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ABSTRACT

The possibilities of hierarchical compression in pénspectral images repository are investigated.
The image analysis of «SpecTIR» and «AVIRIS» hypecgometers is carried out. In order to incredme t
compression ratio, the spectral bands approximatigarithms are proposed to provide fast accegsdigidual
bands. The effectiveness of the developed algosittarinvestigated through computational experimesiag
real 16-bit hyperspectral images.
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1. INTRODUCTION 2. RECENT SOLUTIONS

An important problem of developing a hyperspectral To store hyperspectral images one of these data
[Chel3a], [BorO4a] images repository is the large formats is commonly used: hdf4, hdf5, lan, img+hdr,
number of spectral bands that reaches severaldat+hdr [Chel3a], [Avil3a], [Spelda]. These formats
hundreds. For example, the results of «SpecTIR»are not sufficiently effective for hyperspectralages
hyperspectrometer shooting [Spelda] contain morerepository, as do not support data compression.

than 300 spectral bands, the results of «AVIRIS» an important feature of hyperspectral images ig tha
shooting [Avil3a] contain more than 200 bands. The .o mmon compression methods [Sal07a] for them are
bit rate of each spectral band is 16 bits. ineffective or even inapplicable. Transform coding
The result is a non-trivial task to store such iesam techniques (primarily JPEG [Wal91a] and JPEG-
the repository: an extremely large amount 2000 [Mar00a]), fractal methods [Sal07a] and video
of hyperspectral data entails excessive demands orcompression methods (including MPEG methods)
storage capacity and an unacceptably low rate of[Has97a] are computationally too complex and do not
access to these data. Therefore, when creatingallow a strict control of compression error (in
a hyperspectral images repository, a compressionparticular, the maximum deviation, see below), Wwhic
should be applied. must be in the organization of a repository of usiq

In this paper, for the compression of hyperspectral hyPerspectral data. Differential methods and 1-D
images in the repository, we suggest using a metiifi aPProximation methods have not sufficiently high
method, based on a hierarchical grid [Gas10a] COMPression ratio even with compression of one-
interpolation (HGI). This modification includes new Ccomponent images [Sal07a]. 2-D approximation
algorithms for spectral bands approximation that methods based on segmentation [Pra07a] are overly

reduce access time to the individual bands. complicated.
In addition, in this paper we present the resufts o N [Gasl4a] the HGI-method [Gas10a] was proposed
computational experiments to investigate the for the compression of hyperspectral images and the

effectiveness of the proposed algorithms on real 16 results of numerical experiments demonstrating the
bit hyperspectral images. benefits of HGI over JPEG method in this situation

are given.

Permission to make digital or hard copies of alpart of |, eyer proposed in the above-mentioned article
this work for personal or classroom use is gramtitdout

fee provided that copies are not made or distribdoe Version _Of HGI methOd, can not be _used to .store
profit or commercial advantage and that copies kigar| IMages in hyperspectral images repository, bectuse
notice and the full citation on the first page. Topy does not provide access to the individual spectral
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3. PROPOSED SOLUTION 3.2. Compression based on HGI

In order to formulate the requirements for the The method HGI [GaslOa] is proposed for

compression method in the repository, analysif©eft hyperspectral image compression in [Gasl4a]. The
hyperspectral image characteristics was performed i method uses the decimated image for interpolatfon o

this paper. «less decimated» image. Interpolated pixels are
. . subtracted from original pixels; the calculated
3.1 Analysis of hyper spectral images differences are encoded to reduce data size.

Analysis of hyperspectral images features was exérri

out by the following data publicly available: The method provides control of the maximum

deviation. Moreover, access time to an image
+ five image of spectrometer «SpecTIR» [Spel4a] fragment does not depend on the fragment scale, as
(360 bands of 16-bit pixels 320x600 size); the  block-hierarchical [Gasl0a] format of
« five image of spectrometer «AVIRIS» [Avil3a] compressed data used in this method.
(224 bands of 16-bit pixels 614x1086 size). )
Examples of spectral bands of these images are3.3.  Independent bands compression
shown in Fig. 1. based on HGI

Statistical characteristics of spectral bands were!ndependent processing of spectral bands is the
evaluated for analysis of the hyperspectral images€asiest way to use the HGI-method to compress
features. Features of bands interdependencies wer8yperspectral images. This approach is very
also evaluated. Some results are shown in thetresulineffective, since it does not use the correlation
section in Fig. 4-5. The following conclusions were between the spectral bands.

formulated based on the analysis of these results. 34 Compression based on

* The difference between the maximum and a «dliding approximation of bands»
minimum of the brightness gradations reaches 14 yse the correlations between the spectral bands,
thousands or tens of thousands. These images cafje approximation of the spectral bands is proposed
not be converted to a "byte". for use. Each spectral band is approximated on the

* Spectral bands are strongly interdependent, as thgyasis of other bands that have already been
correlation [Pra07a] between the bands is compressed and restored. High correlation between
extremely high. the bands should provide good approximation

* Most spectral bands have a high correlation within accuracy. Compression of the difference between the
the band. It can be expected that the use Ofpriginal and approximated spectral bands instead of
compression will have a significant effect. compression of the original spectral band should

: - significantly improve the compression ratio.

LetX® be a spectral band numler(matrix of
numbers). LeS be a number of spectral barisin

the hyperspectral imag{exs,OS s< S} .

We will sequentially compress the spectral bands
with the numbers 0, 1, 2 S{£ 1). When compressing
each spectral bark® we will first calculate
approximating band:

~ Bt —s-ia
X*=YkX ,0<s<S,
i=0

where X' ,i =0 are previous spectral bands that have
already been compressed and decompressed,

N is the number of previous spectral bands that are
used for approximation (algorithm parameter),
{k,0<i<N} are approximation coefficients,

which are calculated on the basis of minimizing the

Figure 1. " ands 269 of image mean square error of approximation. At the same
«Urban and Mixed Environments time control of the maximum deviation is provided.
of the spectrometer «SpecTIR» Thus, a set of base bands at the approximation is

a «sliding window» in the spectral dimension.
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3.5. Compression based on

the «non-overlapping sets of bands»
The above-described compression algorithm based on
the «sliding approximation of bands» is not suitabl
for storage of hyperspectral images in the reposito
The reason is the sequential compression of the Hyperspectral image
spectral bands, wherein the previous bands are use
for approximation of the next bands. As a resutt fo
decompression of any spectral band all previous
bands should be decompressed. This is a serious
obstruction in providing quick access to images.

v
In the repository decompression of any band should li_‘( » 3] » 6
entail decompression as small as possible number of =1

other bands, which may not be needed. To this end, =
we propose to use an approximation of the spectral

bands within the «non-overlapping sets of bands».

Set NeO of bands Set Nel of bands

Figure 2. Bands approximation algorithm based
on the «non-overlapping sets of bands» (N = 4)

Shared bands

SubsetNe 0 Subset\e 1
While compressing the entire set of spectral basds of bands of bands
divided into «non-overlapping sets of bands». Each
set containd\ bands, see Fig. 2. Within each set the Hyper spectral image
described algorithm of the «sliding approximatidn o Figure 3. Bands approximation algorithm

bands» is used. Then for decompression of any  pased on the «shared bands» (N =3, C = 1)
spectral band we do not need to decompress all

previous bands. Only previous bands of the 4 EXPERIMENTAL RESULTS
corresponding set must be decompressed. .. I
4.1. Statistical characteristics

3.6. Compression based on of hyper spectral images
the «shared base bands» Statistical characteristics of spectral bands were

The compression ratio of the algorithm based on theevaluated for analysis of the hyperspectral images

«non-overlapping sets of bands» is significantly features. Some results are shown in Fig. 4-5.

smaller than the compression ratio of the algorithm AX

based on «sliding approximation of bands». The 30000 - /J’-i‘v“\\
v

reason is that a much smaller number of base bands
used in the algorithm based on the «non-overlapping 20000
sets of bands» for approximation.

To solve this problem, the approximation algorithm 10000 YA\

based on «shared base bands» (see Fig.3) is U\/\—\_ﬂ_/\
proposed in this paper. «Shared base bands» are 0

selected from the complete set of spectral bants wi 0 100 200 300 S

the stepN. Also integer paramet& is specmeq. Figure 4. The differ ence AX between
Shared bands are compressed by the algorithm based  the maximum and the minimum depending

on the «sliding approximation of bands». The number on the band number s («SpecTIR»)
of base bands used for the approximation is equal P,
toN+C~2. Then, after the compression of shared o \ 1
bands, «other» bands are also compressed. Set of th ™ l
«other» spectral bands is separated into subsets 07

X, ={X*,mN <s<(m+1)N} 0smsSIN, 05
located between the shared bands. 03

Each subseX,, is compressed by the algorithm based
on the «sliding approximation of bands». As theebas (1

bands for approximation we use the bands of the 0 50 100 150 200 €
same subsef,, and the nearest of the shared bands. Figure 5. Evaluation of the correlation

The total number of bands used for the approximatio coefficient p, between the neighboring bands,
is also equal tthl + C — 2. depending on the number of band s («<AVIRIS»)
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4.2 Efficiency of the HGI -compression demonstrate better results. The algorithm based on
in image repository shared bands" is preferred as it provides fast

. . access to data.
The dependency of compression ratio from error was
calculated to evaluate the effectiveness of 5, CONCLUSION
compression (see Fig. 6). Computational experimentNew algorithms for approximate of the spectral lsand
was conducted on real 16-bit images of developed for the compression method based on

hyperspectrometers «SpecTIR» and «AVIRIS». HGI. These algorithms are well adapted for uséaén t
K | |[—&— Shared base bands - hyperspectral images repository. The effectivernéss
— ~& - diding approximation R the HGI-compression evaluated on real images of 16-
g —+—B— Non-overlapping sets of bands . P 9 .
—— Independent bands r bit hyperspectrometers. The prospects for using the

gtad HGIl-compression in the hyperspectral images
repository demonstrated.
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