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Abstract: - This paper investigates lossless compression of ultraspectral sounder data using Matching Pursuit-
based linear prediction compression scheme. The ultraspectral sounder data features good correlations in
disjoint spectral regions due to the same type of absorbing gases. The proposed scheme takes advantage of the
spectral correlations for achieving higher compression gains. It consists of determining optimal predictors
using the Matching Pursuit method followed by linear prediction. The prediction residuals are then rounded
and entropy-coded to ensure lossless compression. Numerical results on the standard ultraspectral sounder
data show that the proposed scheme outperforms JPEG2000 in terms of compression ratios.
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1 Introduction

The evolution of contemporary and future
ultraspectral infrared sounders (e.g. AIRS [1], CrIS
[2], 1ASI [3], GIFTS [4], HES [5] etc.) has made
better weather prediction and climate monitoring
possible. The sounders generate an unprecedented
amount of three-dimensional (3D) data that consists
of two spatial and one spectral dimension. Given the
large volume of 3D data generated by ultraspectral
sounders each day, the use of robust data
compression techniques will be beneficial for data
transfer and archival. The ultraspectral sounder data
is used to retrieve atmospheric temperature, moisture
and trace gases profiles, surface temperature and
emissivity, as well as cloud and aerosol optical
properties. The physical retrieval of these
geophysical parameters involves the inverse solution
of the radiative transfer equation, which is a
mathematically ill-posed problem, i.e. the solution is
sensitive to the error and noise in the data [6].
Therefore, there is a need for lossless or near-
lossless compression of ultraspectral sounder data to
avoid potential retrieval degradation of geophysical
parameters due to lossy compression.

Linear prediction has been successfully used for
lossless compression of ultraspectral sounder data
[7-9]. In this paper, we present a lossless
compression scheme that uses Matching Pursuit
(MP) [10] along with linear prediction for
compression of ultraspectral sounder data, which is
termed Optimized Orthogonal Matching Pursuit
based Linear Prediction (OOMP-LP). Matching
Pursuit is a method for signal approximation that has
been utilized in video compression [11,12]. For
ultraspectral sounder data compression, optimal

spectral predictors are determined for each channel
using the Optimized Orthogonal Matching Pursuit
(OOMP) [13] method. Linear prediction is then
applied for each channel using the predictors
determined via OOMP. Thereafter, the prediction
residuals are rounded and entropy-coded to ensure
lossless compression. For  comparison, the
ultraspectral sounder data is also compressed with
the state-of-the-art wavelet-based compression
standard, JPEG2000 [14]. Compression results are
presented for the ultraspectral sounder data by use of
OOMP-LP and JPEG2000.

The rest of the paper is organized as follows.
Section 2 describes the ultraspectral sounder data
used in this study. Section 3 highlights the proposed
compression scheme, while Section 4 presents the
results of the simulations. Section 5 summarizes the

paper.

2 Ultraspectral Sounder Data
The ultraspectral sounder data could be generated
from either a Michelson interferometer (e.g. CrlS,
IASI and GIFTS) or a grating spectrometer (e.g.
AIRS). The ultraspectral sounder data set with 2107
AIRS channels was prepared at the direction of
NOAA to serve as a standard test set for lossless
compression studies. The data is publicly available
via anonymous ftp [15]. It consists of 10 digital
count granules, five daytime and five nighttime,
selected from representative geographical regions of
the Earth. Their locations, UTC times and local time
adjustments are listed in Table 1.

This standard ultraspectral sounder data set is
obtained from NASA AIRS digital counts collected
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on March 2, 2004. The AIRS data includes 2378
infrared channels in the 3.74 to 15.4 um region of
the spectrum. A day's worth of AIRS data is divided
into 240 granules, each of 6 minute durations. The
AIRS digital count data ranges from 12-14 bits for
different channels. More information regarding the
AIRS instrument may be acquired from the NASA
AIRS website [16]. To make the selected data more
generic to other ultraspectral sounders, 271 bad
channels identified in the supplied AIRS infrared
channel properties file are excluded, assuming that
they occur only in the AIRS sounder. Each resulting
granule is saved as a binary file, arranged as 2107
channels, 135 scan lines, and 90 cross-track
footprints per scan line, i.e. there are a total of 135 x
90 = 12,150 footprints per channel. Figure 1 shows
the AIRS digital counts at wavenumber 800.01cm™
for the 10 selected granules on March 2, 2004. In
these granules, coast lines are depicted by solid
curves, and multiple clouds at various altitudes are
shown as different shades of colored pixels.

3 Compression Scheme

For ultraspectral sounder data, the spectral
correlation is generally much stronger than the
spatial correlation [17]. The proposed OOMP-LP
scheme is geared towards exploiting these
correlations to achieve high compression gains. It
consists of the following three steps:

() Matching Pursuit Predictor Determination: The
3D ultraspectral data of size n, x n, x n, is

reshaped into a 2D data set of size n_ channels x n

pixels, where n . =n, xn . Thus each spatial

frame with n_ pixels is considered a vector that is to

be predicted. Matching Pursuit is used to determine
the optimal set of predictors for any given vector.
Given a signal f, MP represents it as a linear
combination of basis signals, called atoms, selected
from an over-complete basis set, called the
dictionary, given by

where {gy} are the basis signals, I'={1,...,N} is

the set of all indices, and N is the dictionary size.
After j iterations of the MP method, the signal f is
approximated as

j
f :Zaigyi+Rj, @)
i1

where ¢; are the coefficients, g, are the chosen

basis signals, and R; is the current residual error.
Starting with initial values of Ry =f,f, =0, and j =0,
the MP method consists of the following steps:

Step 1) Compute the inner products {<Rj ) gy>}

yel '
Step 2) Determine y,,, such that the inner product

of gm with the residual R; is maximized, i.e.

KRJ ! ng+1 >‘ - qugKRJ ! g?>‘ '

Step 3) Set fj+1 = fj +<Ri’ g}’j+1>g7j+l ! and
Rix =R, _<Rj ’ gm> 9y
Step4) Setj=j+1.

Step 5) If some convergence criterion is satisfied,
STOP, else go to Step 1.

A shortcoming of the above method is that the
resulting approximation after any finite iterations
will be suboptimal in the following sense. Since the

family of atoms gyi;i =1,...,] is, in general, not

orthogonal, the residual R; will not be in general
orthogonal to the subspace generated by these atoms.
The OOMP method [13] is an improvement over
MP in that, at each iteration, it yields a residual
orthogonal to the subspace of the chosen atoms, and
also provides the dictionary atoms minimizing the
norm of the corresponding residual error. For
ultraspectral sounder data compression, each spatial
frame is predicted by atoms chosen using the OOMP
method. OOMP’s selection criterion for atoms is
implemented using the well-known Gram-Schmidt
technique [18]. The selection of predictor channels
for any given channel proceeds iteratively, with the
dictionary for each channel consisting of all
channels that have been previously predicted.
Therefore, it is possible to use the same channel to

predict two or more channels. For each channel, n,

predictors are determined via OOMP and a list of
predictor channels P, izl,...,nc;kzl,...,np is
formed.

(1) Linear Prediction: Linear prediction appears to
be a good whitening tool for ultraspectral sounder
data. It employs a set of neighboring pixels to
predict the current pixel [19, 20]. As previously
mentioned, the spectral correlation is generally much
stronger than the spatial correlation for ultraspectral
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sounder data. Thus, it is natural to predict a channel
as a linear combination of other channels. Interband
prediction schemes that explore spectral correlations
of multispectral imager data have been investigated
in the past [21,22]. In the proposed OOMP-LP
scheme, the predictor channel list determined via
OOMP is utilized for linear prediction of each
channel. The problem can be formulated as

~ Mp
X =26Xg, or
k=1

X =X,C, ©)
where )A(i is the vector of the current channel
representing a 2D spatial frame, XP is the kth

ik

predictor channel as determined through OOMP,
X, is the matrix consisting of n, predictor

m

channels, and C is the vector of the prediction
coefficients. The prediction coefficients are obtained
from

C=(X"X.)'(X,"X), @

where the superscript f represents the pseudo-
inverse that is robust against the case of the matrix
being ill-conditioned [18]. The prediction error is the
rounded difference between the original channel
vector and its predicted counterpart.

(1) Entropy Coding: After the linear prediction
stage, the prediction error is entropy-coded using an
adaptive arithmetic coder [23].

4 Results

The ultraspectral sounder data set is compressed
using both OOMP-LP and JPEG2000 schemes.
Table 2 shows the compression ratios of ten tested
granules obtained via OOMP-LP compression using
40 predictors for each channel. For comparison, the
compression results for JPEG2000 Part | are also
shown. Since the JPEG2000 Part | codec supports
2D compression only, each granule with the size of
2107 channels x 135 scan lines x 90 footprints is
converted into 2D with the size of 2107 channels x
12150 samples via a horizontal zigzag scan. It is
then compressed using the JPEG2000 encoder [24].
As can be seen in Table 2, our proposed scheme
produces significantly higher compression ratios
than JPEG2000.

5 Conclusion

Optimized Orthogonal Matching Pursuit based
Linear Prediction (OOMP-LP) is developed for
lossless compression of ultraspectral sounder data.
The OOMP-LP method is investigated to determine
optimal predictor channels for linear prediction. The
average lossless compression ratio produced by
OOMP-LP on the standard ultraspectral sounder
data set is 27% higher than that of the state-of-the-
art JPEG2000 compression standard, demonstrating
the promise of using OOMP-LP for ultraspectral
sounder data compression.
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Granule 9
Granule 16
Granule 60
Granule 82
Granule 120
Granule 126
Granule 129
Granule 151
Granule 182
Granule 193

00:53:31 UTC
01:35:31 UTC
05:59:31 UTC
08:11:31 UTC
11:59:31 UTC
12:35:31 UTC
12:53:31 UTC
15:05:31 UTC
18:11:31 UTC
19:17:31 UTC

12 H
+2 H
+TH
5 H

-10 H
-0H
2 H

+11H
+8 H
-7TH

(Pacific Ocean, Daytime)
(Europe, Nighttime)

(Asia, Daytime)

(North America, Nighttime)
(Antarctica, Nighttime)
(Africa, Daytime)

(Arctic, Daytime)
(Australia, Nighttime)
(Asia, Nighttime)

(North America, Daytime)

Table 1. Ten selected AIRS granules for ultraspectral sounder data compression studies.
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Fig. 1. AIRS digital counts at wavenumber 800.01cm™ for the ten selected granules on March

2, 2004.
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Granule JPEG2000 OOMP-LP
9 2.38 3.21
16 2.44 3.30
60 2.29 2.78
82 2.52 3.11
120 2.40 3.26
126 2.29 2.81
129 2.52 2.81
151 2.33 2.79
182 2.25 2.74
193 2.30 3.33

Average 2.37 3.01

Table 2. Compression ratios of JPEG2000 and OOMP-LP for the ten tested AIRS granules.



