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SPIHT-based Subband Division Compression Method for
High-resolution Image Compression
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Abstract

This paper proposes a method to solve problems that may occur when SPIHT(set partition in hierarchical trees) is used in a
dedicated codec for compressing complex holograms with ultra-high resolution. The development of codecs for complex holograms
can be largely divided into a method of creating dedicated compression methods and a method of using anchor codecs such as
HEVC and JPEG2000 and adding post-processing techniques. In the case of creating a dedicated compression method, a separate
conversion tool is required to analyze the spatial characteristics of complex holograms. Zero-tree-based algorithms in subband units
such as EZW and SPIHT have a problem that when coding for high-resolution images, intact subband information is not properly
transmitted during bitstream control. This paper proposes a method of dividing wavelet subbands to solve such a problem. By
compressing each divided subbands, information throughout the subbands is kept uniform. The proposed method showed better
restoration results than PSNR compared to the existing method.
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Fig. 1. Components of complex holograms (a) real, (b) imaginary, and (c) reconstructed amplitude
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Fig. 2. SPIHT compression results ( ) real, ( ) imaginary, (c) reconstructed real, and (d) reconstructed imaginary
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Fig. 3. Reconstruction results (a) Original, (b) SPIHT-based compression
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Fig. 4. The structure of the holographic codec used in this paper
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Fig. 6. The proposed coding method (a) the default method, and (b) the subband division method.
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Fig. 7. Compression result, (a) original, (b) non-divided subband, (c) divided subband (4096), and (d) divided subband (16384).
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Fig. 8. Reconstructed result, (a) original, (b) non-divided subband, (c) divided subband (4096), and (d) divided subband (16384)
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Table 1. Evaluation for hologram and reconstruction
Hologram SNR SSIM
9 Blue Green Red Blue Green Red
1 4.881 4.420 3.596 0.746 0.751 0.733
4096 4.607 4.576 3.953 0.749 0.754 0.726
16384 4.595 4.572 3.958 0.749 0.754 0.727
Reconstruction PSNR SSIM
Blue Green Red Blue Green Red
1 19.501 17.901 15.474 0.721 0.686 0.632
4096 18.702 17.973 15.780 0.675 0.664 0.618
16384 18.677 17.970 15.793 0.674 0.665 0.619




A4 9] 320 ZAAE WA IHS AT SPIHT 7)wke] Bojel B k% @y 205

(Woosuk Kim et al.: SPIHT-based Subband Division Compression Method for High-resolution Image Compression)

W5 g e wACIH, Atele = el ol

=
AY s Fo @ 7L 9 9ee Bl

v.d 8
B =Rol i g0 23 Wile] AHEH ERIY A8 T
glo ) SPIHT7F 2AAIE 4= Sl 49 71Nk = &

& 4 gl 7Y A)EE AL ST, At W

< T2E F el $53 §F2 Fchs AR, dolE

9 A7 54 el AR 2L WART, B9

Foe Aol 53 BEZE 7HES T 5 e AS B
TlEo] PSNR, SSIM 5°] 238 Yeol®= &3k,

AA B Aiel|M Fqo] f5EA B AAE BTk

% Bl waw A4 A WRE UET F gl

Al gk a2 WWHOEA T aE Btk & Arve

= ESRIHS 91T 45 PHoEN 2 2 HY F

A, o] Fol] FaiE W2 dlolESl Jnte] ERIY 4=

WA AR F5T 5 jle A= £AS l2sh=

U B E80] 2 & AUs ASE 7gigth

# 1 & 8 (References)

[1] Dennis Gabor, “A new microscopic principle,” Nature, 161, pp. 777 -
778, 1948.
doi: https://doi.org/10.1038/161777a0

[2] P. Hariharan, “Basics of Holography,” Cambridge University Press,
May 2002.

[3] W. Osten, A. Faridian, P. Gao, K. Korner, D. Naik, G. Pedrini, Al
Kumar Singh, M. Takeda, and M. Wilke, “Recent advances in digital
holography [Invited],” Appl. Opt. 53, G44-G63, 2014.
doi: https://doi.org/10.1364/A0.53.000G44

[4] H. Yoshikawa, “Digital holographic signal processing,” Proc. TAO
First International Symposium on Three Dimensional Image
Communication Technologies, pp. S-4-2, Dec. 1993.

[5] JPEG Pleno https://jpeg.org/jpegpleno/

[6] E.Darakis, T. J. Naughton, and J. J. Soraghan, “Compression defects in

7

different reconstructions from phase-shifting digital holographic data,”
Appl. Opt, vol. 46, no. 21, pp. 4579-4586, Mar. 2007.

doi: https://doi.org/10.1364/A0.46.004579

P. Memmolo, M. Paturzo, A. Pelagotti, A. Finizio, P. Ferraro, and B.
Javidi, “New high compression method for digital hologram recorded
in microscope configuration,” In Modeling Aspects in Optical

(8]

(9

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

Metrology III. International Society for Optics and Photonics. vol.
8083, no. 80830W, pp. 1-7, May. 2011.

doi: https://doi.org/10.1117/12.889520

J. Y. Sim, and C. S. Kim, “Reconstruction depth adaptive coding of
digital holograms,” IEICE Transactions on Fundamentals of
Electronics, Communications and Computer Sciences, vol. 95, no. 2,
pp. 617-620, Feb. 2012.

doi: https://doi.org/10.1587/transfun.E95.A.617

T. J. Naughton, Y. Frauel, O. Matoba, N. Bertaux, E. Tajahuerce and B.
Javidi, “Three-dimensional imaging, compression, and reconstruction
of digital holograms,” SPIE Proc, vol. 4877, pp.104-114, Mar. 2003.
doi: https://doi.org/10.1117/12.463735

Y. Rivenson, A. Stern, and B. Javidi, “Overview of compressive
sensing techniques applied in holography,” Applied optics, vol. 52, no.
1, pp. A423-A432, Jan. 2013.

doi: https://doi.org/10.1364/A0.52.00A423

H. Zhang, W. Zhou, D. Leber, Z. Hu, X. Yang, P. W. Tsang, and T. C.
Poon, “ Development of lossy and near-lossless compression methods
for wafer surface structure digital holograms,” Journal of
Micro/Nanolithography, MEMS, and MOEMS, vol. 14, no. 4,pp. 1-8,
Dec. 2015.

doi: https://doi.org/10.1117/1.JMM.14.4.041304

P. A. Cheremkhin, and E. A. Kurbatova, “Numerical comparison of
scalar and vector methods of digital hologram compression,”
Holography, Diffractive Optics, and Applications VII. vol. 10022, no.
1002227, pp.1-10, Oct. 2016.

doi: https://doi.org/10.1117/12.2246411

E. Darakis and J. J. Soraghan, “Compression of interference patterns
with application to phase-shifting digital holography,” Appl. Opt, vol.
45, no 11, pp. 2437-2443, April. 2006.

doi: https://doi.org/10.1364/A0.45.002437

P. A. Cheremkhin, and E. A. Kurbatova, “Quality of reconstruction of
compressed off-axis digital holograms by frequency filtering and
wavelets,” Applied optics, vol.57, no. 1, pp. A55-A64, Jan. 2018.

doi: https://doi.org/10.1364/A0.57.000A55

H. Yoshikawa and J. Tamai “Holographic image compression by
motion picture coding,” SPIE Proc, vol. 2652, Practical Holography X,
pp. 2-9, March. 1996.

doi: https://doi.org/10.1117/12.236045

Y. H. Seo, H. J. Choi and D. W. Kim, “3D scanning-based compression
technique for digital hologram video,” Signal Processing: Image
Communication, vol. 22, no. 2, pp. 144-156, Nov. 2006.

doi: https://doi.org/10.1016/j.image.2006.11.007

Y. H. Seo, H. J. Choi, J. W. Bae, H. J. Kang, S. H. Lee, J. S. Yoo and D.
W. Kim, “A new coding technique for digital holographic video using
multi-view prediction,” IEICE TRANSACTIONS on Information and
Systems, vol. E90-D, no.1, pp. 118-125, Jan. 2007.

doi: https://doi.org/10.1093/ietisy/e90-1.1.118

E. Darakis and T. J. Naughton, “Compression of digital hologram
sequences using MPEG-4,” SPIE Proc, vol. 7358, pp. 735811-1, May
2009.

doi: https://doi.org/10.1117/12.820632



206

A5l
s

[19] K. Jaferzadeh, S. Gholami, and I. Moon, “Lossless and lossy
compression of quantitative phase images of red blood cells obtained
by digital holographic imaging,” Applied optics, vol. 55, no. 36, pp.
10409-10416, Dec. 2016.

doi: https://doi.org/10.1364/A0.55.010409

W. S. Kim, D. W. Kim, and Y. H. Seo, “Hologram Super-Resolution
Using a Single Reverse Inception based Deep Learning,” In

[21]

[20]

Proceedings of the Korean Society of Broadcast Engineers Confer-

3= A27A A2E, 20223 3€ (JBE Vol.27, No.2, March 2022)

ence, Kwangwoon Square & 80th Anniversary Hall, pp. 214-215,
2019.

W. S. Kim, B. S. Park, J. K. Kim, K. J. Oh, J. W. Kim, D. W. Kim, and
Y. H. Seo, “Deep Learning-based Super Resolution for Phase-only
Holograms,” Journal of Broadcast Engineering, vol. 25, no. 6, pp.
935-943, 2020.

doi: https://doi.org/10.5909/JBE.2020.25.6.935

X A A M
42y
- 20184 8 : =P SHACStm M7 MR 0138 £
- - 20184 93 ~ SiXff : L20HStm YUICHEHRI(AEISEILE)
- ORCID : https://orcid.org/0000-0002-2463-8987
- FARO0L: CIXY 22720{T, 2D/3D HAb M2 ¥ &F, TSME ARz
uh A
- 20194 22 : 2OEL ZAST EY
- 201951 3 ~ SiXf : L2rHStm YHIhSHRI(AEISElR)
- ORCID : https://orcid.org/0000-0003-3396-8264
- FUME0F: EOIE Zalec, Hojd, 2D/3D FA Az
A
- 20024 8 : MEhet HEELIZS A
- 20054 23 : AFIEY SR HESASEL MA
- 20104 28 : AT SR HESLZET YA
- 2010 63 ~ 20134 28 : MMM ZE7|EH MEATH
- 20134 3 ~ SiAf : SIEMAISAIATY gHE 0| 0T A MANTY
- FARO0L: CIXE 22 72m], 2D/3D Fak 2| ¥ &=, AZi0|Ciof
Mds
- 19994 23 : 20ty MAKZ IS EH(SSHAD
- 20014 28 : L20istm Ystrstel E(ZSAAD
- 20044 8 : LICHSI UHIHERH S (SEUAD
- 20054 98 ~ 20084 28 : shMrfstm ZFma
- 200844 33 ~ B : AR20HStn MARSE w

- ORCID : http://orcid.org/0000-0003-1046-395X
- FEAE0F: MZ0(C|0f, 2D/3D EY ASHz|, CIXY

[l = i




