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Abstract

In this study, an analysis of re-using the JPEG lossy algorithm on the quality of satellite imagery is presented. The
standard JPEG compression algorithm is adopted and applied using Irfan view program, the rang of JPEG quality that
used is 50-100.Depending on the calculated satellite image quality variation, the maximum number of the re-use of the
JPEG lossy algorithm adopted in this study is 50 times. The image quality degradation to the JPEG quality factor and
the number of re-use of the JPEG algorithm to store the satellite image is analyzed.
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Introduction

Satellites are used to acquired images for the
Earth's surface with highly spatial sensors of
hundreds of Mbs / sec. This prompted the use of
data compression techniques to reduce the amount
of data to be stored or transmitted to earth
stations[1]. The high cost that characterizes the
data needed by remote sensing applications
because of its importance in the interpretation of
terrestrial phenomena has made the use of
destructive and non-destructive compression
algorithms preferred to preserve image data.[2].
The data compression algorithms aim to remove
the redundancy in the image data in order to
reduce its size, which will facilitate the process of
dealing with it, whether it is stored or
broadcast[3][4]. Finding a compromise between
image quality and compression ratios is sometimes
difficult. In some images, it is difficult to deal with it
because of the large size of its data, which
represents important information such as satellite

images|[5].

The algorithms used to compress satellite images
aim as much as possible to reduce the size of image
data while preserving its data. The process of
compressing images in general is done in one of
two ways, either by wusing non-destructive
algorithms through which the original data can be
obtained, or by using destructive data compression
algorithms which are data retrieved after
compression are reasonably close to the original
data[6].

Compressing images using lossy JPEGAlgorithm
will lose some of their actual contents, which leads
to reduced image quality and it is not suitable for
images with sharp lines and edges, Moreover, the
lack of support for layers in digital images limits the
ability to edit digital images.
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Therefore, graphic designers do not like to use
them because they are unable to manipulate digital
images in the way they want [5]. The use of the
lossy JPEG algorithm to compress color images
according to the approved standards of this
algorithm, it passes through several stages, the first
of which is the conversion of the image to the
perceptual color space YCaCb, and then the two
achromatic compounds are downsampled to half,
and this is the first stage of the deterioration of the
quality of the compressed images in this algorithm,
Regardless of the later phases of the image
compression, this degradation cannot be controlled
[7]. As for the following phases of the JPEG
algorithm, it targets the achromatic part from the
YCaCb color space where the Y component is
completely converted to the cosine coefficients and
the unimportant coefficients are neglected, this is
caused by a process called quantization, which
causes additional degradation to the resulting
image information [7]. The compression of the
achromatic part of the image in the YCaCb color
space can be controlled by specifying the required
quantization [7].

Accordingly, the use of the lossy JPEG algorithm
causes damage in the resulting image due to the
compressive mechanism of chromatic and
achromatic components, and this damage cannot be
avoided. Even when the quantization process is
cancelled by setting the image quality factor to
100%, the damage resulting from reducing the
spatial resolution of the chromatic component
remains and it cannot be avoided [7].

The reduction in the size of satellite images has
been subjected to many studies, we can refer to a
section, including:

Zabala et. al [8], uses the lossy JPEG and JPEG2000
compression algorithm on a satellite image and
study the degradation on the classification accuracy
due using such compression formats. The results
showed that the JPEG2000 produce classification
accuracy for various compression ratio.

Khaled and Noureddine [3], present a new
compression method to reduce the required
storage space for a satellite image by using the fast
Fourier FFT transform and a scalar quantization SQ
process to reduce the number of the Fourier
transform coefficients followed by encoding phase
using entropy. The retrieved image quality using
the PSNR criterion after compression was in the
range 37-39 dB, with a reduction to 80% of the
original image size.

Mehdi et.al. [9], increase the compression ratio of

the satellite image by compressing the differences
from a reference temporal satellite image using
intra-frame and inter-frame coding. The results
showed that the maximum compression ratio can
be achieved is 102.614.

Anirban and Debasish [10], discussed a satellite
image compression by a new method using
sinusoidal amplitude grating. Where the image
information is distributed between three spots
(spectrum bands), upon selecting any point of it
and applying Inverse Fourier Transform, the image
can be retrieved with a smaller size.

This paper study and analyzes the effect of re-using
the lossy JPEG compression algorithm with
different quality factor values on satellite imagery
acquired with different wavelength bands.

The Study Site Location Description

A Landsat 8 satellite image acquired from the
United States Geological Survey (USGS) Center for
Earth recourses, observation and science[11]is
used as an image samplethe satellite image
represents an arid land with rough surface texture
contains many kinds of soil and rocks,where it
characterized by its variety of land cover classes
where it has high spatial and spectral contrastas
illustrated in figure 1. It is located in the south-west
of Iraq, its located in the coordinates 320 22" 43.90"-
3105 50.28" for longitude and 42° 17° 48.55"- 440 (y
42.89" for latitude in the zone 38N covering
(23,121) Km2. In this study, the Landsat 8 OLI
bandsare used only (Costal, Blue, Green, Red, Near
Infrared, Shortwave Infraredl and Shortwave
Infrared 2 Bands).

Figure 1. Natural color satellite image of the study site[11] illustrated
its location on the Irag Map[12]
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Research Methodology

The ENVI 5.3, QGIS 3.10 and MATLAB R2019Db
software are used in this research, the following
steps are adoptedto study the effect of re-using the
lossy JPEG algorithm on the satellite image:

1. Transform the digital value of the satellite
image bands into reflectance value.

2. Saving the satellite image bands into bitmap
format (BMP) and use them as reference
images.

3. Save each OLI band of the Landsat 8 image
using JPEG compression algorithmwith JPEG
quality factor in the rang 50-100.

4. Calculate the image quality using the signal-
to-noise ratio (SNR) for each band.

5. Calculate the scatter plot of the compressed
version with the original for each band.

6. Calculate the global coefficient of variation
(GCoV) for each band.

7. Calculating global Quartile Coefficient of
Dispersion (GQCoD) for each band.

8. Calculating the compressedband size for
each compressing quality factor.

The failure of the JPEG algorithm to deal with
images that are recorded by the number of bits
more than 8 bits[5]is the reason to convert the
image point values into reflectivity and then to
convert them to BMP format with an analytical
capacity equivalent to 8 bits with minimal damage,
to use these images as reference images to measure
the amount of image damage when applying the
JPEG algorithm.

Results and Desiccation

The effect of re-use lossy JPEG compression
algorithm on the bands quality is illustrated in
figure 2, where it is obvious that the SNR values of
the OLI bands aredeterioratedafter the first re-use
of the JPEG compression algorithm, but the image
degradation did not continue with the re-use of the
JPEG compression algorithm where after the fifth
re-use of the JPEG compression algorithm, the
image quality reaches a study state and the re-use
of JPEG compression algorithm will not affect any
more on the resultant image.

Regardless the wavelength that used to capture the
image in the Landsat 8 OLI bands, the minimum
SNR value that recorded for the different JPEG
quality factor is about 25 dB, which is a high value
for visual assessment according to Kamal[13].

The band quality of using the JPEG quality factor
equal to 100 has very distinctbehavior comparing
with the other JPEG quality factor value, since it is
the only quality factor that doesn’t involve the
achromatic compression part and only the
chromatic compression part is participating in the
lossy JPEG algorithm, therefore, the disturbance
happens to it minima value in the produced image.
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The coefficient of variationof the original satellite’s
bands is illustrated in figure 3. The effect of using
the lossy JPEG algorithm, in general, it preserves
the image global brightness average and performs a
smoothing effect on the image details. Figure 4, the
calculated global coefficient of variation to the
number of iteration of re-use of JPEG file format is

presented.
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Figure 4. The coefficient of variationto the iteration of re-use the JPEG
compression algorithm for different bands and different JPEG quality
factor

As illustrated in figure 4, all the bands show the
same effect of re-using the lossy JPEG compression
algorithm where an increase in the global
coefficient of variationis observed in the first five
iterations, but after that a steady-state reached and
the re-use of the JPEG file format does not affect the
ratio.

By using more robust criterion to describe the
variation in the band pixels’ value, the global
quartile coefficient of dispersion (GQCoD) is
calculated, as illustrated in figure 5. Lossy JPEG
compression algorithm preserves the dispersion in
each OLI band where the GQCoD remains with no
change after re-using the JPEG compression
algorithm with different quality factor values,
which mean that the JPEG compression algorithm
preserves the general variation pattern.
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bands

In the same time, the smoothing effect of the JPEG
algorithm on the stored image cause a deviation of
the pixel's value from its original value, this
distortion can be illustrated by using a 2D scatter
plot, as in figure 6.
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Increasing the number of iterations of the re-use of
the lossy JPEG compression algorithm has a little
effect on the deviation the image pixels from the
true value, the considered JPEG quality factor has
the major influence on the resultant image quality.

Maintaining the intensity value of the image’s
pixelsthat recorded via satellite sensors lies of great
importance, as each intensity value represents a
specific variety on the ground cover, such as plant,
water, soil, ... and so on.

Therefore, the dispersion of point values from the
real value represents a change to the types of items
on the ground cover [14]. Here it can be observed
that the amount of dispersion is present at its
minimum when the value of the JPEG quality factor
is equal to 100.

By using JPEG quality factor equal to 100, itdoesnot
mean that the produced image will not suffer from
degradation, where the lossy JPEG algorithm will
reduce the chromatic image information to take
half of its original size. The reduction in the
chromatic information will reduce the image
quality with minimal effect on the achromatic part
since the quantization step in the JPEG compression
algorithm will not involve [15].

Using other JPEG quality factor other than 100 will
involve the quantization step in the JPEG
compression algorithm besides the chromatic
information size reduction, this will produce a great
effect on changing the image pixel’s value. This is
obvious in figure 4 where the deviation from the
original pixel’s values starts from the JPEG quality
factor equal to 90.

The re-use of the lossy JPEG compression algorithm
to store the image has a neglectable effect on image
pixel’s value deviation from the original value, see
figure 6.

Using the lossy JPEG compression algorithm will
produce a less image file size due to the
compression mechanize that build-in in the JPEG
algorithm. Figure 7 illustrates the compression
ratio for each band for different JPEG quality factor.
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Figure 7. Compression ratio for each band for different JPEG quality
factor

As expected the minimum achieved compression
ratio is for JPEG quality equal to 100 is about 1.3
while using lower JPEG quality factor will produce
higher compression ratio till it reaches the
maximum value for the JPEG quality factor equal to
50, which is in the rang 5.8-6.7. The re-use of the
JPEG compression algorithm does not affectthe
resultant compression ration since it depends
mainly on the value of the JPEG quality factor.

The reduction in the resultant satellite bands file
size is illustrated in figure 8.
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Figure 8. The band archive size-reduction ratio for each band

It is worth paying attention to is the behavior of
both the compression ratio and the size of the
resulting package file after the use of the JPEG
algorithm, as the change in the amount of
compression ratio is a linear pattern while the band
size reduction ratio in the resulting file after the
completion of the JPEG algorithm is nonlinear and
tends to reach asaturation limit at the high values
of the JPEG quality factor.

The second observation that can be paid attention
to is that the amount of compression ratio achieved
and the size of the resulting band file are of direct
correlation with the wavelength of the satellite
band, due to the lack of spatial variation in the band
with the wavelength, as in Figure 7 and 8.
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Conclusion

The use of the lossy JPEG compression algorithm to
store or transmit images is one of the common
procedures when dealing with images in general
because of the advantage of the JPEG algorithm
high ability to compress images while maintaining
their quality. From the results reached in this
research, we can drive the following conclusions:

o The re-use of the JPEG algorithm causes a
deterioration in the quality of the resulting
images in the first five iterations only, and
after that, the quality of the images is not
affected no matter how many times the JPEG
algorithm is used.

o The smoothing process experienced by
images when using the JPEG algorithm
causes a limited effect in only the first five
iterations, after which the image’s coefficient
of variation is stabilized.

e The amount of the compression ratio and
band size reduction ratio resulting from the
application of the JPEG algorithm has a
forward relationship with the wavelength
used to record the scene via the satellite
Sensor.

o The scattering of image pixel’s values from
the real value is acceptable when the quality
factor for JPEG is close to 100.
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