Affordable high-throughput processing of handheld camera images

of container plants to phenotypic data

9 4

Alexander Feldmanﬁ, Haozhou Wang“, Yuya Fukanol, Yoichiro Katol, Seishi Ninomiyal’z, Wei Guo'

!Institute for Sustainable Agro-Ecosystem Services, Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo, Japan

* Plant Phenomics Research Center, Nanjing Agricultural University, Nanjing, China

"These authors contributed equally to this work.

N

THE UNIVERSITY OF TOKYO

Can we phenotype many container plants with 3D

traits automatically with an affordable solution?

Problem

3D reconstruction workflow is time-consuming because it is not auto-

mated, and built-in tools to process multiple image sets do not exist.

Point clouds require processing to extract phenotypic traits data.

Approach

Design an image acquisition system that is easy to set up and operate.

Develop a 2-part pipeline: (1) Automatically process images to 3D

point clouds via APl of commercial Structure-from-Motion (SfM) soft-

ware Agisoft Metashape Professional. (2) Use Python to analyze point

clouds and export phenotypic traits.

Experiment and methods

A. Setup: A temporary image acquisition system [Figure 1] was set
up on the platform of a Phenospex PlantEye F500 laser scanner.
Plants were moved in groups of 3 individuals to the imaging station
and photographed. The image acquisition system consisted of: a
black groundcover sheet, eight 12-bit coded targets, and a camera
calibration sheet. The image acquisition system occupied a 90cm x
180cm area. Plants were spaced on bricks 50 cm apart on center in

one row, in order of increasing plant ID.

B. Imaging: A Canon EOS Kiss X7 camera was used to capture RGB
images of plants in JPG format. The maximum resolution of 5184 x
3456 pixels was chosen. Aperture-priority setting and f/6.3 were
used. The camera was handheld above plants at a height of approxi-
mately 100 cm from the base platform. Images were captured from 4
angles parallel to the plant row. Approximately 30 to 50 images per
camera angle were captured. The process was conducted 8 times.

C. Reference data and Ground truth: Reference point cloud [Figure
2], plant height, and projected leaf area measurements were ob-
tained using a dual-unit PlantEye F500 laser scanner and proprietary
HortControl software. Plants were scanned in groups of 3 individuals
immediately following imaging in (B). For ground truth, a meter stick

was used to measure maximum plant height.

D. Measurement: The proposed pipeline was used to generate 3D
point clouds and execute phenotypic traits calculation [Figures 3, 4].

Image acquisition system

Figure 1. The image acquisition system, including coded targets and camera

calibration sheet, set up on the platform of the PlantEye F500 laser scanner.

Accuracy evaluation

3 precision scale bars [Figure 5] individual-
ly calibrated to 0.1 mm accuracy (Cultural

(mm)

Heritage Imaging, USA) were installed at

Difference

approx. 0°, 6°, and 12° angles for the pur-
pose of validating the point cloud scaling
accuracy in 3 dimensions [Figure 6], but

were not used in the SfM process. g

0

Figure 5. CHI precision scale bar.

Scalebar Angle (°)

Fig.6. Accuracy comparison of SfM and
PlantEye for different scale bar angles.
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Figure 3. The full pipeline, beginning with setup of imaging station and ending with output of plant phenotypic traits.

e

Figure 2. The 3D point cloud produced by PlantEye laser scanner.

Validation

. EasyPCP Classification.

Figure 4. The 3D point cloud generated automatically by Agisoft Metashape.

Results—Validation dataset
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Figure 8. EasyPCP Segmentation.

Figure 9. EasyPCP Measurement.
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Application example: High-

throughput phenotyping

216 greenhouse container plants [Figure 12]

were imaged in 36 groups of 6 individuals in a

single session. To reduce imaging time, 20 photos

per group were taken from overhead view only.

All imaging work was completed within 4 hours.

The 36 image sets were automatically processed

to point clouds [Figure 13] and phenotypic data

was extracted automatically [Figures 14, 15].

Conclusion

Height calculation against ground truth
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Figure 13. The 3D point cloud generated auto
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Figure 10. Height measurement from SfM using Easy-
PCP and laser scanner using Planteye HortControl
against ground truth from manual ruler measurement.
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Projected leaf area calculation against ground truth

y=1.234x-23.774

R%=0.9637

50 100

150
PROJECTED LEAF AREA [CMA2]

EasyPCP

Linear (PlantEye HortControl)

y=0.7782x - 5.9785
R?=0.965

200 250 300 350

Linear (EasyPCP)

Figure 11. Projected leaf area measurement from SfM using
EasyPCP and laser scanner using Planteye HortControl
against ground truth from traditional 2D PLA measurement.

Results—Application dataset

Height vs. Projected Leaf Area

0.25

0.2

With JPEG images of adequate resolution, sharpness and overlap >80 %, a high-quality 3D point cloud

can be produced automatically with minimal configuration.

Phenotypic traits can be measured from point cloud automatically using “EasyPCP” Python script.

Plant height r*2 > 0.84 and projected leaf area r*2 > 0.96 and indicate that accuracy is acceptable.

Figure 14. Successful
segmentation.

matically by Agisoft Metashape.

Challenges
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Segmentation: Finding the best DBSCAN parameters

0 100

200 300 500

PROJECTED LEAF AREA (CM2)

400

Fig.15. 216 plants data were collected.

Future work

Analyze more traits e.g.
leaf number, total leaf
area. Improve accuracy.




