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Abstract: Stereoscopic image zoom optimization is a popular basic research problem in the field of image pro-
cessing and computer vision in recent years. The zoom visual enhancement technology of 3D images has attracted
more and more attention. To this end, this paper proposes a method of stereoscopic zoom vision optimization based
on grid deformation from the model of camera zoom shooting, and strives to improve the experience of 3D stereo-
scopic vision. Firstly, use the digital zoom method to simulate the camera model to properly zoom in on the target
area, and then establish the mapping relationship between the reference image and the target image according to
the camera zoom distance. Secondly, extract the foreground target object and use the modified just noticeable depth
difference (JNDiD) model to guide the adaptive depth adjustment of the target object. Finally, combined with the
seven grid-optimized energy terms designed in this paper, the image grid is optimized to improve the visual percep-
tion of the target object and ensure a good visual experience for the entire stereoscopic image. Compared with the
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existing digital zoom method, the proposed method has better effects on the size control of the image target object

and the depth adjustment of the target object.

Keywords: stereoscopic image; camera focal length; modified just noticeable depth difference model;

grid-optimized energy term
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Fig. 1 Stereo zoom optimization framework
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Fig. 2 Stereoscopic zoom system. (a) Traditional camera model; (b) Camera model used in this article
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Fig. 3 Image and parallax results under Az changes.
(a) Camera model under Az change; (b) Original images; (c) Zoomed images; (d) Corresponding disparity images
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Fig. 4 Object segmentation. (a) Image after zooming; (b) Salient target of the image; (c) Object segmentation
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Fig. 6 Result of experiment. (a) Original red-cyan anaglyph; (b) Red-cyan anaglyph after optimization;
(c) Original disparity; (d) Proposed disparity
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Fig. 7 The target object at different focal distances. (a) Original image and its disparity map; (b) The image with focal
distance at 260 mm and its disparity map; (c) The image with focal distance
at 270 mm and its disparity map; (d) The image focal distance at 280 mm and disparity map
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Fig. 8 Contrast experiment of saliency detection.
(a) Image of saliency detection result; (b) Binary image; (c) Corresponding optimization result
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Fig. 9 Comparative experiment of two sets of stereoscopic image sequences.
(a) Source image; (b) 3D rendering; (c) Telescopic transformation; (d) Depth control; (e) Proposed method
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Table 2 Comparison of four experimental methods through objective indicators PSNR and SSIM
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I 5 e
PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
NBU_VCA K% 12.62 0.3987 12.97 0.4786 12.61 0.4103 14.94 0.5062
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S3DImage [l 19.09 0.4227 18.75 0.4913 21.34 0.4937 22.66 0.5732
Average 17.16 0.4222 17.13 0.4979 17.89 0.4521 19.31 0.5438
A3 ARG EFALSE
Table 3 Combination of different energy terms
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Fig. 10 Comparison of whether the coordinate mapping

energy term is included. (a) Contain the coordinate
mapping energy term; (b) This energy term is not included

BA11 RTESXRFREAIL,
(@) LELRIFREAGLER,;
(b) AELZAERGLER
Fig. 11 Comparison of whether the line retention

energy term is included. (a) Contain the line retention
energy term; (b) This energy term is not included

B 12 RE Q&M AT RERE A L.

(@) @A MARBTRICRKERE

MegER; (b) REAZBEERNLER

Fig. 12 Comparison of whether the modified just noticeable depth difference energy term is included.
(a) Contain the modified just noticeable depth difference energy term; (b) This energy term is not included
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B 13 RLECABTRFHLEATIL, (a) CLARRBFREANLER; (b) ACLEIREANLER
Fig. 13 Comparison of whether the boundary retention energy term is included.
(a) Contain the boundary retention energy term; (b) This energy term is not included

B 14 RFOATTBF—BEEERAIL,
(a) 4T BAF—HMEETRANER; (b) AOASZEERNLER
Fig. 14 Comparison of whether the foreground consistent energy term is included.
(a) Contain the foreground consistent energy term; (b) This energy term is not included

®)

B 15 RFOAMLAFEE LTI,
(@) & TARATEAMETANLERAARMEBGLER,; (b) RESZREFTANGLERAUNBRALBHLER
Fig. 15 Comparison of whether the visual comfort energy term is included. (a) Included the red-cyan anaglyph and the disparity
images of the visual comfort energy term; (b) The red-cyan anaglyph and the disparity images without the energy term
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Fig. 16 Comparison of whether the background
preservation energy term is included.

(a) Contain the background preservation energy term;
(b) This energy term is not included
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Table 4 Comparison of time efficiency of the four
experimental methods
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Fig. 17 Limitations of the proposed method.
(a) Source image; (b) Original red-cyan anaglyph; (c) Image after optimization; (d) Red-cyan anaglyph after optimization
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Stereoscopic zoom for visual optimization
based on grid deformation

Zhou Shen, Chai Xiongli, Shao Feng"

College of Information Science and Engineering, Ningbo University, Ningbo, Zhejiang 315211, China

Comparative experiment of two sets of stereoscopic image sequences.

(a) Source image; (b) 3D rendering; (c) Telescopic transformation; (d) Depth control; (e) Ours

Overview: With the development of digital imaging technology, more and more attention has been paid to the visual
enhancement technology of 3D stereoscopic image objects, which has made important contributions in the fields of Al
image modeling, astronomical observation, and digital imaging shooting. For this reason, with the model of camera
zoom shooting, a grid deformation-based method is proposed for visual optimization of the stereoscopic zoom. In order
to improve the experience of 3D stereoscopic vision, the digital zoom method is used to simulate the camera model to
appropriately enlarge the objective area, and then the mapping relationship between the reference image. The target
image is established according to the camera zoom distance, and the foreground target object is extracted. Then use the
modified just noticeable depth difference model to guide the adaptive depth adjustment of the target object. Finally, the
grid of the image is optimized in combination with the designed energy term to improve the visual perception of the
target object and ensure good visual experience effect of the entire stereoscopic image. The camera-based zoom opera-
tion is used to extract the foreground target object of the stereoscopic image, and then the target object and the transi-
tion area between the target object and the image background are optimized. From the perspective of the size of the tar-
get object, with the zoomed image and camera focal length as a reference, the foreground target object is enlarged while
the background remains unchanged. From the point of view of the image optimization effect, the transition between the
foreground target object and the image background is good, to avoid problems such as voids in the transition between
the target object and the background and changes in the target depth causing visual discomfort. From the experimental
results, the target object is enlarged according to the focal length, and the improved depth can be used to adjust the im-
age depth to improve the visual comfort of the 3D image. Through camera zoom operation and related grid defor-
mation operation, and introduce coordinate mapping energy term, line retention energy term, boundary retention en-
ergy term, modified just noticeable depth difference energy term, left and right foreground consistency retention energy
term, visual comfort energy term, and background preservation energy term to achieve the visual optimization of stere-
oscopic zoom. Compared with the existing digital focus adjustment of the enlarged image object, the method proposed
in this paper has a certain good effect on the size control of the image target object and the depth adjustment of the tar-
get object.

Zhou S, Chai X L, Shao F. Stereoscopic zoom for visual optimization based on grid deformation[J]. Opto-Electron Eng,
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