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Abstract

Objective

Holographic stereogram technology is attracting increasing attention in the field of three-dimensional

(3D) display. According to the technical principle of holographic stereograms, the displayed 3D scene can be a real-

world scene or a 3D model rendered by a computer, which creates conditions for the display of fused real and virtual

scenes. Relevant research in the field of augmented reality (AR) shows that adding virtual 3D elements to a real

scene can provide an observer with a more intuitive and intense visual experience. For example, in the exhibits of
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cultural relics, to protect the real artifact, a 3D image and specific information about a cultural relic are presented,
and some virtual introductory signs can be superimposed on the image. However, how to correctly express the spatial
relationship between real and virtual scenes has become a new problem. We propose an image coding method to
realize scene fusion with a correct occlusion relationship by processing the sampled images of real and virtual scenes.
We hope that the proposed method will provide a reference for further research into holographic stereogram AR
display.

Methods To address the problem of image coding in the fusion display of real and virtual scenes, this paper first
analyzes the generation of occlusion between scenes. The analysis shows that the occlusion relationship is determined
by the depth of different object points and provides the basic process of a method based on the depth value. However,
the method based on depth value judgment relies too much on accurate depth calculation results, and with existing
methods, ensuring accuracy is difficult. Therefore, a method based on instance segmentation and depth assignment
is proposed. We use Mask R-CNN to segment the sampled images of the real scene and assign each instance a pseudo
depth value according to the depth range of the virtual scene to ensure the occlusion relationship. Finally, the method
based on the depth value is used for image coding.

Results and Discussions The encoded image can integrate the virtual scene into the foreground and background of
the real scene with the correct occlusion relationship; however, the fusion result is greatly affected by the effect of
instance segmentation (Fig. 8). We use the EPISM method for holographic printing and obtain the reconstructed
images from five perspectives. Consequently, the virtual scene is successfully integrated into the real scene
(Fig. 11). We describe the reconstructed image in detail. Due to the influence of instance segmentation, the edge of
the scene is inconsistent with the original scene, which is consistent with the previous analysis (Fig. 12). Finally,
we compare the depth information of the real scene and the virtual scene in the reconstructed image. The comparison
results demonstrate that the depth information of the reconstructed image is consistent with the sampling setting
(Fig. 13).

Conclusions To achieve the fusion display effect of real and virtual scenes in a holographic stereogram, an image
coding method based on instance segmentation and depth value determination is proposed. A theoretical analysis and
the experimental results show that the proposed image coding method can effectively add some virtual 3D elements in
the real scene to enhance the visual experience. The combination of virtual and real scenes fully considers the
occlusion relationship, which is not a simple scene superposition. The key to fully considering the occlusion
relationship is to assign and determine the pseudo depth after scene layering. There is still a significant gap between
the virtual reality fusion method discussed in this paper and the latest work in the AR field. However, the proposed
method provides a basic idea for further research into holographic stereogram AR displays. For example, by
continuously improving the efficiency of instance segmentation, the scene is more accurately layered. The accurate
depth calculation method is studied, and the accurate depth value is used as the basic processing data, which can
better show the effect of virtual real scene fusion display in a holographic stereogram. This paper only considers the
simple and small scenes used in an experiment and tends to assume ideal conditions. In theory, the proposed method
is suitable for scenes with a clear occlusion relationship between different instances in the sampled image; however,
it cannot effectively deal with the occlusion between the same instances. Therefore, further analysis of complex
scenes is required.

Key words holography; holographic stereogram; fusion of virtual and real scenes; image encoding; 3D display
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