds and obtain the point cloud semantic information of plant leaf. The 3D semantic
model of plant leaves was established. The model was validated through multiple sets of potted soybean
plant experiments. The length and width of leaf were extracted and compared with the manual measurement
data.Results showed that the mean square error of the length and width of leaf was 2.53 and 1.52 mm, with
the determination coefficients of 0.97 and 0.89, respectively. It is indicated that the proposed method can
conveniently and accurately construct the 3D semantic model of plant leaves.

Keywords semantic segmentation ; three-dimensional modeling of plant ; deep network model ; seman-

tic reconstruction of point cloud ; phenotype analysis of crop



