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Monocular Camera Three Dimensional Reconstruction Based on
Optical Flow Feedback

Li Xiuzhi Yang Ailin Qin Baoling Jia Songmin Qiu Huan
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Abstract A monocular three dimensional(3D) reconstruction technique based on optical flow feedback is proposed
to achieve fast and accurate 3D stereoscopic modeling in the real scene. Corresponding pixel pairs are robustly
matched by inter—frame optical flow fields and the five—point algorithm is employed to determine relative pose of
the moving camera, therefore sparse point cloud is generated and initial crude mesh is built. In the proposed method,
multi—-view reconstruction is implemented from perspective of vision method on motion analysis. The reconstruction
model is fed—back to the reconstruction process and the model is deformed by utilizing the bias—driven of each view.
The coarse and inaccurate original mesh surface is adjusted to the exact surface through a dense non-rigid
deformation. Under the compute unified device architecture, the optical flow algorithm is optimized in parallel mode
by using the graphic processing unit hardware and real-time performance of the reconstruction algorithm is
significantly improved. The experimental results obtained in realistic indoor scenario demonstrate the effectiveness
and accuracy of the proposed algorithm.
Key words machine vision; three dimensional reconstruction; optical flow; scene flow; compute unified de-
vice architecture
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Fig.2 TV-L' optical flow estimation result. (a) RubberWhale test image; (b) optical flow vector; (c) color optical flow; (d) color—coded map
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Table 1 TV-L'optical flow accelerate strategies

Parallel acceleration for optical flow algorithm based on CUDA

Alternative calculation of optical flow field
1) Assign host and device memory, source image data is sent to GPU device
2) for iter «<— 0 to 50
Thread distribution: the block size which is set as 32x16
Grid distribution: the grid size is determined by the picture size
gridx=nx/32+[(nx%32)?1:0]
gridy=ny/16+[(ny%16)71:0]
nx,ny stand for the image’s width and height
Begin acceleration: start a~f kernel function in turn
Each thread completes assigned tasks by the kernel function
syncthread
a) x direction’s preceding paragraph differential function
b) y direction’s preceding paragraph differential function
¢) for v being fixed, optimize u
d) x direction’s backward differential function
e) y direction’s backward differential function

f) for u being fixed, optimize v

end

end
3) Copy results to host

4) Free memory
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Fig.3 Relationship between optical flow and scene flow
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Fig.6 3D reconstruction results
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Table 2 Analysis of experimental results

Serial number Ground truth /mm Measured value /mm Absolute error /mm Relative tolerance /%
1 385 381.425 3.575 0.92
2 132 127.936 4.064 3.07
3 240 238.277 1.723 0.71
4 300 303.593 3.593 1.19
5 210 210.062 0.062 0.03
6 366 370.135 4.135 1.12
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