Computational DIRT/3D 2.0: Increased efficiency for 3D root phenotyping
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Abstract Visual comparison of five 3D reconstruction pipelines 3D root models & computed root structures

Challenge:

Digital Imaging of root traits 3D (DIRT/3D) [1] is a software to COLMAP COLMAP +PMVS VisualSFM Meshroom OpenMVG+MVE Updated DIRT/3D (COLMAP) results
measure 3D root traits on excavated roots crowns from the '

field. However, quantifying 3D root traits remains a challenge
due to the unknown tradeoff between 3D root-model quality

and 3D root-trait accuracy [2].
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1. Can the 3D root model reconstruction be improved while

reducing the image-capturing effort?

)
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2. Does improved 3D root model quality increase the accuracy O 3
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of trait measurements? 0
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Evaluation: o)
T
1. Compare reconstruction performance of five open-source
3D model reconstruction pipelines on 12 architecturally
contrasting genotypes [1] of field-grown maize roots. © o
©
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2. Evaluate the accuracy of 3D root traits between the original § £
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implementation of DIRT/3D based on VisualSFM with an %0 IH6  PHG50XPHGAT PHZ51 PHZ51XLH59
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implementation based on COLMAP. 7
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Conclusion:
Q
The updated DIRT/3D (COLMAP) pipeline enables quicker image 2
>
collection by reducing the number of images needed and Figure 1. Visual comparison of three reconstructed maize &
reducing the human factor during image collection. The results genotypes. The 3D root models in each row compare the same
demonstrate that the accuracy of 3D root-trait measurements genotype across different 3D reconstruction pipelines. The 3D root
remained uncompromised. models in each column compare a 3D reconstruction pipeline Figure 2. 12 sample 3D root models and their related computed
across different genotypes. root structure.
Test 1 : Comparison of five 3D reconstruction pipelines Test 2 : Comparison of 3D root model quality between Test 3: Comparison of root traits to manual ground truth
DIRT\3D using COLMAP and VisualSFM
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Figure 3. Comparison of 3D model quality (number of points & Figure 5. Comparison of surface density between models generated 2% 33 |0y
. o . 30 35 40 45 50 55 60 65 g
. . . . . - 30 30 35 40 45 50 55 60 65
surface density) and computation time using one representative root with DIRT/3D (COLMAP) and DIRT/3D (VisualSFM) using 5-10 DIRT/3D (COLVAP) messurement, Uni; IRT/3D (VisualSHVI) messtrement, Uni:
per genotype. replicates per genotype. Figure 7. Comparison of correlation analysis of individual root traits.
Conclusion Funding
1. Using COLMAP for 3D reconstruction reduced the number of images for a dense 3D model from 3000~3600 to 300~600.
2. Denser 3D models improved the accuracy of the 3D root-trait measurement [2] \il l jgi | CAREER
3. Reducing the number of images reduces data storage needs  AWARDS
4. The updated DIRT/3D pipeline enables faster image collection without compromising the accuracy of 3D root-trait measurements. Advanced Research Projects Agency @ ENERGY ol
ARPA-E ROOTS Award No. DE- AR0000821 NSF CAREER Award No. 1845760

Reference:
[1] Liu S, Barrow CS, Hanlon M, Lynch JP, Bucksch A. DIRT/3D: 3D root phenotyping for field-grown maize (Zea mays). Plant Physiology. 2021 Oct 1;187(2):739-57.

[2] Liu S, Bonelli WP, Pietrzyk P, Bucksch A. Comparison of open-source three-dimensional reconstruction pipelines for maize-root phenotyping. The Plant Phenome Journal. 2023 Dec;6(1):e20068.




