/\ BicHuk TepHONiIbCHKOI0 HALIOHATBHOIO TEXHIYHOTO YHIBEPCUTETY
Scientific Journal of the Ternopil National Technical University
E@ 2018, M2 3 (91)
ISSN 2522-4433. Web: visnyk.tntu.edu.ua

INSTRUMENT-MAKING
AND INFORMATION-MEASURING SYSTEMS

MPHIIAZOBY/YBAHHA TA
IH®OPMALTHHO-BUMIPIOBAJIBHI CHCTEMH

UDC 004.042

SELECTION OF THE EFFICIENT VIDEO DATA PROCESSING
STRATEGY BASED ON THE ANALYSIS OF STATISTICAL DIGITAL
IMAGES CHARACTERISTICS

Mykhailo Palamar; Myroslava Yavorska; Mykhailo Strembitskyi;
Volodymyr Strembitskyi

Ternopil Ivan Pulyuy National Technical University, Ternopil, Ukraine

Summary. Technique of the video data redundancy estimation during the images processing in the real
time is offered. The ways of reducing the incoming data while processing digital images are considered. An
effective approach for solving the recognition problems while analyzing dynamic video information or for
background recording when the portion of data about the color of digital image pixels passes from frame to
frame without changes is suggested. The expediency of the image foldover has been analyzed in order to reduce
the redundancy of the information presented in it by replacing the operation of information storage about the
pixel color by calculating operations or combining the pixels portion under one colour attribute. The approach ¢
motivated by the evaluations of the statistical digital image characteristics is considered.
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Statement of the problem. Video systems in real time mode use video cameras with
preset parameters of reading the video information from the sensors. This results in significant
redundancy of the image recording and complicates its processing as the object identification
system deals with high-resolution ability and as result with the processing of large datasets.
There are several ways of solving the problem of large data sets in the real time mode.
Usually, the problem of processing large arrays is solved by representing certain parts of the
image with some averaged values especially when it concerns the identification algorithms in
the real time mode.

Analysis of the available investigations and publications. In the available methods
the reduction of the input information occurs due to the cluster mapping of pixels with similar
colour parameters onto super pixels with mean colour and position according to certain
clustering rules [1 — 5].

Algorithms using deep convolution neural networks often rely on sets of parallel
processors for the distribution of calculations [6, 7].

Another approach is to create algorithms designed on the principles of visual
preception, which analyze pixels along a certain route, fixed by the movements of the
observer's eyes, forming characteristic image signs [8, 9].
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Methods of adaptive binarization for reduction of the information content during
processing are known as well [10]. Their main idea is to compare the pixel colour value with
the mean arithmetic value of the neighboring pixels colours and further application of the data
integral representation for a particular cluster.

The objective of the paper is to evaluate the redundancy of digital images and to
construct algorithms of their reduction at the initial stage of processing.

One way or another, it should be noted that the basic information about the image
from the digital video camera is characterized by considerable redundancy. Especially when it
concerns such objects identification as alphabet characters, road signs, etc. This means that
the amount of data on informative attributes in object identification can be reduced, and data
processing can be optimized for the required number of computations. Along with the above
mentioned ways of reducing the information about a digital image when its recording or
transmission without loss of its characteristic features, we offer the approach based on
quantitative estimation of digital images redundancy and algorithms of their reduction at the
initial stage of processing.

Entropy as the information measure of the digital image. Suppose (m x n) is the
size of the image in pixels, q is the size of the discrete colour scale. Then the maximum
uncertainty of one frame, when the colour of each pixel with equal probability can be
represented by one of the colors of the scale, we determine as follows

H o :mnlogzq. (1)

However, in the images of the particular object between the pixels colors there is a
certain statistical dependence defined by the image nature, size, general background and video
message framing frequency. Our aim is to use this fact in order to reduce the amount of input
data while processing the image. To evaluate the real information uncertainty of the colour
distribution in the image, let us calculate the probability of the availability of each color in the
analyzed image palette

N
Do =—+
“q

where n. is the number of pixels with colour ¢; in the given image.

Thus, we determine the real informational uncertainty of the colour distribution in the
image

H=-mn3"" p log, pe, )

The image information redundancy is calculated as follows

H
Rzl—H— (3)

max

For the colour image of 32 x 32 pixels in 96 colours, shown in Fig. 1 a the maximum
entropy value is 6712 bits, and actual value of the information uncertainty is 5923 bits, and
for the image in 57 colours in Fig. 1 b is 6176 bits and 5398 bits relatively.

This means that from the point of view of informative content, the portion of data can
be not taken into account without losing the content of the images under consideration. The
amount of these data in accordance with the quantitative estimations of the redundancy of
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these images by the formula (3) should not exceed 8% of the total amount in Fig. 1 a and 10%
in Fig. 1 b.

al &)
Figure 1. Pixel images and degree of their information uncertainty

Ways of partial elimination of information redundancy. By formula (3), we can
estimate the maximum amount of primary data about pixel colors that may be not taken into
account while processing images without the loss of their information kernel. The question is
when and what data can be neglected. The answer can be found among the statistical
characteristics of the data array about pixels colours in the given image.

Suppose P — is the matrix of dimension probabilities (gxq). Its elements pj; denote the
probability that the colour pixel c; follows the colour pixel ci, like in the image segment
shown in Fig. 2 a. It should be noted that when the statistical dependence on colors extends to
k sequenced pixels, matrix P dimension is (gxgxk) or (gxgxkxl), and its elements pijm Or Pijmn
have the same value like in the previous case as it is shown in Fig. 2 b and Fig. 2 c.
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Figure 2. Use of the static dependence on the colour of adjacent pixels

Besides, the statistical dependence of pixel colour parameters in sequenced video
frames can also be taken into account. In order to simplify the presentation, let's turn back to
the first version, when P is the probability matrix (gxqg), and its elements pj mean the
probability that the pixel colour c;j follows after pixel ci.
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The first conclusion that we can make follows from the form of the matrix P: if the
largest values in the i-th row take the elements pii in the matrix main diagonal — there is a
tendency to store the previous colour value in the next pixel. That is, without the loss of the
image characteristic features, we can save the colour attribute of one pixel, automatically
assigning the following the same value.

The second conclusion is that the quantitative assessment of the information
uncertainty degree regarding the colour of pixels pairs registered at the same values can be
estimated by the average entropy value

Ha (i )=H ()2 @

q q
where H(j,i)=->_>" p;log, p; .

i=1 j=1

The third conclusion is that we can also calculate the value of conditional entropy

H(j|i), which is the estimation of the information uncertainty degree concerning color if the
value ci is known

H (I =H{.D-HO (5)

q
where H(i)=->"p, log, p, .
i=1

Or otherwise, after determining the probabilities p (c;, ¢;) via the statistical analysis of
the data on the digital image, H (j | i) can be calculated by the following steps

q
H(i[)=> p(c)H (ilc), (6)
i=1

q
where H (jlc)=->"p(c;lc)log, p(c; ).

i=1
And taking into account that

_Pp(c.c)
Pl =y
p( j? |) p(cjlci)
H —
(ji)= ZIO()JZ‘I 0 () 9, 0 ()
or
p(c;,c)
H(J|I)_ %;p(cj’ |)|092 p(Ci) ) (7)

After comparing the values obtained by formulas (5) and (7), provided that
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H (J]) <Hg (i.1) (8)

we can look for ways of exclusion H (j | i) from H (j) depending on the image nature.

The offered approach seems to be effective in solving the identification problems
while analyzing dynamic video information or for background fixing when the portion of data
about the colour of pixels of the digital image passes from frame to frame without changes.

Experimental investigations. Thus, the strategy of transforming the image during its
processing in order to reduce the amount of data will depend on the relationship between the
entropy values defined in (1 —7).

The offered algorithm consists of the following stages:

a) based on the size of the digital image in pixels, by formula (1) we calculate Hmax —
the maximum degree of uncertainty (Hartley's measure);

b) from the statistical analysis of the image palette we find the probability of pixels
with the colour ¢ in the image and by the formula (2) we calculate the real informational
uncertainty H of the colour distribution in the image;

c) expediency of transformations is determined by the redundancy value of the output
information D estimated by the formula (3);

d) if such decision is made, we form the matrix of mutual probabilities;

e) we calculate the value of the mutual entropy H (j, i) by the formula (6), the mean
entropy Hav (j, 1) by the formula (4) and the conditional entropy H (j | i) by the formula (5) or
(7

f) we analyze the relationship (8) and make the decision on the expediency of the
image convolution in order to reduce the redundancy of information provided in it by
replacing the operations of recording the information about the colour of some pixel by
calculations or combining the portion of pixels under the same colour attribute. That is, the
specific predicted values of the sequenced pixels colours depend on the colour of the main
one and the values obtained in the previous stages of the presented algorithm.

For example:

a) if the value of the pii element on the main diagonal of the matrix P exceeds the sum
of the non-diagonal elements pj; of the i row, then each pixel that stands after ci, is
automatically assigned color c;;

b) if besides condition (a) the inequality (7) is true, then two options can be chosen:

- for each pixel after ci, the colour closest to ¢; in the color palette of this image is
automatically assigned, and c; is removed from the palette;

- the pixels following the pixels of ci color, are assigned ck in the whole the image,
provided that pik> pi, | = 1,...,m.

As a result, the data amount needed for image recording can be reduced while storing
its characteristic features important for the further execution of identification operations.

These rules can be changed by the user in the software, taking into account the nature
of the processed images.

For example, for the image in Fig. 3 a the matrix of probabilities P is as follows:

~(0.7732  0.01761
- 10.0176  0.1916

whereas for a similar but noisy image in Fig. 1 a we get P (91 x 91).
The output statistical characteristics of these images are given in Tab. 1.
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Table 1

Statistical characteristics of images in Fig. Laand 3 a

Images InFig. 3a InFig.1a

Pixel dimensions 32 x 32 32 x 32
Number of colours in palette 2 91
Hmax 1024 6664

H 757 6077
Redundancy D of the represented data 0,26 0,09
Hav for pixel pair 486 4890
HQG|) 214 3703

As it follows from the estimation of maximum uncertainty, in both cases there is some
redundancy while reserving the maximum amount of data for reproducing the images under
consideration. Moreover, the inequalities Hay < H and H (j | i) < Hav (j, i) are true. This means
that there is no need to store information about the colours of the certain portion of the pixels
completely. Without the loss of the main content of the image, it can be partially
approximated to the values of neighboring pixels. So the sample of the image convolution in
horizontal and vertical directions based on the principle that the colour of the base pixel is
assigned to the adjacent right, lower and diagonal pixels is shown in Fig. 3. Changes in the
main parameters for the estimation of the information redundancy are given in Tab. 2.

Table 2

Changes of the static characteristics of the image during the folding process

Images Fig. 3a Fig.3b Fig.3 ¢ Fig. 3d
Pixel dimensions 32x32 16x16 8x8 4x4
Hmax 1024 256 64 16
H 757,3 150,0 48,5 54
Redundancy of the represented data 0,28 0,41 0,24 0,66
Hav 563,5 113,8 40,7 5,6
H(|i) 213,8 77,3 32,6 5,4

As you can see provided that Hay < H, the characteristic features of the image,
important for its identification, are stored while folding (Figures 3 a, 3 b, 3 c), otherwise they
are lost (Fig. 3 ¢). And we see that in the case 3 a the value of the conditional entropy is close
to the mean entropy value. That is, the pixel colouring strategy depends on the relationship
between H (j | i) 1 Hav and the nature of the image itself.
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Figure 3. Stages of the image foldover

A similar approach can also be applied to the approximate representation of the

sequence of video frames.

The software developed for statistical analysis of video information during its

processing allows us to make an effective decision concerning the possibility of the images
compression while saving their characteristic features.

Conclusions. The investigation shows how statistical characteristics of the digital

image data array, such as estimation of uncertainty and redundancy, can be used while
choosing the effective data processing strategy in the multimedia system. Appropriate
software for statistical processing of digital images is developed. Examples of its application
are considered.
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BUBIP CTPATEI'II EOGEKTUBHOI'O OIIPAIIIOBAHHS
BIJEOJAHMX HA OCHOBI AHAJII3Y CTATUCTUYHHUX
XAPAKTEPUCTHUK HUPPOBUX 30BPA’KEHD

Muxaiiyio ITanamap; Mupociasa SIBopcoka;
Muxaiisio CrpemOinbkuii; Boasogumup CtpemMoOiubkuii

Tepnoninbcokuu HayionanrbHuu mexHivHuu ynigepcumem imeni leana Ilynios,
Tepnonins, Yrpaina

Pe3tome. 3anpononogano MmemoOuxy OYIHIOBAHHA HAOAUWKOBOCMI GI0eOOAHUX Yy  cucumemi
PO3NI3HABAHHS 300PAdNCEHb Y peanbHoMy daci. Pozensnymo cnocobu ons 3menuents 00 ’emy 6xioHx 0anux nio
yac onpaylosamHs Yu@dposux 300padicenv. 3anponoHO8aHo eghekmusHull NIOXi0 O GupiulenHs: npobiem
PO3NIZHABANHHS NPU AHANIZYEAHHI OUHAMINHOT 8i0eoinopmayii abo Onst PIKCY8aHHs OHY, KOAU HACMUHA OAHUX
npo KOIbopu niKcenie yugposoeo 300pasxicenHs nepexooums 6i0 Kaodpy 0o kadpy 6e3 3min. Pozenawymo
cmpamezilo nepemeopeHHs 300padicents nio 4ac to20 ONpayrO8aHHs 3 Memor 3MeHWeHHs 00 emy Oanux, aKa
3anedxcums  8i0 HOOPMAYIUHOT HAOTUMKOBOCMI 6XIOHUX OAHUX. 3anponoHo8aHO AnOpUmMM ONPAaAYIOBAHHS
oyuUPPosarHo2o 300padCceHHs, WO KepYEMbC OYIHKAMU MAKCUMATbHEOO CMYNeHs HesusHauyeHocmi (mipa
Xapmani) ma peanvnoi enmponii yugposozo macusgy, wo 8idodpadicae Korbopu nikcenie 30opaxcenns. Peanvna
inghopmayitina HesusHauenicms H posnooiny K‘OJZbOplG Ha 300padiceHHi 00UUCTIOEMBCS WIAXOM CIMAMUCIMUYHO20
auHanizy nanimpu 300pasxceHHs — OOUUCTIeHHA UMOGIPHOCMI RiKcenig 3 i0N0GIOHUM KONbOPOM Y 3A0AHOMY
306padicenti. IIpoananizosano OoyinbHICMb 320pMAHHS 300DACEHHS 3 Memol0 3MEHUWeHHsT HAOIUKOB8OCHI
nPeodCmasiIeHUxX OAHUX WISIXOM 3aMIHU Onepayii 3anam simoyeanHtst iHpopmayii npo KoJbopu YacCmuny NiKcelis
PO3DAXYHKOBUMU ONnepayisimu abo 00 €OHAHHAM YACMUHU RIKCeNi8 Ni0 0OHUM KOJIpHUM ampubymom. Y maxomy
eunaoxky 6ez empamu OCHOBHO20 3MICMY 300pPAXCEHHSA KONbOPU HYACMUHU MNIKCEeNi8 MOXMCHA YACMKOBO
anpokcumyeamu 8iON0GIOHO 00 KOMIPHUX ampuOymié cyciowix nixcenis. Posensinymo nioxio, momueoganuii
OYIHKAMU CINAMUCMUYHUX XAPAKMEPUCMUK YUPPosux 300padcensb. Bucnosxku onupaiomscs Ha cniggioHoweH s
MIJC CMAMUCMUYHUMU XAPAKMEPUCTUKAMU AHATI308AH020 300pAdCenHs, MAKi, SIK MAKCUMAIbHA, YMOBHA,
BIOHOCHA Ul cepeOHs eHmponii macusy 0anux. Pocnianymo 3pa3ox 320pmKu 300paxCeHHs 8 20pU30HMANbHOMY Md
BEPMUKAILHOMY HANPSAMKAX 3d NPUHYUNOM, KOAU KOJIIp 6A308020 NIKCeNs NPUCBOIOEMbCS CYCIOHIM RpPABOMY,
HUXCHLOMY mMa 0ia2oHANbHOMY nikcenam. Hagedeno 3minu 6a3o6ux cmamucmuunux napamempie Ois
OYIHIOBAHHS HAOMUWKOBOCmI [HGopmayil. Poszeanymo memoou, sKi 003601810mb He 30epiecamu NOSHICHIO
inghopmayio npo KOILOPU NeGHOT YacmuHu NiKCenis.

Kniwouosi cnosa: posniznasanHa ob0pazis, HAOIUWKOSICMb YUPDPOBUX 300padicenb, MAKCUMATbHA
HeBU3HAYEHICMb MACUBI8 CMOXACTNUYHUX OAHUX, YMOBHA eHMPONis MACU8Y OAHUX.
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