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Abstract We propose a new look—up table algorithm, named trigonometric look—up tables (T-LUT) method
to increase the speed of coherent ray trace (CRT) algorithm in generating holograms. The proposed algorithm
is based on the original ray tracing method. By using a series of mathematical approximation changes and
identical transformations, we generate a pure phase look—up table. This look—up table has three—dimensional
features, fast generating speed, high precision, less memory capacity and so on. The new method overcomes
CRT's shortcomings in computing the phase repeatedly. We implement T-LUT on graphics processing unit
(GPU) using parallel computing by compute unified device architecture (CUDA), and optimize it three times.
After algorithm optimizing, a series of experiments are carried out to verify the results by using a single GPU
card. Our results indicate that the T- LUT algorithm can effectively shorten the computing time without
sacrificing the quality of hologram reconstruction. Due to the different quantities of spatial samples, the speed
has increased 30 to nearly a thousand times compared with original ray tracing algorithm implemented on GPU.
Key words holography; trigonometric look—up table method; look—up table method; compute unified device
architecture; parallel computing
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Fig.1 Spatial relationship between an object point and a hologram point
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Fig.2 Flow chart of the first T-LUT by CUDA
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Table 1 Optical holography reconstruction platform parameters

Parameter Value
Model of SLM HEO 1080p SLM
Type of SLM Pure phase modulator
Range of phase modulation 0~ 21T
Pixel size of SLM 8 um
Wavelength of laser used in reconstruction system 633 nm
Sampling interval of object space 64~90 pm

SBT3 R AN R ) R R HEAT R (CRT) (9 GPU THAE 07 B, L) e B3R =Fh T-LUT 535 19 CUDA
IATHEE Gt T 4 Fh ik 2k p 4 S AT A R ) (42 BB R /N 1024 pixelx 1024 pixel) o 45 F 0013 2 fro .
F2 4 B A U 1) (R 5)

Table 2 Hologram generation time (unit: s)

Points of object Time of Matlab simulation Computation time of the ~ Computation time of the Computation time of the
space /10’ by GPU first T-LUT by GPU second T-LUT by GPU third T-LUT by GPU

1 31 0.91 0.83 0.83

4 142 1.83 2.84 1.83

10 289 4.32 6.78 4.32

16 481 7.21 7.46 4.49

65 Out of memory 38.72 22.53 12.27

90 Out of memory 43.73 29.47 18.56
262 Out of memory 58.92 45.32 31.42

Yy SRR 1 2x10° Z )5, 7E GPU %ii (¥ Matlab 47 552 56 52 s A7 3k 3, EAR 98 GPU i i B 504t 1 I ik
Tt S R BGR 3 2.5%10° L) 1 A B, 33k BLSR AT A9 T-LUT O AL 533754 35 B AH T GPU JR G AR s
TAE AN H . T-LUT e AR e 286 46 F 8 & B AL T S-LUT A K C-LUT %5 HoAl 5 3%, 9l
)7 [RRAE 2R 90000 pixel B, C-LUT 5 76 1H5 4 8 OF ) 3 B2 29 2y 200 s, T-LUT 859k 175 7] 45 52 16
M 21060 s(18.56x3 ),

Bl 425 T GPU s B4 4 80 T8 1) 2 P B8RSR BT 2 5303 2B it & BRI e 24 R 1 e &
Gt . (S 45 H T SR T $R 3803k A i = 4 1115 4 B DG 24 1 BUR 9 ceD R o

S5 K0 FE RL 1 i AR 00 2 (SSIM)S2: T2 DA 1) 488 g 7 k9 0 38 RIS AR RUJEE 1 8 A o 3l 5k % 13 CCD SR 4R
A 42 L O 27 7 AL JR] i IRTARL LG X, 345 1] 4(a)~(d)H SSIM 435124 0.6..0.58 .0.46 .0.47 . |- 3R 52 40 25 S AE
ST T-LUT B IETE R RS, JF LA BRI e . BS54 W T R A 38 5800k A il i) = 4k &%
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1E z,= 1266 mm b (9 562 FE IR, LA 5 545 5 18] S(c) 242 B I TE 5, = 633 mm b Y623 FEFAR , LA 3 A
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Fig.4 Optical reconstruction of 2D image. (a) Optical reconstruction by CRT method on GPU (fuwa); (b) optical reconstruction by T-
LUT method on GPU (fuwa); (c¢) optical reconstruction by CRT method on CPU (athlete); (d) optical reconstruction by T=LUT method
on GPU (athlete)

El 5 = 4e Wik 4 B RDE 2 FEBZ R RIR B CCD RER . (a) z=1899 mm; (b) z=1266 mm;(c) =633 mm
Fig.5 Optical reconstruction of three—=dimensional hologram in different depths acquired by CCD. (a) 5=1899 mm; (b) z=1266 mm;(c)
z=633 mm
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