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METHOD OF IMAGE RECONSTRUCTION BASED ON
TWO-LEVEL DECODING OF LINEAR TRANSFORMS

Vladimir Barannik, Sergey Turenko

This paper deals with the main stages of developing the method of image segment reconstruction on the basis of decoding of
truncated double tuple vectors. It has been proved that the method must include the following distinctive stages: installation of code
designy; decoding of code values of the component of double tuple truncated vectors; reconstruction of donble tuples based on decoding
the biadic numbers. Installation process, which includes the following actions, is created: selection of an anxiliary part;
decomposition of an information part of code design, namely determination of: number of code words; last codegram of non-uniform

length; withdrawal of code words.
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Introduction. The modern development of in-
formation communications suggests a need of devel-
oping video and information services as a key compo-
nent [1; 2]. Therefore, actual scientific applied re-
searches are researches in encoding space of infor-
mation sources and digital image processing methods.
One of the priority directions herein consists in crea-
tion of image processing strong technologies for re-
duction of their volumes [3; 4].

For this purpose, it is required to develop the ap-
proaches, which are based on coding of transformed
images with detection of double tuple vectors. One of
effective approaches is the technology of double tuple
vector coding on the basis of the enlarged positional
coding [5; 6]. However, a key point of these technolo-
gies is the creation of reconstruction method, ensuring
acquisition of decompressed image data with the spec-
ified time and qualitative characteristics. Therefore,
the objective of research of this paper is to develop a
method of image reconstruction based on two-level
decoding of linear transforms.

Results and discussion. Basic requirements
that are specified at the stage of developing a method
of reconstruction of the compressed images are as
follows:

— to avoid uncontrolled loss of information;

— to ensure restoration of images with the ap-
propriate visual perception quality by using only that
information which is generated in the compression
process;

— to organize the reconstruction of images, us-
ing for this the number of transactions not exceeding
the number of operations required for compression.

In this case, the features of the process of frame
sequence compression must be considered. The
main features are as follows:

1) formation of an unknown in advance number
of combined codegrams, namely the first type is one

with a predetermined limited length, and the second
type is unknown in advance irregular lengths;

2) code representation of a truncated double
tuple vector is formed as a code of an aggregated
positional number by two-level scheme;

3) code value is formed for the variable length
of a component of aggregated positional number;

4) double tuples are encoded as two-element bi-
adic numbers;

5) the linear transform has the composition
form on the basis of double tuple vector containing
length of a zero component chain and a significant
component;

06) processing of transform components is car-
ried out with reference to correction of their values
to the features of image visual perception.

The first stage of the recovery process is the in-
stallation of code construction. To avoid uncon-
trolled loss of information the following is required:

— to identify, first, service and information
parts of the code structure of current compressed
image segment in the entire video stream;

— to determine, then, variable number ¥ of
codegrams formed for code representation of trun-

cated double tuple vectors, and length V (15')\1, of the

non-uniform codegram.

The first stage of the installation of code con-
struction is provided by separating the service part.
The following arrangement features of code words
of the service part are considered:

—  code representation of value matrix is formed
as for a binary sequence of the predetermined length.
This enables to know in advance about the length of
the code word for compressed representation of
value matrix;

— the number of bits to represent the score of
the quality loss factor is a constant value, taking into
account the limited number of modes in which the
quantization process is set;
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— code word length for the DC-component is
determined on the basis of static tables, known at
both the transmitting and receiving side.

This properties of the service part determine the
start position of information part of the code struc-
ture of a compressed image segment representation.

Further, the second phase of the code structure
installation is implemented.

The information part of image code construc-
tion represents a codegram for the truncated double
tuple vector. This codegram includes both the ser-
vice and information part. The service part of code-
gram is formed by the following code fields:

1) code field containing the information on
number n,_ —of double tuples;

2) code field containing the information on the
base A(() of first tuple component;

3) code field containing the information on the
base A(c) of second tuple component.

For the known image segment size n, the
lengths of the code fields are known at the receiving
side using no additional information. For example, if
n =8, then the lengths of the code fields of the ser-
vice part are selected due to the following principles:

— the maximum number of tuples for the trun-
cated vector will be n_ <62. Therefore, the length

of the code field is chosen to be 6 bits;

— the maximum length of zero component
chain shall not exceed [, <63. Therefore, the
length of the relevant code field is to be 6 bits;

— the maximum value of the significant com-
ponent except for DC-component shall be placed
into a 8-bit sequence. A code field, respectively, for
representation of the base is to be 8 bits.

It allows setting the initial position of the code-
gram information part containing information about
the code representation of truncated DC vector.

Decomposition of the codegram information
part contains a variable number of code words

G(P'), , carrying information about the code value
E(A)Vw of a component of aggregated positional

number. Therefore, a key step of the decomposition
is to define as follows:

1) number ¥ of code words;

2) non-uniform length V (P'), for ¥ codegram.

This information is determined using the follow-
ing one on:

—  the base A({) and A(c), respectively, for the
lengths of zero component chains and significant
component of the linear transform (transmitted as
part of the code structure);

— the maximum specified length V,, of the
codegram (this information is known at both the
transmitting and receiving sides).

Knowing this information and using technology
and non-uniform distribution of tuple number over
the codegrams, the corresponding sequence is found:
¥, {vl;...;vw;...vq,}.

Hence, the length V(P'), for ¥ non-uniform
codegram is determined, namely:

V(P), =[log,W""]+1=[log,(A(L)-A(c))*]+1.

Further, the code words G(F’), are withdrawn
and the relevant code values E(A)VW are decoding.

We must consider that the decoding process is car-
ried out by a two-level scheme, and the elements of
the aggregated positional number are code values

E(@?) of two-element biadic numbers formed for
the corresponding tuples ©?.

Let’s consider the upper decoding level of the
aggregated positional numbers. It is necessary to
perform the following stages (using a code E(A),
processing as an example):

1. Calculation of weighting coefficient W (A®)
for IF amplifier element «, using a formula

W (A“)=(AUO) AU))™ ™,

where v, — is a number of tuples, involved in the

code E(A), formation.

2. Recovery of code E(@?) value for the biad-

ic number, constructed for the tuple ®f). For this
purpose, the following relation shall be done:

E©7)=[E(A),, W (A™)]-
[E(A),, 1 A(0) A)W (A“)1A(D) Alc).

3. Decoding process at the upper level ends af-
ter restoring the last element E(®f,i)) of the IF am-

plifier. As a result, we obtain an aggregated positional
number

A={E©P);..;E@OP); ..E©P ,)}.

Elements E(@?) of an aggregated positional
number are codes of the relevant two-element biadic
numbers.

Therefore, the reconstruction of double tuples
0P ={(,;c,} requires decoding the corresponding
codes of biadic numbers. This is implemented at the
lower level of the general process of decoding the IF
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amplifier codes. The following stages shall be per-
formed:
1. Determination of

[E©])/ (o)1

2. The use of component [E(@P)/A(c)] de-
termines the value [E(@?)/A(£)- A(c)1A(L).

3. Further, the first tuple component ( is re-

the

component

stored through obtaining a high-order element of
biadic number with bases equal to A({) and A(c),

namely
(, =[E@D)/A(0)] — [E©)/ (1) A()TA(L) -

4. Recovery of the second tuple component c,
(significant L'T component) is implemented through
obtaining a low-order element of biadic number.
Therefore, based on the known  wvalue
[E(@®?)/A(c)], we obtain

¢, =E©P) ~[E@©P)/ A(e)] (0.

All other tuple components are restored in the
same way. Recovery results in truncated double tuple
vector P'.

The next stage of reconstructing an image seg-
ment is the recovery of a full DC vector. For this
purpose, we shall obtain the following:

1) information on the length ( o of the last ze-

ro component chain;
2) information on the low-frequency transform
component ¢, .

Due to formation of the linear transform, the
length of the last zero component chain is deter-
mined based on the known chain lengths for trun-
cated DC vector, i.e.

nKpm_l

—n2 /
by, =n°=1=2 1,

a=2

nxpm -1

where Z ¢, — the total number of LT components
a=2

for which truncated DC vector is formed.

Let’s consider reconstruction of DC-
component. Here, we use the information about that
a low-frequency component codegram consists of
two patts, namely the master binary code [e(c],)],

and a  complement code [u(c,)],, ie
lei ] =Hleler )], s Lader L}
Therefore, the decoding process of DC-

component lies in the determination of the master
and complement binary code words. Further, we
obtain a differential representation of the current
low-frequency component by using static code ta-

bles. After receiving the information about the value
C,, the formation process of double tuple vector P

is completed, i.e.
P={c;(l,;c)) e, (L 5€,),, (Enw_l; cnw_l); fnwm}.

Block of the subsequent stages of the recovery
process of an image segment lies in re-transforming
and reproducing the segments for the original repre-
sentation color model.

The material presented suggests that the method
of image segment reconstruction on the basis of de-
coding of truncated double tuple vectors has been
developed. The method includes the following dis-
tinctive stages: installation of code structure of com-
pressed image segment representation; decoding of
code values of the component of double tuple trun-
cated vectors; reconstruction of double tuples based
on decoding the biadic numbers.

Conclusions. The method of image segment
reconstruction on the basis of decoding of truncated
double tuple vectors has been developed. It includes
the following distinctive stages:

1) implementation of code structure installation.
To avoid uncontrolled loss of information the fol-
lowing is required: to identify, first, service and in-
formation parts of the code structure of current
compressed image segment representation in the
entire video stream; to determine, then, wvariable
number of codegrams formed for code representa-
tion of truncated double tuple vectors, and length of
the non-uniform codegram. Installation includes the
following actions: selection of an auxiliary part; de-
composition of an information part of code design,
namely determination of: number of code words; last
codegram of non-uniform length; withdrawal of
code words.

2) decoding of code values of the components
of a truncated double tuple vector. The decoding
process is carried out by a two-level scheme, and the
elements of the aggregated positional number are
code values of two-element biadic numbers formed
for the corresponding tuples;

3) reconstruction of double tuples based on de-
coding of biadic numbers.
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HUA

METOA PEKOHCTPYKLIII
30BPA’KEHHA HA OCHOBI
ABOPIBHEBOT'O AEKOAYBAHHA
ATHIMHUX ITEPETBOPEHD
Possurok iH(MOKOMyHIKAIIH BHCyBa€ HEOOXIAHICTD BAOC-
KOHAACHHS PHHKY BiACOIH(MOPMAIIFHUX OCAYT. V 3B'13-
Ky 3 YHM AKTYaABHHMH HAyKOBO-IIPHKAAQAHHMHI AOCAL-
AKEHHAMI € BUIIYKYBAHHA B OOAACTI KOAYBAHHSA AMKEPEA
indopmanil Ta MeTOAIB HHdPOBOI OOPOOKH 300paKEHB.
Tyr npiopuTeTHHI HAIIPAMOK IIOAAra€ y CTBOPEHHI IIO-
TYKHHX TE€XHOAOIIH OOPOOKH 300paKeHb AAf 3MEHIIICH-
HA ix 00cariB. OAHUM 3 eEKTHBHUX IIIAXOAIB € TEXHOAO-
il KOAYBAHHA BEKTOPIB ABOKOMIIOHEHTHHX KOPTEXKIB Ha
OCHOBI 30IABIIICHOTO IIO3WUIIHHOIO KOAYBaHHA. Tomy
OCHOBHHI MaTepiaA AOCAIAMKEHB CTATTI IPUCBAYYETHCA
pO3poOIIl METOAY PEKOHCTPYKIIl 300paKeHb HA OCHOBI

ABOPIBHEBOTO ACKOAYBAHHA AiHEapH30BaHUX TpaHcdOp-
MaHT. Y PO3AIAAX CTATTI BHKAAAAIOTBCA OCHOBHI €TAITH
PO3POOKH METOAY PEKOHCTPYKII CErMEHTIB 300pasKeHHsA
HA OCHOBI ACKOAYBAHHSA YCIYCHHX BEKTOPIB ABOKOMITOHE-
HTHUX KoprexiB. OOIPYHTOBAHO, IO METOA IIOBHHEH
BKAIOYATH B ceOC HACTYIIHI BIAMITHI €Tarr: IHCTAAAIO
KOAOBOI KOHCTPYKIIil; AEKOAYBAHHA KOAOBHUX 3HAYECHB
CKAGAOBHX YCIYEHOIO BEKTOPA ABOKOMIIOHEHTHHX KOpTe-
#KIB; PEKOHCTPYKIIIO ABOKOMIIOHEHTHHX KOPTEKIB Ha
OCHOBI ACKOAyBaHHA OlaamdHuX dunceA. CTBOPIOETHCA
IIPOIIEC IHCTAAAIIl , IO BKAIOYAE€ B ceOe HACTYIIHI Al
BHAIACHHA CAYXKOOBOI YaCTHHU; AeKoMIO3uIis iHdOpma-
MIHHOI 9aCTUHN KOAOBOI KOHCTPYKIIil, 2 came: BU3HAYCH-
HA KIABKOCTI KOAOBHX CAiB; OCTAHHBOI KOAOTPaMH HEpiB-
HOMIPHOI AOBKIHI; BHAYICHHA KOAOBHX CAIB.

Karouosi caoBa. Biaeoirdopmariiiiai 1ocAyra, peKoHC-
TPYKIifA 300paKeHb, TEXHOAOII KoMIpecii, iHCTAAALI]
KOAOIPaM, ACKOAYBAHHA BEKTOPIB KOPTEKIB, KOAYBAHHA
6e3 Brpary iHGOpMAri.

METOA PEKOHCTPYKIIMU
MN30BPA’ZKEHHUA HA OCHOBE
ABYXYPOBHEBOI'O AEKOAHPOBAHMA
AVMHEWHBIX [TPEOBPA30OBAHUN

Pasprurae MHMOKOMMYHHKAIIHI BBIABUTACT HEOOXOAHU-
MOCTh COBEPIIICHCTBOBAHISA PBIHKA BHACOMH(OPMAIIUOH-
HBIX YCAYL. B cBA3H ¢ dYem, aKkTyaABHBIMH HAy9HO-
IIPHKAJAHBIME HCCACAOBAHIIAME ABAAFOTCS H3BICKAHIA B
00AACTH KOAMPOBAHUA HMCTOYHHKOB MH(OPMALIMH K Me-
TOAOB ITH(PPOBOI OOPAOOTKI N300paKeHNI. 3AECh IIPHO-
PHUTETHOE HAIIPABACHHE 3AKAIOYACTCS B CO3BAAHHE MOIII-
HBIX TEXHOAOIHMH OOpaOOTKH HM300PaKEHUIN AAS YMEHB-
meHnsa ux 00beMoB. OAHEM u3 3(PPEKTHBHBIX ITOAXOAOB
ABAACTCA TEXHOAOTHS KOAHPOBAHIA BEKTOPOB ABYXKOMIIO-
HCHTHBIX KOPTEKCH Ha OCHOBE YKPYIIHCHHOIO ITO3HIIIOH-
HOTO Koauposanus. [ToaToMy OCHOBHOH MaTepraA HCCAe-
AOBAHUIT CTATBY IIOCBAIIACTCA Pa3pabOTKE MECTOAQ PEKOHC-
TPYKIIHH H300POKCHUN HA OCHOBE ABYXYPOBHEBOIO ACKO-
AMPOBAHUA AMHEAPH3HPOBAHHBIX TpaHChOpMaHT. B pas-
ACAAX CTATBU M3AATAIOTCS OCHOBHBIC 3TAIBI Pa3spabOTKH
METOAA PEKOHCTPYKIIHHE CEIMEHTOB H300PAKEHMA HA OC-
HOBE ACKOAHMPOBAHIS JCCUCHHEIX BEKTOPOB ABYXKOMIIOHC-
HTHBIX KOpTexed. OOOCHOBAHO, YTO METOA AOAKEH
BKAIOYATb B CeOSl CACAYFOIIME OTAHYNTEABHBIC 3TAITBL
HMHCTAAAALINIO KOAOBOHM KOHCTPYKILIHH; ACKOAHPOBAHHE
KOAOBBIX 3HAYCHHN COCTABASIOIINX YCEYCHHOIO BEKTOPA
ABYXKOMITOHCHTHBIX KOPTCKCH; PEKOHCTPYKIIHMIO ABYXKO-
MIIOHECHTHBIX KOPTEKEH Ha OCHOBE ACKOANPOBAHUSA OHa-
amdgecknx  gmceA. Cospaercds IPOLIECC HHCTAAAALINM,
BKAFOYAOIIUIA B CeOA CACAVIOIIHE ACHCTBHSA: BEIACACHHE
CAYKEOHONM YaCTH; AEKOMITO3HIHA HHMOPMALIMOHHON
9aCTH KOAOBOH KOHCTDPYKIIHH, 4 HMEHHO OIIPEACACHHE:
KOAHYECTBA KOAOBBIX CAOB; IIOCACAHEH KOAOIPAMMBI HEPa-
BHOMEPHOI AAHHBI; H3BATHE KOAOBBIX CAOB.

KaroueBbre caoBa. BuacomndopmanoHHse ycAyrH,
PEKOHCTPYKIHA N300PAKEHUN, TEXHOAOTHH KOMIIPECCHUH,
HHCTAAAALIIH KOAOTPAMM, ACKOAHPOBAHHE BEKTOPOB KOP-
TexEH, KOAUPOBaHUE Oe3 oTepy HHMOPMAIIIHL.
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APUPMETHKA C OTAOKEHHBIM ITEPEHOCOM AAA ITEABIX UMCEA

Anspert OxpraMeHKO

Kpunmozpagpuueckue npeobpasosarnus ¢ ompeimeim KaouomM mupoxo UCHONBIVIONICA U NOSONCEHEL 6 OCHOEY HANPAEAEHHOZ0
wngposarus, svipabomxi obulezo cexpema u jeknporol yugposoti noonucu. 1losmomy, sadaua nossimerusn npoussodu-
menbHOGHY KpUNMOoZpauueckux npeolpasosanuil ¢ omxpuimbiM Kawom aeasemes akmyanstiod. Ilosvicume npoussodu-
THENBHOHD MONCHO 3a CUEN YBeAUUEHUA POU3BO0UmensHocny onepayui Had yeastmu yuciamu. IIpedracaemes DCE npeo-
CIIABACHHE YeablX YUCes, 6 KOMOPOM HUCA0 Pa3busaenica 1Ha Mamumiivie c106d, 20¢ 6 KadcooM MatltHoM ¢106¢ 011600UIIcA
010K 100 npedcmasenie camozo YueAa U 040K 100 10CAEOVIOHe NEPeHOCkL 6 riapute paspadst, AUG0 3atMbl U3 CIADULLX
paspades. I 1pusodamen anzopumisr ocHo8HBIX apu@MemuteckKux onepayutl ¢ OnLI0HEHHbIM NEPEHOCOM, 0aronIca PeKoMeHOa-
yus 10 IPPeKMU101 NPOLPAMMHOL peartsayus apuPMemuyecKux onepayuti (croderue, svrdumarie).

Karouessre caoBa: DCF npedcmas.erie, omaoncerHsiil neperoc, yeavie wucia, yes0uucjenHan apugpmentiuna, npozpamm-

Haa peasusayus, pacnapaJiiesusarie.

Breaenne. IndopmMarmmoHHO-TEAEKOMMYHHIKA-
IIAOHHBIE CHUCTEMBI OCHOBATEABHO BOIIIAW B KU3HB
COBPEMEHHOIO OOINECTBA, IIEPEBEAA €r0 B HOBYIO
310Xy MH(OPMAIIMOHHOrO odIecTBa. Tem He Me-
Hee, CaMO ODIIECTBO 32AA€TCA BOIIPOCOM O KOH(H-
ACHIITMAABPHOCTHU HCpCOHaAbHBIX AaHHbIX, AI/I‘IHOI‘/‘I
nudopmanun, u T.A. [loaoOHOE BoAHEHHE CBA3AHO
¢ nadopManueil OIyOANKOBAHHOH PAAOM HH@OP-
MALIMOHHBIX ATCHTCTB II0 MAaTEPHAAAM IIPEAOCTAB-
AeHHBIX DaBapaoM CHOyAeHOM. AAf obecredeHus
3aIUTE TH(OPMAIIIY, KOTOPAs ITHPKYAUPYET, CO3-
AaeTC, MOAUPUIIUPYETCA, XPAHUTCA U YHUITOKACT-
A, CO3AAIOTCA CHCTEMBI 3AIUTE HH(OPMALINH, fAA-
POM KOTOPBIX ABASIOTCH METOABI KpHITTOrpadpmdec-
koi sarmurel mHoOpmarnuu. Kpurrrorpadgpuyeckue
IIPeOOPA3OBAHUA C OTKPBITBIM KAFOYOM 3aHIMAIOT
0CcODOE MECTO CPEAM KPHUITOIPaPUYUECKUX AATOPH-
TMOB U ITOAOKEHBI B OCHOBY HAIIPAaBACHHOIO -
pOBaHUA, BEIPAOOTKU OOIIEIO CEKPETAa M 3ACKTPOH-
HOI nu(POBOH IOAIHCH. AKTIYaABHOCTb 3aAAYH
IIOBBIIIICHUA IIPOU3BOAUTEABHOCTH KpHIrTorpadu-
YECKHUX IIPEOOPAa3OBAHUI C OTKPBITBIM KAIOYOM, IIO-
ATBEP/KAACT TOT (PAKT, ITO IIPEOOPA3OBAHUA C OTK-
PBITBIM KAFOYOM CYIIECTBEHHO YCTYIIAIOT B IIPOU3-
BOAUTEABHOCTH CHMMETPHIHBIM IIPEOOPA3OBAHHUAM.

Ceffyac HOAYYHAN IIHPOKYIO ITOIYAAPHOCTH
KpuIrrorpadpudeckue IpeoOpa3soBaHus, OCHOBAHHBIC
HA CAOKHOCTH PEIIEHUA CACAVIOIINX MaTeMaTHYeC-
KUX 3aa24 [4]:

— ®akropusarua OOABIIOIO YHCAQ.

— AMCKPETHBIH AOTapu(dM B IIOAE IICABIX HUH-
CEA U B IOAE IOATHOMOB.

— AMCKpETHBIH AOrapudM B IPYIIIEC TOYCK IA-
AMIITHYECKOH KPUBOH HAA ITOAEM IIEABIX YHCEA U B
ITOAE TIOAHHOMOB.

— AunckperHbIi AorapudM B AKOOHMAHE AHBH-
30pOB THIIEPIAAHIITUYECKOH KPHUBOH HaA ITOAEM
IIEABIX YHCEA U B IIOAE IIOAUHOMOB.

— Ilomcka xpardaiimmero BekTopa B ODBKAHAO-
BOM IIPOCTPAHCTBE, U T.A.

AATOPHTMBI PEIIEHHUA AAHHBIX 33A29 HMEIOT
CYOSKCIIOHEHIIUAABHYIO CAOMKHOCTD, IIOTOMY IIPH
OIIPEACACHHBIX pa3Mepax KAIOYEH, HX peIlIeHUe
CYMUTACTCH HEBO3MOKHBIM Ha COBPEMEHHOM JTalle
PasBUTHA BEIMUCAUTEABHON TEXHUKH.

CAeAyeT 3aMETHTb, YTO CPEAH IIEPEUNCACHHBIX
3aAa4, OOABIITMHCTBO HCIIOAB3YIOT OIIEPALINM HaA
neAbiMu gmcAamu. [lostomy, mpeasaraerca IOBBI-
CHUTD
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