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A BPG (better portable graphics) coder is a novel approach that aims to replace common standards of compression such as JPEG,
JPEG2000 and so on. That is why, the BPG coder needs a detailed analysis of its basic characteristics from the viewpoint of visual
quality and compression ratio. The BPG coder can use different modes of chroma subsampling for color and three-channel images
and it is worth analyzing and comparing them. In practice, images to be compressed are often noisy. Then, lossy compression of such
images has a specific noise filtering effect. In particular, optimal operation point (OOP) might exist where compressed image quality
is closer to the corresponding noise-free (true) image than uncompressed (original, noisy) image quality according to certain criterion
(metric). It is also needed to analyze the coder performance from compression ratio point of view. In this paper, we pay attention on
impact of different chroma subsampling modes on image quality and compression ratio. Based on simulation results obtained for a
set of color images, the best possible ways of compression are recommended.
Keywords: color image, lossy image compression, chroma subsampling, BPG coder, visual quality, YChCr.
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1. Introduction previous studies (Kovalenko et al., 2022) with
application to single-channel (grayscale) image
Image compression stays an important part of image compression. Since most modern images are color or
processing in modern world. This is due to the fact that multichannel, in this article we would like to focus on
amount and size of images increase rapidly in remote lossy compression of such images supposing that they
sensing (RS), everyday life, advertising, medicine and so are noisy. Recall that there are different chroma
on (Nan et al., 2022; Singh et al., 2022; Spasova et al., subsampling modes in BPG coder and our goal is to
2021). A huge amount of image data needs to be stored study how these modes affect the coder performance in
and transferred via communication lines. A common different senses. In particular, we analyze the coder
way to solve this problem is to apply some image performance by estimating the compression ratio as well
compression algorithm. as using visual quality metrics such as PSNR-HA
Image compression algorithms can be divided into (Ponomarenko et al., 2011) and MDSI (Ziaei Nafchi
two groups: lossy and lossless ones (Prasanna et al., etal., 2016).
2021; Manga et al., 2021; Ponomarenko et al., 2005).
The lossy compression results in a loss of data and, in 2. Used methods and criteria
lossless compression, the decompressed data are exactly
the same as the corresponding original data. In other 2.1. Image and noise properties
words: lossless compression preserves all information It is a well-known fact that compression
contained in data, but the compression ratio (CR) characteristics depend on image properties sufficiently.
attained for the used methods can be not appropriate in Depending on image complexity, such characteristic as
practice (Ponomarenko et al., 2005). Then, lossy compression ratio or values of quality metrics can vary
compression occurs to be preferable since CR can be in very wide limits. Complexity of image can be
varied and controlled. Meanwhile, CR increasing usually described in many different ways: by a percentage of
leads to worse quality of a compressed image and a pixels that belong to image homogeneous regions or
reasonable compromise has to bhe found in each entropy for noise-free case and so on (Kovalenko et al.,
particular case. Priority of requirements depend upon an 2022). In this paper, we use two RS images from SIPI
application at hand (Zabala et al., 2006). Image Database which has long been used for
In this paper, we concentrate on lossy compression of performance estimation of different coders and filters.
color and three-channel remote sensing images using We also employ three standard color test images.
BPG (Better Portable Graphics) coder. The problem of In fact, in practice, it is almost impossible to get
finding a compromise has been partly considered in our noise free images (except computer generated ones).

Noise can appear in images due of many factors; it can
- ) be visible or invisible (Chatterjee et al., 2010). Visible
E-mail: b.kovalenko@khai.edu noise has an essential impact on image quality and
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classification accuracy. That is why, we concentrate here
on the case of visible noise typical for images acquired
in bad illumination conditions.

In this work, we consider additive white Gaussian
noise (AWGN) which is known to be the simplest noise
model. We suppose that in each image component one

has
)

where |itj'“e, i=1,...,Im j=1,...,dim is the true or noise-

noisy __ ptrue
Iij _Iij + Ny

free image, n;j denotes AWGN in the ij-th pixel, I;» and
Jim define the considered image size. Noise in image
components is supposed uncorrelated.

2.2. Used coder

This paper focuses on Better Portable Graphics
encoder which is a quite novel image compression
method that aims to replace the old JPEG format due to
considerably better performance in the sense of higher
quality and/or lower size of compressed data. The BPG
coder is based on the High Efficiency Video Coding
(HEVC) technique, which was proposed by Fabrice
Bellard in the form of the open-source code (Bellard,
2018). Overall, BPG has the following attributes:

* lossless and lossy compression;

* it is supported by most Web browsers;

« it is open-source, royalty-free, and patent-free;

* provides native support of 8 to 14 bits per channel
typical for most applications;

e supports the same chroma formats as JPEG
(grayscale, YCbCr 4:2:0, 4:2:2, 4:4:4) to reduce the
losses during the conversion. An alpha channel is
supported. The RGB, YCgCo and CMYK color spaces
are also supported.

As many other coders, Better Portable Graphics also
has compression controlling parameter (CCP). The
parameter Q, used internally to control the compression
ratio and image quality in the BPG encoder, serves as the
CCP where Q can vary in the range of 1 to 51. A larger
Q results in a higher CR corresponding to a lower visual
quality (in the case of compressing noise-free images).

2.3. Chroma subsampling and metrics

As it has been mentioned above, the BPG coder
supports the YCbCr 4:2:0, 4:2:2, 4:4:4 chroma formats.
YCbCr is used for digital encoding of color information
suited for video and still-image compression and
transmission. The YCbCr color space conversion
strongly decorrelates the color channels, so they can be
coded independently without loss of efficiency (Doutre
et al., 2007). Conversion of images in RGB and other
color spaces to YCbCr is not a problem.

Since the human visual system is less sensitive to
chrominance than luminance, the Cb and Cr channels
can be down-sampled by a factor of two in both the
horizontal and vertical directions almost without loss of
perceived image quality. This down sampling produces
the YCbCr 4:2:0 sampling, where there are four Y
samples for every Ch and Cr sample. The 4:2:2 scheme
of subsampling means that Cb and Cr components are
each subsampled by a factor of 2 horizontally (Dumic
et al., 2009). Here we take into account the fact that
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color and three-channel remote sensing images are often
subject to visualization and analysis by experts.

To estimate and compare different modes of chroma
subsampling in BPG-based lossy compression, we use
several metrics. First of all, its compression ratio (CR) is
commonly used to estimate efficiency of compression by
different coders. Compression ratio is estimated by
comparing the size of two images: initial images and
ones after compression.

As mentioned above, lossy compression parameters
are always a compromise between compression ratio and
image quality. To estimate image quality, we use PSNR-
HA (modification of peak signal-to-noise ratio taking
into account human vision system (HVS)) and MDSI
(Mean Deviation Similarity Index).

PSNR-HA is defined as

2
PSNR —HA =10log,, _B ), )
MSE —HA

where MSE-HA is determined as a sum of MSE-HVS-M
values in blocks. The approach to calculating them takes
into account the masking effect and less sensitivity of a
human eye to distortions in high spatial frequencies than
distortions in low spatial frequencies (Ponomarenko
et al., 2011). Some other peculiarities of HVS are also
incorporated. PSNR-HA is expressed in dB and its larger
values relate to a better visual quality. PSNR-HA is
considered to be one of the most adequate HVS metrics.

Currently, a commonly accepted perfect metric does
not exist, and, in our case, to ensure of truthfulness of
results, we use another HVS metric — MDSI — that
produces effective and reliable full reference image
quality assessment (IQA) model based on the gradient
and chromaticity similarities. The gradient similarity
is used to measure local structural distortions. In
a complementary way, a chromaticity similarity is used
to measure color distortions. The proposed metric also
employs a deviation pooling to compute the quality score
from the two similarity maps (Ziaei Nafchi et al., 2016).
Recall here that, in opposite to PSNR-HA, smaller
values of MDSI relate to a better visual quality.

3. Result of using different chroma subsampling
modes

3.1. PSNR-HA and MDSI

For our purposes of making general conclusions, we
pick images (both traditional color images and remote
sensing ones) for three levels of complexity: complex
(Fig. 1, a, b), simple (Fig. 1, c, d) and medium (Fig. 1, e)
structure images. Images that were used in our research
are presented below (Fig. 1).

In simulations, to each RGB original image of size
512x512 pixels we added noise with zero mean and
variances equal to 25, 64, 100 and 196 to consider the
cases from almost invisible to annoying noise. After this,
compression with different chroma subsampling mode of
BPG has been applied.

A starting point of our analysis is noise variance
equal to 100; in this case, distortions caused by the noise
are easy to notice. Since we artificially add noise, we can
calculate metrics in two ways: 1) for the noisy and
compressed images; 2) for the compressed and noise-
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free images. In our study, we are more interested in the
second option.

Fig. 1. Used test images Baboon (a), Diego (b), Peppers (c),
Frisco (d) and Lenna (c)

Thus, let us “compare” the noise-free image and the
corresponding compressed one using the PSNR-HA
metric applied to color images previously converted into
YCbCr color space. The obtained dependencies (rate-
distortion curves) are presented in Fig. 2.

For the 4:2:0 mode (Fig. 2, a), for the complex
structure images, the parameter Q increasing results in a
flat region with further monotonous PSNR-HA
decreasing for Q equal to 22 and larger. For middle and
simple structure images, the situation is different in the
way that the point of decreasing start is shifted to larger
values of Q, also local maximums can be observed.

Switching to the mode 4:2:2 (Fig. 2, b), similar
results are observed except that the starting point of
quality decreasing is shifted to slightly larger values for
complex structure images. For other images, the area of
quality increasing appears before reaching the
corresponding local maximum. This point is called
Optimal Operational Point (OOP), we have already done
some research on this theme and proved possibility of
OOP occurrence for grayscale noisy images compressed
by BPG for several metrics including visual quality ones
(Kovalenko et al., 2022).

The last possible mode is 4:4:4 (Fig. 2, c). This time,
OOP for simple and middle structure images is more
obvious, the starting point of quality decreasing for
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complex structure images is almost in the same place
(for the same Q) as OOP for simple structure images

(Q=32).
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Fig. 2. Dependencies of PSNR-HA calculated between the
compressed noisy images with noise variance equal to 100
and noise-free images for chroma subsampling modes:
4:2:0 (a), 4:2:2 (b), 4:4:4 (c)

The conclusions given above based on analysis of
dependences for the PSNR-HA metric are supported by
analysis results for the MDSI metric (Fig. 3). Again, there is no
OOP for complex structure images and OOPs exist for simple
and middle structure images where for all those images the
quality improvement in OOP can be noticeable in all modes of
chroma subsampling. The complex structure images are
compressed with better quality for the mode 4:4:4 for Q
slightly smaller than Qoor = 32 for middle and simple structure
images.
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Fig. 3. Dependencies of MDSI calculated between the
compressed noisy images with variance equal to 100
and noise-free images for the chroma subsampling modes:
4:2:0 (a), 4:2:2 (b), 4:4:4 (c)

Additional analysis using different noise variances shows
that for small values of the noise variance (25) all images
demonstrate similar behavior of rate-distortion curves: the
dependencies of PSNR-HA for all images are monotonously
decreasing (Fig. 4, a) whilst for the metric MDSI they are all
monotonously increasing (Fig. 4, b). Fig. 4 shows the data for
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the mode 4:2:2, but the aforementioned properties are the same
for other subsampling modes as well.
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Table 1. Initial compression ratios for different chroma
sampling modes for Q = 1 (almost lossless compression)

Image Compression rate
name Q 4:4:4 4:2:2 4:2:0
baboon 1 1,158966 1,766764 2,321141
DIEGO 1 1,208332 1,834994 2,383039
frisco 1 1,288324 2,013722 2,681773
lena 1 1,296848 2,03216 2,718279
peppers | 1 1,279801 2,007273 2,689392

1] 10 20 30 40 50 V] 10 20 30 40 50
Q Q

a b

Fig. 4. Dependencies of PSNR-HA (a) and MDSI (b)
calculated between the compressed noisy images with variance
equal to 25 and noise-free images for the 4:2:2 chroma
subsampling mode

Another tendency that remains the same for all BPG
subsampling modes is the increase of the Q parameter in
possible OOP as the noise intensity increases. Figure 5
represents the case of two values of variance of additive white
Gaussian noise equal to 64 and 196, respectively.

According to the obtained dependencies, when noise
variance is 64 (Fig. 5, a), OOP is present for simple and middle
structure images in Q equal to 31. For complex images, OOP is
not observed.

Observations for more intensive noise, i.e. for AWGN
variance equal to 196 (Fig. 5, b), shows that this time the OOP
has shifted to Q equal to 36 for the same set of images.

For the metric PSNR-HA, similar tendencies are observed
and analysis of the obtained plots shows shifting of the optimal
operation point towards larger values in the case of increased
intensity of the noise.

Summarize the obtained results, the next recommendations
can be given. First, it is desirable to use Q in the range from 31
to 37 depending a noise variance, for more accurate selection
of the operating point it is recommended to use the following
formula:

Qoor =12.9 + 20 + Ig(o). (3)

According to the metric values in OOP, the mode 4:4:4
seems preferable. Based on this statement, the second
recommendation can be obtained: to get the maximum benefit
from the operating point in the sense of image quality it is

It is clear from data in this Table that the 4:2:0 mode
outperforms the 4:4:4 and 4:2:2 modes in the sense of
larger CR values, the mode 4:2:2 occupies the
intermediate place between the modes 4:4:4 and 4:2:0.

The next step is compare two dependencies of CR on
Q for the modes 4:2:0 (Fig. 6, a) and 4:4:4 (Fig. 6, b).
The dependencies behave in similar manner but the
curves for the 4:2:0 mode start it rapidly increase
“earlier”, for Q about 25.
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Fig. 6. Dependencies of compression ratio for noisy images
with variances equal to 100 for the 4:2:0 (a) and 4:4:4 (b)
chroma subsampling modes

A special attention deserves the area of optimal
operation point and the values of CR in its
neighborhood. Table 2 contains information (CR values)
for all three modes of the BPG coder.

Table 2. Compression ratio in OOP for different chroma
sampling modes

desirable to use the 4:4:4 mode of chroma subsampling. Image Q Compression rate
name 4:4:4 4:2:2 4:2:0
o3rs | — tabaonong 038 tobnarira | baboon |33 | 8775278 | 1259846 13,8833
0350 | — fiscopng 036 — frisco.png ,/ DIEGO | 33 12,10651 14,08063 14,68142
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% e m L — L The first observation is that, in the sense of CR,
. ¢ b @ the mode 4:2:2 outperforms the mode 4:4:4. In turn, the

Fig. 5. Dependencies of MDSI calculated between
the compressed noise images with variances equal to 64 (a)
or 196 (b) and the corresponding noise-free images for the
4:4:4 chroma subsampling mode

3.2. Compression ratio

Another goal of this paper is to provide information
about the impact of different chroma subsampling on
compression ratio.

Five test images with initial file size of 768 kb were
corrupted by AWGN and compressed by the BPG coder
with initial value of compression control parameter equal
to 1. The results for Q =1 are presented in Table 1.
AWGN variance equals to 100.
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mode 4:2:0 outperforms the mode 4:2:2 but this time
the difference no so large as for small Q. Based on this
observation, it better to use 4:2:2 in OOP compression
scenario due in two reasons. First, the OOP is more
obvious than for the mode 4:2:0 and almost the same as
in the mode 4:4:4. Second, CR is almost the same as in
the 4:2:0 mode.

Additional attention deserves dependencies of visual
quality metric to compression ratio. The results of
comparison are presented in Figure 7.

According to Figure 7, the plots’ analysis shows that
similar compression ratio for different subsampling
modes bring different quality of the image in the range
of compression ratios from 1 to 250 (in case of simple
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structure images). In other words, for the same
compression ratio 4:4:4 mode can offer improvements in
terms of quality compare to 4:2:2 and also for 4:2:0 in
case of simple structure images. For complex structure
images, this effect is not observed. Moreover, PSNR-HA
can be even slightly lager for small CR.
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Fig. 7. Comparison of dependencies of PSNR-HA on CR
for the test images: DIEGO (a) and frisco (b) corrupted by
AWGN with variances equal to 100

4. Conclusions

The task of lossy compression of noisy images using
different modes of chroma subsampling of images
corrupted by AWGN by the BPG coder is considered.
The use of different modes brings specific features. In
particular, the obtained results demonstrate that for
simple, and middle structure images the OOP is
observed with a larger probability and it might exist for
both considered metrics PSNR-HA and MDSI. In the
case of using the mode 4:2:0, OOP takes place less often,
several local maxima of PSNR-HA and minima of MDSI
can be observed. For the 4:2:2 mode, OOP looks more
obvious as well as for the 4:4:4 mode. For complex
structure images, better quality is provided by the 4:4:4
mode if CR is large. This allows using larger values of Q
that leads to a larger CR.

It also demonstrated that OOP existence and its
position depend on noise variance. For low intensive
noise, the probability of OOP existence is small.
However, with increasing the noise intensity, the
probability also increases but the OOP position shifts to
larger values of Q. That statement is valid for all chroma
subsampling modes of the BPG coder.

From compression ratio perspective, there are several
important observations. First of all, behavior for all
modes are the same. It means that with increasing of the
parameter Q the compression ratio slowly increases till
Q is equal to 25-30, after this the CR starts to rapidly
increase. The final observation is that if the three
subsampling modes are directly compared in terms of
dependencies of image quality on compression ratio,
then the 4:4:4 chroma subsampling mode can, in general,
provide better quality at the same compression ratio.
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BUKOPUCTAHHS PI3HUX PEXHUMIB KOJIIPHOI CYBAUCKPETM3AIUI ITPM CTUCHEHHI 30BPAXKEHHSA 3A
JOIIOMOI'OIO BPG KOJIEPA
b. B. KoBanenko, B. B. Jlykin
Hayionanehuil aepoxocmiynuil ynigepcumem, kagheopa ingopmayitino-komyHixayiinux mexuonozii, Xapkie 61070, Yrpaina
Komep BPG (better portable graphics) — 1ie HOBUi miiXif, KUl CIPAMOBAaHHUN Ha 3aMiHy 3BHYAHUX CTaHIAPTIB CTHCHEHHS, TAKHX
sk JPEG, JPEG2000 romo. Tomy Takwuii koxep noTpedye qeTaabHOTO aHANi3y HOro OCHOBHHUX XapaKTEpPHCTHK 3 HOTJILY Bi3yaJlbHOL
SIKOCTI Ta CTyIIeHs cTHCHEHHs. BPG-Kkoznep Moxe BUKOPHUCTOBYBATH Pi3HI PeXKUMH KOJIBOPOBOI CYOUCKpeTH3aMii sl KOIBOPOBHX i
TPUKaHAIBHHUX 300pakeHb, TOMY IX BapTO IpOaHANIi3yBaTh Ta MopiBHATH. Ha mpakTuil 306paxkeHHs, sIKi MOTPiOHO CTHCHYTH, YacTo
MicTaTh myM. Toxi CTHCHEHHs 3 BTpataMu TakuX 300pakeHp Mae crermbiuanii epext ¢inbrparii mymy. 30kpema, ONTUMaIbHA
po6oua Touka (OPT) Moxe icHyBaTH, KOJH SKICTh CTUCHEHOTO 300pa)KeHHS OJIMDKYE 10 BiAMOBIIHOTO OE3IIyMHOTO (CIPaBKHBOIO)
300pa’keHHs, HIX SIKICTh CTUCHEHOTO (BUX1IHOTO0, 3aLIyMJICHOT0) 300paXeHH:I 3a IEBHUM KpuTepieM (MeTpukoro). Takox HeoOXiqHO
MpoaHai3yBaTH e(eKTHBHICTh KOJAepa 3 MOy CTYICHs CTUCHEHHs. Y il CTAaTTi aBTOPH 3BEpPTAIOTh YBAary Ha BIUIUB Pi3HUX
PEXHUMIB CyOMMCKpeTH3allil KOJIBOPOBOCTI Ha SKICTh 300pakeHHS Ta CTYIiHb CTHCHEHHS. 3a pe3yNbTaTaMH MOJETIOBAHHS,
OTpPUMAaHHMH U1 HA00Py KOJTBOPOBUX 300pakeHb, pEKOMEHIOBAaHO ONTHMAaJIbHI CIOCOON CTHCHEHHSI.
KurodoBi ciioBa: xonpopoBe 300pakeHHs, CTHCHEHHS 300pa)keHHs 3 BTpaTaMH, KolipHa cyoauckperusanis, BPG-konep, Bi3yanpHa
sikicThb, YCbCr.
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