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Currently, TV broadcasting and other video applications use image compression according
to the MPEG-2 Video [1], MPEG-4 AVC [2] and MPEG-H HEVC [3] standards. A new standard
MPEG-5 Video [4] is under development, which, while maintaining the same level of compression
efficiency as HEVC, will allow this efficiency to be realized at a lower cost. Recommendation
ITU-T H-263 [5] standardized a large number of coding methods, the use of which can lead to
further increase in efficiency at subsequent stages of technology development, when it becomes
appropriate.

The requirements for the compression of video sequences in TV production and TV
broadcasting systems are defined in Recommendation ITU-R BT.1203 [6] for segments of the TV
through path under various transmission conditions, including on the basis of an acceptable
reduction in the quality of the reconstructed image. The requirements for video sequence
compression in the SDTV systems are defined in Recommendation ITU-R BT.1380 [7], and
compression 1s implemented according to the MPEG-2 and MPEG-4 AVC standards. The
requirements for video sequence compression in HDTV and UHDTYV systems are defined in
Recommendation ITU-R BT.1737 [8], which defines the use of compression according to MPEG-
4 AVC and MPEG-H HEVC standards. Recommendation ITU-R BT.1870 [9] defines encoding
parameters according to these standards in case it is used in relation to a digital terrestrial
broadcasting system. Recommendation ITU-R BT.2073 [10] defines the HEVC encoding
parameters for broadcasting in HDTV and UHDTYV systems.

All of these regulatory documents provide coding video sequences in the form of
interframe decorrelation and intraframe lossy coding based on the use Discrete Cosine Transform
(DCT). In this case, the image is divided into blocks in combination with motion vector block use.
As for inter-frame coding, it is employed using a motion vector for inter-frame prediction of
information of individual blocks. In this case, the block representation of the image is used to
implement compression of inter-frame differences. In terms of intraframe coding, the use of DCT-
based compression has limitations, the fact of which was taken into account when developing the
JPEG-2000 still image compression standard [11]. This standard defines coding images that can
be divided into tiles. Moreover, one tile can have arbitrary sizes, including the size of full frame.
Thus, it is possible to take into account local properties of the image.

The criterion for assessing image quality in systems using encoding can be peak video
signal level to the encoding noise level the ratio (PSNR). Recommendations ITU-R BT.1683 [12]
and ITU-T J.144 [13] adopted as the main criterion a similar relationship, defined on the
transmitted scene objects edge areas (EPSNR). These recommendations define an appropriate
quality evaluation algorithm using wavelet coding as an example, in which case the EPSNR
criterion can be considered as the most suitable.

It seems obvious that if the capabilities of intraframe coding according to the algorithms
defined by the JPEG-2000 standard were implemented in relation to video sequences coding
standards in combination with the set of techniques established in the above standards, it would be
possible to further increase the efficiency of coding of video sequences.

The MPEG-4 AVC and MPEG-H HEVC standards provide, in particular, the use of
wavelet coding for some special situations. In the JPEG-2000 standard, the use of wavelet coding
is fundamental.

In [14, 15, 16], an integrated approach to the implementation of the wavelet coding of still
images was proposed, combining possible methods of implementing image processing for
individual levels of decomposition and it was shown that the use of this approach in systems with
wavelet coding can lead to a significant increase the compression ratio while maintaining the high
quality of the restored image.

The following text provides examples of a possible rating to reduce the digital image stream
for wavelet coding with 9 levels of decomposition for the case of representing the image signals
with brightness ¥ and color-difference signals Cs, Crin the 4: 4: 4 format with 12-bit digital coding
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Table 2 — Image distortion parameters and compression ratio for ¢ =5 %

PSNR & EPSNR Compression ratio

Image
title Y Cs Cr Y Cy Cr

PSNR | EPSNR | PSNR | EPSNR | PSNR | EPSNR
Religious 472 50.4 448 46.6 45.1 492 132.3 162.4 171.6
building
Treconthe | g, 526 454 473 46.8 50.3 118.6 171.5 156.4
rocks
Railway 45.4 51.1 483 52.4 473 512 153.8 156.2 166.3
station
Music 487 525 467 499 496 532 109.7 112.7 107.5
1r00m

Table 3 — Image distortion parameters and compression ratio for o =10 %

PSNR & EPSNR Compression ratio

Image
title Y Cs Cr Y Cy Cr

PSNR | EPSNR | PSNR | EPSNR | PSNR | EPSNR
Religious 458 483 436 454 427 465 1447 176.5 183.2
building
Treconthe | ¢ 5 477 441 463 435 474 127.1 178.3 146.6
rocks
Railway 45.0 46.8 417 43.6 432 455 1623 168.4 171.0
station
Music 46.9 498 448 487 46.2 49.1 1345 129.7 126.3
1r00m

The approach proposed in this paper to the encoding of video sequences based on the
separate implementation of interframe and intraframe decorrelation allows to increase significantly
the degree of compression of video sequences. At the interframe decorrelation stage, the block
structure allows using the motion vector to predict each of the blocks in the next frames. At the
stage of intraframe coding, an option is proposed to use a complex algorithm based on the wavelet
transform. This algorithm proposes: an adaptive limitation on the minimum of signals at each of
the levels of decomposition, as well as additionally regulating the bit depth of the signals
depending on the number of levels of decomposition (which is similar to frequency-dependent
quantization adopted in the JPEG standard). In addition, the prediction of decomposition level
signals and of bit planes for the code of decomposition signals is introduced, which can
significantly increase the compression ratio while maintaining high image quality.
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