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Fig. 1 Framework of segmention-based lossless compression of an astronomical image using the DPCM and RITIWT
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Fig. 2 Test images in our experiments
(@) S1203_V_001_1_0000. FITS; (b) S1203_V_002_1_0000. FITS;
(¢) S1203_V_003_1_0000. FITS; (d) S1203_V_004_1_0000. FITS; (e) S1203_V_005_1_0000. FITS
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Table 1 Information entropies of test images before and after the wavelet transformation

S1203_V_001_1_0000. FITS 6.881 6 2.464 8
S1203_V_002_1_0000. FITS 7.722 8 2.132'1
S1203_V_003_1_0000. FITS 7.614 2 2.658 1
S1203_V_004_1_0000. FITS 6.344 3 1.654 8
S1203_V_005_1_0000. FITS 6.254 1 1.5727
DPCM
Windows  WinRar. WinZip. PKZip  Linux  tar o
2 3
4 5 o
2

Table 2 Compression ratios of single methods and combination methods

DPCM + RITIWT +
(Cr) (Cr) (Cr) (Cr)
S1203_V_001_1_0000. FITS 1.23 1.97 2.01 2.77
S1203_V_002_1_0000. FITS 1.57 2.11 2.24 3.58
S1203_V_003_1_0000. FITS 1.39 2.05 2.11 2.84
S1203_V_004_1_0000. FITS 1. 44 2.18 2.34 3.82
S1203_V_005_1_0000. FITS 1.57 2.21 2.38 3.92

3

Table 3 Compression ratios of our method and commonly used softwares

WinRar WinZip PKZip Linux tar
(Cr) (Cr) (Cr) (Cr) (Cr)
S1203_V_001_1_0000. FITS 2.67 2.26 2.23 2.22 2.77
S1203_V_002_1_0000. FITS 3.53 2. 84 2.81 2.78 3.58
S1203_V_003_1_0000. FITS 2.77 2.19 2.18 2.15 2.84
S1203_V_004_1_0000. FITS 3.71 2.93 2.77 2.73 3.82

S1203_V_005_1_0000. FITS 4.00 3.11 3.04 3.03 3.92




78

2 3 Cr= /
( MSE) 0,

4

(

I)

Table 4 Average times for encoding/decoding in single methods and combination methods

/s DPCM + /s RITIWT + /s /s
S1203_V_001_1_0000. FITS 1.52/1.25 1.92/1.58 1.86/1. 54 2.14/1.91
S1203_V_002_1_0000. FITS 1.39/1. 16 1.75/1. 66 1.79/1.73 2.25/1.96
S1203_V_003_1_0000. FITS 1.42/1.24 1.77/1.63 1.69/1. 62 2.10/1. 88
S1203_V_004_1_0000. FITS 1.36/1.28 1.78/1. 60 1.92/1.71 2.30/1.92
S1203_V_005_1_0000. FITS 1.51/1.23 1.89/1.59 1.96/1. 65 2.33/1.97
5 «c 7 )
Table 5 Average times for encoding/decoding in our method and commonly used softwares
WinRar/s WinZip/s PKZip/s Linux tar/s /s
S1203_V_001_1_0000. FITS 12.2/7.5 8.1/2.1 2.1/1.72 2.0/1.66 2.14/71.91
S1203_V_002_1_0000. FITS 7.4/4.4 17.3/2.6 2.3/1.6 2.2/1.48 2.25/1.96
S1203_V_003_1_0000. FITS 6.4/4.2 9.2/2.2 2.5/1.64 2.44/1.58 2.1/1.88
S1203_V_004_1_0000. FITS 12.35/6.9 15.9/2.6 2.4/1.66 2.36/1.54 2.30/1.92
S1203_V_005_1_0000. FITS 10. 18/4.9 19.8/2.8 2.3/1.62 2.21/1.58 2.33/1.97
4. 5 s Pentium( R) 42. 40 GHz CPU 2 048 MB Windows
Server 2003 5 tar Linux o
4. 5 4 5 10 o
1
0 2
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Study of a Lossless Compression Method of Astronomical Images Using
Segmention-based DPCM and 5/3 Integer Wavelet Transformations

Zhu Guifu Deng Hui Wang Feng Ji Kaifan
( Key Lab of Applications of Computer Technology of Yunnan University of Science and Technology of Kunming

Kunming 650051 China Email: zhuguifu@ cnlab. net)

Abstract: In order to solve the increasingly outstanding issue of storing massive astronomical image data
in devices of limited storage space and low bandwidths this paper presents a new lossless compression
method. In the method a large astronomical image is first segmented and then successively coded with the
Differential Pulse Code Modulation 5/3 Integer Wavelet Transformation and Huffman algorithm. We first
briefly outline the approach of the lossless compression and then discuss the details of the principle of the
method and the implementation of the relevant algorithms. Our experiment indicates that the compression ratio
of out method is about 30% 29% 26% 2% higher than those of the Linux tar command PKZip
WinZip and WinRar respectively; it is also much faster than the softwares WinZip and WinRar. In
addition our algorithm has a parallel structure and is easy for hardware implementation.

Key words: Lossless Compression; Differential Pulse Code Modulation; RITIWT; Segmentation;

Astronomical images



