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Abstract. The results of application of the modified genetic algorithm of fractal coding to still images
and video sequences are presented. The dependence of the compression coefficient on the size of the rank
block is obtained. A comparison of fractal compression with standard MPEG-4 compression algorithms is
performed and it is shown that it is possible to achieve double the compression coefficients at the same
signal-to-noise ratio values. In the video sequence, both I-frames and predicted P, B frames were subjected
to fractal compression. The simulation results showed what time in seconds is spent when encoding one
frame. When the size of the rank block from 20 to 4 image elements was reduced, the encoding time
increased by more than ten times for a still image, and for a video sequence less than twice, which indicates
the perspectives of fractal compression of television images.

Key words: image, fractal coding, similarity, rank and domain blocks, compression ratio, signal to
noise ratio.

AHoTauia. HapaHo pesynbTaTM 3acTOCyBaHHA MOAUMIKOBAHOrO TEHETUYHOro  anropuTMmy
(bpaKkTanbHOro KOOYBaHHS [0 HepyXoMux 300paeHb Ta BigeonocnigoBHocTen. OTpMMaHO 3anexHicTb
KoedpilieHTa CTUCHEHHS Big po3Mipy paHroBoro 6noka. 34iNncHeHO NOPIBHAHHA dpakTarbHOr0 CTUCHEHHS 3i
CTaHgapTHMMK anropuTMamu cTucHeHHa MPEG-4 Ta nokasaHo, Wo MOXHa SOCArTY NoaBiiHOro KoediuieHTa
CTUCHEHHSI 3a OJHAKOBMX 3HayeHb CMiBBIAHOLWEHHS curHan/wym. Y BigeocucteMi obugsa |-kagpu Ta
nepepbavyBaHi kagpu P, B niggaBanuch pakTtanbHOMY CTUCHEHHK. PesynbTtatv MoAentoBaHHS
nokasyloTb, SIKMW Yac Yy CeKyHOaxX BUTpa4vaceTbCsa Mpu KoayBaHHI ogHoro kagpy. NMpwu 3MeHLeHHi po3mipy
paHrosoro 6noky 3 20 4o 4 enemeHTiB 306paxeHHs Yac KogyBaHHSA 36inbumBCA GinbLl HiX y OecATb pasis
Ons HepyxoMoro 3obpaXeHHsi, a Ans Bi4eOonoCniAOBHOCTI MeEHLW HiXK B ABa pasu, WO roBOpPUTbL MNpO
NepCneKkTUBHICTb bpakTanbHOro CTUCHEHHS 300paXkeHb.

KniouoBi cnoBa: 300paxeHHsl, (pakTanbHe KoAyBaHHSl, CaMOMOAIOHICTb, paHroBi Ta AOMEHHI
©noku, KoedilieHT CTUCHEHHS, CMNIBBIOHOLWEHHS CUrHan/Wym.

AHHOTaumsa. [peacrtaBneHbl pe3ynbTaThl MPUMEHEHUST MOAUPULMPOBAHHOIO FEHEeTUYECKOro
anropuTMa bpakTansHOro KoAupoBaHUA ANA HEeMOOBWXHbIX U306paXeHuii 1 BUMaeonocrnenoBaTenbHOCTEN.
MonydyeHa 3aBUCMMOCTb KO3(hdULMEHTa CXaTUa OT pasmepa paHra. MNpoBeaeHo cpaBHeHWe dpakTanbHOro
cKatma Co CTaHOapTHbIMU anroputmamu cxatus MPEG-4, 1 nokasaHo, YTO MOXHO A0BWUTbLCS YOBOEHUS
KOS(PPUUNEHTOB CXaTuUs NPV OOMHAKOBLIX 3HAYEHMSAX OTHOLIEeHWa curHan/wym. B Buaeonocnegosa-
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TENbHOCTU Kak |-kaapbl, Tak M npeackasaHHble kagpbl P 1 B nogeepranuch dpakTanbHOMY CxaTulo.
PesynbTaTbl MOOeNMpoOBaHWS Nokasanu, kakoe BpeMsi B CeKyHAax 3aTpaynBaeTcs Npu KOAMPOBaHUN OOHOIO
kagpa. lMpu ymeHblueHUM pasmepa paHroBoro 6noka ¢ 20 go 4 3nemMeHTOB M3006paxeHuss Bpems
KOAMpOBaHUS yBenuuunocb 6Gonee 4YemM B [JecsATb pa3 AN HEmnoABWXKHOrO u3obpaxeHus, a Ans
BUAEOMNOCNeAoBaTeNbHOCTM MEHEE YEM B [iBa pa3a, YTO rOBOPUT O NEPCMNEKTUBHOCTM ppakTanbHOro cxaTus
TeneBU3NOHHbIX N306GpaXxKeHW.

KnioueBble cnoBa: wu3obpaxeHue, dpakTanbHOe KOAMpOBaHWE, camonofobue, paHroBble W
AOMEHHbIEe GroKU, KO3APDULMEHT CKaTUS, OTHOLLEHNE CUrHAN/LWYM.

In a fractal compression algorithm, as with other lossy compression algorithms, the
mechanisms by which the compression ratio and the degree of loss can be adjusted are very
important. By now, a sufficiently large set of such methods has been developed [1, 2, 3].

The purpose of this article is a comparative analysis of the obtained quality of reconstructed
images after fractal compression by a modified parametric genetic algorithm of both still images
and video sequences consisting of different frames. From the point of view of standard compression
based on MPEG-4, it was carried out using the criterion of achievable compression ratio and speed.

Firstly, it is possible to limit the number of affine transformations, obviously providing a
compression ratio of not less than a fixed value. Secondly, it can be demanded that in a situation
where the difference between the processed fragment and its best approximation is higher than a
certain threshold value, this fragment is necessarily crushed. Thirdly, you can prevent fractions of
smaller sizes, for example, four points. By changing the threshold values and the priority of these
conditions, we will be very flexible in controlling the image compression ratio in the range from
bitwise matching to any compression ratio. Note that this flexibility will be much higher than the
nearest "competitor" - the MPEG algorithm will be.

The Fractal Encoding of Still Images. The fractal transform algorithm operates with
rectangular image areas of the same size — the size of the regions is fixed from the beginning of the
algorithm to the end. The advantage of this algorithm is that, with the appropriate choice of
dimensions of the processed areas, the uniform quality of the entire image encoding is ensured.
With insufficient coding accuracy, the processed fragment is divided into four parts, each of which
is processed in the same way as all others.

Let the luminance component of the still image be divided into N rank regions R;, for each of
which we find the corresponding domain D; and the transformation W; given by the coefficients (¢;;,
ci2, ..., cik) such that for each re R; there exists deD such that » = W; (d). Moreover, the
transformations W; must be compressive, 1.e. such that for all d;, di € D; the following holds [3].

The disadvantage of the basic algorithm of fractal compression is that for each rank block R
the algorithm goes through all the domain blocks D and all variants of their orientations by carrying
out per-pixel operations of changing the orientation and finding the transformation coefficients.

In this article, we consider a parametric algorithm for fractal image compression, in which
statistical parameters are preliminarily calculated for rank blocks. The following statistical
parameters were proposed:

Standard deviation in rank block (1)

(1)

Asymmetry in rank block (2)

Z (PX,Y - H)3
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Inter-pixel contrast difference within rank block (3)
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The following conventions are used in the formulas: / — segment of the image;

N;—number of pixels in the segment /;

Py y— pixel brightness value at the point (x, y);

u — average pixel value in the segment /;

1,, I, —horizontal and vertical coordinates of a rank block in a domain block.

Initially, the comparison of domains and ranks is performed on these characteristics, which
significantly reduces (in dozens of times) the subsequent amount of computation, in comparison
with the basic algorithm of fractal compression. Next, the values of the vector of characteristics for
each domain block are calculated and stored, and when processing the ranking block, its
characteristic vector is first computed, then the distance between the vector of characteristics of a
given rank and the vector of characteristics of each domain block is calculated. For the subsequent
comparison, we select only the given g-percent of domains with the minimum distance d to this
rank. Further, the search is performed with the only difference being that g% of domains having the
characteristics are selected.

From transformations that transfer domains to rank areas, a mapping is created that takes the
image to an image. In this case, the image code will be the location and dimensions of rank areas, as
well as the coefficients of transformations describing the self-similarity inside the image. The
number of bits required to describe the code will be substantially less than the number of bits
required to describe the original image. The compression ratio is the ratio of the bit representation
of the image to the bit representation of the code.

Five types of still images were subjected to fractal coding. The following test images were
selected: a group of trees, a lone tree, a portrait of a girl, a mother with a child, a vase on the table.
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The number of rank blocks, corresponding to their size, varied from twenty to two image
elements. We used a parametric algorithm with an allowable incidence of the average brightness of
rank-block descendant from the average brightness of the rank block-genome of no more than 5%.
The procedure for selecting domains with closest distances from the vector of characteristics to rank
provides selectivity, thereby limiting the number of domain blocks for enumeration, thereby
reducing the number of operations and calculating the conversion coefficients. Parameters
characterizing the time of encoding and decoding, as well as the average pixel error for a given
permissible error for one type of image “a lone tree” (Fig.1) are given in Table 1.

Table 1 — Parameters for still image

PARAMETERS Rank 20 Rank 12 Rank 8 Rank 4
Domain blocks 225 841 2977 4562
Rank blocks 1651 1504 1264 1228
Average pixel error, % 3,79 3,92 3,73 3,69
Compression ratio 4,35 4,68 5,38 5,51
Coding time, s 4,58 12,86 30,25 49,39
Decoding time, s 1,91 1,62 1,41 1,25

The image of a single tree, divided into rank blocks, 12 by 12 in size, is shown in Figure 1.
The blockiness of the image is clearly visible.

The number of rank blocks varied from 1200 to 1700. The number of domain blocks varied
from 225 to 4500. The time spent on coding ranged from 4 seconds to 50 seconds and grew with the
number of domain blocks. The per-pixel error ranged from 3,7 to 3,9%, which indicates a practical
independence from the number of blocks, and, primarily, from the chosen algorithm is fractal.

Figure 1 — The size of the rank block 12

Fig. 2 shows the dependence of the compression ratio on the size of the rank blocks. Fig. 3
shows the dependence of the signal-to-noise ratio on the size of the ranks. Fig. 4 shows the
dependence of the average error of coding time.

134 Osharovska O.V., Patlaenko M.O.
Fractal coding of video sequences by genetic algorithm



Haykogi npaui OHA3 im. O.C. IIonosa, 2017, Ne 2

=T R T T T T T T T T e e e, T T T
= :
4 . - RMS 0.001
= s | [-—&- rMs0003 |
= g 10 F:| —e-- RMs0006 |linnnminininnnnnT QR
7 & “| —e—-rRMs 0007 |
=) e 2| ol RMS 00000 150 e bl e s g et
5 s RMS001 |:....
O | --#--mMsOO03 [: i oot r N
-%- -RMS005 |:
.| - - #%-- RMS 007 ......... R RRE IRRETRE: Sainzesss EERPRPRRRE: forrnsvenn
- % — RMS0.09 : : : : :
T S i i i i i i i 10° i i i i ; i i i
2 4 3 8 10 12 14 16 18 20 2 4 B 8 10 12 14 16 18 20
Rang block size Rank block size

Figure 2 — The dependence of the compression Figure 3 — The dependence of the signal/ noise
ratio on the size of rank blocks ratio on the size of the ranks
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Figure 4 — The dependence of the average error of coding time

The Fractal Encoding of Movie Images. The video sequence can be compressed by two
variants of fractal algorithms. More common is an algorithm in which each frame is treated as a
separate two-dimensional image and encoded independently. Prediction on previous frames can
speed up the encoding process. Moreover, you can use the already available set of rank and domain
blocks. An interesting solution is to create a library of three-dimensional cubes - rank and domain
blocks. Of course, storing all possible rank and domain blocks is perhaps desirable, makes it
difficult to find the correct block. Already there is a solution that is close to the optimal solution for
combining frames that are close in content to groups. This solution is used in MPEG-2, MPEG-4
compression standards. Frame groups contain different types of frames, known as /-frames,
P-frames, B-frames. In standard MPEG encoder the main compression is provided by a discrete
cosine transform and the selection of thresholds for the spectral coefficients.

However, not everything is as smooth as it may seem. If the image is uniform then the
magnification results in an excellent outcome. However, if you compress the still life image, then it
is very difficult to predict which new fractal structures will arise. You can increase almost any
image two or three times, archiving each time with a small degree of loss.

Scaling is a unique feature inherent in fractal compression. Over time, it will probably be
actively used in both special scaling algorithms and in many applications. Indeed, this requires the
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concept of "application in the window". It would be nice if the image shown in the window
100x100 had the same clarity and detail when zoomed to the full screen — 1024 X 768.

To study the efficiency of the modified genetic algorithm of fractal coding, a sequence of
five difference frames was chosen. Table 2 shows the performance of the algorithm. Fig. 4 shows
the sequence of five different frames from the video sequence.

Table 2 — Indicators of genetic compression algorithm

Indicators Frame number
1 2 3 4 5
Domain blocks 571 447 311 278 361
Rank blocks 1838 1711 1352 1061 1115
Acceptable error 0,05 0,05 0,05 0,05 0,05
Average pixel error, % 2,61 2,12 1,61 2,51 2,83
Compression ratio 100,35 160 80,38 88,45 90,24
Coding time, s 1,73 2,18 1,25 1,39 2,06
Signal to noise ratio, dB 35,2 30,8 44 4 42.6 41,7

Attention is drawn to the increase in the compression ratio for the video sequence compared
to the compression of a single image. The number of rank and domain blocks in this example is not
an indicator for comparison because of different semantic content.

Figure 5 — The frames from the video sequence

The size of the rank block is one of the main decisive factors in determining the
compression ratio. Obviously, the larger the size of the rank block, the higher the compression ratio,
but the processing time increases and the mid-pixel error grows (see Fig. 6).
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Figure 6 — The dependence of the compression ratio on the size of the rank block

With the use of the modified algorithm for four different semantics, the coding time varied
from 4,8 to 49,39 p. For the same video sequences, the basic algorithm showed the coding time
from 154,61 to 1068 p.

A comparison is also made with standard MPEG encoders (Fig.7).
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Figure 7 — Dependence of PSNR on the compression ratio

First, note that both algorithms operate with 8-bit (in grayscale) and 24-bit full-color images.
Both are lossy compression algorithms and provide similar archiving factors. Both the fractal
algorithm and MPEG have the ability to increase the compression ratio by increasing the loss. In
addition, both algorithms are very well parallelized. Differences begin when we consider the time
required for algorithms to archive/unzip. So, the fractal algorithm does compression hundreds and
even thousands times longer than MPEG. Unpacking the image, on the contrary, will happen five to
ten times faster. Therefore, if the image is compressed only once, but transmitted over the network
and decompressed many times, then it is more profitable to use a fractal algorithm. MPEG uses
image decomposition by cosine functions, so the loss in it (even at specified minimum losses) is
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manifested in waves and halos on the border of sharp color transitions. It is for this effect that they
do not like to use it when compressing images that are prepared for high-quality printing: this effect
can become very noticeable [4].

Fractal algorithm compression is spared this disadvantage. Moreover, when printing an
image, each time, you must perform a zoom operation, since the raster (or a lineage) of the printing
device does not coincide with the image raster. When converting, there can also be several
unpleasant effects that can be combated or scaled by software (for low-cost printing devices such as
conventional laser and inkjet printers) or by supplying a printing device with its processor, hard
drive and a set of image processing programs (for expensive phototypesetting automata). As you
might guess, when using a fractal algorithm such problems do not exist.

In this article, the comparative analysis of fractal coding of still and moving images is
carried out. By time spent on encoding, the encoding of video sequences turns out to be faster. The
final testing of the high-speed circuit showed that with photorealistic images, where the character of
compression losses by the MPEG algorithm is less noticeable, the fractal compression is slightly
behind. With raster images of geometric figures, fractal compression noticeably benefits MPEG,
which is due to a higher degree of self-similarity of the images. The MPEG algorithm copes well
with rectangles and lines arranged vertically or horizontally. On compression of text images, the
algorithm works poorly (image text).
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