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Vision-Based Optical 3D Reconstruction and the Application in
Crop Information Perception

Yu Shengqi, Hu Dong’, Liu Wei"
College of Optical, Mechanical and Electrical Engineering, Zhejiang A&F University, Hangzhou 311300,
Zhejiang, China

Abstract Vision-based optical 3D reconstruction method has found wide applications in situations where the detection
range is limited, and non-contact methods are preferred, as they offer rich information with minimal scene intervention.
This study aims to introduce various methods used for 3D reconstruction, including laser scanning, structured light, moire
method, time of flight based on active vision, stereo vision, and structure from motion based on passive vision. In
addition, extensive comparisons of these methods are analyzed in detail. Next, the application of optical 3D reconstruction
technology in crop information perception research is summarized and discussed. Finally, the study offers future
perspectives on optical 3D reconstruction.
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Fig. 1 Schematics of four active 3D reconstruction techniques. (a) Structured light; (b) shadow moire; (c) time of flight;
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Fig. 2 Schematics of two passive 3D reconstruction techniques. (a) Stereo vision; (b) structure from motion
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Table 1 Comparison and analysis of 3D reconstruction based on vision

Reconstruction )
Advantage Disadvantage
technology
I High reconstruction precision, low requirement for target scenes, Huge amount of point cloud data, not
~aser . . .. . . . :
o simple and intuitive operation, high degree of automation, and can be easy to process, and high cost of
scanning =~ . ) .
used for complex object reconstruction equipment
Structured Non-destructive, high reconstruction accuracy, simple operation, and Slow reconstruction speed, not suitable
light """ high robustness for outdoor scenes
. Low effectiveness, poor interference
Moire . . . . . .
thod! 1+ Simple structure, low image requirements, and low power consumption resistance, poor reconstruction, and
method ™
complex process
Time of Simple data processing, fast response, and direct extraction of .
. . . Lower reconstruction accuracy
flight geometric information

......

The structure

from motion"**"

Higher practical value, higher robustness, lower requirements for

images, more images, and higher reconstruction accuracy

High calculation volume and low

The system hardware structure is simple and easy to implement

interference resistance

Larger calculations and longer

reconstruction time
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Table 2 Summary of 3D reconstruction in crop information perception

Application

Reconstruction technology Object Parameter Purpose . Reference
scenarios
Stereo vision, structure from Height, size of canopy and diameter Growth
) Potted plants o Indoor [62]
motion of trunk monitoring
. . . Plant height, stem thickness and ) ) -
Laser scanning Canopy of maize . Breeding Outdoor [50]
canopy width
. . . Growth .
Time-of-flight Leafy vegetables Height, leaf area, volume o Indoor [56]
monitoring
o Sunflower, corn and ) ) Growth
Stereo vision Height, leaf area, biomass o Outdoor [63]
cotton plants monitoring
) Corn, sugar beets ) . Growth
Structure from motion Height, leaf area and dry biomass o Indoor [45]
and sunflowers monitoring
. Production )
Laser scanning Potatoes Volume [60]
forecast
Multiple view stereo Corn seedlings Plant height, leaf width and leaf area Breeding Outdoor [52]
. Number of leaves, plant height and Growth ) _
Structure from motion Pepper plants o Outdoor [571]
leaf area monitoring
. . . Testing and X
Stereo vision Apple Volume, height, diameter ’ Indoor [64]
grading
Laser scanning, multiple Phenotype
) & P Corn plants P Indoor [65]
view stereo measurement
Multiple view stereo, Leaf area, main stem height and Phenotype
) Tomato plants Indoor [66]
structure from motion convex hull parameters measurement
stereo vision Broccoli seedlings Breeding Outdoor [51]
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