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Automatic Detection of Rice Stem Section Parameters Based on
Improved Mask R — CNN

ZHANG Gaoliang LIU Zhaopeng LIU Muhua FANG Peng CHEN Xiongfei LIANG Xuehai
(College of Engineering, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract : Addressing difficulties in manual measurement and statistics of key parameters like the number
and area of vascular bundles in crop stem microsection images such as high subjectivity, large time, labor
investment, and low efficiency, an automatic detection method of rice stem cross-section parameters
based on image processing was proposed. First of all, an image segmentation model of rice stem slices
based on the improved Mask R — CNN was built. The network adopted MobilenetV2 and residual feature
enhancement and the adaptive space fusion feature pyramid network as the feature extraction network. In
the meantime, the PointRend enhancement module was introduced, and the regression loss function of the
network was optimized to IoU function. The F1 value of the optimal model was 91.21% ; the average
precision rate was 94. 37% ; the recall rate was 88. 25% ; the mean intersection over union was 90. 80% ;
and the average detection time of a single image was 0.50 s. It achieved localization, detection and
segmentation of large and small vascular bundle areas in rice stem slice images. Through edge detection,
morphological processing and contour extraction, the stem section contours were segmented and extracted.
The method proposed herein realized automatic detection of six parameters, namely rice stem section
area, section diameter, large and small vascular bundle area, and the number of large and small vascular
bundles. The average relative error of detection was no higher than 4. 6% . The method can also be used
for high-throughput observation of rice stem microstructure.

Key words: rice stem; vascular bundle; instance segmentation; deep learning; Mask R — CNN
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Fig. 1  Slice image of rice stem

WA B PLAEfF (A PSR T Tntel (R) Xeon
(R) Platinum 8255C, N 17 39 GB) 7R i & 4% & FH #
155 0 R A B 41 4 P AR I 41 ORISR )1 5 [
A5 BEAT BCHE A 1 1 I AR M B e X I R s A LT
Frido PR b i 22 I S0 00 i 20 B R 0 st IR 1R
PEAT AL PR, 25 7 R AR R R Ay A2 A
W 5855 LB 4 90% |, 45 3 K F 2241 80 Fr KR
Sy AN 3000 {53 x 3000 25

J 44 Ak PRSP AR G 5 B0 A8 i S e B0
P AT YT B 2 R4S 800 MR Y Fr & T R
ALE . BEJ5 7E Labelme ${F iR JH Z 0B AR 1E TR
X R FEAT N AR AR TE 2500 R YR o /A
W S MOCHK[20 - 21 ], 4 7 4548 R 40 i v /9
37 8 4 W A8 A RIS 00 B S A A RSN 00 40 i BE T
G B /N AE R (TR /N ) 5 0 v I 7 5 1
AR B R AR A R (TR AR ) o R NEAE R Y
FIGARIE N8 2 Fr s o 75 REAS 4 v BE HIL L R 70%
(560 1) PG Il 2R 56, B 20% (160 i) 1%



12

TR sE 2. LT Mask R — CNN 9 7K F 25 7T #8018 2 5006 I 2 283

TEN B AR 4R, E A 10% (80 i) PR AT D I3t 4E .

(a) RHEEH (b) NEEIR
B2 4 EES®
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Fig.3 Network structure of rice stem image segmentation
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Fig.4 Feature extraction network structure based on multi-scale feature learning
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Fig.5 Segmentation results of different rice stem segmentation models
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Tab.2 Performance comparison of different models
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Fig.8 Post processing results of rice stem image
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Fig.9 Segmentation results of rice stem cross section
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