The 4th International Conference of Indonesian Society for Remote Sensing IOP Publishing
IOP Conf. Series: Earth and Environmental Science 280 (2019) 012031 doi:10.1088/1755-1315/280/1/012031

A comparison of Satellite Image Compression methods in the
Wavelet Domain

A Indradjad, A S Nasution, H Gunawan and A Widipaminto
Remote Sensing Technology and Data Center, LAPAN, 70 LAPAN road, Jakarta, Indonesia

andy.indradjad @lapan.go.id

Abstract. Better resolution of remotely sensed satellite images will make images clearer and
interpretation easier but will increase the total volume of data that has to be managed. In order
to reduce data volume for easier satellite communication transmission and reduce the total
volume of data needed to be stores, the images should be compressed. Image compression in
wavelet domain can be used for both lossy or lossless compression. Four major compression
methods are available using the wavelet domain, i.e. CCSDS, Wavelet, Bandelet, and JPEG
2000. Some optical satellite images, were used as input data in simulation software which
analyzed and compared the four compression methods in the wavelet domain. The result
showed that the CCSDS method yielded the fastest compression and decompression time, but
the Bandelet method retained better image quality when reconstructing original images or
approximations of them compared to CCSDS. The JPEG 2000 method delivered better quality
images than CCSDS for low bit rate. In summary at a rate of 0.25 bpp, CCSDS is 15 times
faster than Bandelet and 3 times faster than JPEG2000. However, CCSDS quality is lower by
up to 8.77% compared with Bandelet and up to 13.64% compared with JPEG2000.

Keywords. Remote Sensing, Satellite Images, Wavelet Domain, CCSDS, Bandelet, Wavelet,
JPEG 2000.

1. Introduction

At present, remotely sensed satellite imagery is getting better in terms of spatial, temporal, and
spectral resolution, as well as data rate as shown in Table 1. This table illustrates the increase in
compression requirements. With this wealth of information, problems arise in handling very large
volumes of data, at each stage of image acquisition process. To reduce data volume and facilitate the
transmission of satellite communication and storage, we need to apply compression techniques to
satellite image data.

Large multispectral imageries add to the computational burden from the perspective of data storage
and transmission, so data compression becomes an important and urgent goal. At the same time, it is
very expensive to obtain multispectral data, moreover these data are often used for further analysis and
processing operations such as classification or target detection. Therefore, only by using lossless
compression technology, we can ensure reducing the volume of data without losing any information.
However, for higher compression, lossy image compression can be used, with acceptable loss of
information.
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Table 1. Resolution and bit rate of some earth observing satellites.

Satellites Swath (km) Spatial Resolution (m) Data rate (Mbps)

SPOT 4 60 10 32
SPOT 5 60 25 128
PLEIADES 20 0.7 4500
IKONOS 11 3.2 320
QUICK BIRD 18 2.6 320

The discrete wavelet transform associated with sub-band coding provides high image compression
ratio. Although the wavelet transform performs well on smooth areas, the wavelet representation of
edges is not sparse !!l. Indeed, wavelet coefficients have high magnitude around the edges and
correlations between those coefficients remain. Therefore, great efforts have been made in the design
of coding schemes to handle the redundancy near the edges. The significance propagation passes in
EBCOT coder > 3!, which is part of the JPEG2000 standard, has the same goal. The CCSDS
(Consultative Committee for Space Data Systems) recommendation for image data compression * 3
specially targets on-board spacecraft compression. In this recommendation, wavelet coefficient
redundancy is exploited in a tree-like coding scheme.

Image compression in wavelet domain had been widely used within past decades. In the year 2000
Joint Photographic Experts Group (JPEG) committee created newest technology known as JPEG2000,
is one of the popular image compression standards which is using wavelet as core transform. For
satellite image proposed by CCSDS in their standard about image data compression in November
2005, also using wavelet transform. Both standard using different posts processing in wavelet domain.
CCSDS using bit plane encoder that is referred to rice entropy coder.

In 2007, Stéphane Mallat, Gabriel Peyré introduce Bandelet transform exploits geometric regularity
that is found in images by constructing orthogonal vectors that are elongated in the direction where the
function has a maximum of regularity. Before that, in 2000 Bandelet transform of Pennec and Mallat
links the significant wavelet coefficients along a discontinuity and represents it as a smooth 1-D curve
geometry computed from the image.

In 2008, X. Delaunay, et al writes a paper about directional decorrelation of wavelet coefficients
for satellite image compression. The objective is to prove that is possible to enhance the compression
performance by further decorrelation of the wavelet coefficients. They first analyse the directional
bases for the grouping Bandelet transform and propose new bases which are better suited to de-
correlate the wavelet coefficients in the different sub-bands. Review on how the directional Bandelet
bases have been built as well as the practical Bandelet compression and analyse the ability of the
Bandelet bases to capture directional correlations. Based on the observation, propose extended
grouping configurations and build new dictionaries of orthogonal bases which better de-correlate
wavelet coefficients. Furthermore, even better decorrelation is obtained with bases learned by
Principal Component Analysis (PCA). The research continues in 2009 in their second paper about post
processing in wavelet domain that proposes a novel compression scheme with a tuneable complexity
rate and distortion trade-off, this paper also compare post processing method with JPEG2000 and
CCSDS image data compression.

All post processing in wavelet domain is aim to exploit remain redundancies between the wavelet
coefficients to achieve higher compression and higher quality. Finding efficient geometric
representations of images is a central issue to improving image compression ©1,

The main satellite on-board compression constraints are strip-based input format produced by push-
broom acquisition mode, limited downlink capacity and limited on-board computational capacity.
First, as the satellite travels Earth surface up and down, the optical sensors produce an image of fixed
width but with a virtually endless length. Therefore, this image has to be compressed and transmitted
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during its acquisition. The post-transform compression scheme is intended to reduce these
dependencies while maintaining a low complexity 1.

Coders that produce embedded bit-streams such as the BPE of the CCSDS ™ 51 are thus
recommended. Bit-rate regulation is then possible by simple truncation of the bit-stream whatever the
bit-rate. On the contrary, as mentioned in the Introduction, a reliable tuning of JPEG2000 bit rate has a
high computational cost . Indeed, JPEG2000 encoder imposes specific truncation points.

The objective of the research is to implement a simulation in MATLAB, analyze and compare the
compression method in wavelet domain. Image compression in the wavelet domain will be used to
achieve lossy and lossless compression.

The CCSDS image data compression standard would be used to compare with other methods that
use post transformation in wavelet domain such as Bandelet approach in literature - 7- % 19 and also
compare to JPEG2000 standard. The algorithm will be implemented in MATLAB and/or C language.
Satellite imageries will be used to test the program. The result of this simulation will analyse the time
consuming, compression ratio and also PSNR (reconstructed image quality). This study also analyse
using a DWT integer for lossless compression, to compare between CCSDS image data compression
and JPEG2000 standard.

2. Method
The research methodology can be seen in the figure 1 below.
—1 Wavelet
— Bandelet
» Lossy Compression [ ]
— CCSDS Image Differences
Quality -
L 1PEG200 Compre.:ssmn
Ratio
Remote Sensing —
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Performance Complemty
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Figure 1. Research methodology.

In this research, there are three important performance parameters that should be considered:

e Compression Ratio; this parameter show how well the compression scheme is. This can also be

indicated by bpp (bit per pixel).

e PSNR (Peak Signal to Noise Ratio); this parameter is to show the differences between original

image and the image after compression and decompression. For lossless PSNR is infinity.

e Time consuming; this parameter will show the complexity of the compression scheme.

Images used to test the software are a standard processing image called Lena image and other 5
satellite images. Lena’s image is a natural image as a comparison with satellite images. Lena image
has entropy 7.4456 bit/symbol with size is 512x512 pixels. Satellite image 1 has entropy 5.3443
bit/symbol with size 512x512 pixels. Satellite image 2 has entropy 7.1624 bit/symbol with size
512x512 pixels. Satellite image 3 has entropy 6.9438 bit/symbol with size 512x512 pixels. Satellite
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image 4 has entropy 6.8802 bit/symbol with size 512x512 pixels. Satellite image 5 has entropy 6.8631
bit/symbol with size 512x512 pixels.

A

Figure 3. Satellite image 1 Figure 4. Satellite image 2
(color & 8 bit gray level). (color & 8 bit gray level).

Figure 6. Satellite image 4.

Figure 5. Satellite image 3 . L “
(color & 8 bit gray level). Figure 7. Satellite image 5
(color & 8 bit gray level).
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The implementation will create a graphical user interface in MATLAB. The GUI will be as in the
Figure 3.5. The Six compression algorithms mentioned above are used here and each method can be
entered with related parameters. There are four parts in the main interface, namely Parameters,
Original images, Reconstruction Images and Image Differences. The Parameter part is for text about
the method used, input threshold or bpp, image name, size, entropy, PSNR error, compression ratio,
compression time and decompression time. Original image will display the image before it is
processed and immediately displayed after opening the image using open button. Reconstruction part
will display the reconstructed image after the start button is clicked. Image differences part will show
the differences between the original image and reconstructed image after the start button is clicked.
There are seven buttons at the top which are open, method, input parameter, start, comparison, tool
and quit button. The open button is used to open a new image. The method button is used to choose
what compression method we want to use. The input parameter button is used to input the threshold or
bpp depending on the chosen algorithm. The Start button is used to start calculating the compression
and displaying the reconstructed image and image differences. The comparison button is used to
compare between all lossy compression algorithms. The tool button is used to convert colour image to
8-bit gray-level image of specified size. The quit button is used to close the interface. There is one
check box option, which is save check box, used to choose if we want to save the result image both
reconstructed and image differences.

3. Results

The complete results of compression are shown in the table 2. The contents of the table are an image
entropy, reconstructed image quality shown by PSNR, compression time and decompression time.
This table is a summary for lossy image compression with 0.25 bpp (bit per pixel) using four different
algorithms, i.e. Wavelet, Bandelet, JPEG 2000, and CCSDS image data compression. Table 3 shows
the compression result for lossless compression using JPEG 2000 lossless compression and CCSDS
lossless image data compression. Content of the table is entropy of image and compression ratio.

Table 2. Complete lossy image compression results

PSNR (dB) Comp. time (s) Decomp. Time (s)
Image name  Entropy 1 2 3 4 1 2 3 4 1 2 3 4
Lena 7.4456 31.6441 32.0215 32.2512 319718 10 38 08 07 10 15 0.6 03

Sat. image 1 5.3443 355997 354148 35.8153 348422 12 45 08 03 12 19 07 03
Sat. image 2 7.1624  29.1795 29.408 30.3799 283917 1.0 40 12 04 10 16 08 04
Sat. image 3 6.9438  27.8404 27.9346 28.1388 28.1241 14 49 1 04 14 2 07 04
Sat. image 4 6.8802  31.3946 33.0257 34.2405 30.1296 1.0 39 08 06 10 16 06 04

Sat. image 5 6.8631 31.2398 31.4861 31.6130 31.0028 10 4.1 08 04 10 1.6 0.6 0.3
Annotation:

1 = Wavelet 3 = JPEG 2000
2 = Bandelet 4 = CCSDS image data compression
Table 3. Lossless image compression results.
Compression ratio Compression Time (s) Decompression Time (s)
Image name Entropy  JPEG 2000 CCSDS JPEG 2000 CCSDS JPEG 2000 CCSDS
Lena 7.4456 1.8543 1.8023 1.59 0.75 0.59 0.44

Sat. image 1 5.3443 3.2612 3.1519 0.95 0.80 0.53 0.38
Sat. image 2 7.1624 2.0283 1.902 0.75 0.63 0.62 0.45

Sat. image 3 6.9438 1.7252 1.7119 0.68 0.54 0.45 0.46
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Sat. image 4 6.8802 2.109 1.9758 0.97 0.53 0.68 0.47
Sat. image 5 6.8631 1.8932 1.8562 0.63 0.59 0.63 0.43
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Figure 8. Lena image. Figure 9. Satellite image 1 quality comparison.
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Figure 10. Satellite image 2 quality comparison.
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Figure 12. Satellite image 4 quality comparison.

4. Discussion
4.1. Compression ratio and Compression quality

Figure 11. Satellite image 3 quality comparison.
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Figure 13. Satellite image 5 quality comparison.

Image quality in lossy compression refers to the quality of the reconstructed image compared to
original image. Compression ratio is related to bit rate or bit per pixel, because we use 8 bit per pixel
original image so bit rate has to be smaller than 8 to achive higher compression ratio. Lower bit rate

means higher compression ratio.
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Image compression using Bandelet has higher quality compare to wavelet compression for most of
the image. For Lena image with compression at 0.25 bpp has 1.18% better quality in PSNR, for
satellite image 1 has 0.52% lower quality in PSNR, for satellite image 2 has 0.78% better quality in
PSNR, for satellite image 3 has 0.34% better quality in PSNR, for satellite image 4 has 4.94% better
quality in PSNR, for satellite image 5, has 0.78% better quality in PSNR. Compare to CCSDS image
data compression, Bandelet mostly has higher compression quality for compressing at 0.25 bpp.
Bandelet compression, for Lena image has 0.16% better quality in PSNR, for satellite image 1 has
1.62% better quality in PSNR, for satellite image 2 has 3.46% better quality in PSNR, for satellite
image 3 has 0.68% lower quality in PSNR, for satellite image 4 has 8.77% better quality in PSNR, for
satellite image 5, has 1.53% better quality in PSNR.

Compare to CCSDS image data compression, JPEG2000 has higher compression quality for
compressing at 0.25 bpp. JPEG2000 compression, for Lena image has 0.87% better quality in PSNR,
for satellite image 1 has 2.79% better quality in PSNR, for satellite image 2 has 7.00% better quality in
PSNR, for satellite image 3 has 0.05% better quality in PSNR, for satellite image 4 has 13.64% better
quality in PSNR, for satellite image 5, has 1.97% better quality in PSNR.

JPEG 2000 has best performance compare to other three compression method, for 0.25 bpp. This
show by biggest PSNR compares to others, but this is not valid for all bit rates of all test images.
Comparison graphics of every images such as figure 8, 9, 10, 11, 12, and 13. Base from those figures
we can see that JPEG has very good performance in high compression ratio or low bit rate. We also
see that wavelet compression always has lower quality compare to Bandelet for most satellite images
at all compression rate. Bandelet compression and CCSDS image data compression, Bandelet
compression has better performance at low bit rate or higher compression ratio and CCSDS has better
performance at high bit rate.

If we saw entropy of image, it has very low correlation with image quality, but for very big
difference such as satellite image 1 and Lena or satellite image 2 and satellite image 1, we can see the
relation is low entropy can give better performance. Compare to Lena image, satellite image has lower
entropy. It can reach until 28.2% lower than Lena image such as satellite image 1. Satellite image 1
and 3 are medium resolution satellite images. Satellite image 2, 4, and 5 is a high resolution satellite
image. For medium resolution satellite, image quality comparison between Bandelet and wavelet
compression only has small difference quality even some image at 0.25 bpp wavelet better than
Bandelet (for satellite image 1) and this is valid for all bit rate from the comparison Figure 9 and
Figure 11, we can see the gap between wavelet compression line and Bandelet compression line is
small. For high resolution satellite image, image quality comparison between Bandelet and wavelet
comparison has bigger difference quality and even better for well-organized area such as satellite
image 2 and 4. This differences we can be seen from Figure 10 and Figure 12, the gap between
wavelet compression line and Bandelet compression line is big. This means that Bandelet has better
performance for high satellite image especially for well-arranged area.

Lossless compression does not recognize image quality because for lossless reconstructed image
has to be the same for every pixel. We can recognize better algorithm with higher compression ratio.
From table 4 we can see that lossless JPEG 2000 has higher compression than lossless CCSDS image
data compression. This mean JPEG 2000 has better performance compare to CCSDS image data
compression. JPEG 2000 has better performance from 0.8% up to 6.3 % compare to CCSDS image
compression. The compression ratio has low correlation with the entropy only for very big differences
such as satellite image 1 which has much smaller entropy so it has biggest compression ratio. It means
only if so much smaller entropy can be related to higher compression ratio.

4.2. Time consumption

Time consumption for compression and decompression is related to the complexity of the algorithm.
Longer time means more complexity the algorithm and otherwise faster means lower complexity.
Time comparison can only be used if the algorithm in the same software implementation because
different software implementation can also make processing time different such as MATLAB
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implementation take longer time than C programming. Wavelet and Bandelet compression can be
compare timely because both are implemented in MATLAB. JPEG2000 and CCSDS image data
compression can be compare timely because both are implemented in C programming. It is hard to
compare between other implementation but still can describe roughly.

Bandelet compression need more time about 3 to 4 times longer than wavelet compression for
compressing, and 30% to 38% for decompressing. Bandelet compression is time costly, and it also
show Bandelet is much more complexity. Before we use this calculation we have to consider how
much quality we can achieve. For example, if we use for high resolution satellite image especially
with well- arranged area, this algorithm can be effective. But if we use it for medium resolution
satellite image, we should not use it because with only little quality gain it cost so much time.

JPEG 2000 compression needs more time up to 3 times compare to CCSDS image data
compression for compressing, and up to 2 times for decompressing. This shows that CCSDS image
data compression has much lower complexity than JPEG 2000 compression. This is related to the
main constraint for satellite image for low complexity.

Entropy has no correlation to the processing time, lower entropy does not have to make processing
time faster. CCSDS lossy compression has the lowest complexity compare to other compression
algorithm, compare to Bandelet it can reach until 15 times faster.

Lossless image data compression using CCSDS and JPEG2000, as shown in table 4. CCSDS image
data compression has faster compression and decompression time. This also shows that lossless
CCSDS image data compression has lower complexity than JPEG 2000 compression. CCSDS image
data compression has better time processing than JPEG 2000 but it has lower compression ratio. JPEG
2000 can have up to 6.8% higher compression ratio but cost 2 times longer processing time compare to
CCSDS image data compression.

Lossy and lossless image compression from table 3 and table 4, we can see processing time
between compression and decompression time. Processing time for most of algorithm decompression
has faster compare to compression time. For wavelet compression the compression time and
decompression time is the same (rounded to 1 decimal place). For Bandelet, compression time can
reach up to 2 times longer than decompression time. For JPEG 2000 lossy compression, compression
time up to 33% longer than decompression time. For JPEG 2000 lossless, compression time up to 63%
longer than decompression time. For CCSDS lossy image data compression, compression time can
reach up to 57% longer than decompression time. For CCSDS lossless image data compression,
compression time up to 52% longer than decompression time.

5. Conclusion
All method used for satellite image compression with mainly using wavelet transform have been
simulated in this research. Compare to wavelet compression, Bandelet compression has better
performance for most all bit rate. Lossy JPEG 2000 compression has best performance in low bit rate,
but the performance is not good for high bit rate. Bandelet compression has better performance at low
bit rate or higher compression ratio and CCSDS has better performance at high bit rate. CCSDS image
data compression has much lower complexity compare to Bandelet compression, it even lowest
complexity compare to other tree method. Bandelet compression has better performance for high
satellite image especially for well-arranged area. CCSDS image data compression has the fastest
compression and decompression time, but Bandelet compression has better image quality compare to
CCSDS image data compression. Bandelet compression is time costly, and it also show Bandelet is
much more complexity. CCSDS has the fastest compression and decompression time compare to other
methods. Lossless CCSDS image data compression has faster compression and decompression time
compare to lossless JPEG 2000 compression. But JPEG 2000 has more compression ratio compare to
CCSDS image data compression.

The use of Bandelet transform as an addition in CCSDS compression should be consider for next
research, this combination can be good for satellite image in high resolution especially for well-
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arranged area, and will make improvement in lossy compression for high compression ratio such in
JPEG 2000. A study to geometric approach to a satellite image such as Bandelet should have an
algorithm for lossless compression to achieved higher compression ratio in lossless compression.

Acknowledgment

This paper is funded with Insinas Program Title “Pengembangan teknik kompresi dan pengolahan
data

penginderaan jauh untuk kebencanaan” by kemenristedikti. Remote sensing Technology and Data
Center for the facility and suporting.

References

[1] X. Delaunay, et al. 2008 Satellite Image Compression by Directional Decorrelation of Wavelet
Coefficients [C] Proceedings of ICASSP’08 IEEE: 1193-1196

[2] Ryszard S. Choras 2002 JPEG 2000 Image Coding Standard - A Review and Applications [M]
Faculty of Telecommunication University of Technology & LS 85-796 Bydgoszcz S. Kaliskiego
7 POLAND

[3] Tinku Acharya and Ping-Sing Tsai 2005 JPEG2000 Standard for Image Compression: Concepts,
Algorithms and VLSI Architectures [M] John Wiley & Sons, Inc. Hoboken New Jersey Canada

[4] CCSDS 2005 Image Data Compression [S] Recommended Standard CCSDS 122.0-B-1 Blue
Book

[5] CCSDS 2007 Image Data Compression [R] Informational Report CCSDS 120.1- G-1 Green
Book

[6] Stéphane Mallat, E. LePennec 2005 Bandelet Image Approximation and Compression [J] SIAM
Journal of Multiscale Modeling and Simulation 4(3): 992-1039

[7] X. Delaunay, et al. 2010 Satellite image compression by post-transforms in the wavelet domain
[J] Jurnal Signal Processing Elsavier 90: 599-610

[8] Yun Q. Shi and Huifang Sun 2000 Image and Video Compression for Multimedia: Engineering
Fundamentals, Algorithms and Standards [M] CRC Press LL.C Florida USA

[9] X. Delaunay, et al. 2008 Best Post-Transform Selection in a Rate-Distortion Sense [C]
Proceedings of ICIP’08 October 2008

[10] Stéphane Mallat, Gabriel Peyré 2005 Surface compression with geometric Bandelet [C] ACM
Transactions on Graphics (Proceedings of SIGGRAPH'05) 24(3):601-608

[11] Rafael C. Ganzales and Richard E. Woods 2002 Digital Image Processing, Second Edition [M]
Pearson Education Asia Limited and Publishing house of Electronic Industry Beijing China

[12] Rafael C. Gonzalez, Richard E. Woods, Steven L. Eddins 2003 ‘Digital Image Processing Using
MATLAB [M] Prentice Hall

[13] Guy E. Blelloch 2001 Introduction to Data Compression [M] Computer Science Department
Carnegie Mellon University Pittsburgh USA

[14] Khalid Sayood 2000 Introduction to Data Compression [M] Academic Press San Diego USA

[15] David Solomon 2007 Data Compression Book — The Complete Reference Fourth Edition [M]
Springer California USA

[16] [ain E. G. Richardson 2002 Video Codec Design: Developing Image and video Compression
System [M] John Wiley & Sons Ltd West Sussex England

[17] Pen-Shu Yeh, et al. 2005 The New CCSDS Image Compression Recommendation [C] IEEE AC
(Aerospace Conference) 4138-4145

[18] Ruizhi Ren, et al. 2009 A Lossless Compression Method Based on Mix Coding and IWT for
MODIS Image [C] Proceedings of SPIE 7455: 74550R-1 — 74550R-9

[19] Roby Polikar Wavelet Tutorial [M/OL] http://users.rowan.edu/~polikar/
WAVELETS/WTpart4.html accessed on 20 January 2010

[20] W. Sweldens 1997 The Lifting Scheme: A Construction of Second Generation Wavelets [J]
SIAM J. Mathematical Analysis 29(2): 511-546



http://users.rowan.edu/~polikar/%20WAVELETS/WTpart4.html
http://users.rowan.edu/~polikar/%20WAVELETS/WTpart4.html

The 4th International Conference of Indonesian Society for Remote Sensing IOP Publishing
IOP Conf. Series: Earth and Environmental Science 280 (2019) 012031 doi:10.1088/1755-1315/280/1/012031

[21] M. Unser and T. Blu 2003 Mathematical Properties of the JPEG2000 Wavelet Filters [N] IEEE
Trans. on Image Processing 12(9): 1080-1090

[22] I. Daubechies and W. Sweldens 1998 Factoring Wavelet Transforms into Lifting Steps [J] J.
Fourier Anal Appl.4(3): 247-269

[23] F. Falzon, S. Mallat 1998 Analysis of low bit image transform coding [N] IEEE Trans. Signal
Processing 46: 1027—-1042

[24] Y. Shoham, A. Gersho 1988 Efficient bit allocation for an arbitrary set of quantizers [N] IEEE
Trans. Acoust. Speech Signal Process 36: 1445-1453

[25] Homayon Motameni and Hossein Shirgahi 2010 Bandelet based vector quantization coder design
for gray scale image compression [J] International Journal of the Physical Sciences 5(14): 2230-
2235

[26] Stéphane Mallat, Gabriel Peyré 2005 Discrete Bandelets with Geometric Orthogonal Filters [C]
Proceedings of ICIP :65-68

[27] Stéphane Mallat, Gabriel Peyré. 2007 A review of Bandlet methods for geometrical image
representation [J] Numerical Algorithms 44(3): 205-234

[28] Stéphane Mallat, Gabriel Peyré 2005 A Matlab Tour of Second Generation Bandelets [R] CMAP
Ecole Polytechnique

[29] OpenJPEG Team. OpenJPEG library: An Open Source JPEG2000 Codec [M/OL].
http://www.tele.ucl.ac.be/PROJECTS/OPENJPEG/ accessed on July 2010

[30]Honggiang Wang, et al. CCSDS Image Data Compression Implementation [M/OL].
http://hyperspectral.unl.edu/, Department of Electrical Engineering, University of Nebraska-
Lincoln, accessed on July 2010



http://www.tele.ucl.ac.be/PROJECTS/OPENJPEG/
http://hyperspectral.unl.edu/

