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Tomographic 3D Display and Imaging Optimization

ZHOU Yun-feng, XU Liang, LI Hai-feng, LIU Xu

(State Key Laboratory of Modern Optical Instrumentation s College of Optical Science and Engineering »
Zhejiang University , Hangzhou 310058, China)

Abstract: In order to enhance the imaging quality of tomographic 3D display technique, the original light
field was firstly reconstructed with acrylic panels and films before exerting adjustments. The freedom for
adjusting display quality was expanded by adding layer weight and light field weight as factors, enabling
the display quality to be changed while external factors remain stable. The mutual independence of line
images under a horizontal parallax circumstance was confirmed, and thus a line division method was
applied in the calculation to eliminate the time complexity of the fitting proceed. As the memory is saved
and efficiency is enhanced, it is possible to achieve more accurate calculation in limited time. Given other
factors are determined, the maximum resolution of images to be calculated under the original method is
900 X1 200 pixel, but the line division method is able to calculate 1 800 X 2 400 pixel images without
memory overflow. The evaluation standard of the effect of image reconstruction is established based on
the image variance, under which it is found that increasing resolution and layer number, decreasing field
of view or balancing layer weight can enhance holistic reconstruction quality, and the quality of a certain
angle of view can be promoted by adding to its light field weight correspondingly. Parallax is observed in
a fabricated 3-layer model with 1mm layer distance, denoting the distinguished advantage of tomographic
3D display in the reconstruction of light field.
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Table 1 Definition of symbols of mathematical derivation

Symbol Type Explanation
L Matrix Light field matrix
Ly Matrix Layer matrix
A Matrix Transfer matrix
A’ Matrix Weighted transfer matrix
x Matrix Unknown matrix
B Matrix Light field parameter matrix
P Matrix Light field weight matrix
0] Matrix Layer weight matrix
k Matrix parameter Current layer
ms. n Matrix parameter Pixel 2-D coordinate
c Matrix parameter Current color channel
dx, dy Matrix parameter 2-D coordinate offset
is 7 Matrix parameter Space angle
h Device parameter Layer spacing
Device parameter Pixel spacing
0 Device parameter Resolution angle
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Fig.1 Model for the multi-layer display device
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Fig.2 Color image captured by SR300 Fig.3 Depth image captured by SR300

32 THEFENERNE
2 AT IRIR T AT IR 5 i AR T A [R) B0 i P R ] A X L A 22 A DR R R R g LR A
(225 TN ) 5 225 XX 150 (8RR A T I ) 19y P {8 3% P B 0 i M. ER 2 0T DU Hh L AT 2030 5 1 ORI
I8 T 3z S 18] 2 % 2, Fu VR R AT TR A B a1 A T H AR
x2 THRERERBFEITEREXE

Table 2 Comparison of calculating time between partition method and original method

Resolution/ pixel Line division method Original method
225 X150 1 1
225X300 1.272 7 3.485 8
450X 300 1.699 7 6.485 1
450 X600 2.488 6 13.571 3
900X 600 4.608 30.993 6

900 X1 200 6.623 5 80.869 3
1 800 X1 200 6.707 6 Out of memory
1 800 X2 400 8.495 6 Out of memory
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Fig.4 Influence of different parameters on imaging quality
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Table 3 Parameters for actual model

Parameter Value
Model name Butterfly
Pixel number 450 X600

Resolution 400 dpi

Angleresolution 1°
Field of view +14°
Layer number 3
Layer distance 1 mm
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Fig.5 Theoretical reconstruction
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