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Comparison of hologram compression coding based on wavelet transform

FU Tai, CHEN Aishuai, HU Lei, GUI Jinbin, WU Jiaxue, WANG Xiaoshi, XU Luxin
(Faculty of Science, Kunming University of Science and Technology, Kunming 650500, China)
Abstract: In holographic 3D display and holographic video applications, reducing the amount of information
in holograms to meet the requirements of communication bandwidth is an important research task. The wavelet
threshold and quantization approaches were used to lossy compress holograms, and the effects of using
different wavelet basis thresholds on the reconstructed image quality and compression ratio of holograms were
compared and analyzed. The research results show that after lossy compression of the wavelet threshold of off-
axis digital hologram, the reconstructed image quality obtained by Haar and db5 wavelet bases is the highest.
Its peak signal to noise ratio (PSNR) reaches 26.38 dB, and the compression ratio obtained by using sym2 and
db2 wavelet is the highest, reaching 6.68. After lossy compression of the wavelet threshold of phase hologram,
the reconstructed image quality obtained by Haar and Daubechies wavelets is the highest, with a PSNR of
32.32 dB. The compression ratio obtained by using the Biorthogonal wavelet is the highest, reaching 4.47. The
research results provide a reference for how to effectively use the wavelet transform to achieve hologram
compression.

Key words: holography; wavelet threshold; image compression; holographic coding
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Table1 PSNR and compression ratio of reconstructed image with different wavelet basis thresholds in off-axis digital hologram

Quantization ~ Types of Spatial domain Real and imaginary Amplitude and phase
level wavelets  Wavelet base name PSNR ~ C Wavelet base name PSNR ~ C Wavelet base name PSNR C

4 Symlet sym4 22.84 5.96 sym2 23.11 6.68 sym3 22.83 532
Haar haar 23.34 5.76 haar 23.03 6.55 haar 2279 513

Daubechies db2 22.81 5.79 db2 23.11  6.68 db3 2283 532
Biorthogonal bior3.1 22.60 598 bior3.9 23.09 6.81 bior4.4 2256 5.38

8 Symlet sym4 2425 4.77 sym8 25.05 5.51 sym3 2477 436
Haar haar 2483 4.65 haar 25.08 541 haar 2438  4.22

Daubechies db2 2472 4.67 db7 2521 551 db3 2477 436
Biorthogonal bior2.4 2422 482 bior6.8 25.05 554 bior3.1 2330 446

16 Symlet Symo6 2494 3.45 Symo6 26.06 3.73 sym3 2554 3.23
Haar haar 25.80 3.38 haar 26.03  3.70 haar 2535 3.16

Daubechies db5 2534 3.39 db6 26.04 3.73 db3 2554 323
Biorthogonal bior5.5 25.00 3.54 bior2.2 26.02 3.74 bior3.3 2440 327

32 Symlet syms$8 2542 250 sym2 26.35  2.59 symo6 25.53 239
Haar haar 26.08 2.52 haar 2633  2.58 haar 25.66  2.37

Daubechies db2 25.80 2.50 db5 2638  2.60 db3 2586 239
Biorthogonal bior5.5 2525 2.55 bior2.2 26.29 2.61 bior5.5 25.14 239
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Table 2 PSNR and compression ratio of reconstructed images with different wavelet basis thresholds in phase hologram

L Spatial domain Real and imaginary Amplitude and phase
Quantization level =~ Types of wavelets =~ Wavelet base name
PSNR C PSNR C PSNR C
4 Symlet sym4 147051  3.5214 14.8008 3.7922 14.704 8 3.5311
Haar haar 14.7227  3.5303 14.7987 3.6784 14.5855 3.5311
Daubechies dbl 147846  3.5214 14.7987 3.7433 14.7706 3.5311
Biorthogonal bior3.1 145967  3.522 14.7526 44718 14.5242 3.5172
8 Symlet sym4 20.6168 2.5431 21.1620 2.8384 20.6577 2.5514
Haar haar 20.5226  2.5481 21.1677 2.7782 19.4909 2.5509
Daubechies dbl 21.1116  2.5429 21.1677 2.8195 20.6623 2.5514
Biorthogonal bior3.1 20.0105  2.5456 21.1608 3.105 19.7265 2.5443
16 Symlet sym4 253730  1.9592 27.1119 2.1547 25.6036 1.9663
Haar haar 252863  1.9641 27.0853 2.1175 22.6910 1.9647
Daubechies dbl 259381 1.9593 27.0853 2.1492 25.7595 1.9778
Biorthogonal bior3.1 237251  1.96 27.3020 22979 23.2934 1.9594
32 Symlet sym4 28.1979  1.5824 32.0818 1.706 6 27.2534 1.5995
Haar haar 27.3988  1.5859 32.3207 1.6841 24.0391 1.5861
Daubechies dbl 29.7684  1.583 32.3207 1.7051 28.0677 1.6146
Biorthogonal bior3.1 25.5587 1.5831 30.6591 1.7927 24.7663 1.589
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Fig. 8 Reconstructed images of phase hologram after
wavelet threshold (1, 2, 3 and 4 uses sym4, haar, dbl

and bior3.1 wavelet bases respectively)
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