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Fig. 1. Principle of angular-spectrum layer-oriented method 17,
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Fig. 2. Colorful tea set: (a) Intensity map; (b) depth map.
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Fig. 3. Three color images of tea set: (a) R-based color map; (b) G-based color map; (c) B-based color map.

A, EHEETHZEER = 1, 2 RIXHE
ANFEIAL 42 5 P REAT AL DL A, A Rt NP € 7 2
LR, BB AL BRI O R A R (L
15 PO HBUE B S R AN 5 iR

HI1& 5 (a) AT 5 (b) Fros B EAG 45 R A5 %07

AT D B IR (0 = 4E g sk AT 2 Bl S
AL AHEBCT SCBR [14] R TTET F, %07 R A
2 VCEAT 9 5 B I RV AT 45 B BT b A B B, $R
re U E SR RN, P o A T B A R G
T HREEVE BT R R T AN R 3 B AT A

094203-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3k Acta Phys. Sin.

Vol. 67, No. 9 (2018) 094203

KRNANI, i 2 S0 B8 4 2 F AR RS RV,

3 G 1 S AT S A A 5% b AURT R K fE AL

RAGHBOVT BT RIRZE. (HE, =Z4EMIKIR

B 1 o VR P 2 T IO AR YR e 1 2

FE LR TS B R PR AN R SR 1t 2, — R

Fﬁ‘?‘ﬁéiﬁiﬂﬁﬁ%ﬁﬁ’i%iz%’élﬂﬂﬁ M5 (a) Al
b) wf LU Y, BT REHLASRRE B AR 2 73 A

K4 ZRHR =GR 2ER

ORI RAFE SR AL AR B B K, PG AT AE — L
R e 7

NI OB R AT DO e e TRk A =
A A B E R S B TG AR G RON, 4y R D6,
FTLL, A SCHE—2B 5] N GS ik, I T 02 M
1) GS HEIE MRS, T E U = 41k,
AR B S PRI ER B R

a) RIBEELE; (b) G BEERE; (c) BEESRE

Fig. 4. Corresponding holograms of three color images of tea set: (a) R-channel hologram; (b) G-channel hologram;

(c) B-channel hologram.
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Fig. 5. Numerical simulation results of colorful angular-spectrum layer-oriented algorithm: (a) The reconstruction

of image at 180 mm; (b) the reconstruction of image at 240 mm.
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Fig. 6. Three-dimensional GS algorithm.
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Fig. 7. GS algorithm based on angular-spectrum layer-oriented method.
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Fig. 8. Three-dimensional locomotive: (a) Intensity map; (b) depth map.
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Fig. 9. Three color images of three-dimensional locomotive: (a) R-based color map; (b) G-based color map; (c) B-

based color map.
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Fig. 10. Corresponding holograms of three color images of tea set: (a) R-channel hologram (traditional angular-

spectrum layer-oriented); (b) G-channel hologram (traditional angular-spectrum layer-oriented); (c¢) B-channel holo-

gram (traditional angular-spectrum layer-oriented); (d) R-channel hologram (the GS algorithm based on angular-
spectrum layer-oriented method, iteration 5000 times); (e) G-channel hologram (the GS algorithm based on angular-

spectrum layer-oriented method, iteration 5000 times); (f) B-channel hologram (the GS algorithm based on angular-

spectrum layer-oriented method, iteration 5000 times).
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Fig. 11. Comparison of reconstructive images between angular-spectrum layer-oriented method and the GS algo-
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rithm based on angular-spectrum layer-oriented method: (a) The reconstruction of image at 180 mm (angular-

spectrum layer-oriented); (b) the reconstructionof image at 180 mm (the GS algorithm based on angular-spectrum

layer-oriented method); (c) the reconstruction of image at 210 mm (angular-spectrum layer-oriented); (d) the re-

construction of image at 210 mm (the GS algorithm based on angular-spectrum layer-oriented method); (e) the

reconstruction of image at 240 mm (angular-spectrum layer-oriented); (f) the reconstruction of image at 240 mm

(the GS algorithm based on angular-spectrum layer-oriented method).
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Abstract

Computer-generated hologram (CGH) makes possible the three-dimensional (3D) display of true stereo. It has
characteristics of strong flexibility, small noise, easy replication, and computable virtual object. However, there are still
some difficulties with the CGH 3D display presently, such as slow computation speed of complex object hologram, small
size and small field angle of 3D scene, much noise of reconstruction image, and true color display. In this paper, the
problem of reconstruction image noise and true color display of the CGH are studied, and the hologram of true color
3D object with complex morphologies is calculated. First of all, the angular-spectrum layer-oriented method can avoid
error caused by the paraxial approximation and be used to accurately generate and calculate 3D object hologram. And
it also has advantages of efficient computation, reduced complexity, and less storage memory. We achieve the true color
display of a 3D object by using the angular-spectrum method based on intensity and depth maps. We also analyze the
problem of multi-wavelength sampling, and mitigate the phenomenon of frequency mixing effectively. Then, we propose
to use the Gerchberg-Saxton (GS) algorithm along with the angular-spectrum layer oriented method to reduce the
speckle noise in the reconstruction image. The root mean-square error (RMSE) and peak signal-to-noise ratio (PSNR)
of the reconstruction image by angular-spectrum layer-oriented method with the GS algorithm are compared with those
obtained in the case without using the GS algorithm. The RMSE and PSNR are the main methods of evaluating the image
quality. Smaller RMSE and bigger PSNR correspond to higher quality of the image. The hologram and reconstruction
image of the true color locomotive with complex morphologies are calculated using the method proposed in this paper and
the locomotive is divided into three parts: head, middle and tail. The RMSE and the PSNR of reconstruction image of the
head are approximately 0.77 and 65.7, respectively. The RMSE and the PSNR of reconstruction image of the middle are
approximately 0.68 and 70.0, respectively, and so are those of the tail. Comparing with the traditional angular-spectrum
layer-oriented method, the RMSE of the reconstruction images of the head, middle and tail are reduced approximately
by 0.11, 0.40, 0.41, and the PSNR are increased approximately by 1.15, 5.70, 4.13, respectively. The simulation results
show that the speckle noise is suppressed effectively and the quality of the reconstruction image is improved when the
GS algorithm along with the angular-spectrum layer oriented method is used. The proposed method is more suitable for

the calculation of complex 3D objects with true color.

Keywords: three-dimensional object with true color, angular-spectrum layer-oriented method,

Gerchberg-Saxton algorithm, root-mean-square error
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