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Abstract
Objectives. The widespread use of systems for cap
image. This type of capture, although qualigiively su

iglds is due to the high quality of the reproduced
ditional methods to capturing volumetric images,

generates a huge amount of data needg onstrucfthe original captured 4D light field. The purpose of the work
is to consider traditional and extendg age compression algorithms, to perform a comparative
analysis and determine the most

Methods. Mathematical met pcessing and methods of statistical analysis are used.

Results. Algorithms are ! d in relation to the compression of four-dimensional light fields
using the PSNR metric. evalua®on criterion is affected not only by the dimension of the compression

the baseline of the capture setting, since the difference between images
increases with thallistange betwee
of an array of nfat{e W camer€s located on racks and placed in a room, the obvious choice would be to use
conventiongli

Detween the optical centers of the captured images, the use of video compression algorithms
is preferabl s use of image compression algorithms, since they show better results in both three-dimensional
and four-dimgsional versions.

Conclusions. A comparison of the results obtained shows the need to use algorithms from the video compression
family (XVC, AV1) on installations with a long baseline (mounted on camera stands). When working with integrated
light field cameras (Lytro) and setting the capture with a short baseline, itis recommended to use image compression
algorithms (JPEG). In general, video compression algorithms are recommended, in particular XVC, since on average
it shows an acceptable level of PSNR in both the case of a short and long installation baseline.
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Pesiome
Llenn. LLInpokoe pacnpocTpaHeHne
M3BOANMOIrO n3obpaxeHus. IToT B

BeTOo®bIX Nonemn o6ycn03neH0 BbICOKMM Ka4eCTBOM BOCIMPO-
a4eCTBEHHO NpeBoCxXoanT TpaanuMOHHbIE NoAXoAbl K 3a-

NCXOAHOMO 3aCHSATOrO YeTbl ; g nona. Llenb paboTbl — paccMOTPEeTb TPAANLMOHHbLIE U pacLun-
OUTMbI CXXaTUS N3006PAXKEHN, MPOBECTU UX CPABHUTENbHbIN aHaNnM3

PesynbTarbl. M aHanmM3 anropuTtMOB NMPUMEHUTENBHO K CXaTUIO YeTbIPeXMEPHbIX CBETO-
BbIX NONENn C
He TOJIbKO pa3m MTMa CXaTtus, HO Takxke 1 paccTosiHue 6a30BOW NIMHUM YCTAHOBKWM 3axBaTa, Tak Kak
MW YBEJINYMBAETCS B 3aBUCUMOCTM OT PACCTOSHUSA MeXAy ONTUYECKUMU LeHTpamMm

AKKe, NCXOAS N3 OLEHKM NPOM3BOJSIbBHOCTEN METOA0B CXaTUs BUAEO, 3aMEYEHO, HTO ajirOPUTM
XVC oCTa@E. 3 000LEHEHHBIM, XOTS €r0 pe3ynbTaThl OKa3blBAOTCS Bbille OCTasNbHbIX. Cneaylowym no 3Ha4MMo-
CTW MOXHO TaTb anroput™ AV1. YCTaHOBIEHO, YTO HOBEWLLVE airOPUTMbI CXaTusl NoKasbiBaloT 60J1ee BbICOKYHO
NPON3BOAUTENBHOCTb MO OTHOLLEHWNIO K CBOUM NMpeALlecTBEHHMKAM. [1poaeMOHCTPUPOBAHO, YTO NPU HEGOSLLLOM
pacCTOsHUM MeXAay ONTUYECKMMU LIEHTPaMK 3anedyaTieHHbIX U300paxeHnin NpuUMeHeEHNEe anropuTMOB CXaTusi
B1AeO 6onee NpeanoyTUTENbHO, YeM NPUMEHEHNE anropuTMOB CXaTusi M300paXeHUin, Tak Kak OHM MOKa3blBAOT
60see BbICOKME pedynbTaThl Kak B TPEXMEPHOM, TakK U B YETLIPEXMEPHOM BapuaHTe.

BbiBoAbl. CpaBHEHVE NOJTYYEHHbIX PE3Y/IbTATOB NOKa3blBaeT HEOOXOAUMOCTb MPUMEHEHMWS HA YCTAHOBKaX C AJIVH-
HOW 6a30BOW NIMHWEN (YCTAHOBMIEHHbIX HA CTOMKax KamMepbl) anropuTMOB U3 CEMENCTBA CXaTus BUAE03anucem
(XVC, AV1). Mpwn paboTe c MHTErpMpoBaHHLIMM KaMmepamMmn CBETOBOro nons (Lytro) 1 ycTtaHoBKOW 3axBaTta ¢ KOpOT-
Kol 6a30BOW NMHMEN PEeKOMEHAYeTCs UCMONb30BaTb aJITOPUTMbI cxaTus nsodbpaxeHunii (JPEG). B obwiem cnyydae
pEeKOMEeHAYeTCS UCNONb30BaTb aIFOPUTMbI CXaTUS BUAEO, B HACTHOCTM XVC, NOCKOMbKY B CPEAHEM OH NOKa3biBaET
npuemnemMsbin yposeHb PSNR kak B cniyyae ¢ KOPOTKOM, Tak U C AJIMHHOM 6230BO IMHUEN YCTaHOBKM.

KnioueBbie cnoBa: 3D-Budyanmsauuu, 4D-cBETOBOE NoJsie, cXaTue CBETOBbIX MNOJEN
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npospaqucn. dwmauconoﬁ AedaTesibHOCTU: ABTOpr He NMetoT d)IAHaHCOBOVI 3anHTEepPeCOBaHHOCTW B nNpeacTaBieH-

HbIX MaTepmnanax nam Metogax.

ABTOPbLI 3a9BNSIOT 06 OTCYTCTBUM KOHGMIMKTA MHTEPECOB.

INTRODUCTION

By its nature, light field information describes
the parameters of light emitted from a point in space
captured, for example, by a large number of cameras
[1] or a light-field imaging camera [2] based on the
light field principle [3]. Requirements for the storage
and transmission of such data often come down to
increasing the volume of their storage and improving the
performance of transmission channels. Therefore, the
development and research of compression methods for
light fields has become increasingly important in recent
years. Although there are many effective compression
formats for still and moving images, little research has
been reported in the literature on the influence of these
methods on the properties of light field images [4]. In
this work, we assessed the impact of modern metho
image and video compression on the quality of ima
obtained based on light field data. These methods inclu

light field data can
independent still j

standard for encoding video transmitted over the Internet. It
replaces the VP9 video encoding format developed by Google.
According to [5], AV1 outperforms H.265/HEVC by 17% and
VP9 by 13% over a wide range of bitrates/resolutions. Developed
by the Alliance for Open Media (AOMedia), created in 2015 and
comprised of electronics, video-on-demand, and web browser
companies (AMD, Apple, Arm, Broadcom, Intel, Nvidia,
Amazon, Facebook, Google, Hulu, Netflix, Mozilla, Microsoft).
Timothy B. Terriberry. Progress in the Alliance for Open Media
(slides). URL:  https://people.xiph.org/~tterribe/pubs/lca2017/
aom.pdf (18 January 2017). Accessed June 22, 2017.

2 XVC is a video encoding format with a strong focus on low
bitrate streaming applications. The official website (URL: https://
xvc.io/. Accessed December 04, 2021) claims that the codec is
superior to AV1, H.265/HEVC, and VP9.

the absolute position of the viewpoint (Fig. 1). The result
of the execution of the P function is a color that describes
the visual representation of the observed point in space.
The parameter 7 (time) can be added definition of
the function P in order to descril scene.

ing a scene from one viewing position.
g licity, the viewing angle is specified
for one spherical coordinate

ur objective is to describe the scene by shooting
either with multiple cameras (camera array) or with a
single compact array with microlenses in front of'it, such
as in Lytro. In this case, the aperture can be depicted as
a grid of views (cameras) located on a two-dimensional
plane. This case is illustrated in Fig. 2, where the distance
on the line passing through the base points between the
individual views is described by the parameter d. This
representation is often referred to as a 4D light field
(LF) since we are dealing with a light field function L
sampled in four dimensions (k, /, m, n), where (m, n) are
pixel coordinates; (k, /) are subaperture image indexes.

Fig. 2. Capturing a 4D light field with a camera array

The light fields received by one compact single
device have limitations on the viewing angle. Light
fields based on multiple cameras provide large viewing

Russian Technological Journal. 2022;10(4):7-17
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Fig. 3. Data flow diagram of the technique for comparing compression algorithms

angles by distributing camera arrays in the space around
the object. In practice, the number of views located on a
two-dimensional plane varies from a couple units. Given
the high resolution of the sensors, it is not surprising
that the volume of light field data is enormous. As an
example, consider the “Treasure Chest” light field?
(Fig. 3) taken from the Stanford Light Field Archive.
This field is captured using a 17 x 17 grid of cameras
with an image resolution of 1536 x 1280 pixels. The size
of uncompressed data exceeds 1 Gb. When using photo
sequences to organize footage, storage and transmission
requirements will increase proportionately.

METHODS FOR COMPRES

fields have been propos
Using some of these

methods ble to 4D light field data. These
methods ing#de the latest video compression standards,
especially AV1 (approved in June, 2018) and XVC
(version released in July, 2018). In order to make a
comparison, we refocus the original and decompressed
light field. The evaluation is then carried out using the
PSNR (peak signal-to-noise ratio) metric as a full-scale
quality benchmark.

Separate displays from the original light field are
usually not rendered. Therefore, it makes no sense
to directly compare the original and decompressed
light fields, although such methodology is usually
used to evaluate the performance of one kind of
compression. For this reason, the compression

3 Standford light-field dataset. URL: http://lightfield.
stanford.edu/?gclid=Cj0KCQiA47GNBhDrARIsAK{Z2rD2CB3
IMtzHIXPrOuXM_KJm tEIIZIZLviFERCFsasV9JygG55uBlaAt
RTEALwwcB. Accessed December 04, 2021.

in the focal plane. The
llustrated in Fig. 3. Note that

ht field contains a 2D grid of 2D views
aptured from cameras. The baseline length between
dual views varies from a few millimeters

icrolenses) to a few centimeters (camera array).
Therefore, it is natural to expect a high level of
similarity between views adjacent in either of the
two grid directions. This similarity opens the way to
understanding 4D light field data as a video sequence
moving between viewpoints. Alternatively, we can
consider a 4D light field as 3D or directly as a 4D body.
The approaches described above can also be found in
light field compression using an image, video, 3D or 4D
image coding system (although other approaches are
possible, for example, using 3D video).

In recent years, the compression performance of
various approaches to light field imaging have been
compared and evaluated.

In [4], the authors evaluated the performance of the
main image coding standards with independent views
and H.265/HEVC* with independent views. The label
“with independent views” indicates that the individual
views have been compressed independently of each
other. Approaches to video encoding were not evaluated
in the work. As expected, the H.265/HEVC internal
profile proved to be the most efficient compression
method.

In [7], the authors compared the compression
performance of three strategies using the H.265/HEVC
codec. The first strategy performs compression directly

4 H.265/HEVC is a high efficiency video coding; MPEG-H
is a video compression standard developed as a successor to the
widely used H.264/AVC (MPEG-4).

Russian Technological Journal. 2022;10(4):7-17
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on the original light-field image. The following strategy
organizes the views of the 4D light field into a pseudo-
temporal sequence in a spiral order and subsequently
compresses them. In the latter strategy, compression
occurs on a subset of images extracted from the light-
filed image by transforming into a four-dimensional
light field. The results of the work carried out by the
authors show that the encoding of a four-dimensional
light field leads to better performance when compared to
direct encoding of images received from cameras.

The authors of [8] compared the performance of
JPEG’, JPEG 2000, and SPIHT® directly on images
obtained from camera matrices. The comparison was
carried out using the same methodology as in this
article. As you might expect, JPEG 2000 shows the best
compression performance.

In [9], the authors proposed to rearrange the 4D light
field as a tiled representation of a large rectangular image.
This image was then compressed using a JPEG 2000
encoder. The proposed scheme was compared with
standard image encoding algorithms, namely JPEG 2@Q0

light field data.
In [10], the author reconstrugt
light field into a three-dimensi

construction of superbeams which limit the superpixels
that form a given superbeam. This constraint is
necessary in order that superbeams can be used to
support angular dimensionality reduction based on low-
rank matrix approximation. Then, an approximation of
the low-rank matrix for the superbeams is calculated
with inconsistency compensation using singular value
decomposition (SVD). The base vectors are then
encoded using HEVC or JPEG-Pleno VM 1.1 for each
individual representation.

In [14, 15], the authors propose a hierarchical
coding structure for four-dimensional light fields. The
4D light field is broken down into several views and then
organized into an encoding structure according to spatial
coordinates. All representations are coded hierarchically.

3> JPEG—Joint Photographic Experts Group, titled after the
name of the developer.
6 SPIHT is a set partitioning in hierarchical trees.

The scheme is implemented in the H.265/HEVC
reference software.

In [16], the authors propose an encoding scheme
which divides a four-dimensional light field into several
central views and other adjacent views. The adjacent
views are subtracted from the center views, and then
both groups are encoded using the H.265/HEVC codec.
The authors of [17, 18] transfer the four-dimensional
light field to the H.265/HEVC codec using the inter-
prediction mode for individual LF vieyigimally, great

folfowing image encoding methods:
2000. In [21] they are called methods
imilarity. The second group includes video
oding methods: H.265/HEVC, AV1, VP9, and XVC.
are generally referred to as pseudo-sequence-based
methods. The third group extends methods for encoding
images in three dimensions. This group consists of
JPEG 3D and JPEG 2000 3D. Note that JPEG 3D refers
to a 3D image and not to a pair of stereoscopic images.
The fourth group extends image encoding methods in
four dimensions. However, there is only one method in
this group—JPEG 4D.

The following codecs are used to assess the above
methods: OpenJPEG, x265, libaom (AV1 codec library),
libvpx (VP8/VP9 codec SDK), and XVC codec.

INITIAL DATA

This section presents the data set, the multifocal
imaging method, the experiments performed with this
data set, and the results obtained.

The data set consists of four 4D light fields based on
two types of capture devices. Two light fields were taken
with a Lytro [llum BO1 light-field camera (manufactured
by Lytro, USA), and the other two were taken with
conventional DSLR cameras.

The first conventional camera light field was
captured with a multi-camera array, and the second with
a simple motorized setup equipped with a Canon Rebel
XTi digital camera (manufactured by Canon, Japan).
The corresponding resolutions and corresponding
image divergence ranges are listed in Table. The values
in the last column—image divergence—describe the
difference in pixels in the location of the same 3D
object projected onto images taken by the camera or
calculated from the light-field camera image, in the
case of Lytro.

Russian Technological Journal. 2022;10(4):7-17
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Fig. 4. Data set used f

As can be seen, the range of discrepancies wil
narrow (from —1 to +1 pixels) for a light fiedaith a de

wide (from 40 to 90 pixels) for i
array of cameras. These value

The first and
taken wg ht-fie

is achieved Yng the shift-sum algorithm [22]. This
algorithm shifts subaperture images (views) according
to the optical center of the camera relative to the camera
baseline relative to the reference frame and accumulates
the corresponding pixel values. The refocused image will
be the average of the converted images. The calculation

Table. Dataset used for comparison

Left to right: Danger de mort, Chessboard,

the pixel value at point (m, n) of the refocused image
given by the equation:

Ey(m,n) = %ZkJL(k,l,m+ ok,n+al), (1)

where N is the number of summed images; o is the distance
of'the synthetic plane from the main lens; £ and / are indices
of the subaperture image of the light field representation;
ok and o/ are the shift parameters with respect to the
reference system. Linear interpolation was also performed
in the last two 4D measurements, in order to convert the
sampled light field function to a continuous one.

EXPERIMENT O

It is worth clarifying in advance whether it is really
necessary to evaluate the quality of images displayed
for several focal points, rather than on the original data
(that is, directly compare the original and decompressed

Description Source Resolution Discrepancy in pixels
Danger de mort EPLF dataset 15 x 15 x 625 x 434 From —1 to 1

Chessboard Saarland University 8 x 8 x 1920 x 1080 From 40 to 90
Treasure Chest Stanford Computer Graphics Lab 17 x 17 x 1536 x 1280 From —1to 7

Palais du Luxemburg

EPLF dataset

15 %15 x 625 x 434

From —1to 1

12

Russian Technological Journal. 2022;10(4):7-17



Comparative analysis of compression algorithms
for four-dimensional light fields

Roman G. Bolbakov, Vladimir A. Mordvinov,
Artem D. Makarevich

set of images). A quick experiment shows that there is
a big difference between these approaches (Fig. 5). It
is about 10 decibels in PSNR depending on the bit rate
and compression method. This can be explained by the
fact that any pixel in the displayed form is the sum of
the pixels from the 4D light field, so this sum together
reduces compression artifacts. In other words, we can
afford to compress 4D light fields much more than
independent images while maintaining the same visual
quality of the displayed image.

Figure 5 shows the difference in quality evaluation
using a 4D light field directly compared to using images
rendered at virtual focal planes. The illustration is shown
on the Danger de mort light field.

|
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Bitrate, bpp
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s sl

0.01

JPEG 2D ——
JPEG3D ----
JPEG 4D

EXPERIMENT 1

As can be seen from the literature review, most
present-day approaches to light field compression process
either 2D data or its sequence (video compression). The
compression of 4D light field images is still a relatively
unexplored area. Since the 4D light field is sequences
of 2D images (viewpoints), 2D compression techniques
can be used to independently encode the viewpoints.
However, such methods do not allow the use of pixel
correlations in all four dimensions. A similar reasoning
can be applied to 3D methods. In our Experiment 0, we
were interested in studying the effects of contraction
of light fields in three and four dirg _ In order
to fairly evaluate compression pg
compression method must be us

s. Since the similarity of
and 4D is highly dependent
different results can be expected.
experiment is shown in Fig. 6. In each

ixel) and the vertical axis shows the average PSNR for
®le rendered focal plane viewpoints.

55
50
45
40
35
30
25

20
0.001

T T

.2

PSNR, dB

MRt | 21 sl

0.1 1
Bitrate, bpp

(b)

L1 aaaul

0.01

A ERTT!

10

T TTTIT

T T T T

PSNR, dB

0.1 1
Bitrate, bpp

(d)

JPEG 2000 2D
JPEG 20003D ===~

Fig. 6. Experiment 1: performance comparison of image compression methods:
(a) Danger de mort, (b) Chessboard, (c) Treasure Chest, (d) Palais du Luxemburg
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For light fields with a small baseline (Danger de
mort and Palais du Luxemburg), both 3D compression
methods clearly outperform their 2D counterparts over
the entire bitrate range. Likewise, the 4D JPEG method
is clearly superior to its 3D counterpart.

This is not surprising since pixels in the same spatial
position in neighboring views are highly correlated.
However, the situation changes as the baseline increases.
In doing so (Treasure Chest and Chessboard), adjacent
views become less and less similar, resulting in higher
amplitudes of base transform coefficients. Consequently,
the situation is changing in favor of compression
methods with smaller sizes.

Considering the JPEG method, Treasure Chest is a
special case since it contains a large number of black
pixels. It turns out that it is more efficient to compress
these solid areas at once with a single 4D block rather
than with multiple 3D blocks. Likewise, it is more
efficient to use one 3D block than multiple 2D blocks.

EXPERIMENT 2

The second thing to note in the previous section is
the use of video compression standards. The question
arises whether it is better to compress 4D light fi

55 ey
50 |
45 L
40 -
35 |-
30 |-
25
20

T T T T T T

PSNR, dB

1 10

55 T
50
45 -
40
35
30 |
25 -
20 !

0.001 0.01 0.1 1 10

Bitrate, bpp

(a)

PSNR, dB

2o aaanl

21l

JPEG 4D wweeeeee

H.265 — AVl ——

JPEG 2000 2D

as a sequence of 2D frames or as a multidimensional
body? Therefore, we measured the performance of all
the above video compression standards. The results can
be seen in Fig. 7. This time the results for only two light
fields are shown for brevity.

Interestingly, the XAVC codec actually showed
better compression performance than HEVC and AV 1.

In order to answer the question, “What is the
best compression method for these light fields?”, an
additional comparison of the results with the most
efficient methods from Experiment 1 was carried out.
The overall comparison is shown in Fig. 8. Interestingly,
video compression methods perfoiy than all
heir 3D

the original version is a
an array of cameras, image

50 -
45
40 -
35 |-
30
25 -1
20 L P | " P | " P | " P | L PR
0.0001 0.001 0.01 0.1 1 10
Bitrate, bpp

(b)

PSNR, dB

VP9 —— HVC ——

Fig. 7. Experiment 2: performance comparison of video compression methods.
Fields used: (a) Danger de mort, (b) Chessboard

55 T T
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35
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25 -
20 MR BRI B B R
0.0001 0.001 0.01 0.1 1 10
Bitrate, bpp

(b)

PSNR, dB

AVl ——  XVC

Fig. 8. Performance comparison of video compression methods in relation to image compression algorithms.
Fields used: (a) Danger de mort, (b) Chessboard

Russian Technological Journal. 2022;10(4):7-17

14



Comparative analysis of compression algorithms Roman G. Bolbakov, Vladimir A. Mordvinov,

for four-dimensional light fields Artem D. Makarevich
four or three dimensions can achieve better compression 5. Zabrovskiy A., Feldmann C., Timmerer C. Multi-
results than classical implementations of 2D image codec DASH dataset. In: Proceedings of the 9th ACM
compression. Multimedia Systems Conference. 2018. P. 438-443.

https://doi.org/10.1145/3204949.3208140

6. Samuelsson J. The XVC video code” a revolutionary
software-defined video compression format. SMPTE
Motion Imaging Journal. 2019;128(10):1-8. https://doi.

However, it should be noted that the chosen
evaluation criterion, namely PSNR, is affected not
only by the dimension of the compression algorithm,

but also by the baseline distance, since the difference org/10.5594/JM1.2019.2937737

between images increases with the distance between 7. Viola 1, Refdbek M., Ebrahimi T. Comparison and
the optical centers of each camera matrix. Thus, for evaluation of light field image coding approaches. /EEE
installations consisting of an array of machine vision Journal of Selected Topics in Signal Processing.2017;11(7):
cameras located on racks and placed in a room, the 1092—-1106. https://doi.org/10.1109/JSTa017.2740167

obvious choice would be to use conventional image 8. . pression

compression methods.

Inaddition, based onthe evaluation ofthe arbitrariness
of video compression methods, we can see that the XVC
algorithm remains underestimated, although its results
are higher. Algorithm AV1 can be considered the next in
order of importance. This confirms the fact that the latest
compression algorithms show a higher performance in  10.
relation to their predecessors.

Also, when the distance between the optical centers
of the captured images is small, the use of video

compression algorithms is preferable to the u ; - ) .
. - . . et al. View synthesis-based light field image
image compression algorithms, since they show b . . . .

Its in both three-di onal and f . . compression using a generative adversarial network.
results in both three-dimensional and 1Cggdmensio nf Sci. 2021;545:118-131. https://doi.org/10.1016/j.

versions. ins.2020.07.073

12. Pratapa S., Manocha D. RLFC: random access light field
compressionusingkey views andbounded integersequence

out all encoding. In: Proceedings of the ACM SIGGRAPH

DCT®compression algorithm for

al images. In: 2006 I[EEE

Internationgl Corglrence on Acoustics Speech and Signal

rocessingroceedings. IEEE; 2006:2:9142643. https://
i org/107109/ICASSP.2006.1660393

11.

Authors’ contributions
R.G. Bolbakov—idea,
design, consultation on

the stages of the study Symposium on Interactive 3D Graphics and Games.
ientific work, revision 2019. P. 1-10. https://doi.org/10.1145/3306131.3317018

ual content. 13. Dib E., et al. Super-ray based low rank approximation

alysis, article writing, for light field compression. In: 2019 Data Compression

t all stages of the study, Conference (DCC). IEEE; 2019. P. 369-378. https:/doi.

org/10.1109/DCC.2019.00045
14. Joshitha R., Sharma M. A hierarchical coding scheme

REFERENCES for glasses-free 3d displays based on scalable hybrid

layered representation of real-world light fields. In: 2021

. M., Flynn J., Overbeck R., Erickson D., IEEE International Conference on Systems, Man, and

Hedman P., Matthew Duvall M., Dourgarian J., Busch J., Cybernetics (SMC). 1EEE; 2021. P. 3491-3498. https://

Whalen M., Debevec P. Immersive light field video doi.org/10.1109/SM(C52423.2021.9658584

with a layered mesh representation. ACM Trans. Graph. 15. Ravishankar J., Sharma M. A novel hierarchical light field

2020;39(4):86. https://doi.org/10.1145/3386569.3392485 coding scheme based on hybrid stacked multiplicative

2. Georgiev T., et al. Lytro camera technology: layers and Fourier disparity layers for glasses-free 3D

theory, algorithms, performance analysis. In: Proc. displays. arXiv preprint arXiv:2108.12399. 2021. https://
SPIE. Multimedia Content and Mobile Devices. doi.org/10.48550/arXiv.2108.12399

2013;8667:86671J. https://doi.org/10.1117/12.2013581 16. Tu W., et al. Efficient content adaptive plenoptic video

3. Adelson E.H., Bergen J.R. The plenoptic function and the coding. [EEE Access. 2020;8:5797-5804. https://doi.
elements of early vision. In: Landy M., Movshon J.A. (Eds.). org/10.1109/ACCESS.2020.2964056

Computational Models of Visual Processing. London: 17. Chao Y.H., et al. Pre-demosaic graph-based light field

The MIT Press Cambridge; 1991. P. 3-20. https://doi. image compression. arXiv preprint arXiv:2102.07883. 2021.

org/10.7551/mitpress/2002.003.0004 Available from URL: https://arxiv.org/pdf/2102.07883.pdf

4. Alves G., Pereira F., da Silva E.A B. Light field imaging ~ 18. Mathew A.G., Mathew A.A. Intra coding of plenoptic

coding: Performance assessment methodology and images in HEVC. In: Emerging Technologies for

standards benchmarking. In: 2016 IEEE International Sustainability. CRC Press; 2020. P. 459-465. Available

Conference on Multimedia & Expo Workshops from  URL:  https://www.taylorfrancis.com/chapters/

(ICMEW). 1IEEE; 2016. C. 1-6. https://doi.org/10.1109/ edit/10.1201/9780429353628-58/intra-coding-plenoptic-

ICMEW.2016.7574774 images-hevc-ashlin-george-mathew-anu-abraham-mathew

Russian Technological Journal. 2022;10(4):7-17
15



Comparative analysis of compression algorithms
for four-dimensional light fields

Roman G. Bolbakov, Vladimir A. Mordvinov,
Artem D. Makarevich

19.

20.

Bakir N., et al. RDO-based light field image coding using
convolutional neural networks and linear approximation.
In: 2019 Data Compression Conference (DCC). IEEE;
2019. P. 554. https://doi.org/10.1109/DCC.2019.00066
Zhong T., et al. Light field image compression using
depth-based CNN in intra prediction. In: 2019 [EEE
International Conference on Acoustics, Speech, and
Signal Processing (ICASSP). IEEE; 2019. P. 8564-8567.
https://doi.org/10.1109/ICASSP.2019.8682820

21.

22.

Yuan X., Haimi-Cohen R. Image compression based
on compressive sensing: End-to-end comparison with
JPEG. IEEE Transactions on Multimedia. 2020;22(11):
2889-2904. https://doi.org/10.1109/TMM.2020.2967646
Li Y, et al. Coding of focused plenoptic contents by
displacement intra prediction. /EEE Transactions on Circuits
and Systems for Video Technology. 2015;26(7):1308-1319.
https://doi.org/10.1109/TCSVT.2015.2450333

Moscow, 1
http://orcid?

rg/0000-0002-4922-7260

4 Russia). E-mail: bolbakov@mirea.ru. Scopus Author ID 57202836952, RSCI SPIN-code 4210-2560,

Vladimir A. Mordvinov, Cand. Sci. (Eng.), Professor, Department of Instrumental and Applied Software, Institute
of Information Technologies, MIREA — Russian Technological University (78, Vernadskogo pr., Moscow, 119454
Russia). E-mail: mordvinov@mirea.ru. RSCI SPIN-code 9390-1540, http://orcid.org/0000-0003-3622-8448

Artem D. Makarevich, Postgraduate Student, Department of Instrumental and Applied Software, Institute of
Information Technologies, MIREA — Russian Technological University (78, Vernadskogo pr., Moscow, 119454 Russia).
E-mail: artemmakarevich1997@gmail.com. http://orcid.org/0000-0002-2211-1241

16

Russian Technological Journal. 2022;10(4):7-17



Comparative analysis of compression algorithms Roman G. Bolbakov, Vladimir A. Mordvinov,
for four-dimensional light fields Artem D. Makarevich

06 aBTOpax

Bon6akos PomaH NeHHagbeBUY, K.T.H., JOLEHT, 3aBedyolnii kadheapo MHCTPYMEHTaNbHOro U NpuKNa-
HOro nporpaMmmHoro obecnedeHns MHcTuTyTa HGopmMaumoHHbIx TexHonornin reQy BO «MUP3A - Poccuiickuii
TexHonormyecknin yimesepcutet» (119454, Poccusi, MockBa, np-T BepHaackoro, a. 78). E-mail: bolbakov@mirea.ru.
Scopus Author ID 57202836952, SPIN-kon PUHL, 4210-2560, http://orcid.org/0000-0002-4922-7260

MopasuHoB Bnagumup AnekcaHapoBud, K.T.H., npodeccop kadpenpbl MHCTPYMEHTAIbHOIO U NPUKNALHOIO
nporpaMMHoro otecnevyeHmsa MHCTUTYTa MHGOPMALIMOHHbLIX TexHonornin AreQy BO «MUP3A — Poccuiickuin Tex-
Honormnyecknin yHmeepcutet» (119454, Poccus, Mockea, np-T BepHaackoro, a. 78). E-mail: mordvinov@mirea.ru.
SPIN-kon PUHL, 9390-1540, http://orcid.org/0000-0003-3622-8448

MaxkapeBu4 AptémM [leHUCcOoBUY, acnupaHT Kadenpbl NHCTPYMEHTANIBHOMO U MNPUKNaaLe aMMHOr O
obecneyeHns IHCTUTYTa MHDOPMaLMOHHbLIX TexHonoruii @re0yY BO «MUP3A — Poccuiickuij A YHN -
BepcuteT» (119454, Poccusa, MockBa, np-T BepHaackoro, A. 78). E-mail: artemmakarevi
orcid.org/0000-0002-2211-1241

Translated from Russian into English by E. Shklovskii
Edited for English language and spelling by Dr. David Mossop

Russian Technological Journal. 2022;10(4):7-17

17



