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Fast Computation Algorithm of Fresnel Holograms
Using Recursive Addition Method
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ABSTRACT

For digital holographic video system, it is important to generate digital hologram as fast as possible. This
paper proposed a fixed-point method and fast generation method that can calculate the Fresnel hologram using
operation of whole-coordinate recursive addition. To compute the digital hologram, 3D object is assumed to be
a collection of depth-map point generated using a PC. Our algorithm can compute a phase on a hologram by
recursive addition with fixed-point format at a high speed. When we operated this algorithm on a personal
computer, we could maximally compute digital hologram about 70% faster than conventional method and about
30% faster than of [3]’s method.
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able 1. Example of I'yN values in the point of same column on 3D object

First point of hologram line (a) : (0,0)

3D object
point(j) (1,0) (1,0 (1,2) (1,3)
L, & -8 -38 -56
L, | 6+6+26=45 -6-6+26=0 -36-36+26=-46 -56-56+26=-86
r L, | 6+45+45=96 -6+0+48=36 -36-46+46=-36 -56-86+46=-96
N L, | 6+96+65=166 -6+36+65=86 -36-36+66=0 -56-96+66=-86
L | 6+166+86=255 -6+86+86=156 -36-0+86=56 -56-86+86=-56
L | 6+256+106=36 -6+156+106=2 -36+56+106=126 -586-56+106=0
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Fig. 6. CGH algorithm using whole-coordinates recursive
addition of same 3D object column.
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Table. 2. Experimental setup
Items Specification
OS MS Windows XP
Intel Core2 Quad
PC
CPU 2.4GHz
set-up RAM 2.0GB
Compiler MS Visual C++ 6.0
3D object size .
. 200%200x8-bit
4 ¥, 2

Hologram reso-
Optical lution (xa, ya)
parame- | Reference wave

1024x1024

633nm (red)

ters length (A)
Reconstruction
5 1000mm
distance
Pixel pitch (p) 10.4um*10.4um

—+— Conventional Method
900 —=—[3]'s Method
00 Proposed Method

700

600

500

400

CPU Time [s]

300

P E—— T e

N O I e
Number of 3D Point
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Fig. 7. Simulation result
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Table 3. The number of times(x 10*)

The number of times Reduction
Operation
P [3]’s Our’s ratio (%)
Whole
. 1,024x200%200=40,960 1x200%x200=40 99.9
operation
I, 1,024x200%200x2=81,920 I, 1,024x200%200x2=81,920
Partial 1- o
ET l.a r.nu 2A(n—1) 998
tiplication I,: 1x200x200%2=80
0 1,022x1,024%200%x200=41,861,120
I,: 1,024x200%200=40,960
) : T, 1,022%1,024x200x200=41,861,120
Partial ad-[2A | ): 1,022x1,024x200x200%2=83,722,240 66.6
dition T ’
‘ : 1,022x1,024x200x200=41,861,120 I+ 1,022%200%200=40,880

®)

© (@
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Fig. 8. (a) 3D object, (b) generated digital hologram by
proposed method, (c) reconstructed image using PC, (d)
reconstructed image using optical system
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