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Imaging Technology Accomplishing Simultaneous Acquisition of Color Image and High-Precision Depth Map

from Single Image Taken by Monocular Camera
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Stereo camera systems equipped with two cameras to generate binocular disparity are widely used in various applications
that require three-dimensional (3D) distance measurement, such as drones and robots. To improve the measurement accuracy
of these types of stereo cameras, however, it is necessary to lengthen the distance between the cameras, making the overall system
larger in size. Demand has therefore been growing for the development of imaging technologies that can reduce the size and cost
of such systems.

With this trend as a background, Toshiba Corporation has developed an imaging technology that can simultaneously acquire
a colorimage and a depth map from a single image taken by a monocular camera, allowing such systems to be miniaturized. This
imaging technology incorporates the following features: (1) a color-filtered aperture (CFA) comprising cyan and yellow filters inserted
into the camera lens aperture to generate asymmetric blurs in the red and blue images, and (2) a distance estimation algorithm
called depth from asymmetric defocus (DfAD) technology that makes it possible to obtain a high-precision depth map by evalu-
ating the differences between the asymmetric blurs in the red and blue images. Experiments on a prototype system under vari-

ous conditions have verified that this newly developed technology achieves distance measurement accuracy comparable to that

obtainable with existing stereo cameras.
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Ray diagrams showing generation of defocus blurs by asymmetric CFA
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Changes in point spread functions (PSFs) of asymmetric CFA
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Output images after processing by newly developed technology
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Convolution kernels to convert asymmetric blurs into symmetric form
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Changes in evaluation value due to changes in estimated size of blur
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