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ABSTRACT
Discrete Wavelet Transform (DWT)-based image compression techniques have been utilized in most of
the earth observation (EO) satellites launched during the last few decades, since they have proved to be
more efficient than other methods used previously with remote sensing multispectral imaging payloads.
The efficiency of these techniques is mainly due to their high compression ratio that can be achieved
while maintaining the quality of the compressed image. Also, they are considered multi-resolution
compression techniques. However, these techniques are considered computationally demanding, due
to their complex and sophisticated hardware. Due to the limited computational resources available
on-board small satellites, they are considered one of the important criteria when choosing the satellite
image compression method, along with the compression ratio and quality of the reconstructed image.
Hence, an alternative DWT-based method was proposed, developed and implemented in this work with
the aim of reducing the computational resources on-board a small satellite, replacing the regular DWT
thresholding and quantization processes that are usually used to achieve lossy compression, with the
zero-padding technique. This method will also help to control the change in the compression ratio and
quality of the reconstructed image according to the end-user’s scientific needs of the satellite image. The
results of this work indicated, objectively and subjectively, that a decrease in the computational resources
required on-board satellites was achieved by decreasing the processing time needed to complete the
compression, without a significant difference in quality of the image reconstructed at the ground station.
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INTRODUCTION
Optical remote sensing imagers mounted onboard satellites employ multispectral sensors,
such as visible, near infrared and shortwave
infrared sensors, to form images of the earth’s
surface by detecting solar radiation reflected
from objects on the ground (Dumitru et al.,
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2015), converting the reflected surface information into an image format (Mulla et al. 2015).
Hence, multispectral images are used in remote sensing to a large degree, and they are beginning
to be used in several other applications as well, such as medical imagery and quality control
(Delcourt et al., 2010).
Since on-board computational resources are limited (Thiebaut & Camarero, 2011), image
compression is used in many space missions to reduce on-board data storage and transmission
bandwidth requirements from the satellite to the ground station (Yu et al., 2009).
Image compression schemes are divided into two main categories: Lossless and Lossy
(CCSDS Secretariat Space Communications and Navigation Office 2011). Lossless image
compression allows an image to be compressed and decompressed without any information
loss. In lossy compression schemes, a certain amount of loss of data is accepted. Although it is
impossible to reconstruct the exact original image using lossy image compression, it provides
a much higher compression ratio than lossless compression (Faria et al., 2012), hence, it is
used in this work.
Raw multispectral images captured by remote sensing satellites have very high resolutions
(Raju et al., 2016). Hence, satellite images cannot be dealt with in the same manner as low
resolution images, especially when taking into consideration the limited resources on-board
satellites (Yu et al., 2009). Hence, choosing the suitable compression technique for such images
should be carefully considered in order to achieve high compression ratios (CR) to decrease
the bandwidth required to transmit data from satellite to earth while maintaining as much as
possible the important scientific information in the image when reconstructed on earth.
Discrete Wavelet Transform (DWT)-based compression methods, such as JPEG2000
(Taubman 2002), have been widely used more than other transform-based methods, such as the
DCT (Yu et al. 2009) since DWT is considered a multi resolution transform (Singh & Tripathi,
2014), and also due to the high compression ratio that can be achieved using these techniques
(Thiebaut & Camarero, 2011) while maintaining a good level of quality of the reconstructed
images. However, this method will cause an increase in the computational resources when
used on-board satellites, due to its complexity. The zero-padding of DWT detail coefficients
was used instead of thresholding and quantization process in this work since:
1.

This method can decrease the computational resources on-board satellites.

2.

It was not discussed in detail in previous works, especially with respect to satellite
images.

DWT-BASED LOSSY IMAGE COMPRESSION
Basic Architecture of a DWT-based Lossy Image Compression System
The DWT-based lossy image compression systems are usually accomplished using three
forward main steps and three inverse steps as shown in Figure 1.
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Figure 1. A basic DWT-based lossy
compression
system
Figure image
1. A basic
DWT-based lossy
image compression system
The first stage is the forward transform (transformation from

spatial domain to

frequency domain),

The first stage is the forward transform (transformation from spatial domain to frequency
represented in the current work by 2 Dimensional-DWT, acquiring separated high and low frequency
domain), represented in the current work by 2 Dimensional-DWT, acquiring separated high
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information from the DWT coefficients to increase the compression ratio, thus, the higher the threshold value,
compression ratio, thus, the higher the threshold value, the more CR but lower quality will
the more CR but lower quality will be obtained. Quantisation is an irreversible process, represented by rounding
be obtained. Quantization is an irreversible process, represented by rounding the resulting
the resulting coefficients after thresholding.
coefficients after thresholding.
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The entropy coding will not be considered in this paper since it will have an impact on the compression ratio
from the insignificant values.
(CR) results according to the type of the encoder used.
The entropy coding will not be considered in this paper since it will have an impact on the
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•

The approximation coefficients (cA): they indicate the most important information of
the image, resulting only from low pass filters.

• The approximation coefficients (cA): they indicate the most important information of the image, resulting
only from low pass filters.

•

The detail coefficients: they indicate the high frequency, less important information
of the image, identified by the horizontal (cH), vertical (cV) and diagonal (cD)
coefficients.
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Figure 2. DWT- image compression levels
Figure 2.

DWT- image compression levels
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Figure 4. 2nd level of 2D-DWT image compression using Zero-Padding technique cases (compressed
Figure 4. 2nd level of 2D-DWT image compression using Zero-Padding technique cases (compressed images)
images)
4. RESULTS AND DISCUSSION
Pertanika J. Sci. & Technol. 25 (S): 205 - 214 (2017)
4.1 Results of the Proposed DWT Technique
Figure 5 shows the results of the second level of 2D-DWT (represented by CR and PSNR), according to the
change in the zero-padding cases, after being applied to the Baghdad (B6) satellite image (Figure 3), employing
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4.1 Results of the Proposed DWT Technique

Figure 5 shows the results of the second level of 2D-DWT (represented by CR and PSNR),
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the bior 3.7 wavelet. The results were generated using MATLAB software.

Figure 5. Objective results for 2nd level of 2D-DWT image compression
Figure 5. Objective results for 2nd level of 2D-DWT image compression

It can be noticed from the results that when the zero-padding technique is used, the CR
and PSNR values change according to the type and number of the 2D-DWT detail coefficients
change
according
to the type and number of the 2D-DWT detail coefficients to be reconstructed.
to be
reconstructed.

It can be noticed from the results that when the zero-padding technique is used, the CR and PSNR values

detailCoefficients
coefficients. Different types of detail matrices in each image contain different
4.1.1Types
Types of
of Detail

amounts of data according to the image type and the filter used. In the Baghdad satellite image,
for example, the Horizontal coefficient matrix (cH) is the highest in information followed by
and the filter used. In the Baghdad satellite image, for example, the Horizontal coefficient matrix (cH) is the
the vertical (cV) while the diagonal (cD) includes the least information. However, that is not
highest
information
followed
by the vertical
theindiagonal
(cD) includes the least information.
theincase
for all types
of images,
which(cV)
maywhile
differ
that order.

Different types of detail matrices in each image contain different amounts of data according to the image type

However, that is not the case for all types of images, which may differ in that order.

Number of Detail Coefficient Matrices.The more matrices of 2D-DWT detail coefficients
are zero padded in each level, the higher compression ratios and less but satisfactory PSNR
values can be achieved, since less detail coefficients will be reconstructed.
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Figure 6. Processing time for image compression when using the DWT-standard quantization & the zero-
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Original Image

Threshold & Quantization

Zero Padding

Figure 8. The visual representation of the reconstructed image quality difference between the DWTstandard quantization & the zero-padding method when CR=26

Figure 8. The visual representation of the reconstructed image quality difference between the DWT-standard quantisation & the zero-

CONCLUSION

padding method when CR=26

5. CONCLUSION
In conclusion, it is feasible to employ the zero- padding technique in the DWT- based image

compression
instead
the regular
thresholding
and based
quantization
processes, onIn conclusion,
it ison-board
feasible tosatellites
employ the
zero-of
padding
technique
in the DWTimage compression

since 1) it will help decrease the computational resources required for image compression onboard satellites, without losing the good quality of the satellite image after being reconstructed
computational resources required for image compression on-board satellites, without losing the good quality of
at the ground station, and 2) a good level of control to change the CR and PSNR values for
the satellite
image aftercan
being
at the
ground station,
good level of
control to change
each DWT-level
be reconstructed
achieved while
guaranteeing
thatand
all 2)
thea important
information
in the the
approximation
will not
in theguaranteeing
zero-padding
This isinformation
easier
CR and
PSNR valuescoefficients
for each DWT-level
canbebeinvolved
achieved while
that process.
all the important
than choosing a threshold value for all coefficients, which can be tricky, since some of the
in the approximation coefficients will not be involved in the zero-padding process. This is easier than choosing a
important information might be lost.
board satellites instead of the regular thresholding and quantisation processes, since 1) it will help decrease the

threshold value for all coefficients, which can be tricky, since some of the important information might be lost.
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