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Highly sensitive ther spectral imaging by sensor fusion and numerically
resolved cross-talks

Kumazawa, ltsuo
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Traditional multi-spectrum cameras have been trying to use sophisticated
optical systems to resolve spectrum bands. In this study, we used a very simple optical system and
tried to resolve the cross-talks among spectrum bands and pixels resulting from such a simple
optical system by numerical processing of the images. For this purpose, we developed a sensor fusion

system using a mono-chrome camera with a micro-prism-array and a standard color camera. And as the
numerical processing to resolve cross-talk, we developed convex-projection-based optimization
techniques and deep neural networks (U-net).
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Micro-Prism Sheet

= Micro-prism can disperse the color spectrum of image at a different position
without an image distortion.
- We believe that spectral dispersion over spatial plane contains color
information than traditional RGB image.
= \We assume that we can use this color feature to improve quality of image

reconstruction method.
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Micro-prism sheet Sample images taking from IPhone camera integrated with a Micro-Prism sheet




Stereo camera system

Equipment
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Collecting New Dataset

> Giving up on outside spectral dispersion and focused only inside dispersion
- Setting 2 cameras in front of computer display, rendered 2x2 color square
matrix of 10 colors different

- The distance between camera and display is about 42 cm

= Capturing image at night, only using light from display —
= Number of total datset = P(10, 4) = 5,040 images .
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Experiment with U-net

Cropimages from center Fixed parameters

color square

Differentcolor space : M lute Error (MAE)
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Colorizing with U-net model
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Experiment with U-net: Training

L—ab L—rgb

Learning curve Learning curve

(U-net)
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Experiment with U-net: Results

Prism based camera Convention camera
Input—Output [image sizes] | Loss: MAE Input—Output image sizes] | Loss: MAE
L—ab [64 x 64] 0.05108 L—ab [64 x 64] 0.00963
L—ab[128x 128] 0.05298 L—ab[128x 128] .Q01038

| L—rgb[64 x 64] 0.06587 L—rgb[64 x 64] | 0.00957

L—rgb[128x 128] 0.15086 L—rgb[128x 128] 0.01745
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