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Speckle Noise Suppression in Three-Dimensional Phase-Only Holographic Display
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School of Electrical Engineering , Anhui Polytechnic University, Wuhu, Anhui 241000, China

Abstract An error diffusion algorithm based on the angular-spectral diffraction theory is proposed. The complex
amplitude hologram of a three-dimensional object is calculated by the layered angular-spectral algorithm. The error
diffusion method is used to obtain the phase-only hologram. The clear reconstructed image is reconstructed and the
speckle noise of the phase-only holographic reconstructed image for a three-dimensional object is suppressed. The
simulation experimental results verify the feasibility and superiority of this algorithm. This proposed algorithm can
significantly improve the quality of reconstructed images.
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Fig. 1 Simulation results I. (a) Original image; (b)reconstructed image of phase-only hologram after direct removal of

magnitude; (c)reconstructed image of phase-only hologram by modified GS algorithm based on angular-spectral

theory; (d) reconstructed image of phase-only hologram by proposed algorithm ;

(e) phase hologram after direct

removal of magnitude; (f) phase hologram of modified GS algorithm based on angular-spectral theory; (g) phase

hologram by proposed algorithm
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Table 1  SI comparison of reconstructed images for different algorithms

Image SI
Original image 0.016
Image derived from direct removal of magnitude component 0.842
Image derived from modified GS algorithm based on angular-spectrum theory 0.577
Image derived from proposed algorithm 0.419

K2 TR Ik BB AT I ) R

Table 2 Comparison of running time for two algorithms

Image

Running time /s

Image by modified GS algorithm based on angular-spectrum theory 2.648

Image by proposed algorithm

0.887
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Fig. 2 Three-dimensional little train: (a) Depth map; (b) position map

XF/NZE AR R BE 4 BT R BN ) = 210 mm.,
d, =220 mm.d; =230 mm {7 & 5 9347 F B,
T ALK 3 pron. HAE 3a) ., (b) iR
A3 B 2 5 I % A 67 4 B BT FRE AL 43 AT 1A
Bl 3Ce) (D) 7R 43 5l ok 26 3o 158 25 97 AL B S 04 AH
4 BRI A AR . XTI 3Ca) () AT LR
B R BRI IR A AR A 4 8 B R 1 A AN 5L AE
TEHUBEME S 5 2800k 158 22 7 O RS /9 AR 7 42 B Y
FE U EEAFE AR WEFE AEAE . XA 3(b)
(D P LA M 4 2 B 4 Rt ) A 7 43 A1 A L R 2
BER 3 15 22 Ab B0 0 RE AL 43 AT 5 A VR B, I B A
INVEEAR B AR A, XFEIE 3 Ced s (D)L (g) Al

3O (D (DAL R, B3 A BRIRIE S 4% 2%
PO B B RS L AT A S OB R R A AE
LR 22T AL IS B P AR 2 1 LY M, AR
TS B i B BH S b L T 3 A 200
ST &5 R W2 3. SI i3 % 2 X 3 5
SR L AR ) S5 L S R R L A5 2R A Y AR 3
R 9 pixel X9 pixel, HFR 3 7] H0, JH K8 SI &
N B FS R R R 0 = RS [ R B R Y Al AR A 4
BHIARM STES K F 1 iR 229 #ad B 46 A
P4 BHIAR R ST A BT /N, B /NT 1, 0] DLt
AR 22 9 W0 X = 2 Wy PR 4l M A7 4 B I8 7 v e g
IR A ALY L B E T BT O A AT AT

1209001-4



1.0
0.9
07
206
4
=03
0.2
0. (1)
0 400 800 1200 400 800 1200
Pixel /pixel Pixel /pixel

B3 P EEs R =, (o) B HE R BRIR I A AR AL 42 B 5 (b) B 26 BR IR R ) AR 52 20 A1 5 (o) 22 DR 22 4 AR A AR oz 22 B IR 5

Fig. 3

(D) &2 AL B AE A7 3 A0 B 5 B 4% R BRIRIE A FE 25y (o) 210, (D) 220, (g) 230 mm MY ZEAH A4 B & AR &
WY WL BEES B (h) 210, (1) 220, () 230 mm KA {4 B & 3%

Simulation results II. (a) Phase hologram after direct removal of magnitude; (b) phase profile after direct removal

of magnitude; (c) phase hologram after error diffusion processing; (d) phase profile after error diffusion

processing; reconstructed images of phase-only hologram after direct removal of magnitude but for different

distances of (e) 210, (f) 220 and (g) 230 mm, respectively; reconstructed images of phase-only hologram after

error diffusion processing but for different distances of (h) 210, (i) 220 and (j) 230 mm, respectively
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Table 3 SI comparison before and after processing
Image Distance SI
Original image 0.095
Reconstructed image after direct removal of magnitude d, =210 mm 1.065
Reconstructed image by proposed algorithm d, =210 mm 0.983
Reconstructed image after direct removal of magnitude d, =220 mm 1.071
Reconstructed image by proposed algorithm d, =220 mm 1.005
Reconstructed image after direct removal of magnitude d; =230 mm 1.058
Reconstructed image by proposed algorithm d; =230 mm 0.991
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