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Abstract—In this letter, we propose a low-complexity discrete
cosine transform (DCT)-based distributed source coding (DSC)
scheme for hyperspectral images. First, the DCT was applied to
the hyperspectral images. Then, set-partitioning-based approach
was utilized to reorganize DCT coefficients into waveletlike tree
structure and extract the sign, refinement, and significance bit-
planes. Third, low-density parity-check-based Slepian–Wolf (SW)
coder was adopted to implement the DSC strategy. Finally,
an auxiliary reconstruction method was employed to improve
the reconstruction quality. Experimental results on Airborne
Visible/Infrared Imaging Spectrometer data set show that the pro-
posed paradigm significantly outperforms the DSC-based coder
in wavelet transform domain (set partitioning in hierarchical tree
with SW coding), and its performance is comparable to that of the
DSC scheme based on informed quantization at low bit rate.

Index Terms—Auxiliary reconstruction, discrete cosine trans-
form (DCT), distributed source coding (DSC), hyperspectral
images.

I. INTRODUCTION

HYPERSPECTRAL image compression requires low-
complexity encoder because it is usually completed on

board where the energy and memory are limited. However, the
measures with traditional encoders are not simple enough. For
example, many algorithms, including those based on JPEG2000
and 3-D transform, have excessive complexity [1], [2]. Given
the close correlation among hyperspectral images, we can
employ distributed source coding (DSC) principle to compress
them efficiently at a lower cost. Compared with conventional
source coding schemes, the DSC method can shift the com-
plexity from encoder to decoder. Zhang et al. propose a lossless
compression method for multispectral images based on DSC
and prediction [3], [4] with very low encoder complexity. Che-
ung proposes the DSC-based lossy way in wavelet transform
(WT) domain, named as set partitioning in hierarchical tree
with Slepian–Wolf coding (SW-SPIHT) [5], [6]. Magli et al.
puts forth lossless and lossy DSC-based compression methods
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[7], [8]. Moreover, they demonstrate that the presented DSC-
based compression frameworks are very promising.

In this letter, we put forward a low-complexity DSC scheme
for onboard compression of hyperspectral images. In particular,
our method is conducted in discrete cosine transform (DCT)
domain, rather than WT domain. We modify Xiong’s embedded
zerotree DCT (EZDCT) [9] to extract bitplanes of the reorga-
nized DCT coefficients into waveletlike tree structure, yielding
significance, sign, and refinement bitplanes. The auxiliary re-
construction is applied to improve the reconstruction quality at
the decoder. According to the characteristics of DSC, we make
further use of the side information to reconstruct DCT coeffi-
cients, reducing the quantization errors. Furthermore, we use
the Gray code [10] for the refinement bits of DCT coefficients
which can significantly and efficiently improve the correlation
between the source and the side information.

Additionally, the proposed scheme supports progressive
image coding and region of interest (ROI) image coding. Pro-
gressive image coding is easy to be implemented by SPIHT
algorithm. Thus, our algorithm supplies the flexibility to control
the number of stream. Also, our method can conveniently em-
ploy the traditional ROI methods, such as Maxshift, to provide
the capability of ROI coding. However, progressive coding is
not supported by the scheme in [8].

The algorithm presented in [4] divides the images into sev-
eral slices and employs the adaptive region-based predictor
to capture spatially varying spectral correlation, bringing in
lossless compression and progressive coding. It achieves good
lossless compression performance through complex predictions
and Markov random field, while our algorithm uses DCT
and SPIHT to implement lossy compression. Furthermore, the
methods in [3] and [4] are for multispectral images, of which
the spectral resolution is much lower and the statistical prop-
erties are more complex and nonstationary than hyperspectral
images. Therefore, this letter does not compare the performance
with those in [3] and [4].

The rest of this letter is organized as follows. Section II
presents the architecture of the method. In Section III, the
experimental results are demonstrated. Section IV concludes
the proposed method.

II. CODEC DESIGN

In terms of the tradeoff among memory, complexity, and
performance, we put forth a low-complexity DCT-based DSC
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Fig. 1. DSC-based coding architecture for hyperspectral images in DCT domain.

scheme for hyperspectral images with auxiliary reconstruction.
Obviously, DCT-based coders imposed on hardware are less
expensive than wavelet-based ones. Furthermore, the regrouped
DCT coefficients have the characteristics of waveletlike tree
structure [11] and close correlation. This feature provides us
the opportunity to gain wavelet-based coders to get better
performance than conventional DCT-based coders and to adopt
DSC technique to achieve lower complexity than most wavelet-
based ones.

A. Auxiliary Reconstruction

We modify EZDCT to quantify the DCT coefficients. At the
decoder, the successive approximation quantization is adopted.
According to the importance of the coefficients and the thresh-
old of each bitplane, the algorithm of midpoint reconstruction
is employed to reconstruct the coefficients. With the threshold
gradually halved, the coefficients are updated. However, relying
solely on the midpoint reconstruction method, the reconstruc-
tion quality is not the best, particularly at low code rate. There-
fore, we propose a new auxiliary reconstruction to improve the
reconstruction quality. In accordance with the characteristics of
DSC, we further utilize the side information to reconstruct the
DCT coefficients after midpoint reconstruction at the decoder.

Assuming that the threshold of the final encoded bitplane is
T , the coefficient quantization step ΔS equals to T . Let K
be the original value of coefficient A, S be the value of the
corresponding side information, and K ′ be the reconstruction
value. Then, the quantization interval that belongs to coefficient
A is (K ′ − T/2,K ′ + T/2). In the auxiliary reconstruction, we
use the SW code rate R to evaluate the correlation between
the source and the side information. A smaller R gives higher
relevance. According to the relationship between K ′ and S,
there are four reconstruction rules.

If S ∈ (K ′ − T/2,K ′ + T/2) and K ′ �= 0, then the follow-
ing holds: 1) if R < 0.7, the reconstruction value equals to
S, and 2) if R >= 0.7, the reconstruction value equals to
R ·K ′ + (1−R) · S.

If S < (K ′ − T/2) and K ′ �= 0, then the reconstruction
value is equal to K ′ − T/2.

If S > (K ′ + T/2) and K ′ �= 0, then the reconstruction
value is equal to K ′ + T/2.

If K ′ = 0, the reconstruction value equals to S.
With the auxiliary reconstruction, we cannot only efficiently

control the quantization error range but also make full use of
the strong correlation between the original information and the
side information to further reduce the quantization errors and
improve the reconstruction quality.

B. Our Proposed Architecture

Fig. 1 shows the proposed architecture. We divide the hy-
perspectral images into several groups. Each group has a key
band which is compressed directly by the modified EZDCT.
The key band has relative high quality. All the other bands are
compressed based on DSC.

The reference band Xi−1 is transmitted by means of the
modified EZDCT. In the EZDCT, we employ zerotree quantizer
in SPIHT algorithm and SPIHT coder rather than EZW coder.
As a result, its reconstructed image X̂i−1 is generated and
offered at the decoder side.

In order to make Xi−1 globally as “similar” as possible to Xi,
one-order liner filter, i.e., X ′

i = a×Xi−1 + b, is applied at the
encoder to yield an approximate version of Xi. The solution to
calculate the coefficients a and b is applying the pixels between
Xi and Xi−1 to fit the data best in a least squares sense. At
the decoder side, X̃ ′

i = a× X̂i−1 + b is adopted as the filter,
where X̃ ′

i represents the estimated version yielded in a least
squares sense. Since the one-order linear model is unknown to
the decoder, it is necessary to convey the coefficients a and b to
the decoder. The coefficients can assist to yield more accurate
representation of band Xi, i.e., X̃ ′

i.
In the case of Xi, DCT transform is introduced, and the DCT

coefficients at the same position of each block are regrouped
into the waveletlike tree constitution. The bitplanes of the
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reorganized DCT coefficients are then extracted via set-
partitioning algorithm. The bitplanes consist of significance,
sign, and refinement coefficients. Refinement bits are Gray
encoded. In our scheme, we choose LDPC code as the pow-
erful error-correcting code to realize the DSC strategy. The
LDPC-based SW coder is implemented to encode the sign
and refinement bits. The essential parameter that determines
the compression rate is the value of crossover probabilities
(the crossover probabilities between the corresponding bitplane
locations of Xi and X ′

i, with BSC being the virtual channel),
and it is the key ingredient of the LDPC-based SW encoder.
The significance tree of Xi is applied to regroup the DCT coef-
ficients of X ′

i in order to extract sign and refinement bitplanes.
These generated sign and refinement bits are compared to those
of Xi so as to compute the crossover probabilities. Additionally,
a table is built offline that associates different crossover prob-
abilities with compression rates, at both the encoder and the
decoder. Once the crossover probability is obtained, a proper
compression rate can be selected. Specifically, we use the
LDPC accumulate (LDPCA) [12] code to implement the SW
encoder.

The structure on the right side shows how it works at the
DSC decoder. The estimated value X̃ ′

i is generated by directly
using X̂i−1. Then, X̃ ′

i takes the DCT. All the DCT coefficients
are offered to auxiliary reconstruction. Once the significance
bits are transmitted to the decoder, the sign and refinement
bits of X̃ ′

i are reconstructed and then made available as side
information. Combined with the precise side information and
the passed syndromes, the LDPC-based SW decoder is then
employed to reconstitute the sign and refinement bits of X̂i.
Afterward, the refinement bits in Gray code are transformed
to natural binary code. In company with significance bits, we
get the temporal data X̂ ′

i. After the auxiliary reconstruction and
inverse DCT, we finally reproduce the band X̂i.

III. EXPERIMENTAL RESULTS AND DISCUSSION

A. Rate–Distortion Comparison

The proposed system is implemented, and the performance
is evaluated on senses sc0 and sc3 of Airborne Visible/Infrared
Imaging Spectrometer (AVIRIS; Yellowstone). AVIRIS is a
spectrometer with 224 bands, and the size of this raw image is
512 lines and 680 pixels. We divide the images into four groups.
The code rate of the key bands is 2 bpp. In this experiment,
we use eight as the size of DCT kernel and three as the level
of WT domain correspondingly. LDPCA code with the length
of 396 specified in [12] is applied, which can perform within
10% of the SW bound at moderate rate. The following diagrams
illustrate the results.

We compare our measurement with SW-SPIHT in Figs. 2
and 3. According to these two figures, we can conclude that
the proposed framework outperforms SW-SPIHT by up to 3 dB
regardless of the bit rate. At low bit rate, our proposal attains
more advantages.

Fig. 2 also shows the comparison between our method and
informed quantization [6]. As is shown in the graph, informed
quantization achieves very good rate–distortion performance.

Fig. 2. Rate–distortion comparison (view: sc0).

Fig. 3. Rate–distortion comparison (view: sc3).

The proposed algorithm is close to informed quantization at
low bit rate and becomes worse at high bit rate. However, our
scheme has the feature of progressive image coding, while the
informed quantization method does not.

There are two key reasons why our scheme gets better
performance than others. First, the Gray code is used to enhance
the correlation between the source and the side information.
The DSC coder can achieve better coding efficiency with more
accurate side information. Second, auxiliary reconstruction is
adopted to reduce the quantization errors. We can employ the
close dependence of the hyperspectral images more effectively
than others.

B. Complexity Comparison

The remarkable difference between our scheme and SW-
SPIHT is the variation of transform domain. Our method is
implemented in DCT domain, while SW-SPIHT is performed
in WT domain. It is pointed out that the calculation load of
DCT is much less than that of WT. One of the most efficient
ways for 2-D 8 × 8 DCT requires only 54 multiplications
and 462 additions. It means that each point needs merely 0.84
multiplications and 7.22 additions. As for discrete wavelet
transform, the computational cost is depending on the length
of the wavelet filters. The bior 4.4 needs approximately 18
multiplications and 16 additions per point. Additionally, the
auxiliary reconstruction does not increase the complexity of the
encoder. In conclusion, our scheme has lower computational
complexity than other wavelet-based schemes [3], [4].
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IV. CONCLUSION

We have proposed a DCT-based DSC scheme for hyper-
spectral images with lower complexity. Due to the auxiliary
reconstruction and the modification of transform, our pro-
posal is very competitive, compared with other DSC-based
coding methods for hyperspectral images. Also, our scheme
has the characteristics of ROI coding and progressive image
coding. Therefore, the low-complexity DSC-based scheme with
auxiliary reconstruction is feasible for hyperspectral image
compression.
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