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VIDEO SEGMENT CODING METHOD FOR BIT RATE
CONTROL INFORMATION TECHNOLOGY

Introduction

In an environment where the amount of traffic
transmitted by the network is constantly growing,
the issues of efficient data processing are relevant.
At the same time, the issue of video data processing
is the most acute, as among other types of video
traffic is the most demanding in terms of processing
time, sensitivity to loss of individual pieces of data
and requires a significant level of network band-
width for efficient transmission.

As part of solving problems related to video
traffic processing, traditionally based approaches
based on:

— video data processing at the source level (ap-
plication of coding technologies);

— video data processing at the level of network
nodes (traffic prioritization, queue processing ac-
cording to priority, etc.).

Both the first and the second approaches in to-
day's conditions are not effective enough [1; 2] as a
consequence of the fact that the pulsating nature of
video data entering the network and bandwidth have

different nature [3-5] and are formed by different
and independent components.

Under these conditions, a solution based on bit
rate control of video data during broadcasting is
effective.

Analysis of recent research and publications

The existing technological basis, within which
the directions of construction of video data intensity
control algorithms are proposed [1; 4], most often
uses quantization of transformant frames as the main
mechanism for manipulating the number of bits en-
tering the network. In addition, methods using multi-
bit rate have been implemented. After analyzing
such approaches, we can say that:

— existing control methods do not provide
flexible changes in the intensity of video data during
broadcast;

— in the course of management, the rational
distribution of intensity within the frame is not pro-
vided;

— on the basis of methods of probability-statisti-
cal coding the theoretical limit of coefficient of com-
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pression is practically reached; its further increase
leads to a decrease in the quality of video frames.

To solve the above problems, it is necessary:

1) provide coding of transformant video frames
in the technological basis, which allows to reduce
new types of redundancies;

2) to ensure the possibility of reducing the scale
of the structural units at the level of which the cod-
ing is carried out.

In such conditions, it is important to develop cod-
ing methods that allow forming a code description of
DCT transformants in the form of a set of independ-
ent code structures.

The purpose of the article (problem state-
ment). Development of an approach to the construc-
tion of methods for controlling the intensity of the
video stream at the source level.

Presenting main material

In General, the control is a process of changing
the number of bits used to describe the structural
unit of the video stream, according to changes in
network bandwidth. At the same time, at the level of
which structural units of the video stream will be
managed, such indicators as:

— bit rate change efficiency;

— available bit rate range;

— the quality of processing is provided [6-9;
13-15].

Therefore, a sufficient number of bits must de-
scribe such a structural unit, and it must be possible
to vary the magnitude of the change in bit rate in the
control process.

Under such conditions, it is impractical to select a
group of frames or a single frame of the video
stream as such a structural unit. Instead, it is pro-
posed to control the bit rate within a single transfor-
mant frame [10-12; 16; 17], or a combination of
them, formed in a slice. In this case, an additional
mechanism for changing the bit rate range can be
provided by decomposing the transformant to the
level of the individual bit planes. This can manipu-
late the amount of data that is sent to the network. In
such conditions the question of effective coding of a
video stream at the level of the chosen structural
units - bit planes is actual. This is because in the
framework of standardized technologies, the coding
of the transformant is considered as a single object.
Thus, the aim of the article is to develop a coding
method that will provide flexible processing of frag-
ments of the video stream. In this case, the individ-
ual code descriptions of such fragments must be
independent of each other.

A positional coding method is proposed, which is
based on the use of non-equilibrium codes to de-
scribe transformants. In this case, the code descrip-

tion of the transformant can be carried out both at
the component level and at the level of the set of bit
planes.

Consider the case where the component descrip-
tion of a transformant is encoded. Then the chains of
binary data will be processed in the direction of de-
creasing the index of the bits of ~_component

B, B L BOY, where k=1,h, (=1w .

In this case, such sequences are a binary form of
component description 7, within the transformants
of discrete cosine transform, as shown by the follow-
ing expression:

(D) =By 2" et Bl 2 B 24 B (1)

where B"* is (n—p) binary element components
with (ks 0)
(n-)=p=0; 2"+
binary description; n — the number of bits to de-
scribe the component.

The result of detecting the lengths of binary se-
ries in the direction of the bits of the component is a

sequence {/(1)\%",....0(0)\",....0(®)\%"}, in which
£(0)\"” — length O-i binary series, which was
found within the binary description (k;f) compo-

nents ¢ transformants related to i frame. In this case,

the series begins to emerge from the element
(4.0)

v
Suppose that this element y(n){" is preceded by

coordinates within transformants,

— element weight U/

a series of zero elements, the length of which will be
1. Then provided that y(n){*” =1, in accordance
f(l)(ql)

Otherwise, there is /(1){%" > 2.

Obviously, there will be a reduction in redun-
dancy when the next inequality is fair, namely:

E,<2", )

where E,, — the value of the code that was con-
structed for the (k;¢) sequence of lengths.

Also, assume that all values of the lengths of the
9=l,_®. Under

these conditions, there is a number of transitions vy,

binary series are equal 1, /\) =1,

between binary sequences, which will be equal to
the maximum value vy, =n, i.e., the number of se-

ries will be equal to the number of bits per compo-
nent description ®=n. Then the sequence

0. 09 will belong to a set of binary
numbers £, y that will be displayed as a positional
number based on 2, i.e.:

E,=002%" 4.+ 092+ 4+ 00V 24 09 (3)
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Since for the maximum number of binary transi-
tions the value of half of the elements B*’ will be

zero, the inequality will be valid E,, > y(p),, .

At the same time, since it is not known a priori
that the minimum value of the series length will be
equal to 1, by reducing the default dynamic range of
series lengths by 1 we get a value E,, that will be

equal to 0, namely:
E{=(4) =02 44 (10 = D244 ~D=0. (4)

Then inequality will be fair E;, < y(p),,. Thus,
expression (2) will also be valid and there will be a
decrease in the number of bits to describe the com-
ponent.

To increase the lengths of the binary series, it
will be more acceptable to process the bit descrip-
tion of the transformant in the direction of the bit
planes. Here, a regularity is used, according to which
single elements within the bit planes of higher or-
ders, which belong to high-frequency components,
will most likely be absent. In addition, the process-
ing of the bit description of the transformant in the
direction of the bit planes is expedient on the other
hand. In this case, it may be possible to restore the
images on the receiving side according to the hierar-
chical principle [18-20].

Then the first stage, which will be the decoding
of the image (this stage corresponds to the process-
ing of elements of the highest order bits), will repro-
duce the rough shape of the image. Accordingly,
similarly, in the following steps, the image will be
refined to obtain video data without error. In this
case, the rough shape of the image will be formed
based on the bit planes of the higher bits, which
contain information about the values of the higher
bits of the transformant component. In turn, the bit
planes of the lower orders will correspond to the
information that will refine the data relative to the
image objects.

Next, based on formula (3), write an expression
that allows you to calculate the value of the code

E(q)" for m sequences of lengths of series of
binary elements that were detected within W bit
plane g transformant:

(’9/71
E(q) =0 T]®,+D+ ...
0=2

®lﬂ
+0% H (by + D)+ ..+ L0y = (5)

G=0+1

8?}1
_ (n)
=200

0=1 $=0-+1

0,

(b, +1),

where ("} are lengths © series of binary elements
related to m sequences of lengths of binary elements

that were detected within p bit plane; (b, +1) —

the basis of the element /)

m,0

an element of a non-equilibrium positional number;
0,

H (b, +1) — weighting factor for the length 0 of

$=06+1
a series of binary elements; ®, — the number of

which is considered as

lengths of binary elements, related to the m
sequence.

To reduce the amount of service data, it is advis-
able to form the basis of a non-equilibrium posi-
tional number for several lengths of binary series, as
shown by the following expression:

bo =V (f(ntl,)(),l"“ﬂg(r:,%,(p) s (6)

where ,, (€%, ,...0%, } — functional depend-

m,0,p
ence; which will determine the size of the base b, ;

which depends on the lengths of the binary series;
@ — the number of lengths of series of binary ele-

ments for which the construction of a common basis
is performed b, .

To be able to construct the basis of a
non-equilibrium positional number for several
lengths of binary elements, then, according to
expression (6), a two-dimensional array will be

formed L the lengths of the binary series that were

detected within the plane of the bit representation of
the transformant. Therefore, then it is proposed to
find the bases of position numbers for the lengths of
the binary series of each line. Then expression (6)
will be rewritten:

b(q)}) =max{l,, (,, .. Cop

a=leg. (7)
Then the description of the general process of
forming a code description of the transformant will
be as follows:
1. Execution of the decomposition of the original
transformant of the discrete-cosine transformation,
resulting in v, bit planes.

wil g3+l

2. Finding the lengths of a series of binary ele-
ments within a single bit plane. In this case, the op-
tions for bypassing the bit planes can be considered
in the direction of rows or columns. As the chains of
binary elements are detected, an array is formed

(0
L}"”, as shown by formula (7).

3. Determining the basis of the element of non-
equilibrium positional number according to the ex-
pression (8).

4. Calculation of weight coefficients of imbal-
ance of position numbers as products of bases, be-
ginning with (b, +1) index.
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5. Calculate the value of the code of the non-
equilibrium positional number according to the for-
mula (5).

Conclusions

A method for encoding a bit description of a
transformant based on non-equilibrium position
codes for eliminating the structural redundancy of
discrete cosine transform transformants is proposed.

This method is focused on the use as a basis for
bit rate control technology of the video stream. In
contrast to standardized coding methods, the consid-
ered method allows to form a code description of
transformants in the form of a number of independ-
ent code constructions of bit planes. This makes it
possible to exclude individual bit planes from con-
sideration during control, thereby changing the in-
tensity level.

Prospects for further research. The proposed
approach to video data intensity management creates
a methodological basis for further development of
algorithms and methods for matching video stream
dynamics with network bandwidth. In particular, this
applies to studies of the selection and change of
structural units of video frames during encoding in
respect of which processing is carried out. The re-
sults of such studies can increase the efficiency of
delivery and data integrity during the broadcast.
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Bapannik B. B., Paoyxa F0. M., TBepaox.1i6 B. B., Ilyasrin C. C., bapannik /I. B.
METOJA KOAYBAHHsA BIJEOCEI'MEHTIB /UIA IH®OPMAINIMHUX TEXHOJIOI'TU
YHPABJIIHHA BITOBOIO WIBUAKICTIO

Pozensodaromocs konyenmyanvhi 3acadu nobyo0osu epekmusHo2o memoody KOOY8anHs y CKAA0i MOOYIIO YNPAGIIHHS
6imosoio weudkicmio mpagiky gideo y cucmemi obpodKu gideodanux Ha pieni ddxcepena. Janui memoo 3abe3neuye
3MeHuen s Kintbkocmi Oim Ha onuc 8i0eokapis 3a paxyHox CKOpOUeHHs pady HAOMipHocmel — a came — CIMpYKmMypHOi
ma KOMOIHaAmMoOpHOI, sAKi y Gintbuocmi unaokie npu 0opodYi MpaouyiiHuUMU Memooamu 3aIumaromoscs 6e3 sminu. Ile
00CA2A€MbCA WTAXOM BUABTEHHS Q08XHCUH Cepitl 08IliKosux enemenmis y binapnomy onuci mpancgopmanm AKII. Ilpu
yvomy, bepymucs 00 ygazu 0cobIusocmi 10KAN3ayii 08IlIKOsUX cepill, a came — me, Wo MAKCUMANIbHA KITbKICIb HYIbO-
BUX eleMeHmi8 O8IUK08020 ONUCy Modice OYmu GUABNEHA Y MeJHCAX 8UCOKOYACMOMHOI 30HU MPAHCHOpMaHmMY, Ma Y
Medcax MoNoOuUx po3psaoie komnonenm. Poskpueaemocs cymuicmos GUKOPUCIAHHA 3aNPONOHOBAHO20 MEMOOY KOOY-
8aHHA Y X0OI YNPABIIHHA OiM080I0 WEUOKICMIO 8i0e0 NOMOKY, d came — NPUHYURY NOOYO08U KOO0B020 NPedCmAasieHH s
¢pazmenma xadpy ma nioxoou wo0o SUHAYEHHS CIPYKIMYPHUX 0OUHUYb OKPEMO2O 8I0e0KAOpY, V PAMKAX K020 30ili-
CHIOEMbCA ynpaeiinksa. Memoo opiecHmyemuvcsa Ha 06pobKy 0imo6o2o npedCcmasieHHs MpanchopManm OUCKPEemHO-
KOCUHYCHO20 NepemeopeHHs, NPUu YboMy, Ha OGHOMY emani 06poOKU Mpanchopmanma po3enidacmvcs AK CIMpyKmypHa
CK1a008a KAOpy 8i0eo NOMOKY, HA pieHi AKOi 30iUCHIOEMbCA KOOY8aHHA. YV motl dce uac, 01a 3a0e3nedeHHs 2HYYKOCmi
ynpaeninus 6imoeoio weuoKicmio 8i0eompaghixy, 6i0HOCHO KOICHOIL 3 MPAHCHOPMAHM OUCKPEMHO-KOCUHYCHO20 nepe-
MEOPenHs BUKOHYEMbCA 0EKOMNO3UYIA 00 PiGHA MHOMCUHU Oimosux niowjun. OKpiM mozo, maxuii npunyun Gopmysan-
HA K0O08020 NPedCmAgNeHHs hpazmenmy 8i0eo NOMoKy 00380JA€ KOHMPONIO8AMU PieHb NOMUIKU, AKY Modce Oymu
gHeceHo Y npoyeci ynpasninta 6imosoro weuoxicmio. OCKibKU y pamkax 3anponoHo8ano2o nioxody nepeobaiacmvcs
KOHMpOab 6Imogoi weuoKocmi WiisiXxom MAHINYI08aHHA KLIbKICmI0 0IMoux NIOWUH, WO CKIA0arms ONUC mpancgo-
DpManmu, pigeHb NOMUNIKY MOJiCe KOHMPONOBAMUCSA 30 PAXYHOK BUKIIOUEHHS 3 PO32IIA0Y Jiuule Mux Oimoeux niowjuH, AKi
HAUMEHUWUM YUHOM CHPUSIOMb 3MEHWEHHIO YIliCHOCMI OaHUX.

Keywords: GitoBa nnotumHa; TpaHccopmanTa OKI1; BigeonoTik.

Barannik V. V., Ryabuha U. N., Tverdokhlib V. V., Shulgin S. S., Barannik D. V.
VIDEO SEGMENT CODING METHOD FOR BIT RATE CONTROL INFORMATION TECH-
NOLOGY

The conceptual bases of construction of an effective coding method as a part of the module of control of bit speed of
video traffic in system of video data processing at source level are considered. This method reduces the number of bits
on the description of video frames by reducing a number of redundancies - namely - structural and combinatorial,
which in most cases when processed by traditional methods remain unchanged. This is achieved by identifying the
lengths of a series of binary elements in the binary description of the DCT transformant. In this case, the peculiarities
of the localization of binary series are taken into account, namely, that the maximum number of zero elements of the
binary description can be detected within the high-frequency zone of the transformant, and within the lower bits of the
components. The essence of using the proposed encoding method in controlling the bit rate of the video stream is
revealed, namely, the principles of constructing a code representation of a frame fragment and approaches to
determining the structural units of an individual video frame within which control is performed. The method focuses on
the processing of the bit representation of the discrete-cosine transform transformant, and at this stage of the
transformant processing is considered as a structural component of the video stream frame, at the level of which the
encoding is performed. At the same time, to ensure the flexibility of controlling the bit rate of video traffic, for each of
the transformants of the discrete-cosine transformation is decomposed to the level of the plurality of bit planes. In
addition, this principle of forming a code representation of a fragment of the video stream allows you to control the
level of error that may be introduced in the process of bit rate control. Because the proposed approach provides for bit
rate control by manipulating the number of bit planes that make up the description of the transformant, the error rate
can be controlled by excluding only those bit planes that least contribute to reducing data integrity..

Keywords: bit plane; discrete cosine transform transformant; video stream.

Bapannuk B. B., Paoyxa 1O0. H., Tsepaoxsie6 B. B., llyasrun C. C., bapannuk /l. B.
METOJ KOANPOBAHUSA BUJEOCEIMEHTOB JJIs1 UH®OPMALMOHHbBIX TEXHOJOI'U
YIIPABJIEHUSI BUTOBOM CKOPOCTBIO

Paccmampueaiomes konyenmyanvhbie 0CHO8bL NOCMPOCHUSL IPPHEKMUBH020 MeMOOa KOOUPOBAHUS 8 COCMABE MO-
0yns ynpasienust GUmMosoil CKOpOCMbI0 Mpaguka udeo 8 cucmeme 00pabOMKU BUOCOOAHHBIX HA YPOBHE UCTIOYHUKA.
Jlanubiil Memoo obecneuusaem ymeHbUieHUe KOIUYECMEA OUM HA ONUCAHUE BUOCOKAOPO8 3a CHem COKpAaujeHus psod
u3ObIMoOUHOCMeEl, A UMEHHO, CIMPYKMYPHOU U KOMOUHAMOPHOU, Komopble 6 OONblUHCMEe Clyyaes npu obpabomxe
MPAOUYUOHHBIMU MEMOOAMU OCIMAIOMCS 0e3 UsMeHeHus. Dmo docmueaemcs nymem GulsigNeHUs OJIUH cepull O80UYHbBIX
onemenmos 8 ounapnom onucanuu mpancgopmanm JKII. Tlpu smom, yuumuiéaiomes 0cob6enHocmu T0KAIU3ayuu 060-
UMHBIX Cepuil, @ UMEHHO MO, YO MAKCUMATbHOE KOJUYECIBO HYNeBbIX JNEMEHIM08 08OUHHO20 ORUCAHUS MONCEN ObIMb
06HAPYIHCEHA 6 NPEdeNax 8bICOKOUACTNIOMHOU 30HbL MPAHCHOPMAHMNDL, U 8 NPEOeNaxX MIAOWUX PASPAOOE KOMIOHEHMN.
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Packpuvisaemca cyuHocms UCHONb306aHUA NPEONONHCEHHO20 MEMO0a KOOUPOBAHUS 8 X00e YnpasieHus Oumoegoil
CKOPOCMbIO 8UOCONOMOKA, d UMEHHO — NPUHYUNBI HOCMPOCHUS KOO08020 NpedCmasieHus Qpazmenma Kaopa u noo-
X00bl K Onpeodenenu0 CmpyKmypHuix eOuHuy 0moenbHo20 8U0eoKaopd, 8 pamMKax KOmopozo oCyuecmeniemcs ynpaeie-
Hue. Memoo opuewmupyemcsi Ha 00pabomKy OUMHO20 NPeOCMABLeHUs MPAHCHOPMAHmM OUCKPEMHO-KOCUHYCHO2O
npeobpazoearust, NPU MOM, Ha OAHHOM smane oOpaboOmMKU MPAHCHOPMAHMA PACCMAMPUBAETCA KAK CIPYKMYDHASL
coCmasnAwWas Kaopa 6u0eonomoKa, Ha yposHe KOmMopoii ocyuwjecmaniemcs Koouposarue. B mo sice epems, ona obec-
newenust 2UOKOCMU Ynpaeienust OUmMosol CKOPOCmbvlo 8UOeOmpapuKa, OMHOCUMENbHO KadiCOOU U3 mpanchopmanm
OUCKPEMHO-KOCUHYCHO20 NPeodpazo8anusi GblNOIHAEMCA OeKOMNO3UYUsL 00 YPOBHA MHONCECMEAd OUMOGHIX HIAOCKO-
cmeil. Kpome moeo, maxou npunyun gopmuposanus Ko006020 npedcmasienus Gpazmenma suoeo nOmoKa no3goniem
KOHMPOIUPOBAMb YPOBEHb OWUOKY, KOMOPUIL MOdcem Oblmb 6HeceH 6 npoyecce ynpasienus OUmosol CKopoCmuyio.
TlockonvKy 6 pamkax npeonodHceHHo2o nooxo0a npeononazaemcs KOHMpoab OUMosol cKOpocmu nymem MaHunyiupo-
8AHUA KOIUHECBOM OUMOBIX NIAOCKOCMEN, COCMAGIAIOWUX ONUCAHUE MPAHCHOPMAHMbL, YPOGEHb OUUOKU MOdICem
KOHMPOIUPOBAMbCA 34 CUen UCKTIOUEHU U3 PACCMOMPEHUs MONIbKO meX OUMOBbIX HI0CKOCMell, KOmopble HAUMEeHb-
WUM 06pa30M CnocoOCmayIom YMeHbIUeHUIO Yel0CMHOCU OAHHBIX.

KnrouoBble cnoBa: 6utoBasi nnockocTsb; TpaHcdopMaHTa [KI; BuaeonoTok.
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