MR |

Received January 7, 2002; Accepted December 18, 2002

uafiﬁ_é7'}‘nyﬂ_\

W2 32,2 (2003) 99-104

BITSHERERT L RBREETERIMEERICLZ 7L 2

WERISE#FED IS A
-

FR T890-0065 FEVEETIERIC 1-21-40

[

m A E-R EAT

FERE R TR EHR T

Computer-Generated Fresnel Hologram Utilizing a Projected Image with Depth Infor-

mation and Low Capacitance Array Operations
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A computer-generated Fresnel hologram (Fresnel CGH: computer-generated hologram) can
reconstruct three-dimensional objects without lens system. Moreover, for realization of frame
imaging system by holograms like a hologram TV, the CGH which does not need special condition
in recording process like a dark room is better than the analog hologram. But it is well known
that enormous time is expended for making a Fresnel CGH, and the hidden surface algorithm
must be proposed for the modeling data of objects. We propose a Fresnel CGH using a projected
image and depth information of three-dimensional objects with low capacitance array operation.
The hidden surface problem can be evaded automatically by projection. And proposed array
operation does not waste the space of memory in comparison with a current method. From some
experimental results, it’s confirmed that three-dimensional objects can be reconstructed exactly
by proposed method. Phase errors are generated on hologram plane by proposed array operation
and have relations with memory consumption in calculation of the Fresnel hologram. In this
paper, we also consider this relationship.

Key words: Fresnel computer-generated hologram (Fresnel CGI), projected image, array opera-
tion, low capacity, phase error
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Fig.1 Computer-generated Fresnel hologram utilizing a
projected image with depth information.
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Fig.2 Sub hologram for avoiding the hidden surface
problem.
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Fig. 3 Concept of recording process in our experiments.
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Fig. 4 Projected image in Fig. 3.
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Fig.5 Reconstructed image from conventional Fresnel
CGH, (a) at ¢,=7mm, (b) at ¢.=19 mm.
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Fig. 6 Reconstructed image from proposed Fresnel CGH,
£=1, (a) at &.=7mm, (b) at ¢,=19 mm.
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Table 1 S value vs. calculation, precomputing and required memory space.

B=0.1 £=05 A=1 =10 £=20
Calculation time(s) 486 501 531 51 781
Precomputing time (s) 0.04 0.11 0.20 76 3.83
Required memory space .
). 0.5 1 10 2
for C[ Jor S[ ] (MB) 01 ) 0
Table 2 g value vs. phase error.
B=0.1 B=05 B=1 £=10 B=20
Mean error (rad) 0.191 (0.388 %1072 0.196 <102 0.195x10~° 0.970 x10"*
Max-error (rad) 2.747 0.134 0.095 0.013 0.007
Min-error (rad) 0.742x10°* 0.806 < 10°* 0.137x107° 0.286 <1077 0.372 1077
Standard deviation 0.821x10°* 0.199 <107 0.106 <1072 0.124x107* 0.600>x10"*

Table 3 S value vs. calculation, precomputing and required memory space.

£=0.001 £=0.00125 £=0.0015 £=0.002
Calculation time (s) 464 464 462 465
Precomputing time (s) 0.03 0.03 0.03 0.03
Required memory space . . . . N _

024107 28%107° 536X 1072 0481073

for C[ Jor S[ ] (MB) 1.024 <10 1.28 X 1( 1.536 < 10 2.048 <10

Table 4 p value vs. phase error.

£=0.001 £=0.00125 £=0.0015 £=0.002
Mean error (rad) 1.221 1.223 1.068 0.837
Max-error (rad) 3.128 3.093 3.101 3.116
Min-error (rad) 0.723x10* 0.694 > 10" (0.252>10°* 0.111x10°?
Standard deviation 0.691 0.663 0.494 0.333
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Fig. 7 Simulated images from proposed Fresnel CGH at 6.=7 mm, (a) #=1, (b) £=0.002,

(e)

(c) £=0.0015, (d) #=0.00125, (e) A#=0.001.
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