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Abstract  We present a new lossless compressor 

for multispectral images having few bands. The men-
tioned compressor takes into account variations in 
spectral correlation in order to determine the ap-
propriate spectral and spatial prediction to be per-
formed. The algorithm exploits 2 different facts. On 
one hand, highly correlated bands may be efficiently 
compressed with fast computations. On the other 
hand, a class–conditioned wavelet–based compres-
sor, which is more time-consuming, has given very 
high compression ratios, even in the case of lowly 
correlated bands. Our correlation dependent hybrid 
algorithm yields high compression ratios, outper-
forming state-of-the-art lossless compressors, and 
has reasonable execution times. 
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I. INTRODUCTION 
Satellites continually feeding images to their base, pose 
a challenge as to the design of compression techniques 
to store these huge data volumes. Even though the price 
of storage devices tends to drop, the cost of storing sat-
ellite images continues to be the dominant cost of the 
system. Proper use of compression can reduce this cost.  

We aim at lossless compression of multispectral im-
ages having few bands, such as Landsat 7 ETM+ imag-
es. These images consist of several images (or bands) 
obtained by filtering radiation from the earth at different 
wavelengths. Compression is generally achieved thro-
ugh reduction of spatial as well as spectral correlations.  

To reduce correlations, prediction–based methods 
have been applied. For each pixel being encoded, a pre-
diction for that pixel is performed, using information 
from a neighborhood of the pixel called the prediction 
context. The differences between the predictions and the 
original pixels are then encoded with an entropy based 
coder. The more accurate the predictions, the smaller 
the differences, and the higher the compression ratio. To 
exploit interband correlations, predictions involve pixels 
from other bands. In the final coding step, sometimes 
the coding context (another neighborhood) of the pixels 
is used: different coding contexts define different cod-
ers. Class information is also used: by conditioning the 
predictions to the class of the prediction context, or cod-
ing the prediction differences conditioned to the class of 
the coding context, compressors try to capture variations 
in the local statistics of the image. In order to perfectly 
recover the information at the decompressor’s side, both 
the prediction context and the coding context must con-
sist of pixels that have already been coded, and are 

available to the decoder. In the case of linear predic-
tions, the weights for the prediction are calculated over 
a set of pixels called the training set. Then either the 
weights are written into the code, or they must be recal-
culated by the decoder: in the latter case the training set 
must also consist of already coded pixels.  

JPEG–LS (Weinberger et al., 2000) uses a nonlinear 
median edge prediction, and a large number of coding 
contexts based on vertical and horizontal gradients. We 
propose an extension of the median edge predictor to 
multispectral images, and apply it to compress the high-
ly correlated thermal bands (6.1 and 6.2) of Landsat 7 
images (Ruedin and Acevedo, 2005).  

Another approach to reduce correlations in a 2D im-
age is through the application of wavelet transforms 
(Mallat, 1999). By representing an image as the sum of 
its details at different resolutions and orientations (plus 
a coarse approximation), a wavelet transform substan-
tially reduces spatial correlations. Detail subbands have 
histograms that are peaked and centered at zero: their 
entropies are small. This is a remarkable property of the 
wavelet transform, and explains why wavelets are in the 
state of the art for image compression.  

Traditional wavelets produce real coefficients. For 
lossless compression, wavelets that map integers into in-
tegers have been designed (Calderbank, 1998). These 
transforms are reversible when the values of the original 
image are integers, as is the case. They are used in 
SPIHT (Said and Pearlman, 1996), and JPEG 2000 
(lossless) (Rabbani and Joshi, 2002).  

Landsat images have 8 bands, and around 7000 rows 
and columns per band. In Table 1 we have interband 
correlations on a 256×256 sample, where we can ob-
serve that correlation values lie in a wide range(-0.07 to 
0.98). Because Landsat images have few bands and low 
spectral resolution, and because the wavelengths at 
which the bands are filtered are irregular– see Table 2– 
the mentioned wavelet–based algorithms, when extend-
ed for volumetric data, such as 3D-SPIHT (Tang et al., 
2003) or cube JPEG2000 (Lee et al.,2000), have given 
poor results on these images. DEC3 (Benazza, 2002), 
another algorithm, applies a 2D wavelet transform to 
each band: a linear prediction involving pixels from 
several previous bands, is built into the lifting scheme of 
the wavelet transform. Yet it does not use class infor-
mation, which might improve results.  

If correlation is high, pixels in the actual block are 
predicted with an extension of the median edge predic-
tor. This extension includes pixels in the previous band, 
after equalization of one block to the other. If correla-


