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reziume 

 

sadisertacio naSromSi „gamosaxulebaTa ekonomiuri 
kodirebis meTodis damuSaveba da gamokvleva diskretuli 
kosinusuri gardasaxvis transformantebis TaviseburebaTa 
safuZvelze“ ganxilulia gamosaxulebaTa cifruli signalebis 
ekonomiuri kodirebis (kompresiis) principebi da meTodebi 
diskretuli kosinusuri gardasaxvisa da misi transformantebis 
udanakargo kodirebis Sexamebis safuZvelze da warmodgenilia 
ekonomiuri kodirebis efeqturobis gaumjobesebis mizniT 
Catarebuli Teoriuli da eqsperimentuli kvlevebis Sedegebi.  

gamosaxulebaTa farTozolovani signalebis damaxsovrebisa 
da realuri satelekomunikacio arxebiT maTi maRalxarisxovani 
gadacemis uzrunvelyofisaTvis aucilebelia am signalebis 
ekonomiuri kodirebis ganxorcieleba kompresiis ama Tu im 
meTodiT, romelTagan TiToeuli maTgani gamoirCeva kompresiis 
erTmaneTisagan gansxvavebuli SesaZleblobebiT. 

gamosaxulebaTa signalebis ekonomiuri kodirebis sxvadasxva 
meTodebis SedarebiTi analizis safuZvelze dadgenilia, rom 
kompresiis arsebuli meTodebidan, romelTa Sorisaa 
diferencialuri impulsur-koduri modulacia, sxvadasxva saxis 
wrfivi orTogonaluri gardasaxvebi, morfologiuri kodireba, 
veqtoruli dakvantva, piramiduli kodireba da sxva, kompresiis 
maRali xarisxiT gamoirCeva meTodi, romelic aerTianebs 
gamosaxulebaTa kadrebis 8x8 zomis fragmentebis diskretul 
kosinusur gardasaxvas, diferencialur impulsur-kodur 
modulacias, gardasaxvis elementebis udanakargo kodirebas 
hafmanis kodebis gamoyenebiT da moZravi gamosaxulebebisaTvis _ 
damatebiT kadrTaSoris kodirebas moZraobis kompensaciis 
safuZvelze. amis gamo gamosaxulebaTa kompresiis aRniSnuli 
meTodi warmoadgens uZrav da moZrav gamosaxulebaTa ekonomiuri 
kodirebis saerTaSoriso JPEG (Joint Picture Expert Group) da MPEG 
(Motion Picture Expert Group) rekomendaciebis safuZvels.  

ferad gamosaxulebaTa signalebis sikaSkaSis Y da 
fersxvaobiTi Cr da Cb Semdgenebis diskretuli kosinusuri 
gardasaxvis mTavari elementebisa da maTi sxvaobiTi 
mniSvnelobebis masivebis statistikuri parametrebis (entropia da 
korelaciis koeficienti) analizi iZleva kodirebis efeqturobis 
amaRlebis saSualebas. kerZod, xSir SemTxvevaSi ferad 
gamosaxulebaTa Y, Cr da Cb Semdgenebis diskretuli kosinusuri 
gardasaxvis transformantebis mTavari elementebis 
organzomilebiani masivebis korelaciis koeficientebi 
horizontaluri da vertikaluri mimarTulebiT sxvadasxvaa, ris 
gamoc Sesabamisi sxvaobiTi mniSvnelobebis masivebis entropiebic 
gansxvavebulia, rac warmoadgens aRniSnuli masivebis udanakargo 
(entropiuli) kodirebisadmi adapturi midgomis safuZvels.  
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warmodgenilia ferad gamosaxulebaTa Y, Cr da Cb Semdgenebis 
diskretuli kosinusuri gardasaxvis Sedegad formirebuli 
transformantebis mTavari elementebis sxvadasxva mimarTulebiT 
gamoTvlili sxvaobiTi mniSvnelobebis histogramebi da maTi 
entropiaTa monacemebi. 

damuSavebulia transformantebis mTavari elementebis 
masivis adapturi ekonomiuri kodirebis algoriTmi, romelic 
gulisxmobs elementebis sxvaobiTi mniSvnelobebis gamoTvlas 
maTgan Sedgenili organzomilebiani masivis horizontaluri da 
vertikaluri mimarTulebiT da im sxvaobebis kodirebas hafmanis 
cxrilis gamoyenebiT, romelic ukeTesia kompresiis TvalsazrisiT.  

transformantebis mTavari elementebis sxvaobiTi 
mniSvnelobebis masivis hafmanis kodebis gamoyenebiT udanakargo 
kodirebis efeqturobis ufro metad amaRleba (kompresiis 
gaumjobeseba) SesaZlebelia transformantebis mTavari 
elementebis sxvaobiTi mniSvnelobebis masivis adapturi 
skanirebiTac, romlis drosac kompresiis TvalsazrisiT 
saukeTeso variantis SerCevis mizniT sxvadasxva tipis feradi 
gamosaxulebis TiToeuli SemdgenisTvis skanirebis gareSe 
kodirebis arsebul meTodTan erTad SeiZleba gamoyenebuli iyos 
skanirebis Semdegi oTxi variantebidan erT-erTi: zigzag-
horizontaluri skanireba (skanireba, romelic iwyeba 
transformantebis horizontaluri mimarTulebiT, anu 1-li 
striqonidan); zigzag-vertikaluri skanireba (skanireba, romelic 
iwyeba transformantebis vertikaluri mimarTulebiT, anu 1-li 
svetidan); skanireba transformantebis mTavari elementebis 
organzomilebiani masivis horizontaluri mimarTulebiT 
(striqonuli skanireba); skanireba vertikaluri mimarTulebiT 
(sveturi skanireba). 

nebismieri gamosaxulebis transformantebis udanakargo 
kodirebisas mTavari elementebis sxvaobiTi mniSvnelobebis 
gamoTvlis mimarTulebisa da skanirebis variantebis jamuri 
raodenoba ferad gamosaxulebaTa samive SemdgenisaTvis Seadgens 
1000-s, rac saWiroebs damatebiT (Warb) sainformacio 10 simbolos 
(bits), rac umniSvneloa im mogebasTan SedarebiT, rasac iZleva 
kodirebis procesisadmi adapturi midgoma. 

ferad gamosaxulebaTa sikaSkaSis Y da fersxvaobiTi Cr da 
Cb Semdgenebis 8x8 zomis fragmentebis diskretuli kosinusuri 
gardasaxvis transformantebis mTavari elementebis sxvaobiTi 
mniSvnelobebis udanakargo kodirebis damuSavebuli meTodi 
emyareba maT adaptur kodirebas hafmanis cxrilebis gamoyenebiT 
da romelic, gamomaval cifrul nakadSi umniSvnelo siWarbis 
(sainformacio bitebis) Setanis miuxedavad, kodirebul 
gamosaxulebaTa ucvleli xarisxobrivi maCveneblebis pirobebSi 
uzrunvelyofs kompresiis efeqturobis amaRlebas arsebul 
araadaptur meTodTan SedarebiT.  

ferad sacdel gamosaxulebaTa samive SemdgenisTvis 
Sefasebulia sainformacio (Warb) bitebze xelSeSlebis 
zemoqmedebis Sedegebi aRdgenil gamosaxulebaTa xarisxobriv 
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maCveneblebis TvalsazrisiT da SemoTavazebulia aRniSnuli 
zemoqmedebis uaryofiTi Sedegebis gauvnebelyofis gzebi. 

ganxorcielebulia sxvadasxva klasis (mcire, saSualo da 
maRali detalobis mqone) sacdeli (satesto) feradi 
gamosaxulebebis ekonomiuri kodirebis SemoTavazebuli meTodis 
modelireba programa Mathcad-is gamoyenebiT, romlis safuZvelze 
Sefasebulia gamosaxulebaTa ekonomiuri kodirebis SemuSavebuli 
adapturi meTodis efeqturoba arsebul araadaptur meTodTan 
SedarebiT. 
 sxvadasxva klasis sacdeli feradi gamosaxulebebis 
sikaSkaSis Y da fersxvaobiTi Cr da Cb Semdgenebis ekonomiuri 
kodirebis SemoTavazebuli adapturi meTodis modelirebis 
safuZvelze naCvenebia, rom maTi transformantebis mTavari 
elementebis organzomilebiani masivis sxvadasxva (horizontaluri 
an vertikaluri) mimarTulebiT sxvaobiTi mniSvnelobebis 
udanakargo kodirebisas, aseve maTi elementebis masivis skanirebis 
sxvadasxva variantidan erT-erTis SerCeviT (anu kodirebis 
arsebuli da SemoTavazebuli meTodebidan saukeTesos SerCeviT) 
mravali gamosaxulebisaTvis miRwevadia kompresiis efeqturobis 
mniSvnelovani gaumjobeseba kodirebis arsebul algoriTmTan 
SedarebiT.  
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Abstract 

Dissertation “Procession and Study of Economic Coding Method of Images 
under the Basis of Transformants Features of Discrete Cosine Conversion” includes 
review of principles and methods on economic coding (compression) of digital signals 
of images under the basis of discrete cosine conversion and matching lossless coding of 
its transformants and there are provided results of theoretical and experimental studies 
conducted for the purpose of improvement efficiency of economic coding.  

In order to remember broadband signals of images and provide their high quality 
program through real telecommunication channels it is essential to provide economic 
coding of these signals under certain methods of compression out of which each of 
them have different possibilities of compression.  

Under the basis of comparative analysis of various methods of economic coding 
of image signals is established that out of current methods of compression, including 
differential pulse-code modulation various kinds of rectilinear orthogonal conversions, 
morphological coding, vector quantization, pyramidal coding and others, high quality of 
compression has a method merging discrete cosine conversion of 8x8 dimension 
fragments of the shots of images, differential pulse-code modulation, lossless coding of 
conversion elements by applying Hafman codes and for movable images – additional 
interframe coding under the basis of movement compensation. Due to aforesaid reason 
above mentioned method of compression of images is the basis for the international 
JPEG (Joint Picture Expert Group) and MPEG (Motion Picture Expert Group) 
recommendations of economic coding of immovable and movable images. 

According to the analysis of statistical parameters (entropy and correlation 
coefficient) of brightness y of the signals of colored images and major elements of 
discrete cosine conversion of color-different Cr and Cb component parts and areas of 
their different values makes possible to have raised efficiency of coding. Namely, 
mostly correlation elements of two-dimensional areas of major elements of discrete 
cosine conversion transformants of Y, Cr and Cb component parts of colored images 
towards horizontal and vertical direction differ from each other and due to this reason 
the entropies of respective differential values differ from each other that is the basis of 
adaptive approach to lossless (entropic) coding of mentioned areas. 

There are provided histograms of differential values calculated to various 
directions of major elements of transformants and their entropy formed as a result of 
discrete cosine conversion of colored images of Y, Cr and Cb component parts.  

Algorithm of adaptive economic coding of the area of major elements of 
transformants is processed meaning calculation of differential values of elements 
towards horizontal and vertical direction of two-dimensional area composed from them 
and coding of those differences by applying Hafman table that is better one from the 
standpoint of compression. 

In order to have more raised (improvement of compression) efficiency of 
lossless coding by applying Hafman codes of the area of differential values of major 
elements of transformants, it is also possible by adaptive scanner of the area of 
differential values of major elements of transformants, when it is possible from the 
standpoint of compression for the purpose of choosing best version for each component 
parts of various kinds of colored images together with the current method of coding 
without scanning to use one of the version of scanning out of four mentioned versions: 
zigzag-horizontal scanning (scanning that begins towards horizontal direction of 
transformants, so from the first line); zigzag-vertical scanning (scanning that begins 
towards vertical direction of transformants, so from the first line; scanning towards 
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horizontal direction of two-dimensional area of major elements of transformants (linear 
scanning); scanning towards vertical direction (column scanning). 

Total number of calculation direction and version of scanning of differential 
values of major elements upon lossless coding transformants of any images for all of 
the three component parts of colored images amounts 1000 that require additional 
(excess) informational 10 symbols (bits) that is insignificant compared with that gain 
providing adaptive approach to the process of coding.  

Processed method of lossless coding of differential values of brightness y of 
colored images and major elements of discrete cosine conversion of transformants of 
color-different Cr and Cb component parts with 8x8 dimensional fragments is based on 
their adaptive coding by applying Hafman tables that besides insignificant surplus 
inclusion (informational bits) in outgoing digital flow under unchanged qualitative 
values of coded images raises efficiency of compression compared with the current 
nonadaptive method.  

From the standpoint of qualitative values of recovered images there are assessed 
results of influence of preventive means on informational (surplus) bits for all of the 
three component parts of colored experimental images and are offered ways on 
abatement of negative results of mentioned influence. 

There is provided various classes (with little, medium and high detail) of 
modeling for offered method of economic coding of experimental (testing) colored 
images by applying software Mathcad under that basis is assessed efficiency of 
developed adaptive method of economic coding of images compared with the current 
nonadaptive method. 

Under the basis of modeling of offered adaptive method of brightness Y and 
color-different Cr and Cb component parts of various classes of experimental colored 
images is shown that upon lossless coding of differential values of major elements of 
their transformants to different directions (horizontal and vertical) of two-dimensional 
area, also by choosing one of the items out of various versions of scanning of the area 
of their elements (so, by choosing the best one out of current and offered methods of 
coding) it is possible for many images to have significantly improved efficiency of 
compression compared with the current algorithm of coding. 
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Sesavali 
 

cifruli meTodebiT gamosaxulebaTa signalebis formireba, 

damuSaveba, gadacema da Senaxva uzrunvelyofs rig upiratesobebs 

analogur meTodebTan SedarebiT. magaliTad, satelevizio 

signalis SemTxvevaSi es upiratesobebi mdgomareobs SemdegSi: 

satelevizio signalebis gadacemisa da Caweris traqtebis 

xelSeSlamdgradobis amaRleba; satelevizio mauwyeblobis 

gadamcemebis simZlavris Semcireba; erTsa da imave sixSirul 

diapazonSi gadacemuli satelevizio programebis raodenobis 

mniSvnelovani gazrda; ganSlis Cveulebrivi standartis mqone 

satelevizio mimRebebSi gamosaxulebisa da xmis xarisxis amaRleba; 

gamosaxulebaTa ganSlis teqnologiis axali standartebis (maRali 

simkveTris telexedva) Sesabamisi satelevizio sistemebis Seqmna; 

satelevizio gadacemebis momzadebisa da warmoebisaTvis 

gamoyenebuli sastudio aparaturis funqcionaluri 

SesaZleblobebis gafarToveba; satelevizio signalTan erTad 

sxvadasxva damatebiTi informaciis gadacema da satelevizio 

mimRebebis gadaqceva mravalfunqciur informaciul sistemad; 

interaqtiuli satelevizio sistemebis Seqmna, romelTa 

gamoyenebisas momxmarebels (mayurebels) eZleva satelevizio 

programebze zemoqmedebis saSualeba [1]. 

 dRemde cifrulma telexedvam ganviTarebis mTeli rigi etapebi 

gaiara. TiToeul etapze Tavdapirvelad sruldeboda samecniero-

kvleviTi, sakonstruqtoro da sacdeli samuSaoebi, iqmneboda 

eqsperimentuli mowyobilobebi da sistemebi, xolo Semdeg 

SemuSavdeboda, rogorc wesi, saerTaSoriso standartebi, romlebic 

unda SeesrulebinaT satelevizio mauwyeblobis mwarmoebel da 

videoprogramebis gamomSveb organizaciebsa da Sesabamisi 

aparaturis mwarmoebel firmebs. standartebis miReba nebismieri (maT 

Soris satelevizio) teqnologiis mniSvnelovani Semadgeneli 

nawilia. 
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  saerTaSoriso standartebs, upirveles yovlisa, Rebulobs 

standartizaciis saerTaSoriso organizacia (ISO_International 

Organization for Standartization), romelic Seiqmna 1947 wels. teqnikis 

romelime sferoSi standartebis SemuSavebis mizniT es 

organizacia qmnis samuSao jgufebs, romelTa Sorisaa JPEG (Joint 

Picture Expert Group) da MPEG (Motion Picture Exspert Group), romlebic 

amuSaveben cifruli telexedvis standartebs.  

 cifruli telexedvis ganviTarebis Tanamedrove etapad 

SeiZleba miviCnioT srulyofili cifruli satelevizio sistemebis 

Seqmna, rasac safuZvlad edeba miRwevebi gamosaxulebaTa 

ekonomiuri (efeqturi) kodirebisa da SekumSvis (kompresiis) 

meTodebsa da teqnikaSi. am sferoSi samuSaoebi tardeboda ara 

mxolod cifruli satelevizio sistemebis Seqmnis, aramed 

videsatelefono, videosakonferencio, cifrul lazerul kompaqt-

diskebze videoprogramebis Caweris, kompiuteruli grafikis, 

multimediis videosaSualebebisa da sxva sistemebis Seqmnis mizniT. 

 Catarebul samuSaoTa Sedegebma gamoyeneba pova ramdenime 

standartSi. uZravi gamosaxulebebis SekumSvisaTvis farTod 

gamoiyeneba standarti JPEG. moZrav gamosaxulebaTa da xmovani 

Tanxlebis signalebis SekumSvis meTodebi aRwerilia standartebSi 

MPEG-1 da MPEG-2. standarti MPEG-1, ZiriTadad orientirebulia 

kinofilmebisa da videoprogramebis Caweraze lazerul kompaqtur 

diskebze, romlis drosac SesaZlebelia gamosaxulebisa da xmis 

aRwarmoeba Cveulebriv personalur kompiuterze. standarti MPEG-

2, romelic gankuTvnilia rogorc gamosaxulebaTa ganSlis 

Cveulebrivi standartis, aseve maRali simkveTris (garCevadobis) 

satelevizio mauwyeblobis sistemebisaTvis, damtkicda 1994 wlis 

noemberSi [2, 3, 4, 5, 6, 7, 8]. 

 dReisaTvis cifruli telexedvis sistemebi, romlebic 

emyareba satelevizio signalebis SekumSvas MPEG-2 standartiT, 

farTod vrceldeba mraval qveyanaSi. amasTan erTad, upirveles 

yovlisa, wydeba Cveulebrivi garCevadobis telexedvis gadasacemi 
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programebis raodenobis mniSvnelovani gazrdis amocana, vinaidan 

es iZleva mniSvnelovan komerciul efeqts. 

 1993 wels evropaSi miiRes proeqti DVB (Digital Video Broadcasting 

_ cifruli videomauwyebloba), romlis damuSavebaSi monawileoba 

miiRo sxvadasxva qveynis 130-ze metma firmam da samecniero-

kvleviTma organizaciam. 1997 wels dedamiwis xelovnuri 

TanamgzavriT evropul qveynebSi gadaicemoda cifruli telexedvis 

170 arxi, xolo 1998 wlis bolosaTvis aseTi arxebis raodenobam 

gadaaWarba 1000-s. amavdroulad vrceldeba rogorc cifruli 

satelevizio mauwyebloba sakabelo xazebiT, aseve cifruli 

videoCawera da cifruli videodiskebi. 

 ganviTarebul qveynebSi 2010 wlisaTvis ukve Sewyda 

analoguri satelevizio mauwyebloba. 

 axali Taobis satelevizio sistemebis mTavari 

Taviseburebebia: 

_ cifruli satelevizio signalis sixSiruli zolis 

arsebiTi Seviwroveba, rac miiRweva efeqturi kodirebis, anu 

gamosaxulebebSi siWarbis Semcirebis, saSualebiT da rac iZleva 

Cveulebrivi simkveTris telexedvis 4 da meti an maRali simkveTris 

telexedvis 1-2 programis gadacemis saSualebas standartuli 

satelevizio arxiT, romlis sixSireTa zolis siganea 6...8 mhc; 

_ sxvadasxva simkveTris gamosaxulebaTa (videotelefoni da 

Semcirebuli simkveTris sxva sistemebi, Cveulebrivi simkveTris 

telexedva, maRali simkveTris telexedva) Sesabamisi satelevizio 

signalebis kodirebisa da gadacemisadmi erTiani midgoma; 

_ kavSiris cifruli qselebiT gadacemisas informaciis sxva 

saxeobebTan integracia; 

_ gadasacemi satelevizio programebisa da sxva informaciis 

arasanqcirebuli miRebisagan (mopovebisagan) dacvis uzrunvelyofa, 

rac iZleva fasiani satelevizio mauwyeblobis sistemis Seqmnis 

saSualebas. 

satelevizio mauwyeblobis sistemebTan erTad cifruli 

telexedvis meTodebi da saSualebebi warmoadgenen videokavSiris 
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iseTi Tanamedrove sistemebis safuZvels, rogoricaa 

videokonferencia da videotelefoni. videokavSiris sistemebSi 

signalebis kodirebis meTodebi aRwerilia specialur 

standartebSi H.261, H.262, H.263 da sxva. 1998 wlis miwuruls miiRes 

standarti MPEG-4, romelic Seicavs gamosaxulebisa da xmis 

kodirebis meTodebs da romlebic uzrunvelyofen kavSiris 

viwrozolovani arxebiT videoinformaciisa da xmis gadacemas [9, 

10, 11, 12, 13, 14]. 

gamosaxulebaTa signalebis ekonomiuri kodireba faqtiurad 

gulisxmobs sawyisi diskretuli signalis iseT gardaqmnas, rom 

Setyobinebis erT diskretul anaTvalze mosuli orobiTi 

simboloebis (bitebis) saSualo raodenoba dayvanili iqnas 

minimumamde, e.i am Setyobinebebis entropiis mniSvnelobamde, rac 

Znelad gadasawyveti problemaa, radgan igi moiTxovs sawyis 

signalSi arsebuli statistikuri siWarbis faqtiurad srulad 

aRmofxvras [1, 13]. 

 gamosaxulebaTa cifruli signalebis ekonomiuri kodirebis 

dReisaTvis arsebuli mravali meTodidan SedarebiT gavrcelebuls 

warmoadgens: statistikuri (entropiuli) kodireba; kodireba 

wrfivi gardasaxvebis safuZvelze; winaswarmetyvelebiTi kodireba, 

kerZod ki diferencialuri impulsur-koduri modulacia; 

veqtoruli dakvantva; adapturi jgufuri kodireba; piramiduli 

kodireba; kodireba sxvadasxva meTodebis SexamebiT (hibriduli) da 

sxva. 

 kodirebis esa Tu is meTodi sxvadasxva doziT amcirebs ori 

saxis siWarbes. pirveli maTgani ganpirobebulia gamosaxulebebis 

elementebis statistikiT, ris gamoc mas statistikuri siWarbe 

ewodeba, xolo meore _ adamianis mxedvelobiTi aRqmis 

TaviseburebebiT. am ukanasknels fsiqofiziologiuri siWarbe 

ewodeba. 

 ZiriTad parametrebs, romelTa mixedviTac SesaZlebelia 

vimsjeloT ekonomiuri kodirebis (kompresiis) ama Tu im meTodis 

Sesaxeb warmoadgens: 
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 1. kompresiis (SekumSvis) koeficienti K,  romelic 

warmoadgens gamosaxulebis efeqturi kodirebis Semdeg erTi 

elementisaTvis saWiro bitebis ricxvis (m1) Sefardebas 

gamosaxulebis sawyisi signalis erT elementze (diskretul 

anaTvalze) daxarjuli bitebis m raodenobasTan. 

 2. kompresiis faqtori F, romelic warmoadgens kompresiis 

koeficientis Sebrunebul sidides da igi gviCvenebs imas, Tu 

ramdenjer Semcirda bitebis raodenoba SekumSvis Sedegad. 

 3. efeqturi kodirebis Semdeg aRdgenili gamosaxulebis 

xarisxis obieqturi (saSualo kvadratuli da normirebuli 

saSualo kvadratuli Secdomebi, signalisa da xmauris fardoba da 

misi pikuri mniSvneloba) da subieqturi (adamianis 

fsiqofiziologuri aRqmis Taviseburebani) Sefasebis Sedegebi. 

 4. kodirebuli signalis xelSeSlamdgradoba.  

 5. efeqturi kodirebis realizaciis simartive, romelic 

SeiZleba daxasiaTdes Sesasrulebeli operaciebis raodenobiT, 

aparaturis gabaritebiTa da dasamuSavebeli signalis dayovnebis 

droiT.  

samuSaos mizani. samuSaos mizania ferad gamosaxulebaTa 

sikaSkaSisa da fersxvaobiTi Semdgenebis kompresiis faqtorebis 

amaRleba JPEG da MPEG rekomendaciebis safuZvelze kompresirebul 

gamosaxulebaTa xarisxobrivi parametrebis SenarCunebis pirobebSi, 

romelic emyareba Sesabamisi 8x8 zomis fragmentebis (blokebis) 

diskretuli kosinusuri gardasaxvis safuZvelze formirebuli 

dakvantuli transformantebis mTavari elementebis masivis 

adaptur udanakargo kodirebas sxvadasxva mimarTulebiT maTi 

sxvaobiTi mniSvnelobebis SefasebiTa da skanirebis adaptaciis 

safuZvelze da aseve aramTavari elementebis masivebis udanakargo 

adaptur kodirebas maTi skanirebis procesis adaptaciiT.

 samuSaos erT-erT ZiriTad mizans warmoadgens, agreTve, 

kompresirebuli gamosaxulebebis xarisxobrivi parametrebis 

Sefaseba sainformacio bitebze Secdomebis zemoqmedebis pirobebSi 
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da aRniSnuli zemoqmedebis uaryofiTi Sedegebis gauvnebelyofis 

gzebis SemuSaveba.   

Temis aqtualoba: Temis aqtualoba, upirveles yovlisa, 

ganpirobebulia bolo periodSi ganviTarebuli qveynebis 

mauwyeblobis qselebSi cifruli teqnologiebis danergviT. 

analoguri mauwyeblobidan cifrulze gadasvlis Sedegad 

gamoTavisufldeba mravali sixSiruli arxi, rac mniSvnelovan 

ekonomikur efeqtTanaa dakavSirebuli. dReisaTvis saqarTveloSic 

SemuSavebulia cifrul satelevizio mauwyeblobaze gadasvlis 

programa, romelic realizebuli unda iyos 2015 wlis ivnisisaTvis. 

cifruli mauwyeblobis danergva gvevlineba iseTi principulad 

axali satelekomunikacio sistemebis kvlevisa da damuSavebis 

wyarod da safuZvlad, romlebsac SeuZlia informaciis gadacemis 

arxebis gamtarunarianobis ekonomiurad gamoyeneba.  

 gamosaxulebaTa (da sxva saxis) signalebis cifruli 

damuSavebis specialuri meTodebis gamoyeneba, romlebic amcirebs 

informaciis siWarbes, iZleva arsebuli satelekomunikacio arxebis 

gamtarunarianobis gamoyenebis efeqturobis gazrdisa da, amis 

Sedegad, maRali simkveTris moZravi satelevizio gamosaxulebebis 

an ramdenime satelevizio programis gadacemis saSualebas. 

mauwyeblobis moralurad da fizikurad moZvelebuli teqnikuri 

saSualebebis Secvla dakavSirebulia axali kompleqsebisa da 

sistemebis damuSavebisa da danergvis aucileblobasTan. aseT 

pirobebSi ufro mizanSewonilia da ekonomiurs warmoadgens 

vizualuri da sxva saxis informaciis damuSavebisa da gadacemis 

cifrul meTodebze gadasvla.  

cnobilia, rom Tanamedrove sazogadoebis politikuri, 

kulturuli da ekonomikuri aqtiuroba mniSvnelovnadaa 

damokidebuli saimedo satelekomunikacio da gamoTvliTi teqnikis 

saSualebebze, romlebic uzrunvelyofen bgeriTi da 

gamosaxulebaTa signalebis damuSavebasa da gadacemas. msoflioSi 

informaciis sul ufro mzardi nakadis gadacemisa da misi 

Senaxvis (damaxsovrebis) aucileblobasTan dakavSirebuli 
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telekomunikaciis cifruli arxebis gamtarunarianobisa da 

cifruli signalebis maxsovrobis mowyobilobebis tevadobis 

ekonomiurad gamoyenebis problema moiTxovs cifruli signalebis 

kompaqturad warmodgenis maqsimalurad srulyofili meTodebis 

damuSavebasa da gamokvlevas, ris gamoc aRniSnuli problemis 

gadawyveta telekomunikaciis sferos erT-erT aqtualur amocanas 

warmoadgens.  

samuSaos ZiriTadi amocanebi. sadisertacio samuSaos 

ZiriTad amocanebia: 

 1. ferad gamosaxulebaTa sikaSkaSisa da fersxvaobiTi 

Semdgenebis Sesabamisi 8x8 zomis fragmentebis (blokebis) 

diskretuli kosinusuri gardasaxvis dakvantuli transformantebis 

mTavari elementebis masivis statistikuri parametrebis (entropia, 

korelaciis koeficientebis mniSvnelobebi masivis horizontaluri 

da vertikaluri mimarTulebebiT) Sefaseba da Sesabamisi 

histogramebis ageba. 

 2. Agamosaxulebis samive Semdgenis gardasaxvis 8x8 zomis 

dakvantuli transformantebis horizontaluri da vertikaluri 

mimarTulebebiT gamoTvlili mTavari elementebis sxvaobiTi 

mniSvnelobebis korelaciis koeficientebis Sefaseba. 

 3. aRniSnuli mTavari elementebis masivis adapturi 

entropiuli kodirebis realizacia dakvantuli transformantebis 

horizontaluri da vertikaluri mimarTulebebiT sxvaobiTi 

mniSvnelobebis SefasebiTa da maTi skanirebis sxvadasxva 

variantebis gamoyenebiT.  

 4. transformantebis mTavari elementebis erTobliobis 

adapturi udanakargo kodirebisas efeqturobis (kompresiis 

faqtoris TvalsazrisiT) Sefaseba sxvadasxva klasis feradi 

satesto gamosaxulebebisaTvis.  

5. gamosaxulebaTa sikaSkaSisa da fersxvaobiTi Semdgenebis 

gardasaxvis elementebis udanakargo kodirebis procesis 

adaptaciisas Sesabamisi kodirebuli gamosaxulebebis xarisxobrivi 
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parametrebis dadgena maTi Sefasebis rogorc obieqturi, aseve 

subieqturi kriteriumebis safuZvelze. 

 6. gamosaxulebaTa Sesabamisi transformantebis adapturi 

udanakargo kodirebisas sainformacio simboloebis (bitebis) 

Secdomebis gavlenis Sefaseba kompresirebuli gamosaxulebebis 

xarisxobriv maCveneblebze da aRniSnuli zemoqmedebis uaryofiTi 

Sedegebis gauvnebelyofis gzebis SemuSaveba.  

 7. ferad gamosaxulebaTa Semdgenebis gardasaxvis 

elementebis adapturi udanakargo kodirebis safuZvelze 

damuSavebuli da gamokvleuli ekonomiuri kodirebis meTodis 

modelireba programa Mathcad-is gamoyenebiT da miRebuli Sedegebis 

safuZvelze Sesabamisi rekomendaciebis SemuSaveba.  

gamokvlevis meTodebi: samuSaoSi dasmuli amocanebis 

gadawyvetisaTvis Teoriuli da praqtikuli sakiTxebis 

damuSavebisas farTodaa gamoyenebuli informaciis Teoria, 

SemTxveviTi procesebis Teoria, matricebisa da ricxvTa Teoria, 

albaTobis Teoria, agreTve eleqtronul gamomTvlel manqanaze 

modelirebis meTodebi MathCad-is programuli uzrunvelyofiT. 

 samecniero siaxle. samuSaos ZiriTad Sedegebs, romlebsac 

gaaCnia samecniero siaxle, warmoadgens: 

 1. ferad gamosaxulebaTa sikaSkaSisa da fersxvaobiTi 

Semdgenebis 8x8 zomis fragmentebis (blokebis) diskretuli 

kosinusuri gardasaxvis safuZvelze gamoTvlili dakvantuli 

mTavari elementebis masivis horizontaluri da vertikaluri 

mimarTulebebiT entropiisa da korelaciis koeficientebis 

Sefaseba da Sesabamisi histogramebis analizi. 

 2. transformantebis horizontaluri da vertikaluri 

mimarTulebebiT gamoTvlili dakvantuli mTavari elementebis 

sxvaobiTi mniSvnelobebis entropiis Sefaseba da analizi. 

 3. transformantebis dakvantuli mTavari elementebis 

sxvaobiTi mniSvnelobebis adapturi udanakargo kodirebis meTodi 

hafmanis kodebis gamoyenebiT ferad gamosaxulebaTa rogorc 
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sikaSkaSis, aseve fersxvaobiTi SemdgenebisaTvis da misi 

efeqturobis Sefaseba kompresiis TvalsazrisiT. 

 4. gamosaxulebaTa samive Semdgenis Sesabamisi dakvantuli 

transformantebis aramTavari elementebis udanakargo kodireba 

maTi skanirebis procesis adaptaciiT. 

5. gamosaxulebaTa ekonomiuri kodirebis damuSavebuli 

adapturi meTodis efeqturobis Sefaseba rogorc kompresirebul 

gamosaxulebaTa xarisxobrivi, aseve kompresiis parametrebis 

TvalsazrisiT. 

 6. SemoTavazebuli meTodiT ekonomiuri kodirebis 

parametrebis dadgena sxvadasxva klasis (mcire, saSualo da 

maRali detalobis) gamosaxulebebisaTvis. 

 samuSaos praqtikuli Rirebuleba ganpirobebulia im faqtiT, 

rom igi Seicavs yvela aucilebel monacems, meTodikasa da 

rekomendacias satelekomunikacio da maxsovrobis sistemebisaTvis 

ferad gamosaxulebaTa signalebis diskretuli kosinusuri 

gardasaxvis safuZvelze ekonomiuri kodirebis adapturi meTodis 

algoriTmisa da misi praqtikuli realizaciis Sesaxeb da, agreTve, 

Sesabamis programas telekomunikaciis fakultetis bakalavriatsa 

da magistraturaSi Sesabamisi saswavlo kursebis laboratoriul-

praqtikuli mecadineobebis kompiuteruli modelirebiT 

CatarebisaTvis. 

 samuSaos aprobacia. naSromSi miRebuli kvlevebis Sedegebi 

asaxulia pirveli da meore saerTaSoriso samecniero 

konferenciis “energetika: regionuli problemebi da ganviTarebis 

perspeqtivebi” moxsenebaTa krebulebSi gamoqveynebul 3 statiaSi, 

saqarTvelos axalgazrda mecnierTa sazogadoebrivi akademiis 

saerTaSoriso samecniero JurnalSi “inteleqtuali” gamoqveynebul 

1 statiaSi, saerTaSoriso samecniero-teqnikuri konferenciis 

“axali teqnologiebi Tanamedrove mrewvelobaSi” Sromebis 

krebulSi gamoqveynebul 1 statiaSi, saerTaSoriso sainJinro 

akademiisa da saqarTvelos sainJinro akademiis JurnalSi 
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“saqarTvelos sainJinro siaxleebi” (Georgian Engeneering News) 

gamoqveynebul 1 statiaSi, saqarTvelos teqnikuri universitetis 

JurnalSi “ganaTleba” gamoqveynebul 1 statiaSi da saqarTvelos 

mecnierebaTa akademiis yovelTviur samecniero-referirebul 

JurnalSi “mecniereba da teqnologiebi” gamoqveynebul 1 statiaSi.

 samuSaos struqtura. samuSao Sedgeba Sesavlisagan, 

literaturis mimoxilvisagan, 4 Tavisagan Sedgenili Sedegebisa da 

maTi gansjisagan, gamoyenebuli literaturisagan da 2 

danarTisagan. samuSaos moculoba Seadgens 157 gverds, romelTa 

Soris 129 gverdi ZiriTadi teqstia 11 naxaziT, 9 suraTiT da 25 

cxriliT. gamoyenebuli literatura Seicavs 57 dasaxelebas.  
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literaturis mimoxilvaE 

gamosaxulebaTa signalebis ekonomiuri kodirebis meTodebs, 

romlebic damyarebulia sxvadasxva wrfiv orTogonalur 

gardasaxvebze, eZRvneba rigi samecniero samuSaoebisa.                                          

      cifruli signali analoguridan miiReba am ukanasknelis 

impulsur-koduri modulaciiT damuSavebis safuZvelze. igi 

absoluturad gamousadegradaa miCneuli, rac ganpirobebulia 

Semdegi garemoebiT. saqme imaSia, rom gamosaxulebis (iseve rogorc 

metyvelebis) signalis TiToeuli anaTvlis kodirebisaTvis 

saWiroa 8 biti (zogjer 10-biti), ris gamoc, magaliTad, feradi 

televiziis gamosaxulebis 625 striqoniT ganSlis SemTxvevaSi 

Sesabamisi cifruli nakadis siCqarea 216 mbit/wm, rac imas niSnavs, 

rom am SemTxvevaSi cifruli satelevizio signalis sixSiruli 

zoli analogurTan SedarebiT 18-jer farTovdeba. aseTi siCqare ki 

mniSvnelovnad aWarbebs cifruli nakadebis ukve Camoyalibebuli 

ierarqiebis Sesabamisi signalebis gadacemis siCqares, rac 

aucilebels xdis ikm signalis kompresias. 

 erTerTi gavrcelebuli meTodia kodireba winaswar-

metyvelebiT, kerZod, diferencialuri impulsur-koduri 

modulacia, romelsac dReisaTvis damoukideblad ar iyeneben, 

vinaidan igi gamosaxulebis signalis elementebis mixedviT 

kodirebis meTods warmoadgens, ris gamoc misi saSualebiT 

miRweuli kompresiis faqtori mcirea (aRdgenili gamosaxulebis 

misaRebi xarisxis pirobebSi F≈2). garda amisa, igi dabali 

xelSeSlamdgradobiT gamoirCeva, vinaidan gadacemuli cifruli 

nakadis romelime simbolos damaxinjeba iwvevs ara marto misi 

Sesabamisi elementis, aramed momdevno elementebis damaxinjebasac, 

ris gamoc aRdgenil gamosaxulebaze warmoiqmneba e.w trekebi. 

aRniSnulidan gamomdinare, dikm dReisaTvis gamoiyeneba hibridul 

sistemebSi, kerZod sistemebSi sadac igi Sexamebulia wrfivi 

gardasaxvebis, moZraobis kompensaciiT winaswarmetyvelebisa da 

entropiuli kodirebis meTodebTan hibriduli kodirebis aseTi 

Sexamebaa gamoyenebuli uZravi da moZravi gamosaxulebebis 
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ekonomiuri kodirebis (kompresiis) JPEG (Joint Picture Exspert Group) 

standartisa da MPEG (Motion Picture Exspert Group) standartis 

dReisaTvis arsebul yvela variantSi (MPEG-1, MPEG-2 da sxva) [1, 8, 

10, 16, 17, 18, 19, 20, 21, 22, 23, 24]. 

 entropiuli anu statistikuri kodireba (udanakargo 

kodireba), rogorc wesi, gamoiyeneba hibridul sistemebSi (rasac 

iTvaliswinebs kidec JPEG da MPEG standartebi), radgan mas 

SeuZlia kodirebis nebismieri meTodis gamoyenebis Semdeg 

darCenili siWarbis kompresia, swored esaa kodirebis am meTodis 

Rirseba sxva meTodebTan SedarebiT [14, 17]. 

 kompresiis maRali koeficientiT xasiaTdeba veqtoruli 

dakvantvis meTodi. igi gamosaxulebaTa statistikur 

TaviseburebebTan erTad iTvaliswinebs adamianis mxedvelobiTi 

aRqmis Taviseburebebs. kodirebis es meTodi emyareba klod Senonis 

Tvalsazriss imis Sesaxeb, rom gamosaxulebaTa kompresiisaTvis 

gamoyenebuli yofiliyo blokuri (fragmentuli) kodireba. unda 

aRiniSnos, rom kompresiis koeficientis SedarebiT maRali 

mniSvnelobisas veqtoruli dakvantvis meTodiT kodirebul 

gamosaxulebebze SeimCneva "blokuri struqturis", "kibis 

struqturis" da "sazRvrebis waSlis" tipis specifikuri 

damaxinjebebi, aseve damaxinjebebi, romlebic dakavSirebulia 

moZrav obieqtebTan, rac Zalze gamaRizianebelia adamianisaTvis. 

aRniSnuli damaxinjebebis Semcirebis mizniT SemoTavazebulia 

rigi meTodebisa, romlebic arTulebs kodirebis meTodis 

aparaturul realizacias. garda amisa, veqtoruli dakvantvis 

meTodi warmodgeba rogorc damoukidebeli meTodi, romlis 

Sexamebac kodirebis sxva meTodebTan praqtikulad SeuZlebelia, 

ris gamoc igi ver gamoiyeneba hibridul sistemebebSi 25, 26, 27]. 

 gamosaxulebaTa signalebis piramiduli kodireba miekuTvneba 

im meTodebs, romlebic metwilad adamianis mxedvelobiTi aRqmis 

Taviseburebebs iTvaliswinebs, kerZod ki Tvalis Tvisebas _ 

gamosaxulebis sixSiruli speqtris diapazoni daSalos 

(daanawilos) gansazRvruli sivrculi orientaciis da sxvadasxva 
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sixSiruli qvediapazonebis mqone zolebad. naSromebSi 

gaSuqebulia araorTogonaluri da orTogonaluri tipis 

piramiduli agebebis sakiTxebi. Tumca, aRniSnuli meTodis 

gamoyenebis efeqturobisa da misi kodirebis sxva meTodebTan 

SeTavsebis sakiTxebi jerjerobiT srulad araa gamokvleuli [28, 

29]. 

 adapturi jgufuri (blokuri) kodirebis meTodi emyareba 

adamianis mxedvelobis fsiqofiziologiur Tvisebebs. Tumca unda 

aRiniSnos, rom aRniSnuli meTodiT gamosaxulebaTa kodirebisas 

aRdgenili blokebis sazRvrebze SeimCneva specifikuri 

damaxinjebebi. garda amisa, dReisaTvis daudgenelia misi hibridul 

sistemebSi gamoyenebis SesaZleblobisa da, Sesabamisad, kodirebis 

efeqturobis gazrdis sakiTxebi [30]. 

 Ggasuli saukunis 70-iani wlebidan aqtiuri kvlevebi 

mimdinareobs telesakomunikacio (maT Soris gamosaxulebaTa) 

signalebis efeqturi kodirebis mimarTulebiT, romelsac 

safuZvlad udevs wrfivi gardasaxvebi, kerZod: karunen-loevis, 

diskretuli kosinusuri, uolSis da misi nairsaxeobebis (adamaris 

da pelis), haaris, furies, singularuli, daxrili gardasaxvebi da 

sxva [31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44]. 

 upirveles yovlisa, unda aRiniSnos, rom wrfivi 

gardasaxvebiT efeqturi kodirebis meTodi, romelic blokuri 

(fragmentuli, jgufuri) kodirebis meTodebis jgufs miekuTvneba, 

iZleva ara marto sawyisi signalebis statistikuri (korelaciuri) 

Tvisebebis, aramed adamianis Tvalis fsiqofiziologiuri 

Taviseburebebis (fsiqofiziologiuri Tvisebebis) gaTvaliswinebis 

saSualebas, ris gamoc misi gamoyenebisas SeiZleba rogorc 

statistikuri, aseve fsiqofiziologiuri siWarbis kompresia. 

gardasaxviT kodirebis meTodi aseve efeqturia metyvelebis 

(telefonis, radiomauwyeblobis, televiziis xmovani Tanxlebis da 

sxva) signalebisaTvisac, vinaidan am SemTxvevaSic SesaZlebelia 

rogorc sawyisi signalis statistikuri Tvisebebis, aseve adamianis 

smenis fsiqofiziologiuri Taviseburebebis gaTvaliswineba. 
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 wrfivi gardasaxvebiT gamosaxulebaTa kodirebisas miiRweva 

sawyis fragmentebis Zlier korelirebuli elementebidan 

gardasaxvis Sesabamisi sivrceebis (transformantebis) mTlianad 

dekorelirebuli an sustad korelirebuli elementebis miReba, 

ris Sedegadac sawyis fragmentebSi energiis Tanabari ganawilebis 

nacvlad miiReba misi mkveTrad araTanabari ganawileba 

transformantebSi. es garemoeba iZleva transformantas mcire 

energiis mqone elementebis sawyisi gamosaxulebis elementebTan 

SedarebiT Semcirebuli raodenobis bitebiT kodirebis, xolo 

zogierTi elementis ganulebis saSualebas, riTac xorcieldeba 

gamosaxulebis signalebis statistikuri siWarbis kompresia. rac 

Seexeba adamianis mxedvelobiTi aRqmis Taviseburebebs, maTi 

gaTvaliswineba xdeba transformantebis elemenentebis dakvantva-

kodirebis procesSi. 

 wrfivi gardasaxvebiT gamosaxulebaTa kodirebis meTodi 

aseve sainteresoa im TvalsazrisiTac, rom maRalia misi Sexamebis 

efeqturoba kodirebis iseT meTodebTan, rogoricaa 

winaswarmetyvelebiT kodireba gamosaxulebis obieqtebis moZraobis 

kompensaciis gaTvaliswinebiT da entropiuli kodireba. igi 

SeiZleba Sexamebul iqnas agreTve piramiduli kodirebis 

meTodTanac [45, 46]. 

 gamosaxulebaTa signalebis wrfivi gardasaxvebiT 

kodirebisas xdeba sawyisi fragmentis n diskretuli anaTvlis 

(elementis) gardasaxva transformantas n koeficientebad 

(Cveulebriv n=2i , i=1, 2,…). kodirebis es meTodi SeiZleba 

gamoyenebul iqnas sawyisi gamosaxulebis rogorc 

erTganzomilebiani 1xn (gamosaxulebis striqonuli ganSlis 

mimarTulebiT), aseve organzomilebiani nxn (kadris 

organzomilebiani fragmentebis gardasaxva)  da samganzomilebi- 

ani nxnxn fragmentebis damuSavebisaTvis. pirveli ori varianti 

miekuTvneba Sidasakadro, xolo mesame _kadrTaSorisi kodirebis 

meTodebs. aRsaniSnavia agreTve, rom metyvelebis signalebis 
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gardasaxvebiT kodirebisas gamoiyeneba erTganzomilebiani 

gardasaxva, vinaidan am klasis signalebi erTganzomilebiania. 

 dRemde cnobili wrfivi gardasaxvebidan, upirveles yovlisa, 

unda daxasiaTdes karunen-loevis gardasaxva, vinaidan igi 

warmoadgens yvelaze optimalurs srulad dekorelirebuli 

elementebis arsebobis gamo da, amitom, uzrunvelyofs 

statistikuri siWarbis 100%-ian Semcirebas. es imas niSnavs, rom am 

SemTxvevaSi statistikuri siWarbis kompresiis faqtori  

maqsimaluria da aRdgenis saSualo kvadratuli cdomileba nulia. 

magram amis miRweva SesaZlebelia mxolod Teoriulad, vinaidan mas 

ar gaaCnia swrafi gardasaxvis algoriTmi, moiTxovs sawyisi 

gamosaxulebis statistikis winaswar codnas, ris gamoc yoveli 

fragmentisaTvis saWiroa gardasaxvis Sesabamisi optimaluri 

bazuri matricis SerCeva, rac praqtikulad ararealizebads xdis 

mas. Teoriulad ki am gardasaxvis ganxilva aucilebelia, vinaidan 

igi optimaluria da praqtikaSi gamoyenebul sxva gardasaxvebis 

efeqturobis Sefasebis SesaZleblobas iZleva am ukanasknelebis 

masTan miaxloebis TvalsazrisiT [47]. 

 minimaluri saSualokvadratuli cdomilebis TvalsazrisiT 

efeqturia singularuli gardasaxva. magram misi 

ganxorcielebisaTvis saWiroa operaciaTa ufro meti raodenoba, 

vidre karunen-loevis gardasaxvisTvis, ris gamoc igi gamosadegad 

iTvleba mxolod maxsovrobis sistemebSi [42]. 

 ganixileba, agreTve, daxrili gardasaxva, romelic 

gamosadegia mxolod gamosaxulebaTa mcire jgufisaTvis, vinaidan 

igi miesadageba mxolod monotonurad da mcired cvladi 

sikaSkaSis mqone fragmentebs [47].  

 gamosaxulebebis signalebis efeqturi kodirebis 

praqtikulad realizebadi gardasaxvebidan optimalurad, anu 

karunen-loevis gardasaxvasTan yvelaze axlo mdgomad iTvleba 

diskretuli kosinusuri, Semdgom ki uolSis, furies da haaris 

gardasaxvebi. 
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 furies gardasaxva efeqturia aRdgenis skc-is minimaluri 

mniSvnelobis gamo, arsebobs misi realizaciis swrafi 

algoriTmic, magram misi praqtikaSi gamoyeneba mainc SezRudulia, 

vinaidan transformantas elementebis gamoTvlisaTvis 

aucilebelia ara mxolod mTel, aramed kompleqsur ricxvebze 

Casatarebeli gamoTvlebi [1, 47]. 

 arsebuli gardasaxvebidan praqtikuli realizaciis 

TvalsazrisiT yvelaze martivia haaris gardasaxva, magram igi 

yvelaze naklebad axdens sawyisi signalis dekorelacias, anu misi 

gamoyenebis SemTxvevaSi statistikuri siWarbis kompresiis 

koeficienti minimaluria sxva gardasaxvebTan SedarebiT [42, 47]. 

 diskretuli kosinusuri gardasaxva aRdgenis saSualo 

kvadratuli cdomilebis TvalsazrisiT yvelaze axlo mdgomad 

iTvleba karunen-loevis gardasaxvasTan. mas gaaCnia gardasaxvis 

swrafi algoriTmic da karunen-loevis gardasaxvasTan SedarebiT 

saWiroebis operaciaTa ufro mcire raodenobas. swored am 

Rirsebis gamo aRmoCnda igi JPEG da MPEG standartebis erT-erTi 

komponenti [1, 8, 10, 14, 17, 41, 47, 48, 49, 50]. 

 kodirebis efeqturobis TvalsazrisiT gamorCeulia uolSis 

gardasaxvac da misi nairsaxeobebi _ pelis da adamaris  

gardasaxvebi. igi CamorCeba kosinusur gardasaxvas statistikuri 

siWarbis kompresiis faqtoris an aRdgenis cdomilebis 

TvalsazrisiT, ris gamoc diskretulma kosinusurma gardasaxvam 

moipova damsaxurebuli adgili eqspertTa saerTaSoriso jgufis 

mier SemuSavebul JPEG da MPEG rekomendaciebSi.  

A aRniSnuli rekomendaciebis mixedviT feradi gamosaxulebis 

ekonomiuri kodirebis sawyis etapze xorcieldeba sikaSkaSis Y da 

fersxvaobiTi Cr da Cb Semdgenebis diskretuli kosinusuri 

gardasaxvis 8x8 zomis transformantebis dakvantva am mizniT 

maTTvis SerCeuli imave zomis dakvantvis asimetriuli Qy da 

simetriuli QCrb matricebis gamoyenebiT, romelTa elementebis 

SerCeva xorcieldeba momxmareblis moTxovnebis gaTvaliswinebiT 

[14].   
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 rogorc Catarebulma kvlevebma aCvena, SesaZlebelia 

sxvadasxva gamosaxulebis sikaSkaSis Y SemdgenisTvis, misi 

asimetriulobis gamo, iseTnairad iqnas SerCeuli dakvantvis Qy 

matricis elementebi, rom SesaZlebeli gaxdes kompresiis 

gaumjobeseba kompresirebuli gamosaxulebebis obieqturi 

xarisxobrivi maCveneblebis (saSualokvadratuli cdomileba, 

signalisa da xmauris fardoba da sxva) SenarCunebis pirobebSi, an 

gaumjobesdes xarisxobrivi maCveneblebi kompresiis faqtoris 

SenarCunebiT [51, 52]. 
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samuSaos Sedegebi da maTi gansja 

Tavi 1. UUgamosaxulebaTa ekonomiuri kodireba 

diskretuli kosinusuri gardasaxvis safuZvelze 

1.1. gamosaxulebaTa diskretuli kosinusuri gardasaxvis 

transformantebis formireba 

uZrav da moZrav gamosaxulebaTa kompaqturi kodirebisTvis 

SemuSavebuli JPEG da sxvadasxva daniSnulebis MPEG standartebis 

ZiriTadi komponentia diskretuli kosinusuri gardasaxva. 

aRniSnuli standartebi iTvaliswinebs gamosaxule-baTa 8x8 zomis 

[ƒ(x,y)] (x,y=0,1,2,…,7) matricis saxiT warmodgenili fragmentebis 

ƒ(x,y) elementebis erTobliobis gardasaxvas (pirdapiri gardasaxva) 

da Sedegad miRebuli imave zomis matricis saxiT warmodgenili 

[F(u,v)] (u,v=0,1,2,…,7) transfor-mantebis F(u,v) elementebis dakvantvas, 

maT udanakargo kodirebasa da gadacemas (an Senaxvas). gardasaxul 

gamosaxulebaTa aRdgena ki xorcieldeba transformantebis 

elementebis dekvantirebiTa da Sesabamisi ukugardasaxvis 

gamoyenebiT.  

nax. 1-ze naCvenebia JPEG koderis, xolo nax. 2-ze _ Sesabamisi 

dekoderis struqturuli sqemebi [14]. 

SevniSnoT, rom umravles SemTxvevebSi gamosaxulebaTa ƒ(x,y) 

elementebis warmodgena xdeba 8-Tanriga orobiTi ricxvebiT, rac 

imas niSnavs, rom maTi intensivobebis raodenobaa 256 

(intensivobaTa mniSvnelobebia 0, 1, 2, …, 255, anu TiToeuli 

maTganis orobiTi kodirebisaTvis saWiroa 8 simbolo), rac 

samarTliania ferad gamosaxulebaTa rogorc sikaSkaSis, aseve 

fersxvaobiTi SemdgenebisaTvis. 

rogorc cnobilia, feradi gamosaxuleba SeiZleba 

warmovadginoT wiTeli R, mwvane G da lurji B Semadgenlebis 

saxiT, romelTagan formirdeba feradi gamosaxulebis sikaSkaSis Y 

da ori fersxvaobiTi Cr da Cb Semdgenebi Semdegi gamosaxulebebis 

saSualebiT.  
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nax. 1.  koderis struqturuli sqema 
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nax. 2. dekoderis struqturuli sqemaE 

 

                          Y=0,2989R+0,5866G+0,1145xB  , 

                          CR=0,5xR_0,4184xG_0,0816xB  ,                                      (1)                                        

                          CB=_0,1688xR_0,3312xG+0,5xB .  

ekonomiuri kodirebis algoriTmis safuZvelze diskretuli  

gamosaxulebis sikaSkaSisa da fersxvaobiTi Semdgenebi, upirveles 
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yovlisa, daiyofa 8х8 zomis fragmentebad (blokebad). amasTan 

fersxvaobiTi Semdgenebis blokebi, sikaSkaSis Semdgenis 

blokebisagan gansxvavebiT, Seicaven gamosaxulebis yoveli meore 

elementis (piqselis) Sesabamis monacemebs rogorc horizontaluri, 

aseve vertikaluri mimarTulebiT. amis Sedegad, sikaSkaSis 

Semdgenis yovel oTx bloks Seesabameba fersxvaobiTi Semdgenebis 

erTi bloki (formati 4:2:0). amitom RGB formatTan SedarebiT 

blokebis raodenoba am SemTxvevaSi orjer Semcirdeba. miuxedavad 

amisa, gamosaxulebis xarisxi SesamCnevad ar gauaresdeba, vinaidan 

adamianis Tvali ver amCnevs gamosaxulebis mcire zomis detalebis 

feris damaxinjebas.    

amis Semdeg xorcieldeba sikaSkaSisa da fersxvaobiTi 

Semdgenebis Sesabamisi 8x8 zomis blokebis gardasaxva diskretuli 

kosinusuri gardasaxvis safuZvelze, romlis Sesabamisi 8x8 zomis 

sabazo matricaa 

 

 0,354  0,354  0,354  0,354  0,354  0,354  0,354  0,354 

 0,490  0,416  0,278  0,098 _0,098 _0,278 _0,416 _0,490 

 0,462  0,191 _0,191 _0,462 _0,462 _0,191  0,191  0,462 

[DCT]=  0,416 _0,098 _0,49 _0,278  0,278  0,490  0,098 _0,416 

   0,354 _0,354 _0,354  0,354  0,354 _0,354 _0,354  0,354 

  0,278 _0,490  0,098  0,416 _0,416 _0,098  0,490 _0,278 

 0,191 _0,462  0,462 _0,191 _0,191  0,462 _0,462  0,191 

 0,098 _0,278  0,416 _0,490  0,490 _0,416  0,278 _0,098 

 

aRniSnuli organzomilebiani gardasaxvis [F(u,v)] 

transformantebi miiReba Semdegi matricebis gadamravlebiT: 

                      [F(u,v)]= [DCT]x[ƒ(x,y)]x[DCT]T,                                           (2) 

sadac [DCT]T transponirebuli matricaa. 

 ukugardasaxva (gamosaxulebis fragmentis aRdgena) ki xdeba 

dekoderSi Semdegi gardaqmnis safuZvelze: 

                      [ƒ(x,y)]= [DCT]-1x[F(u,v)]x[DCT]-1T.                                       (3)  

am gamosaxulebaSi “-1” ukumatricis aRmniSvnelia.  
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kodirebis procesis erT-erT ZiriTad nawils warmoadgens 

sikaSkaSis Y da fersxvaobiTi Cr da Cb Semdgenebis Sesabamisi 8x8 

zomis blokebis diskretuli kosinusuri gardasaxvis (dkg) Sedegad 

miRebuli 8x8 zomis transformantebis elementebis dakvantva, 

romelic xorcieldeba nax.1-ze warmodgenil dakvantvis d blokSi 

dakvantvis matricis dm blokidan miwodebuli monacemebis 

saSualebiT. uZrav da moZrav gamosaxulebaTa signalebis 

kodirebis JPEG da MPEG standartebiT gaTvaliswinebulia agreTve 

dakvantvis Sedegad miRebuli masivis kodireba hafmanis koderSi 

(hk), romelic iyenebs sikaSkaSisa da fersxvaobiTi 

SemdgenebisaTvis damuSavebul kodebis cxrilebs (kc) [14].        

praqtikaSi, arsebuli standartebis Sesabamisad, feradi 

gasmosaxulebis signalis sikaSkaSis Y SemdgenisaTvis gamoiyeneba 

dakvantvis Semdegi matrica.  

 16 11 10 16   24   40   51   61  

 12 12 14 19   26   58   60   55  

 14 13 16 24   40   57   69   56  

      [QY] = 14 17 22 29   51   87   80   62    ,               

 18 22 37 56   68 109 103   77  

 24 35 55 6   81 104 113   92  

 49 64 78 87 103 121 120 101  

 72 92 95 98 112 100 103   99  

xolo fersxvaobiTi Cr da Cb SemdgenebisaTvis _ Semdegi matrica. 

  

 17 18 24 47 99 99 99 99  

 18 21 26 66 99 99 99 99  

 24 26 56 99 99 99 99 99  

     [Qr,b] =  47 66 99 99 99 99 99 99     .            

 99 99 99 99 99 99 99 99  

 99 99 99 99 99 99 99 99  

 99 99 99 99 99 99 99 99  

 99 99 99 99 99 99 99 99  
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rogorc dakvantvis warmodgenili matricebidan Cans, 

gamosaxulebis sikaSkaSis Semdgenis Sesabamisi gardasaxvis 

elementebis dakvantvisaTvis gamoyenebuli matrica 

arasimetriulia, rac ganpirobebulia gamosaxulebis sikaSkaSis 

Semdgenis statistikuri maxasiaTeblebiTa da am Semdgenis mimarT 

adamianis subieqturi aRqmis TaviseburebebiT. rac Seexeba 

gamosaxulebis fersxvaobiTi Semdgenebis Sesabamis dakvantvis 

matricas, igi simetriulia. 

ganvixiloT SemTxveva, rodesac feradi gamosaxulebis 

sikaSkaSis Semdgenis 8x8 zomis erT-erTi fragmentis (blokis) ƒ(x,y) 

elementebis intensivobaTa mniSvnelobebi warmodgenilia Semdegi 

[ƒ(x,y)] matricis saxiT.  

    139 144 149 153 155 155 155 155  

 144 151 153 156 159 156 156 156  

 150 155 160 163 158 156 156 156  

[ƒ(x,y)] = 159 161 165 160 160 159 159 159                  

 159 160 161 162 162 155 155 155  

 161 161 161 161 160 157 157 157  

 162 162 161 163 162 157 157 157  

 162 162 161 161 163 158 158 158  

 
am blokis diskretuli kosinusuri gardasaxvis Sedegad 

miiReba F(u,v) elementebis masivi (transformanta) Semdegi [F(u,v)] 

matricis saxiT.  

 1260   -1 -12  -6  2 -2 -2  2  

   -22 -17   -6  -3 -3  0  1 -1  

   -11 -10   -1   2  1 -1 -1 -1  

[F(u,v)] =    -7   -2    0   2  1  0  0  0                  

     0   -1    1   1 -1 -1  1  2  

     2    0    1  -1 -1  2  2  0  

    -1   -1    0  -1  0  2  1 -1  

    -3    1   -3  -1  2  1 -1 -1  
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 aRsaniSnavia, rom [F(u,v)] matricis zeda marcxena kuTxeSi 

arsebuli F(u,v) elementebi Seesabameba gamosaxulebis 

dabalsixSirul Semdgenebs, xolo danarCeni elementebi _ 

maRalsixSiruls Semdgenebs, amasTanave sikaSkaSis an feris 

intensivibaTa mdore cvlilebebi Seesabameba dabalsixSirul, 

xolo maTi mkveTri cvlilebebi _ maRalsixSirul Semdgenebs.   

gardasaxvis elementebis gamoTvlis Semdeg damkvantavSi 

xdeba TiToeuli maTganis dakvantva [QY] matricis elementebiT, ris 

Sedegadac miviRebT Semdegi saxis dakvantul transformantas 

[F'(u,v)].  

 

  79  0 -1 0 0 0 0 0  

  -2 -1 0 0 0 0 0 0  

  -1 -1 0 0 0 0 0 0  

[F'(u,v)] =  -1 0 0 0 0 0 0 0    .              

   0 0 0 0 0 0 0 0  

   0 0 0 0 0 0 0 0  

   0 0 0 0 0 0 0 0  

   0 0 0 0 0 0 0 0  

 

dakvantvasTan SeiZleba iyos dakavSirebuli specifikuri 

damaxinjebebis warmoqmna aRdgenil gamosaxulebaze, romlebic 

dabalsixSiruli Semdgenebis dakargvisas iwvevs imas, rom 

SesamCnevi xdeba gamosaxulebis 8х8 zomis blokebad dayofa, xolo 

maRalsixSiruli Semdgenebis dakargvisas _ egreT wodebuli 

“gibsis efeqti” gamosaxulebis konturebze, sadac adgili aqvs 

sikaSkaSis mkveTr cvlilebas.  

dakvantuli [F'(u,v)] transformantis F'(0,0) elements vuwodoT 

transformantas mTavari elementi, xolo yvela danarCens _ 

aramTavari. garda amisa, transformantas nulisagan gansxvavebul 

elementebs pirobiTad vuwodoT aranulovani, xolo nulis tol 

elementebs _ nulovani. 



 

40 
 

rogorc dakvantvis Sedegad formirebuli [F'(u,v)] matricidan 

Cans, misi elementebis didi nawili nulovania, rac iZleva 

miRebuli masivis mniSvnelovani kompresiis saSualebas Sesabamis 

sawyis masivTan SedarebiT. 

zemoT aRwerili algoriTmiT formirebuli 

transformantebis Semdgomi kodirebisaTvis iyeneben udanakargo 

kodirebas hafmanis cxrilebis gamoyenebiT. 

dekoderSi gamosaxulebaTa signalebis Semdgenebis aRdgena 

xdeba koderSi mimdinare procesebis ukumimarTulebiT. 

 

1.2. transformantebis udanakargo kodireba hafmanis  

cxrilebis gamoyenebiT 

 
wina paragrafSi aRwerili algoriTmiT formirebuli 

transformantebis udanakargo kodirebisaTvis SeiZleba 

gamoyenebuli iyos hafmanis cxrilebi, romlebic erTmaneTisagan 

gansxvavebulia ferad gamosaxulebaTa sikaSkaSis Y da  

fersxvaobiTi Cr da Cb SemdgenebisaTvis [14]. 

gamosaxulebaTa nebismieri Semdgenis Sesabamisi 

transformantebis mTavari elementebis erTobliobis damuSaveba 

xdeba sxva aramTavari elementebisagan damoukideblad, romlis 

drosac iqmneba yvela transformantas mTavari elementebis 

erToblioba (masivi) da xorcieldeba maTi sxvaobiTi 

mniSvnelobebis udanakargo kodireba hafmanis kodebis gamoyenebiT.  

rac Seexeba transformantas aramTavari elementebis masivs, 

misTvis axorcieleben koeficientebis zigzagisebur skanirebas da 

miRebuli erTganzomilebiani mimdevrobis kodirebisaTvis iyeneben 

sxvadasxva sigrZis hafmanis kodebs. 

zigzagiseburi skanirebisas transformantas elementebis 

dalageba xdeba cxril 1-Si naCvenebi mimdevrobiT. 
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cxrili 1. transformantas elementebis zigzagiseburi skanireba 
 

u/v 0 1 2 3 4 5 6 7 

0 0 1 5 6 14 15 27 28 

1 2 4 7 13 16 26 29 42 

2 3 8 12 17 25 30 41 43 

3 9 11 18 24 31 40 44 53 

4 10 19 23 32 39 45 52 54 

5 20 22 33 38 46 51 55 60 

6 21 34 37 47 50 56 59 61 

7 35 36 48 49 57 58 62 63 

 

rogorc cxrili 1-dan Cans, transformantas aramTavari 

elementebis zigzagiseburi skanirebis Sedegad miRebul 

mimdevrobaSi pirvelia elementi F'(0,1), meorea F'(1,0), mesamea F'(2,0), 

meoTxea F'(1,1), mexuTea F'(0,2) da ase Semdeg. 

sanimuSod ganvixiloT magaliTi, rodesac pirveladi 

gamosaxulebis erT-erTi (magaliTad, sikaSkaSis) Semdgenis 

fragmentis elementebis intensivobaTa erToblioba warmodgenilia 

Semdegi [ƒ(x,y)] matricis saxiT. 

 

    21 35 102 183 210 204 180 150  

 73 155 201 209 190 170 162 192  

 188 211 196 182 168 170 194 208  

[ƒ(x,y)] = 211 189 179 178 180 200 208 205   .                 

 177 180 170 187 201 207 205 203  

 180 172 195 203 206 203 200 198  

 183 202 205 201 199 196 193 193  

 203 205 198 198 194 192 192 194  

 

aRniSnuli matricis gardasaxvis Sedegad  miiReba 

transformanta [F(u,v)].  
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 1467 -90 -58 -21  0 -2 -4 -5 

 -121 -93 -69 -22  2  0 -2 -4 

 -79 -51 -85 -16  4 -1  0 -1 

[F(u,v)]= -60 -85 -78  27  14 10  6  4 

    -32 -43 -5  53  13 14  0 -2 

               -9 -8 13  33  2 15  2  3 

 -4 -4 16  22  9 13  0  4 

                                                       -5 -1  9  7 -3 -6 -10 -2 

 

[F(u,v)] transformantas elementebis [Qy] matriciT dakvantvis 

Sedegad miviRebT. 

  92 -8 -6 -1 0 0 0 0 

 -10 -8 -5 -1 0 0 0 0 

 -6 -4 -5 -1 0 0 0 0 

[F’(u,v)]= -4 -5 -4 1 0 0 0 0 

 -2 -2 0 1 0 0 0 0 

 0 0 0 1 0 0 0 0 

 0 0 0 0 0 0 0 0 

 0 0 0 0 0 0 0 0 

 

dakvantuli [F’(u,v)] transformantas mTavari F’(0,0) elementi 

sxva analogiuri transformantebis mTavar elementebTan erTad 

kodirdeba damoukideblad zemoT aRwerili algoriTmiT. 

[F’(u,v)] transformantas aramTavari elementebisgan ki maTi 

zigzagiseburi skanirebiT iqmneba Semdegi mimdevroba: -8, -10, -6, -8, -6, 

-1, -5, -4, -4, -2, -5, -5, -1, 0, 0, 0, -1, -4, -2, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 

1, 0, ..., 0.  

Kkoeficientebis skanirebis Semdeg im elementebs, romelTa 

Soris ar arsebobs Tundac erTi nuli, hafmanis cxrilis mixedviT 

Seusabameben sxvadasxva sigrZis orobiT kods, xolo nulis an 

nulebis arsebobis SemTxvevaSi bolo nulis Semdgomi elementis 
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kodirebas axorcieleben wina nulTan (an nulebTan) erTad 

aseTi SemTxvevisaTvis Sedgenili hafmanis specialuri cxrilis 

mixedviT. skanirebul mimdevrobaSi nulis aratoli 

elementebis kodirebis damTavrebis Semdeg ki formirdeba 

oTxTanriga koduri jgufi EOB (end of blok-blokis dasasruli). 

igi warmoadgens oTxTanriga orobiT ricxvs 1010 da aRniSnavs 

mocemuli transformantas elementebis kodirebis damTavrebas. 

ganxiluli SemTxvevisaTvis transformantas elementebis 

Sesabamisi koduri jgufebia: 

-8  111100111 (9 biti); -10  111100101 (9 biti); -6  1110001 (7 biti); -8    

111100111 (9 biti); -6  1110001 (7 biti);  -1  100 (3 biti); -5  1110010 (7 

biti); -4  1110011 (7 biti); -4  1110011 (7 biti); -2  10011 (5 biti); -5  

1110010 (7 biti); -5  1110010 (7 biti); -1  100 (3 biti); (0,0,0,-1)  1110100 

(7 biti); -4  1110011 (7 biti); -2  11001 (5 biti); (0,0,0,0,1)  1110111 (7 

biti); (0,0,0,0,0,0,0,1)  111110101 (9 biti); (0,0,0,0,0,1)  11110101 (8 biti); 0, 

... , 0 (sul 25 nuli)  1010 (EOB) (4 biti). 

     amrigad, ganxiluli 63-elementiani transformantas 

saboloo kodi iqneba 134-bitiani ricxvi:  

111100111111100101111000111110011111100011001110010111001111100111001111100101110

01010011101001110011110011110111111110101111101011010. 

im SemTxvevaSi, rodesac gamosaxulebis aRniSnuli 

fragmentis koordinatebia 0,0, maSin transformantas mTavari 

F’(0,0) elementis (misi mniSvnelobaa 92) udanakargo 

kodirebisasTvis hafmanis Sesabamisi cxrilis mixedviT saWiroa 

15 biti, vinaidan 92-s am cxrilis mixedviT Seesabameba 15-bitiani 

koduri jgufi 111111101011100, romelTagan pirvel rva bits 

(11111110) unarul kods uwodeben, xolo danarCeni Svidi biti 

cxrilis im striqonisa da svetis nomers Seesabameba, romelsac 

miekuTvneba ricxvi 92. 

amrigad, mocemuli transformantas yvela elementis 

udanakargo kodirebisas daixarjeba sul 149 biti.  

gamosaxulebaTa kodirebis efeqturobis, anu Tanamedrove 

terminologiiT kompresiis mwarmoeblurobis SefasebisaTvis 
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mizanSewonilia Tanamedrove literaturaSi gamoyenebuli 

kriteriumebi: 

 1. kompresiis (SekumSvis) koeficienti 

                           C = M2/M1    ,                                                       (4)                               

sadac M1 sawyisi gamosaxulebis kodirebisaTvis daxarjuli 

simboloebis (bitebis) raodenobaa, xolo M2 _ simboloebis 

raodenobaa ukve kompresirebuli gamosaxulebisaTvis. Tu, 

magaliTad, C=0,6, maSin SekumSuli gamosaxulebisaTvis ixarjeba 

sawyisi gamosaxulebisaTvis daxarjuli bitebis raodenobis 60%.

 2. kompresiis faqtori  

                         F = 1/C =M1/M2 .                           (5) 

 NxN zomis gamosaxulebisaTvis (kadrisaTvis) kompresiis 

faqtori       

                  F =  m1 N2 / (
1

0

N

i

−

=
∑

1

0

N

j

−

=
∑ m2

 (i,j )) ,                                            (6)                             

sadac: N rogorc gamosaxulebis striqonebis, aseve TiToeul 

striqonSi arsebuli elementebis raodenobaa; m1 sawyisi 

gamosaxulebis erTi elementis kodirebisaTvis daxarjuli 

bitebis, xolo m2(i,j) _ efeqturad kodirebuli (kompresirebuli) 

fragmentis erTi elementisaTvis saSualod gamoyenebuli 

simboloebis raodenobaa.  

unda aRiniSnos, rom winamdebare naSromSi kvlevisaTvis 

gamoyenebul sakvlevi (satesto) gamosaxulebebisaTvis N=256, anu 

gamosaxulebaTa zomaa 256x256 (sur. 3). 

 rogorc Cans, kompresiis faqtori kompresiis koeficientis 

Sebrunebuli sididea da igi ufro bunebrivad aRiqmeba mravali 

adamianisaTvis, vinaidan rac metia kompresiis faqtori, miT 

ukeTes SekumSvasTan gvaqvs saqme.   

 3. kompresiis efeqturoba SeiZleba Sefasdes agreTve 100 

(1_C) parametriT, romelic gviCvenebs imas, Tu ramdeni   

procentiTaa naklebi kompesirebuli gamosaxulebis moculoba   

sawyisi gamosaxulebis moculobasTan SedarebiT. 
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ganvsazRvroT kompresiis faqtori ganxiluli 

fragmentisaTvis. am mizniT, Tu gaviTvaliswinebT im garemoebas, 

rom gamosaxulebis 8x8 zomis [ƒ(x,y)] fragmentis kodirebisaTvis, 

misi yoveli ƒ(x,y) elementis 8 bitiT warmodgenisas 

(intensivobaTa mniSvnelobebis raodenobaa 256), saWiroa 8x64=512 

biti, maSin SeiZleba SevafasoT kompresiis faqtoris sidide 

mocemuli konkretuli fragmentisaTvis. kerZod, vinaidan 

aRniSnuli fragmentis gardasaxvis Sedegad miRebuli dakvantuli 

transformantas entropiuli kodirebisas sakmarisi aRmoCnda 149 

biti, amitom kompresiis faqtori F=512/149≈3,44. Ees ki imas niSnavs, 

rom Tu sawyisi gamosaxulebis erTi elementis kodirebisaTvis 

gamoiyeneboda 8 biti, amjerad, ekonomiuri kodirebis Sedegad, 

sakmarisi aRmoCndeba saSualod 8/3,44≈2,33 biti. 

 

 

 

1.3. sacdeli feradi gamosaxulebebi da maTi xarisxobrivi 

maCveneblebis Sefaseba obieqturi kriteriumebis safuZvelze 

 

naSromSi damuSavebuli gamosaxulebaTa signalebis 

ekonomiuri kodirebis meTodis efeqturoba Sefasebulia 

eqsperimentulad misi modelirebis saSualebiT. 

eqsperimentisTvis gamoyenebulia sxvadasxva klasis (mcire, 

saSualo da maRali detalobis) feradi sacdeli (satesto) 

gamosaxulebebi (sur. 3). 

sur. 4-ze warmodgenilia nax. 1-ze naCvenebi sqemis mixedviT 

ekonomiurad kodirebuli (kompresirebuli) sacdeli (satesto) 

gamosaxulebebi. 
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                 S                      C                      c 

      
                        Z                         w                      W  
                       

 
sur. 3. pirveladi sacdeli gamosaxulebebi “lena” (a), “bionse” (b), 
“buneba” (g), “nagazi” (d), “Tibisi” (e), “kata” (v), “cixesimagre” (z), 
“bavSvebi” (T), “alublebi” (i), “krosi” (k), “ferma” (l), “parki” (m), 

“kenkra” (n), “daisi” (o), “zamTari” (p), “garnituri” (J), “SroSani” (r), 
“mTebi” (s), “tba” (t), “maRazia” (u), “karuseli” (f), “Semodgoma” (q), 
“koSki” (R), “kolizeumi” (y), “teqsti” (S), “foni” (C), “ Rrubeli” (c),  

“mamadaviTi” (Z), “funikulori” (w) “teleanZa” (W) 
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                 S                    C                      c 
 

                                             
                        Z                         w                      W  
 

sur. 4. ekonomiurad kodirebuli (kompresirebuli) sacdeli 
gamosaxulebebi “lena” (a), “bionse” (b), “buneba” (g), “nagazi” (d), 

“Tibisi” (e), “kata” (v), “cixesimagre” (z), “bavSvebi” (T), “alublebi” (i), 
“krosi” (k), “ferma” (l), “parki” (m), “kenkra” (n), “daisi” (o), “zamTari” 
(p), “garnituri” (J), “SroSani” (r), “mTebi” (s), “tba” (t), “maRazia” (u), 
“karuseli” (f), “Semodgoma” (q), “koSki” (R), “kolizeumi” (y), “teqsti” 
(S), “foni” (C), “Rrubeli” (c), “mamadaviTi” (Z), “funikulori” (w) da  

“teleanZa” (W) 
 

 ekonomiuri kodirebis (kompresiis) Semdeg aRdgenili 

gamosaxulebis xarisxis SefasebisaTvis gamoiyeneba rogorc 

obieqturi, aseve subieqturi (adamianis fsiqofiziologuri 

aRqmis Taviseburebani) kriteriumebi. Sefasebis obieqturi 

parametrebia: saSualo kvadratuli Secdoma _ rms; normirebuli 

saSualo kvadratuli Secdoma _ nskg; signalisa da xmauris 

fardoba _ SNR; signalisa da xmauris fardobis pikuri 

mniSvneloba _ PSNR   [47]. 

 1. saSualo kvadratuli cdomileba (MSE):  
                      

            MSE =   (
1

0

N

i

−

=
∑

1

0

N

j

−

=
∑ (X(i,j)_X*(i,j))2)/N2                                      (7) 
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 2. amplitudis mixedviT normirebuli saSualo kvadratuli 

Secdoma (NMSE): 

       N         

       NMSE = (
1

0

N

i

−

=
∑

1

0

N

j

−

=
∑ (X(i,j)_X*(i,j))2)/(

1

0

N

i

−

=
∑

1

0

N

j

−

=
∑ (X(i,j))2),                          (8)  

 3. signal-xmauris fardoba (SNR):  

      SNR=10Lg (
1

0

N

i

−

=
∑

1

0

N

j

−

=
∑ (X(i, j))2)/( 

1

0

N

i

−

=
∑

1

0

N

j

−

=
∑ (X(i, j) _ X*(i, j))2) ,                  (9)  

     4. pikuri signal-xmauris fardoba (PSNR):  

        SNRP=10Lg(N2(L_1)2)/( 
1

0

N

i

−

=
∑

1

0

N

j

−

=
∑ (X(i, j) _ X*(i, j))2)   ,                      (10) 

sadac X(i, j) da X*(i, j) sawyisi da kompresiis Semdeg aRdgenili 

gamosaxulebebis elementebis mniSvnelobebia (intensivobebia); i da 

j _ gamosaxulebis elementebis koordinatebia (i, j=0, 1, 2, ... , N_1), 

xolo L _ TiToeuli elementis intensivobaTa raodenobaa da, 

amitom, elementebis intensivobis diapazonia 0, ... ,(L-1). warmod-

genil sadisertacio naSromSi damuSavebuli gamosaxulebebi-

saTvis N=256, anu modelirebisaTvis gamoyenebuli etalonuri 

gamosaxulebebis zomebia 256x256, xolo sawyis gamosaxulebaTa 

elementebisaTvis gamoiyeneba 8_Tanriga kodireba, ris gamoc 

L=256 (gamosaxulebis TiToeuli elementis mniSvnelobaTa 

diapazonia 0...255). maRali xarisxis uzrunvelyofis mizniT 

literaturaSi ganixileba gamosaxulebaTa 10-Tanriga (m=10, 

L=1024) kodireba, rac ufro amwvavebs satelekomunikacio xazebis 

gamtarunarianobisa da maxsovrobis mowyobilobebis moculobis 

ekonomiurad gamoyenebis problemas, ris gamoc gamosaxulebaTa 

efeqturi kodirebis amocana ufro aqtualuri xdeba [1]. 

 sadisertacio naSromSi gamosaxulebaTa kodirebis 

damuSavebuli meTodebis eqsperimentuli modelirebis Sedegebis 

Sefaseba ganxorcielda yvela zemoT CamoTvlili obieqturi 

kriteriumebiT, risTvisac gamoyenebuli iqna programa MathCad.  

  SerCeuli sacdeli feradi gamosaxulebebisaTvis xarisxis 

Sefasebis obieqturi parametrebi gamosaxulebaTa samive 
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Semdgenisa da sruli signalisaTvis warmodgenilia cxrilebSi 2, 

3, 4 da 5. 

 
cxrili 2. ekonomiurad kodirebuli (kompresirebuli) sacdeli 

gamosaxulebebis sikaSkaSis Y Semdgenis aRdgenis xarisxis Sefaseba 
obieqturi parametrebis mixedviT 

 
gamosaxulebebi MSE NMSE SNR, db SNRP, db 

1 2 3 4 5 

“lena” 5,145 0,039 28,242 33,937 

“bionse” 4,817 0,032 29,941 34,509 

“buneba” 7,358 0,081 21,839 30,830 

“nagazi” 5,501 0,040 27,839 33,356 

“Ti-bi-si” 5,250 0,029 30,838 33,762 

“kata” 6,194 0,043 27,265 32,325 

“cixesimagre” 8,435 0,047 26,589 29,643 

“bavSvebi” 8,395 0,070 23,096 29,684 

“alublebi” 5,824 0,051 25,849 32,861 

“krosi” 9,752 0,086 21,267 28,383 

“ferma” 6,184 0,039 28,274 32,339 

“parki” 5,664 0,053 25,504 33,103 

“kenkra” 10,477 0,094 20,583 27,760 

“daisi” 3,543 0,034 29,405 37,177 

“zamTari” 8,336 0,110 19,193 29,745 

“garnituri” 4,089 0,033 29,652 35,932 

“SroSani” 7,166 0,079 22,018 31,059 

“mTebi” 1,117 0,006 45,090 47,206 

“tba” 4,824 0,039 28,119 34,496 

“maRazia” 6,280 0,056 25,063 32,205 

“karuseli” 5,835 0,057 24,845 32,844 

“Semodgoma” 9,932 0,068 23,376 28,224 

“koSki” 6,862 0,050 26,057 31,435 

“kolizeumi” 6,151 0,051 25,897 32,385 

“teqsti” 2,872 0,014 37,244 39,001 
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cxrili 2 (gagrZeleba) 

 
1 2 3 4 5 

“foni” 1,058 0,007 43,265 47,679 

“Rrubeli” 1,967 0,010 39,777 42,288 

“mamadaviTi” 3,166 0,033 29,709 38,155 

“funikulori” 3,453 0,021 33,721 37,402 

“teleanZa” 2,375 0,013 37,670 40,652 

 
 

cxrili 3. ekonomiurad kodirebuli (kompresirebuli) sacdeli 
gamosaxulebebis fersxvaobiTi Cr Semdgenis aRdgenis xarisxis Sefaseba 

obieqturi parametrebis mixedviT 
 

gamosaxulebebi MSE NMSE SNR, db SNRP, db 
1 2 3 4 5 

“lena” 2,428 0,082 21,768 31,427 

“bionse” 2,540 0,249 12,063 31,036 

“buneba” 2,355 0,286 10,862 31,693 

“nagazi” 1,445 0,263 11,591 35,937 

“Ti-bi-si” 1,029 0,583 4,680 38,882 

“kata” 2,239 0,161 15,849 32,131 

“cixesimagre” 1,798 0,448 6,972 34,039 

“bavSvebi” 2,908 0,247 12,163 29,862 

“alublebi” 4,493 0,204 13,816 25,891 

“krosi” 4,742 0,349 9,153 25,614 

“ferma” 2,488 0,384 8,305 31,218 

“parki” 3,851 0,300 10,458 27,422 

“kenkra” 6,013 0,436 7,204 23,552 

“daisi” 4,261 0,086 21,339 26,544 

“zamTari” 2,928 0,176 15,105 29,803 

“garnituri” 2,552 0,147 16,647 30,996 

“SroSani” 4,296 0,391 8,146 26,472 

“mTebi” 0,780 0,023 32,885 41,290 

“tba” 2,561 0,080 21,893 30,965 
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cxrili 3 (gagrZeleba) 

  

1 2 3 4 5 
“maRazia” 5,046 0,383 8,343 25,075 

“karuseli” 4,736 0,313 10,095 25,625 

“Semodgoma” 2,884 0,284 10,937 29,935 

“koSki” 2,042 0,297 10,545 32,933 

“kolizeumi” 2,084 0,239 12,447 32,757 

“teqsti” 1,273 0,238 12,472 37,037 

“foni” 0,853 0,047 26,580 40,516 

“Rrubeli” 1,166 0,113 18,932 37,801 

“mamadaviTi” 1,333 0,275 11,202 36,639 

“funikulori” 1,186 0,343 9,286 37,651 

“teleanZa” 1,159 0,221 13,123 37,852 

 
 

cxrili 4. ekonomiurad kodirebuli (kompresirebuli) sacdeli 
gamosaxulebebis fersxvaobiTi Cb Semdgenis aRdgenis xarisxis Sefaseba 

obieqturi parametrebis mixedviT 
 

gamosaxulebebi MSE NMSE SNR, db SNRP, db 

1 2 3 4 5 

“lena” 2,467 0,207 13,674 31,291 

“bionse” 3,262 0,244 12,247 28,864 

“buneba” 2,683 0,266 11,486 30,562 

“nagazi” 1,614 0,290 10,748 34,978 

“Ti-bi-si” 1,077 0,366 8,719 38,493 

“kata” 2,903 0,161 15,849 32,131 

“cixesimagre” 4,207 0,430 7,331 26,654 

“bavSvebi” 3,753 0,179 14,929 27,646 

“alublebi” 3,817 0,369 8,668 27,499 

“krosi” 4,944 0,325 9,766 25,252 
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cxrili 4 (gagrZeleba) 
 

1 2 3 4 5 

“ferma” 3,081 0,389 8,199 29,359 

“parki” 6,083 0,221 13,115 23,451 

“kenkra” 4,870 0,665 3,543 25,383 

“daisi” 2,639 0,187 14,563 30,705 

“zamTari” 4,203 0,158 16,018 26,662 

“garnituri” 2,345 0,200 13,987 31,732 

“SroSani” 6,716 0,278 11,116 22,592 

“mTebi” 0,824 0,034 29,399 40,814 

“tba” 2,604 0,113 18,912 30,820 

“maRazia” 3,174 0,444 7,044 29,102 

“karuseli” 7,439 0,295 10,611 21,704 

“Semodgoma” 4,034 0,308 10,227 27,019 

“koSki” 2,469 0,259 11,747 31,284 

“kolizeumi” 2,336 0,219 13,173 31,764 

“teqsti” 1,312 0,253 11,953 36,776 

“foni” 0,659 0,027 31,350 42,755 

“Rrubeli” 1,276 0,073 22,731 37,019 

“mamadaviTi” 1,556 0,361 8,841 35,291 

“funikulori” 1,511 0,174 15,182 35,551 

“teleanZa” 1,307 0,090 20,889 36,808 

 

cxrili 5. ekonomiurad kodirebuli (kompresirebuli) sacdeli 
gamosaxulebebis aRdgenis xarisxis Sefaseba obieqturi parametrebis 

mixedviT gamosaxulebaTa sruli signalisaTvis 
 

gamosaxulebebi MSE NMSE SNR, db SNRP, db 
1 2 3 4 5 

“lena” 7,176 0,051 25,885 35,819 

“bionse” 6,982 0,045 26,857 31,286 

“buneba” 8,685 0,088 21,065 29,389 

“nagazi” 6,169 0,042 27,452 32,361 
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cxrili 5 (gagrZeleba) 
 

1 2 3 4 5 

“Ti-bi-si” 5,461 0,030 30,536 33,419 

“kata” 7,609 0,056 24,985 30,538 

“cixesimagre” 8,824 0,049 26,125 29,252 

“bavSvebi” 10,162 0,084 21,463 28,025 

“alublebi” 9,933 0,085 21,457 32,994 

“krosi” 13,447 0,132 17,620 25,592 

“ferma” 7,549 0,046 26,718 30,607 

“parki” 9,418 0,075 22,497 28,686 

“kenkra” 10,471 0,080 21,964 27,765 

“daisi” 7,521 0,057 24,901 35,410 

“zamTari” 9,338 0,169 15,448 28,760 

“garnituri” 6,506 0,043 27,245 31,899 

“SroSani” 10,913 0,117 18,615 27,406 

“mTebi” 1.954 0,014 37,200 42,344 

“tba” 7,150 0,096 20,339 31,079 

“maRazia” 12,237 0,113 18,932 26,412 

“karuseli” 11,148 0,134 17,459 27,221 

“Semodgoma” 11,456 0,076 22,382 26,984 

“koSki” 7,912 0,061 24,299 30,199 

“kolizeumi” 7,285 0,055 25,126 30,916 

“teqsti” 3,761 0,018 34,701 36,660 

“foni” 1,934 0,016 35,727 42,438 

“Rrubeli” 2,966 0,017 35,519 38,721 

“mamadaviTi” 4,060 0,044 27,078 35,994 

“funikulori” 4,134 0,025 32,090 35,836 

“teleanZa” 3,272 0,019 34,556 37,809 

 

 aRdgenili gamosaxulebebis saSualo da pikuri saSualo 

kvadratuli cdomilebebis nulisgan gansxvavebuli da signalisa 

da xmauris fardobis (iseve rogorc signalisa da xmauris 
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fardobis pikuri mniSvnelobebis) Semcirebuli sidideebi 

ganpirobebulia diskretuli kosinusuri gardasaxvis sabazo 

matricis elementebis wiladuri mniSvnelobebiTa da Sesabamisi 

transformantebis koeficientebis dakvantviT am mizniT 

eqspertTa JPEG da MPEG jgufebis mier specialurad SerCeuli 

dakvantvis [Qy] da [Qr,b] matricebis gamoyenebiT (ix. $ 1.1).  

aRniSnuli parametrebis idealurisagan gansxvaveba 

dasaSvebadaa miCneuli adamianis mxedvelobis 

fsiqofiziologiuri Taviseburebebis gaTvaliswinebiT, rac 

safuZvlad daedo diskretuli kosinusuri gardasaxvis 

transformantebis dakvantvas [Qy] da [Qr,b] matricebis saSualebiT. 

dakvantva ki rekomendebulia kompresiis F faqtoris amaRlebis 

mizniT daukvantavi transformantebis SemTxvevaSi kodirebasTan 

SedarebiT.  

mxedvelobis fsiqofiziologiuri Taviseburebebi 

gamosaxulebaTa subieqturi aRqmis TvalsazrisiT gamoixateba, 

kerZod, imaSi, rom Tvali ver amCnevs gamosaxulebaTa 

diskretuli kosinusuri gardasaxviTa da Sesabamisi 

transformantebis dakvantviT gamowveul uzustobebs rogorc 

SedarebiT didi detalobis Semcveli gamosaxulebis obieqtebis 

konturebze, aseve mcire detalobis Semcvel da egreT wodebul 

monotonur (fonur) gamosaxulebebze. 

vinaidan gamosaxulebaTa diskretuli kosinusuri 

gardasaxvisa da transformantebis dakvantviT gamowveuli 

Secdomebi araarsebiTia, amitom ekonomiuri kodirebis 

(kompresiis) aseT meTods uwodeben kodirebas nawilobrivi 

danakargebiT. rac Seexeba dakvantuli transformantebis 

damatebiT kodirebas hafmanis cxrilebis (kodebis) gamoyenebiT, 

rac xorcieldeba komresiis F faqtoris ufro metad gazrdis 

mizniT, igi ar iwvevs damatebiTi Secdomebis gaCenas, ris gamoc 

ekonomiur kodirebas hafmanis cxrilebis gamoyenebiT uwodeben 

udanakargo kodirebas.     
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Tavi 2. transformantebis mTavari elementebis 

statistikuri maxasiaTeblebi 

 
2.1. transformantebis mTavari da aramTavari elementebis roli 

ekonomiurad kodirebuli gamosaxulebebis xarisxobrivi 

maCveneblebis TvalsazrisiT 

 
 rogorc aRniSnuli iyo, feradi gamosaxulebebis samive 

Semdgenis 8x8 zomis fragmentebis (blokebis) diskretuli 

kosinusuri gardasaxvisa da miRebuli transformantebis 

elementebis dakvantvis Semdeg, anu nawilobrivi danakargebiT 

kompresiis Semdeg, kompresiis faqtoris gazrdis mizniT JPEG da 

MPEG rekomendaciebi iTvaliswineben dakvantuli 

transformantebis mTavari elementebis sxvaobebisagan Sedgenili 

organzomilebiani masivis kodirebas maTTvis gaTvaliswinebuli 

hafmanis cxrilis sxvadasxva sigrZis kodebis gamoyenebiT. amave 

dros xorcieldeba transformantebis aramTavari elementebis 

damoukidebeli udanakargo kodireba maTTvis specialurad 

Sedgenili hafmanis cxrilis sxvadasxva sigrZis kodebis 

saSualebiT. unda aRiniSnos, rom rogorc mTavari, aseve 

aramTavari elementebisaTvis hafmanis cxrilebi isea Sedgenili, 

rom elementebis maRalalbaTur mniSvnelobebs Seesabameba 

cxrilis mokle kodebi, xolo mcirealbaTur mniSvnelobebs _ 

SedarebiT grZeli kodebi [14]. 

 SevniSnoT, rom transformantebis mTavari elementebis 

masivis damoukidebeli udanakargo kodireba hafmanis kodebis 

gamoyenebiT xorcieldeba maTi gansakuTrebulobis gamo, rac 

ganpirobebulia imiT, rom mTavari elementebi Seicaven ZiriTad 

informacias fragmentis Sesaxeb, xolo aramTavar elementebs am 

TvalsazrisiT ukaviaT meorexarisxovani roli.  

zemoaRniSnulis sailustraciod cxrilSi 6 naCvenebia 

ekonomiurad kodirebuli (kompresirebuli) gamosaxulebebis 

“lena”, “alublebi” da “daisi” xarisxobrivi maCveneblebi 
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obieqturi kriteriumebis safuZvelze maTi mxolod mTavari da 

mxolod aramTavari elementebiT aRdgenisas, xolo sur. 5a,b, sur. 

6a,b da sur. 7a,b-ze _ Sesabamisi aRdgenili gamosaxulebebi. 

 

cxrili 6. ekonomiurad kodirebuli (kompresirebuli) sacdeli 
gamosaxulebebis xarisxis Sefaseba obieqturi parametrebis mixedviT 

gamosaxulebaTa sruli signalisaTvis maTi mxolod mTavari da 
mxolod aramTavari elementebiT aRdgenisas 

 
Ggamosaxu-
lebebi 

Mmxolod mTavari 
elementebiT aRdgenisas 

Mmxolod aramTavari 
elementebiT aRdgenisas 

MSE NMSE SNR, 
db 

SNRP, 
db 

MSE NMSE SNR, 
db 

SNRP, 
db 

“lena” 22,407 0,159 15,994 25,929 118,889 0,842 1,499 11,433 

“alublebi” 28,731 0,245 12,232 23,769 104,117 0,886 1,048 12,586 

“daisi” 16,535 0,125 18,059 28,568 125,718 0,951 0,439 10,948 

 
  

                  

                a                                     b   

sur. 5. diskretuli kosinusuri gardasaxvis transformantebis mxolod 
mTavari (a) da mxolod aramTavari (b) elementebis saSualebiT 

aRdgenili gamosaxuleba “lena”  
 

Tu erTmaneTs SevadarebT cxrili 6-isa da cxrili 5-is 

Sesabamis monacemebs, TvalsaCino gaxdeba transformantebis 

mTavari elementebis roli aRdgenili gamosaxulebebis sizustis 

TvalsazrisiT. magaliTad, gamosaxulebisaTvis “lena” misi 

mxolod mTavari elementiT aRdgenisas saSualo kvadratuli 

Secdoma uaresdeba 15,231 erTeuliT, pikuri signal-xmauris 

fardoba _ 9,890 db-iT, xolo transformantebis mxolod yvela 
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danarCeni aramTavari elementiT aRdgenisas Sesabamisi 

maCveneblebi mniSvnelovnad matulobs da Seadgens 111,713 

erTeulsa da 24,386 db-s. gamosaxulebisaTvis “alublebi” 

Sesabamisi maCveneblebia 18,598 erTeuli, 9,225 db, 94,184 erTeuli 

da 20,598 db, xolo gamosaxulebisaTvis “daisi” _ 9,014 erTeuli, 

6,842 db, 118,198 erTeuli da 24, 462 db.   

  

                 

               a                                       b   

sur. 6. diskretuli kosinusuri gardasaxvis transformantebis mxolod 
mTavari (a) da mxolod aramTavari (b) elementebis saSualebiT 

aRdgenili gamosaxuleba “alublebi”  
 

                          
                 a                                    b   

 
sur. 7. diskretuli kosinusuri gardasaxvis transformantebis mxolod 

mTavari (a) da mxolod aramTavari (b) elementebis saSualebiT 
aRdgenili gamosaxuleba “daisi”  

 

analogiuri msjelobaa SesaZlebeli sur. 5, sur. 6 da sur. 

7-ze warmodgenili suraTebis mixedviT, saidanac TvalnaTliv 

Cans, rom mxolod transformantebis mTavari elementebis 
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gamoyenebiT aRdgenisas miRebuli gamosaxuleba gacilebiT 

identuria pirveladi gamosaxulebisa (ix. sur. 3) mxolod 

aramTavari koeficientebis saSualebiT aRdgenil 

gamosaxulebebTan SedarebiT.  

 

2.2. transformantebis mTavari elementebis masivis 

histogramebi da maTi korelaciuri parametrebi 

 
rogorc zemoaRniSnulidan Cans, gamosaxulebaTa 

sikaSkaSisa da fersxvaobiTi Semdgenebis diskretuli kosinusuri 

gardasaxvis transformantebis elementebidan gansakuTrebuli 

mniSvneloba eniWeba mTavari dakvantuli F’(0,0) elementebis 

erTobliobaSi formirebuli Sesabamisi sxvaobiTi mniSvnelobebis 

udanakargo kodirebas. sxvaobiTi mniSvnelobebi ki gansxvavebuli 

SeiZleba aRmoCndes maTi organzomilebiani masivis 

horizontaluri da vertikaluri mimarTulebiT gamoTvlisas.  

diskretuli kosinusuri gardasaxvis transformantebis 

mTavari elementebis masivis ekonomiuri kodirebis efeqturobis 

gansazRvris mizniT samagaliTod gavaanalizoT aRniSnuli 

masivisa da misi horizontaluri da vertikaluri mimarTulebiT 

gamoTvlili sxvaobiTi mniSvnelobebis histogramebi da 

Sesabamisi korelaciuri parametrebi rogorc mcire 

(gamosaxuleba “lena”), aseve saSualo (gamosaxuleba “alublebi”) 

da maRali detalobis (gamosaxulebebi “zamTari”) feradi 

gamosaxulebebis samive (sikaSkaSis Y da fersxvaobiTi Cr da Cb) 

SemdgenisaTvis (nax. 8, nax. 9 da nax. 10). 
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          Y                                             Cr                                                         Cb 
                               a   
 
 

      

         Y                                             Cr                                                         Cb 

                               b   
 
         

      
                    Y                                               Cr                                                          Cb 
                               g 
    
             

nax. 8. sikaSkaSis Y  da fersxvaobiTi Cr    da Cb   Semdgenebis 
Sesabamisi transformantebis mTavari elementebisa (a) da maTi masivis 
horizontaluri (b) da vertikaluri (g) mimarTulebebiT gamoTvlili 
sxvaobebis histogramebi mcire detalobis gamosaxulebisTvis “lena” 
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                      Y                                             Cr                                                         Cb 
                               a   
 
 

     

                      Y                                             Cr                                                         Cb 
                               b  
  

     

Y                                             Cr                                                         Cb 
                               g   

 

nax. 9. sikaSkaSis Y  da fersxvaobiTi Cr    da Cb   Semdgenebis 
Sesabamisi transformantebis mTavari elementebisa (a) da maTi masivis 
horizontaluri (b) da vertikaluri (g) mimarTulebebiT gamoTvlili 

sxvaobebis histogramebi saSualo detalobis gamosaxulebisTvis 
“alublebi” 
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                     Y                                             Cr                                                         Cb 
                               a   

 

   

                    Y                                           Cr                                                      Cb 
                               b   
 

   

                     Y                                          Cr                                                        Cb 
                               g   

 

nax. 10. sikaSkaSis Y  da fersxvaobiTi Cr    da Cb   Semdgenebis 
Sesabamisi transformantebis mTavari elementebisa (a) da maTi masivis 
horizontaluri (b) da vertikaluri (g) mimarTulebebiT gamoTvlili 

sxvaobebis histogramebi maRali detalobis gamosaxulebisTvis 
“zamTari” 

 
 
  



 

66 
 

nax. 8, nax. 9 da nax. 10-dan Cans transformantebis mTavari 

elementebis masivSi maTi mniSvnelobebis TiTqmis mTel 

diapazonSi ganawilebis suraTi, rac ar iZleva aRniSnuli 

elementebis ekonomiuri kodirebis saSualebas. sxva saqmea, 

rodesac gamoiTvleba elementebs Soris sxvaobebi, romelTa 

umravlesoba sakmao korelaciis pirobebSi nulTan axlos unda 

iyos. aRsaniSnavia, rom transformantebis mTavari elementebis 

organzomilebiani masivis im mimarTulebiT (horizontaluri da 

vertikaluri) gamoTvlili sxvaobebi, saiTac metia korelacia, 

ufro axlos aRmoCndeba nulTan, rac iZleva elementebis 

ekonomiuri kodirebis efeqturobis gaumjobesebis (kompresiis 

faqtoris gazrdis) saSualebas [53, 54].  

 aRniSnulis sailustraciod cxrilSi 7 moyvanilia 

SerCeuli sacdeli gamosaxulebebis (“lena”, “alublebi” da 

“zamTari”) samive Semdgenis Sesabamisi transformantebis 

korelaciuri parametrebis mniSvnelobebi masivis orive 

mimarTulebiT (Kh da Kv).  

 

cxrili 7. transformantebis mTavari elementebis masivis 
korelaciis Kh da Kv koeficientebis mniSvnelobebi horizontaluri da 
vertikaluri mimarTulebebiT mcire, saSualo da maRali detalobis 

sacdeli gamosaxulebebis samive (Y, Cr  da Cb) SemdgenisTvis 
 

gamosaxulebebi Y Cr Cb 

KYh KYv KYh KYv KYh KYv 

“lena” 0,960 0,984 0,981 0,986 0,869 0,948 

“alublebi” 0,945 0,937 0,946 0,934 0,974 0,966 

“zamTari” 0,983 0,965 0,989 0,980 3,128 3,466 
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2.3. entropiuli parametrebi transformantebis mTavari  

elementebis sxvaobebis sxvadasxva mimarTulebiT gamoTvlisas 

 
 

diskretuli kosinusuri gardasaxvis dakvantuli 

transformantebis mTavari elementebis masivis horizontaluri 

da vertikaluri mimarTulebiT gamoTvlili sxvaobebis entropiis 

mniSvnelobebi, anu bitebis is minimaluri raodenoba, romelic 

Teoriulad sakmarisia aRniSnuli sxvaobebis masivis erTi 

elementis udanakargo kodirebisTvis, rogorc cnobilia, 

damokidebulia korelaciis Sesabamisi koeficientis 

mniSvnelobebze. kerZod, transformantas mTavari elementebis 

masivis im mimarTulebiT, saiTac korelaciis koeficienti 

aRmoCndeba meti, sxvaobiTi mniSvnelobebi da, Sesabamisad, maTi 

erTobliobis entropia iqneba mcire, rac mogvcems kodirebis 

efeqturobis gaumjobesebis saSualebas [54].  

gamosaxulebaTa Y sikaSkaSisa da fersxvaobiTi Cr da Cb 

Semdgenebis Sesabamisi gardasaxvis MmTavari dakvantuli F’(0,0) 

elementebis korelaciis koeficientebi (Kh da Kv) 

transformantebis horizontaluri (h) da vertikaluri (v) 

mimarTulebebiT da maTi Sesabamisi sxvaobiTi mniSvnelobebis 

entropiebi (Eh da Ev) eqsperimentisaTvis SerCeuli sacdeli 

gamosaxulebebisaTvis (sur. 3) warmodgenilia Sesabamisad me-8 

cxrilSi. SevniSnoT, rom cxrilSi xazgasmiTaa aRniSnuli 

transformantebis dakvantuli elementebis udanakargo 

kodirebisaTvis ufro misaRebi (sasurveli) varianti kompresiis 

ukeTesi maCveneblis TvalsazrisiT.  

me-8 cxrilidan naTlad Cans korelaciis koeficientebsa da 

Sesabamis entropiebs Soris arsebuli zemoT aRniSnuli 

damokidebuleba. kerZod, sacdeli gamosaxulebebis “lena”, 

“bionse”, “nagazi”, “krosi” da “parki” sikaSkaSis (Sav-TeTri) Y 

Semdgenis Sesabamisi transformantebis mTavari elementebis 

masivis vertikaluri mimarTulebiT korelaciis koeficientis 
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mniSvnelobebi KYv aRemateba korelaciis koeficientis 

mniSvnelobebs (KYh) horizontaluri mimarTulebiT. amitom am 

gamosaxulebebisaTvis entropia EYv<EYh. danarCeni 

gamosaxulebebisaTvis ki piriqiT _ KYh> KYv, ris gamoc EYh<EYv. es 

ki imas niSnavs, rom pirvel SemTxvevaSi transformantebis 

mTavari elementebis sxvaobebis kodirebisaTvis sakmarisi 

aRmoCndeba bitebis ufro mcire raodenoba, vidre meore 

SemTxvevaSi. magaliTad, gamosaxulebis “lena” sikaSkaSis Y 

Semdgenis Sesabamisi transformantebis mTavari elementebis 

TiToeuli sxvaobiTi mniSvnelobis ekonomiuri kodirebisTvis 

sxvaobebis horizontaluri mimarTulebiT gamoTvlisas 

Teoriulad saWiro iqneba 5,82 biti maSin, rodesac sxvaobebis 

vertikaluri mimarTulebiT gamoTvlisas sakmarisi aRmoCndeba 

4,911 bitiA anu 0,909 bitiT naklebi. vinaidan sacdeli 

gamosaxulebebis zomaa 256x256, amitom maTi 8x8 zomis 

fragmentebad (blokebad) dayofis gamo sikaSkaSis Y 

SemdgenisaTvis fragmentebis da, Sesabamisad, mTavari elementebis 

raodenobaa 1024, ris gamoc pirvel SemTxvevaSi mTavari 

koeficientebis masivis kodirebisTvis Teoriulad saWiro iqneba 

1024x5,82=5980,16 biti, xolo meore SemTxvevaSi _ 1024x4,911=5028,864 

biti, anu 951,296 bitiT naklebi.  

analogiuri msjeloba da Sesabamisi daskvnebis gakeTeba 

SesaZlebelia danarCeni sacdeli gamosaxulebebis rogorc 

sikaSkaSis Y, aseve fersxvaobiTi Cr da Cb Semdgenebis 

transformantebis mTavari elementebis masivebisTvisac, oRond 

fersxvaobiTi Semdgenebidan TiToeulisaTvis, rogorc cnobilia 

(ix.$1.1), fragmentebis da, Sesabamisad, mTavari elementebis 

raodenoba iqneba 256. 
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cxrili 8. transformantebis mTavari F’(0,0) elementebis masivis korelaciis Kh da Kv koeficientebisa da mTavari 
elementebis sxvaobebis Eh da Ev entropiebis mniSvnelobebi sacdeli feradi gamosaxulebebis sikaSkaSis Y da 

fersxvaobiTi Cr da Cb SemdgenebisaTvis  
 

gamosaxulebebi KYh KYv EYh EYv KCrh KCrv ECrh ECrv KCbh KCbv ECbh ECbv 

1 2 3 4 5 6 7 8 9 10 11 12 13 

“lena” 0,960 0,984 5,820 4,911 0,981 0,986 3,876 3,463 0,869 0,948 4,273 3,454 

“bionse” 0,981 0,990 5,390 5,345 0,950 0,956 3,838 3,697 0,956 0,954 3,743 3,787 

“buneba” 0,957 0,950 5,181 5,358 0,981 0,938 4,040 4,632 0,988 0,974 3,146 3,595 

“nagazi” 0,973 0,979 5,425 4,791 0,962 0,980 2,623 2,195 0,952 0,976 2,887 2,377 

“Ti-bi-si” 0,985 0,978 4,263 4,335 0,987 0,984 1,316 1,450 0,967 0,963 1,316 1,450 

“kata” 0,970 0,956 4,822 5,261 0,951 0,770 3,007 3,279 0,982 0,945 3,311 3,598 

“cixesimagre” 0,994 0,976 3,912 4,110 0,982 0,970 2,037 2,130 0,969 0,953 2,693 2,968 

“bavSvebi” 0,986 0,979 5,404 5,410 0,950 0,936 3,479 3,639 0,952 0,964 4,280 4,144 

“alublebi” 0,945 0,937 5,677 5,788 0,946 0,934 4,632 4,850 0,974 0,966 3,704 3,790 

“krosi” 0,960 0,972 5,687 5,247 0,900 0,972 4,621 3,551 0,912 0,968 4,656 3,709 

“ferma” 0,968 0,952 5,892 6,183 0,953 0,950 3,197 3,274 0,948 0,958 3,598 3,571 

“parki” 0,895 0,941 5,713 5,004 0,923 0,957 4,159 3,561 0,913 0,946 4,777 4,191 

“kenkra” 0,974 0,972 5,206 5,259 0,967 0,964 2,719 2,619 0,983 0,984 2,321 2,149 

“daisi” 0,994 0,980 4,022 4,487 0,994 0,977 4,040 4,632 0,986 0,970 3,281 3,884 

69 
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cxrili 8 (gagrZeleba) 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 

“zamTari” 0,983 0,965 4,249 4,576 0,975 0,949 2,583 3,005 0,989 0,980 3,128 3,466 

“garnituri” 0,989 0,960 4,381 5,210 0,982 0,963 3,246 3,854 0,966 0,980 2,866 3,574 

“SroSani” 0,930 0,913 5,866 5,968 0,863 0,843 4,085 4,219 0,922 0,891 4,905 5,041 

“mTebi” 0,999 0,995 1,339 2,284 0,991 0,890 1,027 2,344 0,994 0,941 1,174 2,200 

“tba” 0,998 0,990 3,367 4,220 0,979 0,928 2,711 3,999 0,993 0,972 2,543 3,554 

“maRazia” 0,984 0,946 4,744 5,784 0,930 0,916 3,328 3,991 0,973 0,962 2,744 3,168 

“karuseli” 0,990 0,988 3,796 3,883 0,813 0,812 3,372 3,513 0,959 0,957 3,919 4,095 

“Semodgoma” 0,988 0,971 5,068 5,204 0,988 0,953 2,788 2,790 0,985 0,960 3,031 3,098 

“koSki” 0,979 0,954 4,882 5,991 0,944 0,918 2,403 3,134 0,988 0,954 2,592 3,260 

“kolizeumi” 0,957 0,954 5,648 5,659 0,950 0,978 3,731 3,107 0,900 0,963 3,964 3,368 

“teqsti” 0,995 0,994 3,394 4,682 0,994 0,962 0,495 1,064 0,990 0,942 0,732 1,036 

“foni” 0,999 0,998 1,727 1,677 0,955 0,951 1,062 1,168 0,995 0,997 1,162 0.680 

“Rrubeli” 0,997 0,996 3,699 4,051 0,935 0,918 2,453 2,823 0,982 0,973 2,802 3,135 

“mamadaviTi” 0,990 0,988 4,439 4,462 0,936 0,924 2,360 2,573 0,969 0,967 2,896 2,897 

“funikulori” 0,996 0,986 4,143 4,537 0,984 0,958 1,867 2,386 0,987 0,977 2,541 3,167 

“teleanZa” 0,997 0,996 3,414 3,421 0,953 0,974 2,369 2,092 0,976 0,987 3,072 2,632 
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Tavi 3. gardasaxvis mTavari elementebis masivis 

adapturi udanakargo kodireba 

 

3.1. diskretuli kosinusuri gardasaxvis dakvantuli 

mTavari elementebis sxvaobiTi mniSvnelobebis adapturi 

kodireba maTi statistikuri maxasiaTeblebis safuZvelze 

  

 diskretuli kosinusuri gardasaxvis safuZvelze 

kodirebul cifrul gamosaxulebaTa kompresiis efeqturobis 

amaRleba damatebiTi danakargebis (aRdgenil gamosaxulebaTa 

xarisxobrivi maCveneblebis gauaresebis) gareSe, rogorc 

naSromis Sesaval nawilSia aRniSnuli, telekomunikaciis 

Teoriisa da teqnikis erT-erT problemur amocanas warmoadgens 

[1, 48]. 

cnobilia, rom danakargebis gareSe efeqturi kodirebisas 

kompresia SesaZlebelia ganxorcieldes mxolod dasamuSavebeli 

masivis statistikuri siWarbis SemcirebiT. ZiriTadad adamianis 

mxedvelobis fsiqofiziologiuri siWarbis kompresiaze 

orientirebul diskretul kosinusur gardasaxvasTan erTad 

udanakargo kodirebis meTodis gamoyenebaa rekomendirebuli 

uZrav da moZrav gamosaxulebaTa kodirebis JPEG da MPEG 

standartebSi [1, 8, 10, 14].  

aRniSnuli standartebis safuZvelze ferad cifrul 

gamosaxulebaTa sikaSkaSis Y da fersxvaobiTi Cr da Cb 

Semdgenebis kompresia xdeba Sesabamisi organzomilebiani 8x8 

zomis fragmentebis diskretuli kosinusuri gardasaxvis 

safuZvelze gardaqmnisa da miRebuli transformantebis 

dakvantvis Sedegad am mizniT specialurad SerCeuli dakvantvis 

8x8 zomis matricebis gamoyenebiT. Sedegad formirebuli 

transformantebis elementebis umravlesoba aRmoCndeba nulis 

toli an Zalian mcire, rac iZleva maTi SedarebiT mcire 

raodenobis bitebiT warmodgenis saSualebas [1, 14]. 
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aRniSnuli standartebi iTvaliswineben, agreTve, 

transformantebis elementebis udanakargo kodirebas hafmanis 

cxrilebis gamoyenebiT, rac uzrunvelyofs gardasaxvis 

dakvantuli transformantebis Semdgom kompresias danakargebis 

gareSe [14]. 

diskretuli kosinusuri gardasaxvis (iseve rogorc 

nebismieri wrfivi gardasaxvis) Sedegad formirebul 8x8 zomis 

transformantebSi ZiriTadia elementebi, romelTa koordinatebia 

(0,0), vinaidan maTi mniSvnelobebi, rogorc wesi, gacilebiT 

aRemateba danarCeni koeficientebis mniSvnelobebs, ris gamoc 

swored isini Seicaven mniSvnelovan informacias gamosaxulebis 

fragmentis Sesaxeb. amis gamo maT mTavar koeficientebs 

vuwodebT. 

maSasadame, cifrul gamosaxulebaTa sikaSkaSis Y da 

fersxvaobiTi Cr da Cb Semdgenebis zemoaRniSnuli rekomendaciebiT 

kodirebis udanakargo kompresiis etapze calke xdeba mTavari 

elementebis masivis kodireba da calke _ aramTavari elementebis 

masivisa. imavdroulad, mTavari elementebis entropiuli 

kodirebisas, xdeba ara uSualod maTi kodireba, aramed 

transformantas horizontaluri (h) mimarTulebiT gamoTvlili 

maTi sxvaobiTi mniSvnelobebisa, vinaidan realuri 

gamosaxulebebisaTvis mTavar elementebs Soris SenarCunebulia 

Zlieri korelacia, ris gamoc egreT wodebuli sxvaobebis 

masivis elementebis mniSvnelobebi gacilebiT naklebia TviT 

mTavari elementebis mniSvnelobebTan SedarebiT. sanimuSod me-9 

da me-10 cxrilebSi warmodgenilia 256x256 zomis testuri 

gamosaxulebis “lena” (sur. 3a) sikaSkaSis Y Semdgenis Sesabamisi 

cifruli monacemebis zeda marcxena areSi arsebuli 8x8 zomis 

256 fragmentis (mTliani gamosaxulebis zeda marcxena meoTxedi) 

Sesabamisi dakvantuli transformantebis mTavari FYm elementebis 

erToblioba da misi horizontaluri mimarTulebiT gamoTvlili 

elementebis sxvaobiTi FYsxv mniSvnelobebis masivi. unda 

aRiniSnos, rom masivis pirvel svetSi sxvaobebi gamoTvlilia 
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mTavari koeficientebis FYm masivis vertikaluri mimarTulebiT. 

cxrilebidan naTlad Cans zemoaRniSnuli msjelobis 

marTebuloba. cxadia, rom mimRebSi egreT wodebuli sayrdeni 

FYsxv(0,0) koeficientisa (ganxilul SemTxvevaSi is 79-is tolia) 

da danarCeni sxvaobiTi mniSvnelobebis saSualebiT SesaZlebelia 

FYm masivis aRdgena Sesabamisi Sekrebis operaciebis 

ganxorcielebiT.  

 
cxrili 9. diskretuli kosinusuri gardasaxvis dakvantuli 

transformantebis mTavari elementebis mniSvnelobebi testuri 
gamosaxulebis “lena” sikaSkaSis Y SemdgenisaTvis 

 

79 77 82 74 49 53 55 62 65 65 67 66 66 65 65 66 

79 79 82 72 48 53 54 61 64 65 65 65 65 64 64 66 

80 82 80 71 47 52 54 60 63 64 64 64 64 64 65 63 

82 69 81 72 45 51 55 60 62 64 66 65 71 80 88 90 

76 53 82 71 42 50 53 58 61 63 58 63 67 74 87 93 

54 52 82 70 43 50 52 58 61 57 58 61 68 71 85 92 

45 52 81 71 43 50 52 58 60 56 59 66 69 68 87 97 

46 52 81 71 41 49 52 61 61 56 62 65 66 84 90 95 

50 54 82 73 43 50 52 69 56 55 60 64 76 84 89 88 

49 55 83 75 43 50 51 74 65 54 62 70 73 79 84 86 

48 56 83 75 43 49 49 76 77 58 65 68 70 74 72 75 

50 58 84 76 42 49 49 74 79 61 65 65 66 60 42 54 

53 56 84 77 42 49 49 59 91 63 62 63 49 35 31 36 

52 53 84 77 41 49 51 54 87 59 62 44 33 33 31 39 

51 52 84 78 43 51 53 58 67 61 41 28 28 33 38 80 

51 52 84 78 43 51 52 63 53 50 37 28 27 32 73 86 

        

rogorc naSromis me-2 TavSia naCvenebi, transformantebi 

anu gardasaxvis sivrceebi da maTi mTavari elementebisagan 

Seqmnili FYm masivi organzomilebiania, ris gamoc sxvaobiTi 

mniSvnelobebi, imis da mixedviT, Tu rogoria aRniSnuli masivis 

korelaciis koeficienti horizontaluri da vertikaluri 

mimarTulebiT, SeiZleba gamoviTvaloT ara marto 
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horizontaluri, aramed vertikaluri mimarTulebiTac da 

Sesabamisi FYsxv masivis udanakargo kodirebis procesSi 

gamoviyenoT is varianti, romelic ukeTes Sedegs iZleva 

sxvaobiTi mniSvnelobebis masivis entropiis simciris 

TvalsazrisiT. ufro mcire entropiis SemTxvevaSi ki 

SesaZlebeli xdeba kompresiis ufro meti faqtoris miRweva 

(ekonomiuri udanakargo kodirebis efeqturobis gazrda). sxva 

sityvebiT rom vTqvaT, transformantebis mTavari koeficientebisa 

da maTi sxvaobiTi mniSvnelobebis statistikuri maxasiaTeblebis 

(korelaciis koeficienti da entropia) SesaZlebelia maTi 

adapturi udanakargo kodirebis realizacia [55].  

 
cxrili 10. diskretuli kosinusuri gardasaxvis dakvantuli 

transformantebis mTavari koeficientebis masivis horizontaluri 
mimarTulebiT gamoTvlili sxvaobiTi mniSvnelobebi testuri 

gamosaxulebis “lena” sikaSkaSis Y SemdgenisaTvis 

 
79 2 -5 8 25 -4 -2 -7 -3 0 -2 1 0 1 0 -1 

0 0 -3 10 24 -5 -1 -7 -3 -1 0 0 0 1 0 -2 

-1 -2 2 9 24 -5 -2 -6 -3 -1 0 0 0 0 -1 2 

-2 13 -12 9 27 -6 -4 -5 -2 -2 -2 1 -6 -9 -8 -2 

6 23 -29 11 29 -8 -3 -5 -3 -2 5 -5 -4 -7 -13 -6 

22 2 -30 12 27 -7 -2 -6 -3 4 -1 -3 -7 -3 -14 -7 

9 -7 -29 10 28 -7 -2 -6 -2 4 -3 -7 -3 1 -19 -10 

-1 -6 -29 10 30 -8 -3 -9 0 5 -6 -3 -1 -18 -6 -5 

-4 -4 -28 9 30 -7 -2 -17 13 1 -5 -4 -12 -8 -5 1 

1 -6 -28 8 32 -7 -1 -23 9 11 -8 -8 -3 -6 -5 -2 

1 -8 -27 8 32 -6 0 -27 -1 19 -7 -3 -2 -4 2 -3 

-2 -8 -26 8 34 -7 0 -25 -5 18 -4 0 -1 6 18 -12 

-3 -3 -28 7 35 -7 0 -10 -32 28 1 -1 14 14 4 -5 

1 -1 -31 7 36 -8 -2 -3 -33 28 -3 18 11 0 2 -8 

1 -1 -32 6 35 -8 -2 -5 -9 6 20 13 0 -5 -5 -42 

0 -1 -32 6 35 -8 -1 -11 10 3 13 9 1 -5 -41 -13 
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me-11 cxrilSi naCvenebia gamosaxulebis “lena” sikaSkaSis Y 

Semdgenis 256 fragmentis Sesabamisi dakvantuli 

transformantebis mTavari elementebisagan Sedgenili masivis 

vertikaluri mimarTulebiT gamoTvlili sxvaobebis monacemebi, 

romlis elementebi, garda pirveli striqonisa da pirveli 

svetisa, gansxvavebulia me-10 cxrilSi warmodgenili masivis 

Sesabamisi elementebisagan, ris gamoc gansxvavebulia maTi 

entropiebic (ix. cxrili 8). es garemoeba iZleva aRniSnuli 

sxvaobiTi masivebis gansxvavebuli raodenobis bitebiT 

udanakargo (entropiuli) kodirebis saSualebas. me-11 cxrilis 

pirvel striqonSi moyvanilia horizontaluri mimarTulebiT 

gamoTvlili sxvaobebis mniSvnelobebi.  

 

cxrili 11. diskretuli kosinusuri gardasaxvis dakvantuli 
transformantebis mTavari koeficientebis masivis vertikaluri 
mimarTulebiT gamoTvlili sxvaobiTi mniSvnelobebi testuri 

gamosaxulebis “lena” sikaSkaSis Y SemdgenisaTvis  
 

79 2 -5 8 25 -4 -2 -7 -3 0 -2 1 0 1 0 -1 

0 -2 0 2 1 0 1 1 1 0 2 1 1 1 1 0 

-1 -3 2 1 1 1 0 1 1 1 1 1 1 0 -1 3 

-2 13 -1 -1 2 1 -1 0 1 0 -2 -1 -7 -16 -23 -27 

6 16 -1 1 3 1 2 2 1 1 8 2 4 6 1 -3 

22 1 0 1 -1 0 1 0 0 6 0 2 -1 3 2 1 

9 0 1 -1 0 0 0 0 1 1 -1 -5 -1 3 -2 -5 

-1 0 0 0 2 1 0 -3 -1 0 -3 1 3 -16 -3 2 

-4 -2 -1 -2 -2 -1 0 -8 5 1 2 1 -10 0 1 7 

1 -1 -1 -2 0 0 1 -5 -9 1 -2 -6 3 5 5 2 

1 -1 0 0 0 1 2 -2 -12 -4 -3 2 3 5 12 11 

-2 -2 -1 -1 1 0 0 2 -2 -3 0 3 4 14 30 21 

-3 2 0 -1 0 0 0 15 -12 -2 3 2 17 25 11 18 

1 3 0 0 1 0 -2 5 4 4 0 19 16 2 0 -3 

1 1 0 -1 -2 -2 -2 -4 20 -2 21 16 5 0 -7 -41 

0 0 0 0 0 0 1 -5 14 11 4 0 1 1 -35 -6 
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3.2. statistikuri maxasiaTeblebis safuZvelze adapturi 

kodirebis efeqturobis Sefaseba 

 

transformantebis mTavari elementebis masivis adapturi 

udanakargo kodirebis efeqturoba SeiZleba davadginoT FYm 

masivis horizontaluri da vertikaluri mimarTulebiT 

gamoTvlili korelaciis Kh da Kv koeficientebisa da Sesabamisi 

sxvaobiTi masivebis Eh da Ev entropiebis SefasebiT. vinaidan 

korelaciasa da entropias Soris ukuproporciuli 

damokidebulebaa, amitom cxadia, rom Tu FYm masivis korelaciis 

koeficienti horizontaluri mimarTulebiT Kh meti aRmoCndeba 

vertikaluri mimarTulebiT gamoTvlil korelaciis Kv 

koeficientTan SedarebiT, maSin entropia Eh ufro naklebi iqneba 

Ev-Tan SedarebiT da, Sedegad, ufro maRali aRmoCndeba 

udanakargo kodirebis efeqturoba horizontaluri mimarTulebiT 

gamoTvlili sxvaobebis kodirebisas. 

256x256 zomis sacdeli feradi gamosaxulebebis (sur. 3) 

sikaSkaSis Y da fersxvaobiTi Cr da Cb cifruli signalebis 

Sesabamisi transformantebis mTavari elementebis adapturi 

entropiuli kodirebis efeqturobis Sefasebis mizniT 

modelirebis saSualebiT dadgenili iqna aRniSnuli 

koeficientebis organzomilebiani masivis orive mimarTulebiT 

korelaciis Kh da Kv koeficientebisa da Sesabamisi sxvaobiTi 

mniSvnelobebis Eh da Ev entropiebi. Sesabamisi gamoTvlis 

Sedegebi (KYh, KCrh, KCbh, KYv, KCrv, KCbv, EYh, ECrh, ECbh, EYv, ECrv, ECbv) me-3 

suraTze moyvanili sxvadasxva klasis sacdeli feradi 

gamosaxulebebisaTvis warmodgenilia me-8 cxrilSi.  

sacdeli gamosaxulebebis samive (Y, Cr da Cb) Semdgenis 8x8 

zomis fragmentebis diskretuli kosinusuriAgardasaxvis, 

Sesabamisi transformantebis dakvantvisa da dakvantuli 

transformantebis mTavari elementebis hafmanis meTodiT 

entropiuli kodirebis Sedegad dadgenili saWiro bitebis 
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raodenobis (m1Yh, m1Yv, m1Crh, m1Crv, m1Cbh, m1Cbv) monacemebi 

transformantebis mTavari elementebis sxvaobiTi mniSvnelobebis 

gamoTvlis orive (horizontaluri da vertikaluri) 

variantisaTvis da ukeTesi da uaresi variantis Sesabamisi jamuri 

simboloebis m1 da m2 raodenobebi sruli signalisaTvis 

warmodgenilia me-12 cxrilSi (cxrilSi ukeTesi variantebis 

monacemebi xazgasmiTaa aRniSnuli).  

aRsaniSnavia is garemoeba, rom mTavari koeficientebis 

kompresiis warmodgenili meTodi SeiZleba gamoyenebuli iyos im 

SemTxvevaSic, rodesac gardasaxvis dakvantuli koeficientebis 

udanakargo kompresia xdeba egreT wodebuli ariTmetikuli 

kodirebiT [1, 14].  

 
cxrili 12. ferad testur gamosaxulebaTa sikaSkaSis Y da 

fersxvaobiTi Cr   da Cb Semdgenebis mTavari elementebis sxvaobebis 
adapturi kodirebisaTvis saWiro bitebis raodenobebi da maTi jamuri 

mniSvnelobebi  
 

gamosaxulebebi saWiro bitebis raodenobebi 

m1Yh, 
biti 

m1Yv, 
biti 

m1Crh, 
biti 

m1Crv, 
biti 

m1Cbh, 
biti 

m1Cbv, 
biti 

m1, 
biti 

m2, 
biti 

1 2 3 4 5 6 7 8 9 
“lena” 7726 5922 1198 1024 1352 1008 7954 10276 

“bionse” 6832 6650 1134 1076 1152 1150 8876 9116 

buneba” 6558 6954 808 942 892 1080 8258 8976 

“nagazi” 6864 5702 780 636 868 684 7022 8328 

“Ti-bi-si” 4796 5086 366 382 422 458 5584 5926 

“kata” 5730 6416 820 958 926 1042 7476 8416 

“cixesimagre” 4528 4948 578 588 750 830 5856 6366 

“bavSvebi’ 7012 7320 1004 1082 1296 1264 9280 9698 

“alublebi” 7418 7756 1536 1604 1160 1148 10102 10520 

“krosi” 7534 6764 1486 1070 1480 1130 8964 10500 

“ferma” 7874 8406 932 970 1070 1084 9870 10446 

“parki” 7338 5930 1274 1034 1572 1226 8190 10184 

“kenkra” 6908 7050 768 730 646 596 8234 8464 
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                                         cxrili 12 (gagrZeleba) 
 

1 2 3 4 5 6 7 8 9 
“daisi” 4770 5506 1266 1570 980 1282 7016 8358 

“zamTari” 5092 5730 742 868 934 1044 6768 7642 

“garnituri” 5044 6448 930 1234 804 1102 6778 8784 

“SroSani” 7988 8190 1246 1316 1682 1782 10916 11288 

“mTebi” 1750 3552 374 910 398 932 2522 5394 

“tba” 2122 3789 742 1240 700 1062 3564 6091 

“maRazia”  5700 6620 914 1200 764 934 7378 8754 

“karuseli” 4468 4814 956 1030 1146 1232 6570 7076 

“Semodgoma” 6682 6716 810 918 924 1030 8416 8664 

“koSki” 5958 6831 698 932 736 968 7392 8731 

“kolizeumi” 7490 7636 1092 872 1192 952 9314 9920 

“teqsti” 3806 6326 330 422 332 426 4468 7174 

“foni” 2096 2532 384 404 402 408 2882 3344 

“Rrubeli” 4140 4648 700 788 786 812 5626 6248 

“mamadaviTi” 5560 5634 690 738 846 882 7096 7254 

“funikulori” 4696 5336 540 674 732 954 5968 6964 

“teleanZa” 3680 3750 650 592 842 746 5018 5242 

 

me-12 cxrilis monacemebis safuZvelze SeiZleba davadginoT, 

rom transformantebis mTavari elementebis sxvaobebis 

horizontaluri mimarTulebiT gamoTvlis arsebul meTodTan 

SedarebiT kompresiis TvalsazrisiT ukeTesi Sedegebi miiRweva 

sacdeli gamosaxulebebis Semdegi SemdgenebisaTvis: 

gamosaxulebebis “lena”, “bionse”, “nagazi”, “krosi” da “parki” _ 

rogorc sikaSkaSis Y, aseve fersxvaobiTi Cr da Cb 

SemdgenebisaTvis; gamosaxulebebis “kenkra”, “kolizeumi” da 

“teleanZa” _ mxolod fersxvaobiTi  Cr da Cb SemdgenebisaTvis; 

gamosaxulebebis “bavSvebi” da “alublebi” _ mxolod Cb 

SemdgenisaTvis. sxva SemTxvevebSi ki ufro efeqturi aRmoCnda 
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mTavari elementebis masivis horizontaluri mimarTulebiT 

sxvaobebis gamoTvlis arsebuli varianti. 

imisaTvis, rom gamoviTvaloT gamosaxulebaTa signalis 

Semdgenebisa da mTlianad sruli signalis kodirebisaTvis 

sakmarisi simboloebis (bitebis) raodenoba, saWiroa 

transformantebis aramTavari elementebis udanakargo 

kodirebisaTvis saWiro bitebis raodenobis codna, romelTa 

monacemebi sacdeli gamosaxulebebisaTvis moyvanilia me-13 

cxrilSi.  

cxrili 13. ferad testur gamosaxulebaTa sikaSkaSis Y da 
fersxvaobiTi Cr   da Cb Semdgenebis aramTavari elementebis 

kodirebisaTvis saWiro bitebis raodenobebi (m2Y, m2Cr da m2Cb) da maTi 

jamuri mniSvnelobebi (Mara) 
 

gamosaxulebebi saWiro bitebis raodenobebi 

m2Y, biti m2Cr, biti m2Cb, biti Mara, biti 

1 2 3 4 5 

“lena” 48045 2910 2971 53926 

“bionse” 45836 2912 3445 52193 

buneba” 63134 1948 2268 67350 

“nagazi” 45981 1435 1730 49146 

“Ti-bi-si” 40222 854 899 41975 

“kata” 56013 2210 2776 60989 

“cixesimagre” 58388 1313 2784 62485 

“bavSvebi’ 75761 3127 4415 83303 

“alublebi” 57266 5988 4014 67268 

“krosi” 86754 4435 4662 95851 

“ferma” 68772 2491 2891 74154 

“parki” 54742 4166 7302 66210 

“kenkra” 97783 3932 2575 104290 

“daisi” 24824 4237 2395 31456 

“zamTari” 61471 2275 3352 67098 

“garnituri” 39337 2652 2295 44284 
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cxrili 13 (gagrZeleba)  

1 2 3 4 5 

“SroSani” 72965 4214 7628 84807 

“mTebi” 15061 1281 1229 17571 

“tba” 33860 2477 2408 38745 

“maRazia”  62679 4138 2623 69440 

“karuseli” 44854 3933 6806 55593 

“Semodgoma” 96404 2308 3074 101786 

“koSki” 72000 1953 2043 75996 

“kolizeumi” 72071 2268 2847 77186 

“teqsti” 35678 1636 1627 38941 

“foni” 6211 780 778 7769 

“Rrubeli” 18380 1376 1519 21275 

“mamadaviTi” 37766 1357 1803 40926 

“funikulori” 35073 1218 1949 38240 

“teleanZa” 20183 1308 1630 23121 

 

zemoT aRniSnulidan gamomdinare, transformantebis 

mTavari elementebis sxvaobiTi mniSvnelobebis masivis adapturi 

udanakargo kodirebis realizaciis Sedegad miRweuli mogebuli 

bitebis raodenobebi ∆m da kompresiis faqtori F unda SevafasoT 

im gamosaxulebebisaTvis, romlebisTvisac kompresiis ukeTesi 

maCveneblebi miiRweva transformantebis mTavari elementebis 

sxvaobebis vertikaluri mimarTulebiT gamoTvlisas, anu 

gamosaxulebebisaTvis “lena”, “bionse”, “nagazi”, “bavSvebi”, 

“alublebi”, “krosi”, “parki”, “kenkra”, “kolizeumi” da “teleanZa”, 

romelTa monacemebi warmodgenilia me-13 cxrilSi. ganxilul 

SemTxvevaSi kompresiis F faqtoriT fasdeba transformantebis 

mTavari elementebis sxaobiTi mniSvnelobebis kompresiis 

arsebul variantTan SedarebiT SemoTavazebuli adapturi 

kodirebisas miRweuli damatebiTi kompresiis efeqti. amitom:  

                                                    F=m2/m1 ,                                                    (7) 
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sadac m2 bitebis is raodenobaa, romelic ixarjeba 

transformantebis mTavari koeficientebis ekonomiuri kodirebis 

(kompresiis) uaresi variantis SemTxvevaSi, xolo m1 _ bitebis is 

raodenobaa, romelic sakmarisia kompresiis ukeTesi variantis 

gamoyenebis SemTxvevaSi. unda aRiniSnos is garemoeba, rom 

kompresiis F faqtoris gansazRvrisas mxedvelobaSia miRebuli 

adapturi kodirebis procesSi sxvaobebis gamoTvlis variantis 

Sesaxeb 1 sainformacio bitis damateba feradi gamosaxulebis 

TiToeuli SemdgenisaTvis (sul 3 biti).  

 me-14 cxrilSi moyvanilia ∆m-sa da F-ia monacemebi zemoT 

aRniSnuli msjelobis gaTvaliswinebiT.  

cxrili 14. transformantebis mTavari elementebis masivis adapturi  
udanakargo kodirebis efeqturoba 

 

Ggamosaxulebebi ∆m, 

biti 

F Ggamosaxulebebi ∆m, 

biti 

F 

“lena” 2319 1,29 “krosi” 1533 1,17 

“bionse” 235 1,03 “parki” 1991 1,24 

“nagazi” 1119 1,16 “kenkra” 227 1,03 

“bavSvebi” 421 1,05 “kolizeumi” 603 1,06 

“alublebi” 409 1,04 “teleanZa” 221 1,04 

 

rogorc aRniSnuli cxrilidan Cans, adapturi kodirebis 

SemoTavazebuli meTodis safuZvelze kodirebuli sacdeli 

gamosaxulebebidan kompresiis TvalsazrisiT SedarebiT 

mniSvnelovani efeqti miiRweva gamosaxulebebisaTvis “lena”, 

“nagazi”, “krosi” da “parki”. kerZod, am gamosaxulebebisaTvis 

adapturi kodirebis SemoTavazebuli meTodis Sedegad mogebuli 

bitebis raodenobebia Sesabamisad 2319, 119, 1533 da 1991, rac 

adasturebs kodirebis procesisadmi adapturi midgomis 

mizanSewonilobas.   

sainteresoa imis dadgenac, Tu ramdenad efeqturad (mTavari 

elementebis sxvaobebis entropiasTan miaxloebis TvalsazrisiT) 

xorcieldeba kompresia warmodgenili adapturi kodirebis 
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SemTxvevaSi. am mizniT udanakargo kodirebis orive 

variantisaTvis da gamosaxulebebis TiToeuli SemdgenisaTvis 

gamoTvlili iqna transformantas erT mTavar elementze 

gaTvlili bitebis raodenoba msaS.. Sesabamisi gamoTvlebisas 

mxedvelobaSia miRebuli is garemoeba, rom 256x256 zomis 

gamosaxulebebis sikaSkaSis Y Semdgens Seesabameba 32x32=1024, 

xolo fersxvaobiTi Cr da Cb Semdgenebidan TiToeuls _ 16x16=256 

mTavari elementi. fersxvaobiTi Semdgenebis Sesabamisi mTavari 

elementebis aRniSnuli raodenoba ganpirobebulia gamosaxulebis 

am Semdgenebis piqselebis Semcirebuli raodenobiT, rac 

gamosaxulebaTa kodirebis JPEG da MPEG standartebiTaa 

dadgenili. aRniSnuli standartebis mixedviT transformantebis 

mTavari elementebis sxvaobiTi mniSvnelobebis udanakargo 

kodirebisaTvis gamoiyeneba hafmanis unaruli kodebis cxrili 

(cxrili 15), sadac R da C cxrilis striqonisa da svetis 

nomrebia [14]. 

 

cxrili 15. Uhafmanis unaruli kodebis gansazRvra 

 

R C Uunaruli 

kodebi 

0: 0          0 
1: -1 1         10 
2: -3 -2 2 3       110 
3: -7 -6 -5 -4 4 5 6 7   1110 
4: -15 -14 ... -9 -8 8 9 10 ... 15 11110 
5: -31 -30 -29 ... -17 -16 16 17 ... 31 111110 
6: -63 -62 -61 ... -33 -32 32 33 ... 63 1111110 
7: -127 -126 -125 ... -65 -64 64 65 ... 127 11111110 
8: -255 -254 -253 ... -129 -128 128 129 ... 255 111111110 

 

me-16 cxrilSi sacdeli feradi gamosaxulebebisaTvis 

warmodgenilia msaS.-s da massa da Sesabamis entropias Soris (ix. 

cxrili 8) ∆msaS. sxvaobebis monacemebi TiToeuli SemdgenisaTvis. 

cxrilis monacemebis safuZvelze SeiZleba davaskvnaT, rom 
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adapturi udanakargo kodirebis Sedegad izrdeba kodirebis 

efeqturoba, vinaidan ufro metad xdeba entropiasTan miaxloveba 

(cxrilis xazgasmuli monacemebi), vidre aradapturi kodirebisas. 

am TvalsazrisiT saukeTeso maCveneblebiT gamoirCeva Semdegi 

gamosaxulebebis sikaSkaSis Y Semdgeni: “lena”, romlis adapturi 

kodirebisas sakmarisi simboloebis erT elementze gadaTvlili 

raodenoba entropias aRemateba mxolod 0,873-iT; “nagazi” _ 0,779-

iT; “Ti-bi-si” _ 0,421-iT; “kata” _ 0,778-iT; “cixesimagre” _ 0,511-iT; 

“parki” _ 0,778-iT; “daisi” _ 0,637-iT; “zamTari” _ 0,725-iT;  

“garniture” _ 0,546-iT; “mTebi” _ 0,371-iT; “tba” _ 0,214-iT; 

“karuseli” _ 0,568-iT; “koSki” _ 0,681-iT; “teqsti” _ 0,324-iT; 

“foni” _ 0,321-iT; “Rrubeli” _ 0,345-iT; “mamadaviTi” _ 0,992-iT; 

“funikulori” _ 0,444-iT da “teleanZa” _ 0,242-iT.  

aRsaniSnavia sacdeli feradi gamosaxulebebis 

fersxvaobiTi Cr da Cb SemdgenebisaTvis aRniSnuli sxvaobebis 

SedarebiT mcire mniSvnelobebi sikaSkaSis Y SemdgenTan 

SedarebiT.     

me-17 cxrilSi naCvenebia sacdeli gamosaxulebebis Y, Cr da 

Cb Semdgenebis kompresiis Sedegad miRebuli sakmarisi bitebis 

raodenobebi M1h da M1v mTavari elementebis sxvaobebis 

gamoTvlis orive SemTxvevisaTvis da Sesabamisi kompresiis 

faqtoris monacemebi Fh da Fv. am SemTxvevaSi kompresiis faqtori 

ganisazRvreba pirveladi gamosaxulebis anaTvlebis 

kodirebisaTvis gamoyenebuli bitebis M raodenobisa da 

kompresiis Sedegad Sesabamisi masivis kodirebisaTvis sakmarisi 

bitebis M1 raodenobis fardobiT.    

                                                     F1=M/M1                                                      (8) 
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cxrili 16. adapturi udanakargo kodirebis efeqturobis Sedareba entropiul maxasiaTeblebTan  
  

Ggamosa-
xulebebi 

Y Cr Cb 
mYhsaS  
biti 

mYvsaS  
biti 

∆mYhsaS  
Biti 

∆mYvsaS  
Biti 

mCrhsaS  
biti 

mCrvsaS  
biti 

∆mCrhsaS  
biti 

∆mCrvsaS  
biti 

mCbhsaS  
biti 

mCbvsaS  
biti 

∆mCbhsaS  
biti 

∆mCbvsaS  
biti 

1 2 3 4 5 6 7 8 9 10 11 12 13 
“lena” 7,546 5,784 1,726 0,873 4,684 4,004 0,808 0,541 5,285 3,941 1,012 0,487 

“bionse” 6,673 6,495 1,283 1,150 4,434 4,207 0,596 0,510 4,504 4,496 0,761 0,709 

“buneba” 6,405 6,792 1,224 1,434 3,160 3,684 0,360 0,475 3,488 4,223 0,342 0,628 

“nagazi” 6,704 5,570 1,279 0,779 3,051 2,288 0,428 0,293 3,387 2,276 0,500 0,299 

“Ti-bi-si” 4,684 4,968 0,421 0,633 1,434 1,496 0,118 0,046 1,652 1,793 0,336 0,343 

“kata” 5,600 6,267 0,778 1,006 3,207 3,746 0,200 0,467 3,621 4,074 0,310 0,476 

“cixesimagre” 4,423 4,833 0,511 0,723 2,262 2,301 0,225 0,171 2,934 3,246 0,241 0,278 

“bavSvebi” 6,849 7,149 1,445 1,739 3,926 4,231 0,447 0,592 5,066 4,941 0,786 0,797 

“alublebi” 7,245 7,574 1,568 1.786 6,004 6,270 1,372 1,420 4,536 4,488 0,832 0,698 

“krosi” 7,358 6,606 1,671 1,359 5,809 4,184 1,188 0,633 5,785 4,418 1,129 0,709 

“ferma” 7,690 8,209 1,798 2,026 3,645 3,793 0,448 0,519 4,184 4,238 0,586 0,667 

“parki” 7,167 5,792 1,454 0,788 4,988 4,043 0,829 0,482 6,145 4,793 1,368 0,602 

“kenkra” 6,747 6,886 1,541 1,627 3,004 2,856 0,285 0,237 2,527 2,332 0,206 0,183 

“daisi” 4,659 5,378 0,637 0,891 4,949 6,137 0,909 1,505 3,832 5,012 0,551 1,128 
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                                                                                    cxrili 16 (gagrZeleba) 
         

1 2 3 4 5 6 7 8 9 10 11 12 13 
“zamTari” 4,974 5,597 0,725 1,021 2,902 3,395 0,319 0,390 3,652 4,082 0,524 0,616 

“garnituri” 4,927 6,298 0,546 1,088 3,637 4,824 0,391 0,970 3,145 4,309 0,279 0,735 

“SroSani” 7,802 7,999 1,936 2,031 4,871 5,145 0,786 0,926 6,574 6,965 1,669 1,924 

“mTebi” 1,710 3,470 0,371 1,186 1,465 3,559 0,438 1,215 1,559 3,645 0,385 1,445 

“tba” 3,581 4,890 0,214 0,670 2,902 4,848 0,209 0,849 2,738 4,152 0,195 0,598 

“maRazia” 5,567 6,466 0,823 0,682 3,574 4,691 0,246 0,700 2,988 3,652 0,244 0,484 

“karuseli” 4,364 4,702 0,568 0,819 3,738 4,027 0,366 0,514 4,481 4,816 0,562 0,721 

“Semodgoma” 6,526 6,560 1,458 1,356 3,168 3,590 0,380 0,800 3,613 4,027 0,582 0,929 

“koSki” 5,819 6,672 0,937 0,681 2,731 3,645 0,328 0,511 2,879 3,777 0,287 0,517 

“kolizeumi” 7,315 7,458 1,656 1,810 4,270 3,410 0,539 0,303 4,660 3,723 0,696 0,355 

“teqsti” 3,718 6,179 0,324 1,497 1,293 1,652 0,798 0,588 1,301 1,668 0,569 0,632 

“foni” 2,048 2,474 0,321 0,797 1,504 1,582 0,442 0,414 1,574 1,598 0,412 0,918 

“Rrubeli” 4,044 4,540 0,345 0,489 2,738 3,082 0,285 0,259 3,074 3,449 0,272 0,314 

“mamadaviTi” 5,431 5,503 0,992 1,041 2,699 2,887 0,339 0,314 3,309 3,349 0,413 0,552 

“funikulori” 4,587 5,212 0,444 0,675 2,113 2,637 0,246 0,251 2,863 3,731 0,322 0,564 

“teleanZa” 3,595 3,663 0,181 0,242 2,543 2,316 0,174 0,224 3,293 2,914 0,221 0,282 
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cxrili 17. sacdeli gamosaxulebebis Semdgenebis dakvantuli transformantebis mTavari sxvaobiTi da aramTavari 
elementebis udanakargo kodirebisaTvis saWiro bitebis raodenobebi da kompresiis faqtorebi 

 

Ggamosaxu-
lebebi 

Y Cr Cb 
M1Yh, 
biti 

M1Yv, 
biti 

FYh FYv M1Crh, 
biti 

M1Crv, 
biti 

FCrh FCrv M1Cbh, 
biti 

M1Cbv, 
biti 

FCbh FCbv 

1 2 3 4 5 6 7 8 9 10 11 12 13 
“lena” 55771 53967 9,401 9,715 4108 3934 127,626 133,271 4323 3979 121,279 131,764 

“bionse” 52668 52486 9,955 9,989 4046 3988 129,582 131,466 4597 4595 114,050 114,099 

“buneba” 69692 70088 7,523 7,480 2756 2899 190,235 181,415 3160 3348 165,912 156,597 

“nagazi” 52845 51683 9,921 10,144 2215 2071 236,699 253,157 2598 2414 201,805 217,186 

“Ti-bi-si” 45018 45308 11,646 11,572 1220 1236 429,744 424,181 1321 1357 396,887 386,358 

“kata” 61743 62429 8,492 8,398 3030 3168 173,032 165,492 3692 3808 142,007 137,681 

“cixesimagre” 62916 63337 8,333 8,278 1891 1901 277,254 275,796 3534 3614 148,355 145,071 

“bavSvebi” 82773 83081 6,334 6,331 4131 4209 126,916 124,564 5711 5679 91,803 92,321 

“alublebi” 64684 65022 8,105 8,063 7524 7592 69,682 69,058 5174 5162 101,331 101,567 

“krosi” 94288 93518 5,561 5,606 5921 5505 88,547 95,239 6142 5792 85,361 90,519 

“ferma” 76646 77178 6,840 6,793 3423 3461 153,166 151,485 3961 3975 132,363 131,896 

“parki” 62080 60672 8,445 8,641 5440 5200 96,377 100,825 8874 8528 59,081 61,478 

“kenkra” 104691 104833 5,008 5,001 4700 4662 111,551 112,460 3221 3170 162,772 165,391 

“daisi” 29594 30330 17,716 17,286 5503 5807 94,273 90,286 3375 3677 155,345 142,586 
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cxrili 17 (gagrZeleba) 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 

“zamTari” 66563 67201 7,877 7,802 3017 3143 173,778 166,811 4286 4396 122,326 119,265 

“garnituri” 44381 45785 11,813 11,451 3582 3886 146,367 134,917 3099 3397 169,180 154,339 

“SroSani” 80953 81155 6,476 6,460 5460 5530 96,023 94,808 9310 9410 56,315 55,716 

“mTebi” 16811 18613 31,187 28,168 1655 2191 316,790 239,292 1627 2161 322,242 242,614 

“tba” 35982 37322 14,571 14,048 3219 3717 162,873 141,051 3108 3470 168,690 151,092 

“maRazia” 68379 69299 7,667 7,566 5052 5338 103,778 98,218 3387 3557 154,794 147,396 

“karuseli” 49322 49668 10,630 10,556 4889 4963 107,238 105,639 7952 8038 65,932 65226 

“Semodgoma” 103086 103120 5,086 5,084 3118 3226 168,149 162,520 3998 4104 131,138 127,751 

“koSki” 77958 78831 6,725 6,651 2651 2885 197,770 181,729 2779 3011 188,661 174,124 

“kolizeumi” 79561 79707 6,590 6,578 3360 3140 156,038 166,971 4039 3799 129,806 138,007 

“teqsti” 39484 42004 13,279 12,482 1966 2058 266,678 254,756 1959 2053 267,630 255,377 

“foni” 8307 8743 63,114 59,967 1164 1184 450,419 442,811 1180 1186 444,312 442,064 

“Rrubeli” 22520 23028 23,281 22,767 2076 2164 252,547 242,277 2305 2331 227,457 224,920 

“mamadaviTi” 43326 43400 12,101 12,080 2047 2095 256,125 250,257 2649 2685 197,919 195,266 

“funikulori” 39769 40409 13,183 12,975 1758 1892 298,230 277,108 2681 2903 195,557 180,602 

“teleanZa” 23863 23933 21,971 21,907 1958 1900 267,767 275,941 2472 2376 212,091 220,660 
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imis gamo, rom 256x256 zomis sacdeli gamosaxulebebis Ti-

Toeuli Semdgenis elementebis (piqselebis) raodenobaa 65536 da 

yoveli elementis kodirebisaTvis gamoyenebulia 8-Tanriga kodi, 

amitom gamosaxulebis sikaSkaSis Y da fersxvaobiT Cr da Cb Semd-

genebidan TiToeuli maTgani warmodgenilia M=MY=MCr=MCb= 

=65536x8=524288 bitiT. maSasadame, ganxilul SemTxvevaSi  

FYh =M/M1h , FYv =M/M1v, FCrh =M/M1h, FCrv =M/M1v, FCbh =M/M1h, FCbv =M/M1v. (9) 

me-19 cxrilSi moyvanilia sacdeli feradi gamosaxulebebis 

sruli signalis Sesabamisi dakvantuli transformantebis 

Sesabamisi mTavari elementebis sxvaobiTi mniSvnelobebis 

udanakargo kodirebisaTvis saWiro bitebis raodenobebi 

gamosaxulebaTa arsebuli JPEG da MPEG standartebis (Mars) 

gamoyenebisa da sxvaobiTi mniSvnelobebis gamoTvlis adaptaciis 

SemTxvevebisaTvis (M1) da Sesabamisi kompresiis faqtorebi (Fars 

da F1). isini gamoTvlilia me-16 cxrilis monacemebis safuZvelze 

da amave dros gaTvaliswinebulia sikaSkaSisa da fersxvaobiTi 

SemdgenebisaTvis adapturi kodirebis procesSi damatebiTi 

(sainformacio) 3 simbolo (biti) kodirebis 6 variantis Sesaxeb. 

cxrilidan Cans, rom kompresiis arsebul variantTan SedarebiT 

gaumjobesebuli Sedegebi miiReba gamosaxulebebisaTvis “lena”, 

“bionse”, “nagazi”, “bavSvebi”, “alublebi”, “krosi”, “parki”, 

“kenkra”, “kolizeumi” da “teleanZa”.  

me-18 cxrilis monacemebis mixedviT agebulia kompresiis Fa 

da F1 faqtorebis ganawilebis grafikebi sacdeli 

gamosaxulebebisaTvis (ix. nax. 11). nax. 11-ze horizontaluri 

mimarTulebiT naCvenebia gamosaxulebebis rigiTi nomrebi (ix. 

cxrili 18). naxazidan naTlad Cans transformantebis mTavari 

elementebis kodirebis procesisadmi adapturi midgomis 

mizanSewoniloba (kompresiis gaumjobesebis TvalsazrisiT) 

araadaptur kodirebasTan SedarebiT, rodesac mTavari 

koeficientebis organzomilebiani masivis elementebs Soris 

sxvaobebi gamoiTvleba mxolod horizontaluri mimarTulebiT. 
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cxrili 18. sacdeli gamosaxulebebis sruli signalis Sesabamisi dakvantuli transformantebis udanakargo 
kodirebisaTvis saWiro bitebis raodenobebi gamosaxulebaTa arsebuli JPEG da MPEG standartebis (Ma) gamoyenebisa da 
sxvaobiTi mniSvnelobebis gamoTvlis adaptaciis SemTxvevebisaTvis (M1) da Sesabamisi kompresiis faqtorebi (Fa da F1) 

 

# gamosaxulebebi MMars M1 FarsM F1 @# gamosaxulebebi MMars M1 FarsM F1 

1 “lena” 64202 61883 24,498 25,417 16 “garnituri” 51062 51062 30,804 30,804 

2 “bionse” 61311 61082 25,653 25,750 17 “SroSani” 95723 95723 16,432 16,432 

3 “buneba” 75608 75608 20,805 20,805 18 “mTebi” 20093 20093 78,279 78,279 

4 “nagazi” 57658 56171 27,279 28,001 19 “tba” 42309 42309 37,176 37,176 

5 “Ti-bi-si” 47559 47559 33,072 33,072 20 “maRazia” 76818 76818 20,475 20,475 

6 “kata” 68465 68465 22,974 22,974 21 “karuseli” 62163 62163 25,302 25,302 

7 “cixesimagre” 68341 68341 23,016 23,016 22 “Semodgoma” 110202 110202 14,274 14,274 

8 “bavSvebi” 92615 92586 16,983 16,988 23 “koSki” 83388 83388 18,861 18,861 

9 “alublebi” 77382 77373 20,325 20,328 24 “kolizeumi” 86960 86503 18,087 18,183 

10 “krosi” 106351 104818 14,790 15,006 25 “teqsti” 43409 43409 36,234 36,234 

11 “ferma” 84030 84030 18,718 18,718 26 “foni” 10651 10651 147,674 147,674 

12 “parki” 77114 74403 20,397 21,140 27 “Rrubeli” 26901 26901 58,469 58,469 

13 “kenkra” 112612 112526 13,968 13,978 28 “mamadaviTi” 48022 48022 32,754 32,754 

14 “daisi” 38472 38472 40,884 40,884 29 “funikulori” 44208 44208 35,580 35,580 

15 “zamTari” 73866 73866 21,294 21,294 30 “teleanZa” 28293 28142 55,593 55,890 
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nax. 11. sacdeli testuri gamosaxulebebis sruli signalis Sesabamisi kompresiis faqtorebi JPEG da MPEG 

standartebiTa (grafiki 1) da sxvaobebis gamoTvlis adapturi meTodiT kodirebisas (grafiki 2) 
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Tavi 4. diskretuli kosinusuri gardasaxvis 

transformantebis mTavari sxvaobiTi elementebis 

adapturi kodireba skanirebis variantebis SerCeviT 

 

4.1. diskretuli kosinusuri gardasaxvis transformantebis 

mTavari sxvaobiTi elementebis skanirebis variantebis damuSaveba  

 
rogorc cnobilia, imis gamo, rom gardasaxvis 

transformantebis dakvantuli aramTavari elementebi umTavresad 

nulis tolia, amitom hafmanis kodebiT maTi damuSavebisas 

iyeneben aramTavari elementebisagan Sedgenili organzomilebiani 

masivis elementebis zigzag-skanirebas [14]. 

winamdebare naSromis mesame TavSi moyvanili masalidan 

Cans, rom gardasaxvis mTavari elementebis sxvaobiTi 

mniSvnelobebis masivi SeiZleba Seicavdes nulis tol sidideebs, 

ris gamoc, garda JPEG da MPEG standartebiT gaTvaliswinebuli 

maTi skanirebis gareSe kodirebasTan erTad SesaZlebelia 

aRniSnuli organzomilebiani masivis elementebisaTvis 

gamoyenebuli iyos skanirebis esa Tu is varianti, kerZod: zigzag-

horizontaluri skanireba; zigzag-vertikaluri skanireba; 

horizontaluri (striqonuli) skanireba; vertikaluri (sveturi) 

skanireba (sul 5 varianti skanirebis gareSe kodirebasTan erTad) 

[56].  

sacdeli feradi gamosaxulebebis samive Semdgenis 

Sesabamisi transformantebis mTavari sxvaobiTi elementebis 

hafmanis cxrilebis gamoyenebiT udanakargo kodirebisas 

SeiZleba SeirCes ganxiluli (1 arsebuli da 4 SemoTavazebuli) 

variantidan erT-erTi, romelic ukeTes Sedegs mogvcems 

kompresiis TvalsazrisiT. 

am mizniT, garda sacdeli gamosaxulebebis (sur. 3) sxvao-

biTi elementebis skanirebis gareSe udanakargo kodirebisa, rom-

lis efeqturobis maCveneblebi sxvaobebis gamoTvlis orive (hori-
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zontaluri da vertikaluri) variantisaTvis moyvanilia wina-

mdebare naSromis mesame TavSi, gamokvleuli iqna udanakargo 

kodirebis efeqturoba sxvaobiTi elementebis 32x32 zomis masivis 

skanirebis oTxive variantisaTvis. 

nax. 12-ze warmodgenilia zigzag-horizontaluri, nax. 13-ze 

_ zigzag-vertikaluri, nax. 14-ze _ horizontaluri (striqonuli), 

xolo nax. 15-ze _ vertikaluri (sveturi) skanirebebis nimuSebi. 

simartivis mizniT naxazebze moyvanilia skanirebis variantebi 

mxolod 8x8 zomis masivisaTvis.    

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

 

nax. 12. transformantebis mTavari sxvaobiTi elementebis zigzag-
horizontaluri skanireba 

 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

nax. 13. transformantebis mTavari sxvaobiTi elementebis zigzag-
vertikaluri skanireba 
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* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

 

nax. 14. transformantebis mTavari sxvaobiTi elementebis 
horizontaluri (striqonuli) skanireba 

     

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

* * * * * * * * 

 

nax. 15. transformantebis mTavari sxvaobiTi elementebis vertikaluri 
(sveturi) skanireba 
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4.2. transformantebis mTavari sxvaobiTi elementebis masivis 

adapturi kodirebis efeqturoba mTavari elementebis sxvaobebis 

gamoTvlisa da maTi skanirebis adapturi meTodebis SexamebiT 

 

transformantebis mTavari elementebis sxvaobebis 

gamoTvlis adapturi da maTi Sesabamisi masivis aseve adapturi 

skanirebis meTodebis SexamebiT realizebuli udanakargo 

kodirebis efeqturoba ferad gamosaxulebaTa samive (sikaSkaSis 

Y da fersxvaobiTi Cr da Cb) SemdgenisaTvis SeiZleba SevafasoT 

TiToeuli maTganisaTvis kodirebis dRemde arsebul variantSi 

gamoyenebuli simboloebis raodenobisa da SemoTavazebuli  

adapturi meTodebis Sexamebis SemTxvevaSi simboloebis saWiro 

raodenobaTa gansazRvriT da maTgan kompresiis TvalsazrisiT 

saukeTesos SerCeviT.  

me-19, me-20 da 21-e cxrilebSi moyvanilia ekonomiuri 

kodirebis (kompresiis) arsebuli da SemoTavazebuli meTodebis 

Sesabamisi ricxobrivi maCveneblebi gamosaxulebebis sikaSkaSis 

(crili 19) da fersxvaobiTi SemdgenebisaTvis (cxrili 20 da 

cxrili 21), romelTagan saukeTesoni wiTladaa moniSnuli. 

mwvaned ki moniSnulia transformantebis mTavari elementebis 

sxvaobebis adapturi gamoTvlis variantis Sesabamisi monacemebi. 

22-e cxrilSi moyvanilia monacemebi kompresiis arsebuli da 

SemoTavazebuli Sexamebuli variantebis Sesaxeb gamosaxulebaTa 

samive SemdgenisaTvis, kerZod ki orive (arsebuli da saukeTeso) 

SemTxvevisaTvis saWiro simboloebis raodenobebi (m1Ya da m1Ys), 

Semcirebuli (mogebuli) simboloebis raodenobebi (∆m1) da  

damatebiTi kompresiis faqtorebi (F1).  

23-e cxrilSi moyvanilia monacemebi kompresiis arsebuli 

da adapturi variantebis Sesaxeb feradi gamosaxulebebis 

Sesabamisi sruli signalisaTvis (saWiro simboloebis 

raodenobebi _ Ma da Mad, kompresiis faqtorebi Fa da Fad).  



 

cxrili 19. mTavari elementebis sxvaobebis hafmanis cxrilebis gamoyenebisas saWiro simboloebis raodenoba  
sxvaobebis masivis skanirebis sxvadasxva variantisaTvis sacdeli gamosaxulebebis sikaSkaSis Y SemdgenisaTvis  

 

Ggamosa-
xulebebi 

Kkodireba 
skanirebis gareSe  

Kkodireba zigzag- 
horizontaluri 
skanirebisas 

Kkodireba zigzag- 
vertikaluri 
skanirebisas 

Kkodireba 
horizontaluri 
skanirebisas 

Kkodireba 
vertikaluri 
skanirebisas 

M1Ysk.g.h, 
biti 

M1Ysk.g.v, 
biti 

M1Yhzsk.h, 
biti 

M1Yhzskv, 
biti 

M1Yvzsk.h, 
biti 

M1Yvzsk.v, 
biti 

M1Yhsk.h, 
biti 

M1Yhsk.v 
biti 

M1Yvsk.h, 
biti 

M1Yvsk..v, 
biti 

1 2 3 4 5 6 7 8 9 10 11 

“lena” 7726 5922 7178 5526 7169 5513 7172 5512 7154 5538 

“bionse” 6832 6650 6342 6163 6332 6153 6276 6096 6317 6157 

“buneba” 6558 6954 5989 6383 6008 6377 5990 6348 6001 6382 

“nagazi” 6864 5702 6407 5450 6381 5385 6397 5386 6319 5377 

“Ti-bi-si” 4796 5086 4651 4807 4633 4844 4641 4791 4546 4759 

“kata” 5730 6416 5624 6180 5607 6131 5541 6071 5547 6133 

“cixesimagre” 4528 4948 4207 4648 4132 4548 3801 4186 4084 4513 

“bavSvebi” 7012 7320 6470 6607 6464 6621 6480 6612 6448 6617 

“alublebi” 7418 7756 6886 7146 6899 7148 6898 7154 6871 7175 

“krosi” 7534 6764 6976 6204 6982 6180 6971 6179 6941 6167 

“ferma” 7874 8406 7312 7925 7311 7885 7283 7843 7295 7907 

“parki” 7338 5930 7023 5586 6981 5571 7002 5586 6933 5539 

“kenkra” 6908 7050 6254 6380 6255 6384 6269 6371 6264 6366 
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               cxrili 19 (gagrZeleba) 

1 2 3 4 5 6 7 8 9 10 11 

“daisi” 4770 5506 4451 5090 4432 5108 4381 4992 4371 5112 

“zamTari” 5092 5730 4724 5263 4730 5290 4698 5263 4697 5275 

“garnituri” 5044 6448 4777 5979 4765 6019 4761 5911 4717 6025 

“SroSani” 7988 8190 7366 7616 7381 7614 7362 7586 7343 7609 

“mTebi” 1750 3552 1851 3489 1848 3485 1813 3290 1839 3529 

“tba” 2122 3789 3680 4784 3632 4782 3503 4653 3622 4838 

“maRazia” 5700 6620 5397 7162 5398 7163 5308 7098 5338 7181 

“karuseli” 4468 4814 4263 4528 4294 4526 4312 4536 4270 4560 

“Semodgoma” 6682 6716 6154 6086 6158 6075 6154 6049 6175 6107 

“koSki” 5958 6831 5626 7481 5642 7481 5535 7414 5583 7449 

“kolizeumi” 7490 7636 6909 6951 6926 6940 6924 6926 6887 6953 

“teqsti” 3806 6326 3719 5900 3708 5884 3660 5784 3706 5896 

“foni” 2096 2532 2249 2641 2269 2643 2268 2635 2227 2760 

“Rrubeli” 4140 4648 4018 4415 4023 4434 3985 4337 3977 4399 

“mamadaviTi” 5560 5634 5065 5144 5061 5100 5067 5109 5051 5113 

“funikulori” 4696 5336 4458 4985 4513 4998 4471 4928 4448 5028 

“teleanZa” 3680 3750 3604 3629 3597 3633 3599 3589 3538 3662 

96 
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cxrili 20. mTavari elementebis sxvaobebis hafmanis cxrilebis gamoyenebisas saWiro simboloebis raodenoba  
sxvaobebis masivis skanirebis sxvadasxva variantisaTvis sacdeli gamosaxulebebis fersxvaobiTi Cr SemdgenisaTvis  

 

Ggamosa-
xulebebi 

Kkodireba 
skanirebis gareSe  

Kkodireba 
horizontaluri 

zigzag-skanirebisas 

Kkodireba 
vertikaluri 

zigzag-skanirebisas 

Kkodireba 
horizontaluri 
skanirebisas 

Kkodireba 
vertikaluri 

zigzag-skanirebisas 

M1Crsk.g.h 
biti 

M1Crsk.g.v 
biti 

M1Crhzsk.h, 
biti 

M1Crhzskv, 
biti 

M1Crvzsk.h, 
biti 

M1Crvzsk.v, 
biti 

M1Crhsk.h 
biti 

M1Crhsk.v 
biti 

M1Crvsk.h 
biti 

M1Crvsk..v 
biti 

1 2 3 4 5 6 7 8 9 10 11 

“lena” 1198 1024 1257 1087 1257 1084 1255 1082 1243 1083 

“bionse” 1134 1076 1204 1168 1207 1150 1203 1135 1194 1154 

“buneba” 808 942 888 1006 882 1010 892 991 888 1015 

“nagazi” 780 636 852 694 852 705 858 677 805 691 

“Ti-bi-si” 366 382 371 391 370 395 270 296 335 376 

“kata” 820 958 902 1044 900 1029 888 984 864 1040 

“cixesimagre” 578 588 625 632 625 629 556 533 594 626 

“bavSvebi” 1004 1082 1070 1143 1074 1142 1072 1126 1073 1129 

“alublebi” 1536 1604 1564 1619 1564 1629 1569 1623 1570 1632 

“krosi” 1486 1070 1526 1142 1527 1134 1516 1128 1522 1140 

“ferma” 932 970 1010 1058 1019 1053 1002 1037 1003 1041 

“parki” 1274 1034 1332 1088 1341 1090 1328 1097 1326 1092 

“kenkra” 768 730 821 767 813 778 784 761 796 725 
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cxrili 20 (gagrZeleba) 

1 2 3 4 5 6 7 8 9 10 11 

“daisi” 1266 1570 1323 1568 1318 1572 1320 1567 1322 1571 

“zamTari” 742 868 823 947 820 945 836 924 823 951 

“garnituri” 930 1234 1013 1295 1014 1288 1008 1267 1011 1296 

“SroSani” 1246 1316 1290 1358 1296 1373 1302 1377 1296 1377 

“mTebi” 374 910 367 972 348 974 372 905 349 989 

“tba” 742 1240 812 1309 806 1306 804 1265 818 1309 

“maRazia” 914 1200 1017 1252 1025 1259 1017 1259 983 1243 

“karuseli” 956 1030 987 1050 971 1045 1024 1077 975 1070 

“Semodgoma” 810 918 878 971 874 976 872 958 856 980 

“koSki” 698 932 780 1012 791 1020 772 992 797 1006 

“kolizeumi” 1092 872 1160 954 1159 958 1165 954 1157 949 

“teqsti” 330 422 324 453 271 379 183 256 307 431 

“foni” 384 404 371 388 381 385 370 397 363 395 

“Rrubeli” 700 788 751 870 777 861 726 812 755 867 

“mamadaviTi” 690 738 768 794 768 802 758 782 757 807 

“funikulori” 540 674 580 754 573 747 578 704 581 756 

“teleanZa” 650 592 724 651 723 665 711 628 678 656 
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cxrili 21. mTavari elementebis sxvaobebis hafmanis cxrilebis gamoyenebisas saWiro simboloebis raodenoba  

sxvaobebis masivis skanirebis sxvadasxva variantisaTvis sacdeli gamosaxulebebis fersxvaobiTi Cb SemdgenisaTvis  

Ggamosa-
xulebebi 

Kkodireba 
skanirebis gareSe  

Kkodireba 
horizontaluri 

zigzag-skanirebisas 

Kkodireba 
vertikaluri 

zigzag-skanirebisas 

Kkodireba 
horizontaluri 
skanirebisas 

Kkodireba 
vertikaluri 

zigzag-
skanirebisas 

M1Cbsk.g.h 
biti 

M1Cbsk.g.v, 
biti 

M1Cbhzsk.h, 
biti 

M1Cbhzskv, 
biti 

M1Cbvzsk.h, 
biti 

M1Cbvzsk.v, 
biti 

M1Cbhsk.h 
biti 

M1Cbhsk.v 
biti 

M1Cbvsk.h, 
biti 

M1Cbvsk..v, 
biti 

1 2 3 4 5 6 7 8 9 10 11 

“lena” 1352 1008 1407 1087 1413 1088 1403 1082 1399 1087 

“bionse” 1152 1150 1231 1228 1229 1220 1207 1211 1217 1216 

“buneba” 892 1080 981 1160 967 1153 964 1129 961 1159 

“nagazi” 868 684 946 767 942 758 934 753 930 763 

“Ti-bi-si” 422 458 460 474 444 471 438 464 465 427 

“kata” 926 1042 1015 1140 1021 1139 990 1120 1006 1148 

“cixesimagre” 750 830 789 874 791 846 712 797 807 867 

“bavSvebi” 1296 1264 1345 1300 1354 1308 1355 1298 1337 1300 

“alublebi” 1160 1148 1210 1205 1213 1211 1207 1205 1210 1220 

“krosi” 1480 1130 1533 1209 1528 1192 1504 1184 1517 1197 

“ferma” 1070 1084 1148 1159 1137 1171 1142 1140 1132 1159 

“parki” 1572 1226 1537 1251 1535 1253 1539 1243 1534 1265 

“kenkra” 646 596 687 639 688 652 665 632 673 627 
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cxrili 21 (gagrZeleba) 

1 2 3 4 5 6 7 8 9 10 11 

“daisi” 980 1282 1045 1322 1046 1320 1049 1306 1031 1316 

“zamTari” 934 1044 1002 1107 995 1110 997 1095 1001 1110 

“garnituri” 804 1102 886 1172 898 1164 877 1133 874 1174 

“SroSani” 1682 1782 1711 1810 1713 1810 1715 1808 1714 1817 

“mTebi” 398 932 394 999 392 998 391 946 387 1010 

“tba” 700 1062 754 1117 755 1114 744 1083 786 1122 

“maRazia” 764 934 849 998 845 1001 847 984 833 891 

“karuseli” 1146 1232 1175 1260 1171 1263 1196 1278 1175 1281 

“Semodgoma” 924 1030 998 1104 989 1098 999 1077 980 1107 

“koSki” 736 968 802 1046 803 1029 798 1029 798 1047 

“kolizeumi” 1192 952 1258 1022 1265 1026 1265 1017 1242 1027 

“teqsti” 332 426 350 466 274 387 180 268 307 432 

“foni” 402 408 407 402 406 405 397 403 386 389 

“Rrubeli” 786 892 852 955 875 949 833 916 833 937 

“mamadaviTi” 846 882 923 959 916 955 915 939 905 963 

“funikulori” 732 954 795 1018 788 1038 786 1005 787 1031 

“teleanZa” 842 746 914 822 904 807 925 804 885 819 100 
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cxrili 22. ferad sacdel gamosaxulebaTa sikaSkaSis Y da fersxvaobiTi Cr   da Cb Semdgenebis mTavari elementebis 

sxvaobebis JPEG da MPEG  standartebis mixedviTa (m1a)  da maTi adapturi kodirebisaTvis saWiro bitebis raodenobebi 

(m1s), maTi jamuri mniSvnelobebi da Sesabamisi damatebiTi kompresiis faqtorebi (F)  
 

Ggamosaxu-
lebebi 

Aadapturi kodirebisTvis saWiro bitebis raodenobebi (m1), kodirebis efeqturoba (∆m1 da F)  
m1Ya, 
biti 

m1Ys, 
biti 

∆m1Y, 
biti 

FY m1Cra, 
biti 

m1Crs, 
biti 

∆m1Cr, 
biti 

FCr m1Cba, 
biti 

m1Cbs, 
biti 

∆m1Cb, 
biti 

FCb m1a, 
biti 

m1s, 
biti 

∆m1, 
biti 

F 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
“lena” 7726 5512 2194 1,400 1198 1024 174 1,170 1352 1008 344 1,341 10276 7564 2712 1,358 

“bionse” 6832 6096 736 1,121 1134 1076 58 1,054 1152 1150 2 1,002 9118 8322 796 1,096 

“buneba” 6558 5990 568 1,095 808 808 0 1 892 892 0 1 8258 7690 568 1,074 

“nagazi” 6864 5377 1487 1,277 780 636 144 1,226 868 684 184 1,269 8512 6697 185 1,271 

“Ti-bi-si” 4796 4546 250 1,055 366 270 96 1,355 422 422 0 1 5584 5238 346 1,066 

“kata” 5730 5607 123 1,022 820 820 0 1 926 926 0 1 7476 7353 123 1,017 

“cixesimagre” 4528 3801 727 1,191 578 533 45 1,084 750 712 38 1,053 5856 5046 810 1,161 

“bavSvebi’ 7012 6448 564 1,087 1004 1004 0 1 1296 1264 32 1,025 9312 8716 596 1,068 

“alublebi” 7418 6871 547 1,080 1536 1536 0 1 1160 1148 12 1,010 10114 9555 559 1,058 

“krosi” 7534 6167 1367 1,222 1486 1070 416 1,389 1480 1130 350 1,309 10500 8367 2133 1,255 

“ferma” 7874 7283 591 1,081 932 932 0 1 1070 1070 0 1 9876 9285 591 1,064 

“parki” 7338 5539 1799 1,325 1274 1034 240 1,232 1572 1226 346 1,282 10184 7799 2385 1,305 

“kenkra” 6908 6254 654 1,105 768 725 43 1,059 646 627 19 1,030 8322 7606 716 1,094 
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               cxrili 22 (gagrZeleba) 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
“daisi” 4770 4371 399 1,091 1266 1266 0 1 980 980 0 1 7016 6617 399 1,060 

“zamTari” 5092 4697 395 1,084 742 742 0 1 934 934 0 1 6768 6373 395 1,062 

“garnituri” 5044 4717 327 1,069 930 930 0 1 804 804 0 1 6778 6451 327 1,051 

“SroSani” 7988 7343 645 1,088 1246 1246 0 1 1682 1682 0 1 10916 10271 645 1,063 

“mTebi” 1750 1750 0 1 374 348 26 1,075 398 387 11 1,028 2522 2485 37 1,015 

“tba” 2122 2122 0 1 742 742 0 1 700 700 0 1 3564 3564 0 1 

“maRazia”  5700 5308 392 1,074 914 914 0 1 764 764 0 1 7378 6986 392 1,056 

“karuseli” 4468 4263 205 1,048 956 956 0 1 1146 1146 0 1 6570 6365 205 1,032 

“Semodgoma” 6682 6049 633 1,105 810 810 0 1 924 924 0 1 8416 7828 588 1,075 

“koSki” 5958 5535 423 1,076 698 698 0 1 736 736 0 1 7392 6969 423 1,061 

“kolizeumi” 7490 6887 603 1,089 1092 872 220 1,252 1192 952 240 1,252 9774 8711 1063 1,122 

“teqsti” 3806 3660 146 1,040 330 183 147 1,803 332 180 152 1,844 4468 4023 445 1,111 

“foni” 2096 2096 0 1 384 363 21 1,058 402 386 16 1,041 2882 2845 37 1,013 

“Rrubeli” 4140 3977 163 1,041 700 700 0 1 786 786 0 1 5626 5463 163 1,030 

“mamadaviTi” 5560 5051 509 1,101 690 690 0 1 846 846 0 1 7096 6587 509 1,077 

“funikulori” 4696 4448 248 1,056 540 540 0 1 732 732 0 1 5968 5720 248 1,043 

“teleanZa” 3680 3538 142 1,040 650 592 58 1,098 842 746 96 1,128 5172 4876 296 1,061 
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cxrili 23. sacdeli gamosaxulebebis sruli signalis Sesabamisi dakvantuli transformantebis udanakargo 
kodirebisaTvis saWiro bitebis raodenobebi gamosaxulebaTa arsebuli JPEG da MPEG standartebisa (Ma) da adapturi 

kodirebis damuSavebuli meTodis SemTxvevebisaTvis (Mad) da Sesabamisi kompresiis faqtorebi (Fa da Fad) 
 

# Ggamosaxulebebi MMa Mad FaM Fad @# Ggamosaxulebebi MMa Mad FaM Fad 

1 “lena” 64202 61500 24,498 25,575 16 “garnituri” 51062 50745 30,804 30,995 

2 “bionse” 61311 60525 25,653 25,987 17 “SroSani” 95723 95088 16,432 16,541 

3 “buneba” 75608 75050 20,805 20,958 18 “mTebi” 20093 20066 78,279 78,385 

4 “nagazi” 57658 55853 27,279 28,161 19 “tba” 42309 42319 37,176 37,167 

5 “Ti-bi-si” 47559 47223 33,072 33,307 20 “maRazia” 76818 76436 20,475 20,578 

6 “kata” 68465 68352 22,974 23,011 21 “karuseli” 62163 61968 25,302 25,382 

7 “cixesimagre” 68341 67541 23,016 23,288 22 “Semodgoma” 110202 109624 14,274 14,348 

8 “bavSvebi” 92615 92029 16,983 17,091 23 “koSki” 83388 82975 18,861 18,956 

9 “alublebi” 77382 76833 20,325 20,471 24 “kolizeumi” 86960 85907 18,087 18,309 

10 “krosi” 106351 104228 14,790 15,091 25 “teqsti” 43409 42974 36,234 36,600 

11 “ferma” 84030 83449 18,718 18,848 26 “foni” 10651 10624 147,674 148,048 

12 “parki” 77114 74019 20,397 21,250 27 “Rrubeli” 26901 26748 58,469 58,803 

13 “kenkra” 112612 111906 13,968 14,055 28 “mamadaviTi” 48022 47523 32,754 33,097 

14 “daisi” 38472 38083 40,884 41,301 29 “funikulori” 44208 43970 35,580 35,771 

15 “zamTari” 73866 73482 21,294 21,405 30 “teleanZa” 28293 28007 55,593 56,160 
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nax. 16. sacdeli testuri gamosaxulebebis sruli signalis Sesabamisi kompresiis faqtorebi JPEG da MPEG 
standartebisa (grafiki 1) da adapturi kodirebis damuSavebuli meTodis (grafiki 2) gamoyenebisas 
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pirveladi feradi 256x256 zomis gamosaxulebebis samive 

SemdgenisaTvis saWiro simboloebis jamuri M raodenobis 

(M=3x256x256x8=1572864 biti) SefardebiT kompresiis arsebuli 

meTodis gamoyenebisas saWiro simboloebis Ma raodenobasTan da 

SemoTavazebuli adapturi kodirebis meTodis variantis 

Sesabamisi simboloebis jamur Mad raodenobasTan ki 

ganisazRvreba kompresiis faqtorebi ferad sacdel 

gamosaxulebaTa sruli signalisaTvis. amrigad,  

                                  Fa=M/Ma  da    Fad=M/Mad                                      (10)  

feradi gamosaxulebis TiToeuli Semdgenis kompresiis 

SemoTavazebuli adapturi meTodiT kodirebisas feradi gamosa-

xulebebis TiToeul Semdgens Seesabameba 10 varianti. sruli sig-

nalisaTvis (erTad samive SemdgenisaTvis) ki variantebis raode-

noba iqneba 103=1000, romlis kodirebisTvis saWiroa 10-Tanriga 

orobiTi ricxvi. amitom kodirebis saukeTeso variantisaTvis 

kompresiis faqtoris gamoTvlisas gaTvaliswinebulia sainforma-

cio (Warbi) 10 simbolos gadacemis (Senaxvis) aucilebloba (ix. 

cxrili 24). cxrilSi Savad naCvenebia kompresiis uaresi 

monacemebi arsebul variantTan SedarebiT, mwvaned _ mTavari 

koeficientebis sxvaobebis adaptaciisas miRweuli saukeTeso, 

xolo wiTlad _ ekonomiuri kodirebis hibriduli meTodis g

 amo-yenebisas miRebuli Sedegebi. cxrilis mixedviT 

sacdeli gamosa-xulebebisaTvis agebulia kompresiis faqtorebis 

ganawilebis mrudebi (ix. nax. 16) ekonomiuri kodirebis arsebuli 

da winamde-bare naSromSi SemoTavazebuli adapturi meTodebis 

gamoyenebis variantebisaTvis, saidanac naTlad Cans 

SemoTavazebuli adaptu-ri kodirebis efeqturoba arsebul 

meTodTan SedarebiT. adapturi kodirebis damuSavebuli meTodi 

umravlesi sacdeli gamosaxulebisaTvis iZleva gaumjobesebul 

Sedegebs kodirebis arsebul meTodTan SedarebiT (gamonakliss 

warmoadgens gamosaxuleba “tba”, romlisTvisac SemoTavazebuli 

meTodis efeqturoba uaresia arsebulTan SedarebiT 
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sainformacio 10 simbolos damatebis gamo), kerZod: 

gamosaxulebisaTvis “lena” ekonomiuri adapturi kodirebisaTvis 

saWiro simboloebis raodenoba kodirebis arsebul variantTan 

SedarebiT mcirdeba 64202-dan 61500-de, anu 4,21%-iT; 

gamosaxulebisaTvis “bionse” _ 61311-dan 60527 bitamde (1,28%-iT), 

gamosaxulebisaTvis B”buneba” 75608-dan 75052 bitamde (0,74%-iT), 

gamosaxulebisaTvis “nagazi” 57658-dan 55855 bitamde (3,17%-iT), 

gamosaxulebisaTvis “parki” _ 77114-dan 74019 bitamde (4,01%-iT)  

da ase Semdeg. 

amrigad, 256x256 zomis feradi gamosaxulebebis sikaSkaSis Y 

da fersxvaobiTi Cr da Cb Semdgenebis Sesabamisi cifruli masivis 

8x8 zomis fragmentebis diskretuli kosinusuri gardasaxvis Se-

degad formirebuli transformantebis mTavari elementebis 

sxvaobebis (32x32 zomis _ Y SemdgenisaTvis da 16x16 zomis _ fer-

sxvaobiTi Cr da Cb SemdgenebisaTvis) masivis kodirebisaTvis arse-

buli da sadisertacio naSromSi SemoTavazebuli variantebia: 

1. mTavari elementebis sxvaobebis gamoTvla masivis 

horizontaluri mimarTulebiT + maTi araskanirebuli 

monacemebis kodireba mTavari elementebis sxvaobebisTvis 

gankuTvnili hafmanis cxriliT (arsebuli varianti); 

winamdebare naSromSi SemoTavazebuli variantebi: 

2. mTavari elementebis sxvaobebis gamoTvla masivis 

vertikaluri mimarTulebiT + maTi araskanirebuli monacemebis 

kodireba mTavari elementebis sxvaobebisTvis gankuTvnili 

hafmanis cxriliT; 

3. mTavari elementebis sxvaobebis gamoTvla masivis 

horizontaluri mimarTulebiT + maTi zigzag-horizontalurad 

skanirebuli monacemebis kodireba aramTavari da mTavari 

elementebis sxvaobebisTvis gankuTvnili hafmanis cxrilebiT; 

4. mTavari elementebis sxvaobebis gamoTvla masivis 

vertikaluri mimarTulebiT + maTi zigzag-horizontalurad 

skanirebuli monacemebis kodireba aramTavari da mTavari 

elementebis sxvaobebisTvis gankuTvnili hafmanis cxrilebiT; 
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5. mTavari elementebis sxvaobebis gamoTvla masivis 

horizontaluri mimarTulebiT + maTi zigzag-vertikalurad 

skanirebuli monacemebis kodireba aramTavari da mTavari 

elementebis sxvaobebisTvis gankuTvnili hafmanis cxrilebiT; 

6. mTavari elementebis sxvaobebis gamoTvla masivis 

vertikaluri mimarTulebiT + maTi zigzag-vertikalurad 

skanirebuli monacemebis kodireba aramTavari da mTavari 

elementebis sxvaobebisTvis gankuTvnili hafmanis cxrilebiT; 

7. mTavari elementebis sxvaobebis gamoTvla masivis 

horizontaluri mimarTulebiT + maTi horizontalurad 

skanirebuli monacemebis kodireba aramTavari da mTavari 

elementebis sxvaobebisTvis gankuTvnili hafmanis cxrilebiT; 

8. mTavari elementebis sxvaobebis gamoTvla masivis 

vertikaluri mimarTulebiT + maTi horizontalurad skanirebuli 

monacemebis kodireba aramTavari da mTavari elementebis 

sxvaobebisTvis gankuTvnili hafmanis cxrilebiT; 

9. mTavari elementebis sxvaobebis gamoTvla masivis 

horizontaluri mimarTulebiT + maTi vertikalurad skanirebuli 

monacemebis kodireba aramTavari da mTavari elementebis 

sxvaobebisTvis gankuTvnili hafmanis cxrilebiT; 

10. mTavari elementebis sxvaobebis gamoTvla masivis 

vertikaluri mimarTulebiT + maTi vertikalurad skanirebuli 

monacemebis kodireba aramTavari da mTavari elementebis 

sxvaobebisTvis gankuTvnili hafmanis cxrilebiT.  

rogorc ukve iyo naCvenebi, gamosaxulebaTa sruli 

signalis SemoTavazebuli adapturi meTodiT kodirebisas 

saWiroa damatebiTi sainformacio 10 simbolos gadacema (Senaxva) 

kodirebis variantis Sesaxeb. monacemebi sainformacio 

simboloebis variantebis Sesaxeb sacdeli gamosaxulebebisaTvis 

moyvanilia 24-e cxrilSi.  



 

cxrili 24. sacdeli feradi gamosaxulebebis Semdgenebis Sesabamisi transformantebis mTavari elementebis 
ekonomiuri kodirebisaTvis gamoyenebadi adapturi kodirebis variantis nomrebi da Sesabamisi orobiTi sainformacio 

ricxvi 
 

# gamosaxulebebi Y Cr Cb 10-Tanriga orobiTi 
ricxvi 

# gamosaxulebebi Y Cr Cb 10-Tanriga orobiTi 
ricxvi 

1 “lena” 8 2 2 0000000000 16 “garnituri” 9 1 1 0000001000 

2 “bionse” 8 2 2 0000000000 17 “SroSani” 9 1 1 0000001000 

3 “buneba” 7 1 1 0000000001 18 “mTebi” 1 5 9 0000001001 

4 “nagazi” 10 2 2 0000000010 19 “tba” 1 1 1 0000001010 

5 “Ti-bi-si” 9 7 1 0000000011 20 “maRazia” 7 1 1 0000000001 

6 “kata” 5 1 1 0000000100 21 “karuseli” 3 1 1 0000001011 

7 “cixesimagre” 7 8 7 0000000101 22 “Semodgoma” 8 1 1 0000001100 

8 “bavSvebi” 9 1 2 0000000110 23 “koSki” 7 1 1 0000000001 

9 “alublebi” 9 1 2 0000000110 24 “kolizeumi” 9 2 2 0000001101 

10 “krosi” 10 2 2 0000000010 25 “teqsti” 7 7 7 0000001110 

11 “ferma” 7 1 1 0000000001 26 “foni” 1 9 9 0000001111 

12 “parki” 10 2 2 0000000010 27 “Rrubeli” 9 1 1 0000001000 

13 “kenkra” 3 10 10 0000000111 28 “mamadaviTi” 9 1 1 0000001000 

14 “daisi” 9 1 1 0000001000 29 “funikulori” 9 1 1 0000001000 

15 “zamTari” 9 1 1 0000001000 30 “teleanZa” 9 2 2 0000001101 
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 cxrilidan Cans, rom mxolod gamosaxulebis “tba” 

kompresiisaTvisaa mizanSewonili kodirebis arsebuli meTodis 

gamoyeneba (misi samive Semdgenis kodirebis variantia 1). 

cxrilidan agreTve Cans, rom zogierTi sacdeli gamosaxulebis 

Semdgenebis adapturi kodirebisaTvis erTi da igive variantis 

gamoyeneba gaxda saWiro. magaliTad, gamosaxulebebis “lena” da 

“bionse” SemdgenebisaTvis adapturi kodirebis variantebis 

nomrebia 8, 2 da 2 (sruli signalisaTvis variantis nomeri 0, 

Sesabamisi 10-Tanriga orobiTi sainformacio ricxvi 0000000000), 

gamosaxulebebis “buneba”, “ferma”, “maRazia” da “koSki” 

SemdgenebisaTvis _ 7, 1 da 1 (sruli signalisaTvis 1, 0000000001), 

gamosaxulebebis “nagazi”, “krosi” da “parki” SemdgenebisaTvis _ 

10, 2 da 2 (2, 00000000100), gamosaxulebebis “bavSvebi” da 

“alublebi” SemdgenebisaTvis _ 9, 1 da 2 (6, 0000000110), 

gamosaxulebebis “daisi”, “zamTari”, “garnituri”, “SroSani”, 

“Rrubeli”, “mamadaviTi” da “funikulori” SemdgenebisaTvis _ 9, 1 

da 1 (8, 0000001000), xolo gamosaxulebebis “kolizeumi” da 

“teleanZa” SemdgenebisaTvis _ 9, 2 da 2 (13, 0000001101).  

 

4.3. Secdomebis gavlena transformantebis mTavari sxvaobiTi 

elementebis adapturi kodirebisas  

 

gamosaxulebaTa signalebis ekonomiuri kodirebis 

efeqtianoba fasdeba, agreTve, kompresirebuli cifruli signalis 

xelSeSlamdgradobiT da, Sesabamisad, aRdgenili gamosaxulebis 

xarisxiT Secdomebis arsebobis pirobebSi. Secdomebis gavlena 

gansakuTrebiT sagrZnobia sainformacio simboloebis 

damaxinjebis SemTxvevaSi. aRniSnulidan gamomdinare SevafasoT 

gamosaxulebebis xarisxi maTi adapturi kodirebis SemTxvevaSi, 

rodesac damaxinjdeba sainformacio simboloebi. sailustraciod 

me-17 suraTze naCvenebia kompresirebuli gamosaxuleba “lena” 

misi sikaSkaSis Y da fersxvaobiTi Cr  da Cb  Semdgenebis mTavari 

elementebis sxvaobebis gamoTvlis mimarTulebis Sesaxeb 
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informaciis damaxinjebisas im SemTxvevaSi, rodesac sxvaobebis 

gamoTvla moxdeba mTavari elementebis Sesabamisi masivis 

horizontaluri (a) da vertikaluri (b) mimarTulebiT.  

   

           Y                                           Cr                                          Cb 

                                                                      a   

   

          Y                                           Cr                                          Cb                          

                                  b                              
sur. 17. Secdomebis gavlena sainformacio simboloebze 

transformantebis mTavar elementTa sxvaobebis horizontaluri (a) da 
vertikaluri (b) mimarTulebiT gamoTvlisas gamosaxuleba “lenas” 

mxolod sikaSkaSis Y da mxolod fersxvaobiTi Cr an Cb 
SemdgenebisaTvis  

 

me-18 suraTze ilustrirebulia is SemTxveva, rodesac 

erTdroulad maxinjdeba informacia mxolod sikaSkaSisa Y da 

fersxvaobiTi Cr Semdgenebis Sesaxeb, mxolod sikaSkaSisa Y da 

fersxvaobiTi Cb Semdgenebis Sesaxeb da mxolod fersxvaobiTi Cr 

da Cb Semdgenebis Sesaxeb maTi mTavari koeficientebis sxvaobebis 

horizontaluri (a) da vertikaluri (b) mimarTulebiT 

gamoTvlisas.   
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         Y, Cr                                     Y, Cb                                   Cr, Cb 
                                 a              

   

                    Y, Cr                                     Y, Cb                                   Cr, Cb 
                                 b              

sur. 18. Secdomebis gavlena sainformacio simboloebze 
transformantebis mTavar elementTa sxvaobebis horizontaluri (a) da 

vertikaluri (b) mimarTulebiT gamoTvlisas gamosaxuleba “lenas” 
mxolod sikaSkaSis Y da fersxvaobiTi Cr, mxolod sikaSkaSis Y da 
fersxvaobiTi Cb da mxolod fersxvaobiTi Cr da Cb SemdgenebisaTvis  

 

 

me-19 suraTze naCvenebia is SemTxveva, rodesac 

erTdroulad maxinjdeba informacia samive Semdgenis Sesaxeb 

kodirebisas maTi mTavari koeficientebis sxvaobebis 

horizontaluri (a) da vertikaluri (b) mimarTulebiT 

gamoTvlisas.  
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             a                                      b 

sur. 19. Secdomebis gavlena sainformacio simboloebze 
transformantebis mTavar elementTa sxvaobebis horizontaluri (a) da 

vertikaluri (b) mimarTulebiT gamoTvlisas gamosaxuleba “lenas” 
samive SemdgenisaTvis  

 
 unda aRiniSnos, rom analogiuri iqneba aRdgenili 

damaxinjebuli gamosaxulebebis suraTi mTavari elementebis 

sxvaobebis skanirebis variantis Sesaxeb informaciis 

damaxinjebisas.  

rogorc warmodgenili suraTebidan Cans, gamosaxulebebi 

gansakuTrebiT maxinjdeba sikaSkaSis Semdgenis Sesaxeb 

informaciis damaxinjebisas. 

 gamosaxulebaTa damaxinjebebi SeiZleba Tavidan aviciloT  

sainformacio simboloebis (bitebis) ramdenjerme (magaliTad, 3-

jer) gameorebis (gadacemis, Senaxvis) SemTxvevaSi. maSin 

gamosaxulebaTa aRdgenisas (dekodirebisas) sami kombinaciidan 

daveyrdnobiT or erTnair (maRali albaTobiT daumaxinjebel) 

kombinacias.  
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4.4. ekonomiurad kodirebul gamosaxulebaTa xarisxis 

Sefaseba subieqturi kriteriumis safuZvelze 

 
1.3. paragrafSi moyvanilia JPEG da MPEG rekomendaciebis 

safuZvelze kompresirebuli sacdeli gamosaxulebebis (ix. sur. 

4) xarisxis obieqturi Sefasebis parametrebi. rac Seexeba maTi 

xarisxis subieqtur Sefasebas, igi emyareba subieqtur-

statistikuri analiziT miRebul Sedegebs. 

                                                
                                   a                                  b                                                                         

 

                                 

              g                                  d      
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               e                                  v      

        

             z                                   T    

 

                                     

 

    

              i                                  k 
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                                  l                               m 

                                

               n                                o     

 

                                

 

           

                  p                               J 
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                 r                               s      

      

                  t                                u      

 

      

                f                                 q          
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                 R                                  y 

      

                S                                 C             

       

                   c                                 Z     
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                               w                                W       

sur. 20. ekonomiurad kodirebuli (kompresirebuli) sacdeli 
gamosaxulebebi da Sesabamisi kompresiis saukeTeso faqtorebi (Fs): 

 
“lena (a)” (Fs=25,577), “bionse (b)” (Fs=25,989), “buneba (g)” (Fs=20,959), 
“nagazi (d)” (Fs=28,163), “Ti-bi-si (e)” (Fs=33,311), ”kata (v)” (Fs=23,013), 
“cixesimagre (z)” (Fs=23,289), “bavSvebi (T)” (Fs=17,092), “alublebi (i)” 
(Fs=20,473), “krosi (k)” (Fs=15,091), ”ferma (l)” (Fs=18,849), “parki (m)” 
(Fs=21,251), “kenkra (n)” (Fs=14,054) , ”daisi (o)” (Fs=41,306), “zamTari (p)” 
(Fs=21,407), “garnituri (J)” (Fs=30,999), ”krosi (r)” (Fs=16,542), “mTebi (s)” 
(Fs=78,404), “tba (t)” (Fs=37,171), ”maRazia (u)” (Fs=20,579), “karuseli (f)” 
(Fs=25,384), “Semodgoma (q)” (Fs=14,348), ”koSki (R)” (Fs=18,957), “kolizeumi 
(y)” (Fs=18,310), “teqsti (S)” (Fs=36,605), ”foni (C)” (Fs=148,118), “Rrubeli 
(c)” (Fs=58,816), “mamadaviTi (Z)” (Fs=33,100), ”funikulori (w)” (Fs=35,775) da  

”teleanZa (W)” (Fs=56,169) 
 

 nawilobrivi danakargebiT kodirebuli (kompresirebuli) 

sacdeli gamosaxulebebis (ix. sur. 20) xarisxis SefasebisaTvis 

subieqturi kriteriumebis safuZvelze sadisertacio naSromis 

farglebSi gamoyenebuli iyo sami kriteriumi (kriteriumi 1, 

kriteriumi 2 da kriteriumi 3) , romelTagan TiToeul maTgans 

gaaCnia garkveuli woniTi koeficienti: gamosaxulebis simkveTres 

_ 0,3, kontrasts _ 0,4; SemCnevadobis zRudes _ 0,3. TiToeuli 

kriteriumis mixedviT warmodgenili gamosaxuleba fasdeboda 7-

baliani sistemiT: 7 _ Zalian maRali; 6 _ maRali; 5 _ saSualoze 

ukeTesi; 4 _ saSualo; 3 _ saSualoze uaresi; 2 _ cudi; 1 _ 

Zalian cudi. aRniSnuli gamosaxulebebis xarisxis saboloo 

SefasebisaTvis jer gamoiTvleboda calkeuli kriteriumis 

mixedviT SefasebaTa saSualo mniSvneloba da Semdeg maTi 
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kriteriumebis koeficientebze gamravlebiTa da miRebuli 

Sedegebis SekrebiT _ saboloo Sefaseba L [57].   

kompresirebuli (aRdgenili) gamosaxulebebis xarisxis 

aRniSnuli meTodiT Sefasebisas eqsperimentSi monawileobda 7 

damkvirvebeli (maTgan 3 iyo specialisti), romlebic winaswar 

gaecnen gazomvebis Taviseburebebs. Deqsperimentis Catarebisas 

damkvirveblebi Sesafasebeli gamosaxulebidan ganlagdnen maTi 

simaRlis eqvsjer met manZilze. gamosaxulebaTa maqsimaluri si-

kaSkaSe iyo 40 kd/m2, xolo oTaxis ganaTebuloba _ 100 luqsi [57].  

eqsperimenti, instruqtaJis CaTvliT, gagrZelda ori saaTi. 

Sesafasebel gamosaxulebas damkvirveblebi akvirdebodnen 10 wm-

is ganmavlobaSi. SualedebSi ki ekranze daaxloebiT 15 wm-is 

ganmavlobaSi warmodgenili iyo egreT wodebuli “nacrisferi 

foni”. aRwerili meTodikis safuZvelze Catarebuli aRdgenili 

gamosaxulebebis xarisxis eqspertizis Sedegebi sacdeli  

gamosaxulebebisaTvis warmodgenilia 25-e cxrilSi.  

cxrili 25. sacdeli kompresirebuli gamosaxulebebis xarisxis 
Sefaseba subieqtur-statistikuri analizis safuZvelze 

 
Ggamosaxu-
lebebi 

Semfaseblebi  
L 1 2 3 4 5 6 7 

krit. krit. krit. krit. krit. krit. krit. 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

“lena” 6 7 6 7 7 6 5 7 6 7 6 7 7 7 6 6 6 7 6 7 7 6,5 

“bionse” 6 7 7 6 7 6 6 6 7 6 7 7 7 7 7 7 7 6 6 6 7 6,6 

“buneba” 7 7 7 6 7 7 6 7 6 7 6 6 7 6 7 6 7 7 7 6 6 6,6 

“nagazi” 7 6 7 7 7 6 6 7 7 7 7 6 6 7 7 7 6 7 6 7 7 6,7 

“Ti-bi-si” 6 7 7 6 7 7 5 6 7 7 7 7 7 6 6 6 7 7 7 6 7 6,7 

“kata” 7 7 6 7 6 7 6 6 7 6 7 6 7 7 6 6 6 7 7 7 7 6,7 

“cixesimagre” 7 7 7 7 7 6 7 6 6 7 6 7 7 7 7 7 7 6 7 6 7 6,7 

“bavSvebi” 6 7 6 6 7 7 7 7 6 6 7 7 6 7 6 7 6 6 6 7 7 6,6 

“alublebi” 7 7 7 7 6 7 6 7 7 6 7 6 7 7 6 7 7 7 6 7 7 6,7 

“krosi” 6 6 7 6 7 6 5 6 7 6 7 7 6 7 6 7 6 7 6 7 7 6,5 
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cxrili 25 (gagrZeleba) 

  

“ferma” 7 7 6 6 7 6 6 6 7 7 7 6 7 7 7 6 7 7 7 6 7 6,6 

“parki” 7 7 7 7 6 7 7 7 6 7 6 7 6 7 7 7 6 7 7 7 6 6,7 

“kenkra” 6 7 7 6 7 6 6 7 7 7 7 7 6 7 6 7 7 6 6 7 7 6,7 

“daisi” 7 7 7 7 7 7 7 6 7 7 6 6 7 6 7 6 7 7 7 6 7 6,6 

“zamTari” 6 6 7 6 7 7 6 7 6 7 7 6 6 7 7 5 6 6 6 7 7 6,7 

“garnituri” 7 7 7 7 6 7 7 6 6 7 7 7 7 6 7 7 6 7 7 6 7 6,5 

“SroSani” 7 6 7 7 6 6 6 7 6 7 6 6 7 7 6 7 7 6 7 7 7 6,6 

“mTebi” 7 7 7 7 7 7 6 7 7 7 6 7 7 7 7 6 7 7 7 6 7 6,8 

“tba” 6 7 6 7 6 7 6 7 7 6 7 7 6 7 6 7 6 6 7 7 6 6,5 

“maRazia” 6 6 7 6 7 6 7 6 7 7 7 6 7 6 7 6 7 7 6 7 7 6,6 

“karuseli” 7 7 6 7 6 7 7 7 7 6 7 7 6 7 6 7 6 7 7 7 6 6,7 

“Semodgoma” 6 7 7 7 7 6 6 7 7 7 7 6 7 6 6 6 7 6 6 7 7 6,6 

“koSki” 7 7 6 7 6 7 6 6 7 7 6 6 7 7 6 7 6 7 7 7 7 6,6 

“kolizeumi” 7 7 7 6 7 7 7 6 6 6 7 7 7 6 7 6 7 7 7 6 7 6,7 

“teqsti” 6 7 7 7 7 7 6 7 7 7 6 6 6 7 7 7 6 6 6 7 7 6,6 

“foni” 7 7 7 7 7 6 7 6 7 7 7 6 7 7 7 6 7 7 7 6 7 6,8 

“Rrubeli” 7 6 7 7 7 7 6 7 7 7 7 7 6 7 7 7 6 7 6 7 6 6,8 

“mamadaviTi” 6 6 7 7 6 6 6 5 7 7 7 6 7 6 7 7 7 6 7 7 7 6,5 

“funikulori” 7 6 7 7 7 7 6 7 6 7 6 6 7 7 6 7 6 6 6 7 7 6,6 

“teleanZa” 6 7 7 6 7 6 6 7 7 7 7 7 6 7 7 6 6 7 7 7 6 6,6 

 

subieqtur-statistikuri analizis mixedviT kompresirebul 

gamosaxulebaTa xarisxis Sefasebis safuZvelze SeiZleba 

davaskvnaT, rom yvela gamosaxulebisaTvis sabolood miRebuli 

Sefaseba 6-ze (maRalze) metia da mravali gamosaxulebisaTvis 7-

ze (Zalian maRalze) odnav naklebia, rac savsebiT misaRebia JPEG 

da MPEG rekomendaciebiT gaTvaliswinebuli moTxovnebis 

TvalsazrisiT. 
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daskvnebi 

ZiriTadi Sedegebi, romlebic miRebulia samuSaos 

TematikasTan dakavSirebiT, Semdegia:  

1. naCvenebia, rom ferad gamosaxulebaTa rogorc sikaSkaSis, 

aseve fersxvaobiTi Semdgenebis Sesabamisi mTavari dakvantuli 

elementebis masivis korelaciis koeficientebi SeiZleba 

sxvadasxva iyos sxvadasxva mimarTulebiT. kerZod, 

gamosaxulebebis “lena”, “ZaRli”, “buneba”, “alublebi”, “parki”, 

“bavSvebi”, “krosi” da “kenkra” sikaSkaSis Y Semdgenis, 

gamosaxulebebis “lena”, “qali”, “ZaRli”, “alubali”, “ferma”, 

“parki” da “krosi” fersxvaobiTi Cr da gamosaxulebebis “lena”, 

“ZaRli”, “ferma”, “parki”, “bavSvebi”, “krosi” da “kenkra” 

fersxvaobiTi Cb Semdgenebis Sesabamisi gardasaxvis mTavari F’(0,0) 

elementebis masivis korelaciis koeficientebi vertikaluri 

mimarTulebiT aRemateba korelaciis koeficientebs 

horizontaluri mimarTulebiT, xolo danarCenebisaTvis _ 

piriqiT. 

2. dasabuTebulia, rom aRniSnuli kanonzomiereba aisaxeba 

mTavari elementebis horizontaluri da vertikaluri 

mimarTulebebis Sesabamisi sxvaobiTi mniSvnelobebis 

entropiebSic. kerZod, gamosaxuleba “lenas” sikaSkaSis Semdgenis 

gardasaxvis Sedegad miRebuli mTavari dakvantuli elementebis 

masivis horizontaluri mimarTulebiT gamoTvlili sxvaobiTi 

mniSvnelobebis erTobliobis entropiaa 5,8 biti/elementi, xolo 

vertikaluri mimarTulebiT gamoTvlili sxvaobebis entropia 

Seadgens 4,9 biti/elements. aseve fersxvaobiTi Cr Semdgenis 

mTavari elementebis sxvaobiTi mniSvnelobebisaTvis entropiaa 

Sesabamisad 3,9 da 3,5 biti elementze, xolo  Cb SemdgenisaTvis _ 

Sesabamisad 4,3 da 3,5 biti elementze.   

3. TvalsaCinodaa naCvenebi transformantebis mTavari 

elementebis roli aRdgenili gamosaxulebebis sizustis 

TvalsazrisiT. magaliTad, gamosaxulebisaTvis “lena” mxolod 
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mTavari elementiT misi aRdgenisas saSualo kvadratuli 

Secdoma uaresdeba 15,231 erTeuliT, pikuri signal-xmauris 

fardoba _ 9,890 db-iT, xolo transformantebis mxolod yvela 

danarCeni aramTavari elementebiT aRdgenisas Sesabamisi 

maCveneblebi mniSvnelovnad matulobs da Seadgens 111,713 

erTeulsa da 24,386 db-s. gamosaxulebisaTvis “alublebi” 

Sesabamisi maCveneblebia 18,598 erTeuli, 9,225 db, 94,184 erTeuli 

da 20,598 db, xolo gamosaxulebisaTvis “daisi” _ 9,014 erTeuli, 

6,842 db, 118,198 erTeuli da 24, 462 db.   

4. gardasaxvis mTavari elementebis masivis horizontaluri 

da vertikaluri mimarTulebebiT gamoTvlili sxvaobiTi 

mniSvnelobebis parametrebis analizis safuZvelze 

SemoTavazebulia aRniSnuli masivis adapturi udanakargo 

kodirebis meTodi, romlis drosac hafmanis cxrilebis 

gamoyenebiT udanakargo kodireba xorcieldeba im sxvaobiTi 

mniSvnelobebisaTvis, romelTa entropia ufro mcirea. 

5. naCvenebia, rom aRniSnuli meTodi, magaliTad, 

gamosaxuleba “lenas” sikaSkaSis Y Semdgenis Sesabamisi MmTavari 

elementebisaTvis uzrunvelyofs saWiro bitebis raodenobis 

Semcirebas 7726-dan 5922-de, anu 1804 bitiT, fersxvaobiTi Cr 

SemdgenisaTvis _ 1198 bitidan 1024 bitamde, anu 174 bitiT, xolo 

fersxvaobiTi Cb SemdgenisaTvis _ 1352 bitidan 1008 bitamde, anu 

344 bitiT. feradi gamosaxulebis “lena” sruli signalis 

Sesabamisi mTavari elementebis kodirebis arsebuli meTodis 

gamoyenebisas saWiro bitebis raodenobaa 10276, xolo adapturi 

meTodisas sainformacio (Warbi) 3 bitis gaTvaliswinebiT _ 7957, 

anu 2319-iT naklebi.  

6. dadasturebulia, rom transformantebis mTavari 

elementebis sxvaobebis vertikaluri mimarTulebiT gamoTvlisas 

kompresiis TvalsazrisiT SedarebiT mniSvnelovani efeqti 

miiRweva gamosaxulebebisaTvis “lena”, “nagazi”, “krosi” da 

“parki”. kerZod, am gamosaxulebebisaTvis adapturi kodirebis 

SemoTavazebuli meTodis Sedegad mogebuli bitebis raodenobebia 
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Sesabamisad 2319, 119, 1533 da 1991, rac adasturebs kodirebis 

procesisadmi adapturi midgomis mizanSewonilobas.   

7. SemoTavazebuli adapturi meTodis efeqturoba 

dasabuTebulia sacdeli feradi gamosaxulebebis Semdgenebis 

erT elementze (piqselze) gadaTvlili bitebis raodenobis 

transformantebis mTavari elementebis masivis entropiasTan 

miaxloebis TvalsazrisiT. kerZod, gamosaxulebebis adapturi 

udanakargo kodirebis Sedegad izrdeba kodirebis efeqturoba, 

vinaidan ufro metad xdeba entropiasTan miaxloveba, vidre 

aradapturi kodirebisas. am TvalsazrisiT saukeTeso 

maCveneblebiT gamoirCeva Semdegi gamosaxulebebis sikaSkaSis Y 

Semdgeni: “lena”, romlis adapturi kodirebisas sakmarisi 

simboloebis erT elementze gadaTvlili raodenoba entropias 

aRemateba mxolod 0,873-iT; “nagazi” _ 0,779-iT; “Ti-bi-si” _ 0,421-

iT; “kata” _ 0,778-iT; “cixesimagre” _ 0,511-iT; “parki” _ 0,778-iT; 

“daisi” _ 0,637-iT; “zamTari” _ 0,725-iT; “garnituri” _ 0,546-iT; 

“mTebi” _ 0,371-iT; “tba” _ 0,214-iT; “karuseli” _ 0,568-iT; “koSki” _ 

0,681-iT; “teqsti” _ 0,324-iT; “foni” _ 0,321-iT; “Rrubeli” _ 0,345-

iT; “mamadaviTi” _ 0,992-iT; “funikulori” _ 0,444-iT da “teleanZa” 

_ 0,242-iT.  

8. dasabuTebulia gamosaxulebaTa ekonomiuri kodirebis 

faqtoris Semdgomi gaumjobesebis SesaZlebloba 

transformantebis mTavari elementebis masivis skanirebis 

sxvadasxva variantis (zigzag-horizontaluri, zigzag-

vertikaluri, horizontaluri da vertikaluri) realizaciiTa da 

misi SexamebiT sxvaobebis adapturi gamoTvlis variantebTan.  

9. naCvenebia, rom adapturi Sexamebuli kodirebis 

damuSavebuli meTodi umravlesi sacdeli gamosaxulebisaTvis 

iZleva gaumjobesebul Sedegebs kodirebis arsebul meTodTan 

SedarebiT (gamonakliss warmoadgens gamosaxuleba “tba”, 

romlisTvisac SemoTavazebuli meTodis efeqturoba uaresia 

arsebulTan SedarebiT sainformacio 10 simbolos damatebis 
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gamo), kerZod: gamosaxulebisaTvis “lena” ekonomiuri adapturi 

kodirebisaTvis saWiro simboloebis raodenoba kodirebis 

arsebul variantTan SedarebiT mcirdeba 64202-dan 61500-de, anu 

4,21%-iT; gamosaxulebisaTvis “bionse” _ 61311-dan 60527 bitamde 

(1,28%-iT), gamosaxulebisaTvis B”buneba” 75608-dan 75052 bitamde 

(0,74%-iT), gamosaxulebisaTvis “nagazi” 57658-dan 55855 bitamde 

(3,17%-iT), gamosaxulebisaTvis “parki” _ 77114-dan 74019 bitamde 

(4,01%-iT) da ase Semdeg. 

10. naCvenebia, rom ferad gamosaxulebaTa samidan TiToeuli 

SemdgenisaTvis adapturi Sexamebuli kodirebis SemoTavazebuli 

variantebis saerTo raodenobaa 10. Sesabamisad, sruli 

signalisaTvis variantebis raodenobaa 103=1000, romlisTvisac 

saWiroa damatebiTi (Warbi) 10 sainformacio simbolo.  

 11. ferad sacdel gamosaxulebaTa samive SemdgenisTvis 

Sefasebulia sainformacio (Warb) bitebze xelSeSlebis 

zemoqmedebis Sedegebi aRdgenil gamosaxulebaTa xarisxobriv 

maCveneblebis TvalsazrisiT da SemoTavazebulia aRniSnuli 

zemoqmedebis uaryofiTi Sedegebis gauvnebelyofis gzebi 

sainformacio simboloebis Sesabamisi 10-Tanriga koduri jgufis 

ramdenjerme (magaliTad, 3-jer) ganmeorebiTi gadacemis (Senaxvis) 

xarjze.   

12. ganxorcielebulia sxvadasxva klasis (mcire, saSualo 

da maRali detalobis mqone) sacdeli (satesto) feradi 

gamosaxulebebis ekonomiuri kodirebis SemoTavazebuli meTodis 

modelireba programa Mathcad-is gamoyenebiT, romlis safuZvelze 

Sefasebulia gamosaxulebaTa ekonomiuri kodirebis SemuSavebuli 

adapturi meTodis efeqturoba arsebul araadaptur meTodTan 

SedarebiT. 

 13. sxvadasxva klasis sacdeli feradi gamosaxulebebis 

sikaSkaSis Y da fersxvaobiTi Cr da Cb Semdgenebis ekonomiuri 

kodirebis SemoTavazebuli adapturi meTodis modelirebis 

safuZvelze naCvenebia, rom maTi transformantebis mTavari 

elementebis organzomilebiani masivis sxvadasxva 
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(horizontaluri an vertikaluri) mimarTulebiT sxvaobiTi 

mniSvnelobebis udanakargo kodirebisas, aseve maTi elementebis 

masivis skanirebis sxvadasxva variantidan erT-erTis SerCeviT 

(anu kodirebis arsebuli da SemoTavazebuli meTodebis 

hibridizaciiT) mravali gamosaxulebisaTvis miRwevadia 

kompresiis efeqturobis mniSvnelovani gaumjobeseba kodirebis 

arsebul algoriTmTan SedarebiT.  

 14. Catarebulia SemoTavazebuli meTodis safuZvelze 

kompresirebuli gamosaxulebebis xarisxobrivi maCveneblebis 

Sefaseba obieqturi da subieqturi kriteriumebis safuZvelze da 

naCvenebia, rom rogorc obieqturi, aseve subieqturi 

kriteriumebis safuZvelze miRebuli monacemebi emTxveva uZrav 

gamosaxulebaTa ekonomiuri kodirebis JPEG da MPEG 

rekomendaciebiT gaTvaliswinebul monacemebs, anu ekonomiuri 

kodirebis SemoTavazebuli adapturi meTodi ar iwvevs 

kompresirebul gamosaxulebaTa xarisxobrivi maCveneblebis 

gauaresebas arsebul meTodTan SedarebiT. kerZod, 

gamosaxulebisaTvis “lena” aRdgenis saSualo kvadratuli 

cdomileba arsebul da SemoTavazebul SemTxvevebSi Seadgens 

7,289, pikuri xolo signal/xmauris fardoba _ 35,504 db-s, xolo 

subieqturi eqspertizis 7-baliani sistemis maCvenebelia 6,5 bali, 

rac maRalze (6 balze) metia da Zalze maRalze (7 bali) 

naklebia.  
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danarTi 1. gamosaxulebaTa kompresiis algoriTmis modelirebis 

programa diskretuli kosinusuri gardasaxvis safuZvelze 

 
 

 
 

 

 
 
გამოსახულებათა სახელები  
ლენა                           გარნიტური 
ბიონსე                        შროშანი                 
ბუნება                        მთები 
ნაგაზი                        ტბა 
თი-ბი-სი                    მაღაზია 
კატა                           კარუსელი   
ციხესიმაგრე               შემოდგომა 
ბავშვები                     კოშკი 
ალუბლები                 კოლიზეუმი  
კროსი                       ტექსტი 
ფერმა                       ფონი 
პარკი                        ღრუბელი 
კენკრა                       მამადავითი 
დაისი                       ფუნიკულორი 
ზამთარი                   ტელეანძა                 
 
   

 
 

 
 

 

 
მაქსიმუმი  N=256 P 1:=  

 

 

 

DCPq p, 
2
N

cos
2 p⋅ 1+( ) q⋅ π⋅

2 N⋅






:=  
1

N
0.354=  

p 0 N 1−..:=  q 1 N 1−..:=  

DCP0 p, 
1

N
:=  

DCP

0.354

0.49

0.462

0.416

0.354

0.278

0.191

0.098

0.354

0.416

0.191

0.098−

0.354−

0.49−

0.462−

0.278−

0.354

0.278

0.191−

0.49−

0.354−

0.098

0.462

0.416

0.354

0.098

0.462−

0.278−

0.354

0.416

0.191−

0.49−

0.354

0.098−

0.462−

0.278

0.354

0.416−

0.191−

0.49

0.354

0.278−

0.191−

0.49

0.354−

0.098−

0.462

0.416−

0.354

0.416−

0.191

0.098

0.354−

0.49

0.462−

0.278

0.354

0.49−

0.462

0.416−

0.354

0.278−

0.191

0.098−

























=  

ჩაწერეთ გამოსახულების 
სახელი  -- 

სახელი = დაისი 
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D READRGB name( ):=  cols D( ) 768=  rows D( ) 256=  

w
cols D( )

3
:=  

w 256=  

rhik submatrix D 0, rows D( ) 1−, 0, w 1−, ( ):=  

ghik submatrix D 0, rows D( ) 1−, w, 2 w⋅ 1−, ( ):=  

bhik submatrix D 0, rows D( ) 1−, 2 w⋅, 3 w⋅ 1−, ( ):=  

rhik ghik, bhik, 

 

ghik rhik, bhik, 

 

rhik ghik, 
bhik

2
, 

 

bhik ghik, rhik, 
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    danarTi 1 (gagrZeleba) 
 

ghik

0 1 2 3 4 5 6
0
1
2
3
4
5
6
7
8
9
10
11

135 135 136 136 137 136 134
135 135 135 136 136 134 132
136 136 135 134 134 133 131
134 134 133 133 133 132 130
131 131 131 131 131 131 131
130 130 130 130 130 130 131
131 130 130 130 130 130 130
131 131 130 130 130 130 129
131 130 130 130 131 131 131
130 130 129 130 131 131 131
129 129 129 130 132 132 132
129 129 129 130 132 133 ...

=  rhik

0 1 2 3 4 5 6
0
1
2
3
4
5
6
7
8
9
10
11

225 225 226 226 227 226 226
225 225 225 226 226 224 224
227 227 228 227 227 226 224
225 225 226 226 226 225 223
226 226 226 226 228 228 227
225 225 225 225 227 227 227
227 226 226 226 226 226 226
227 227 226 226 226 226 225
227 226 226 226 227 227 227
226 226 225 226 227 227 227
224 224 224 225 226 226 226
224 224 224 225 226 227 ...

=  
bhik

ENTR_MPAR HMPAR rhik( )( ) 7.3=             ENTR_MPAR HMPAR ghik( )( ) 7.6=  

min rhik( ) 44=  
max rhik( ) 255=  

min ghik( ) 0=  
max ghik( ) 239=  

bhik

0 1 2 3 4 5 6
0
1
2
3
4
5
6
7
8
9
10
11

124 124 125 125 126 125 121
124 124 124 125 125 123 119
118 118 120 119 119 118 113
116 116 118 118 118 117 112
111 111 111 111 112 112 109
110 110 110 110 111 111 109
109 108 108 108 106 106 106
109 109 108 108 106 106 105
109 108 108 108 107 107 107
108 108 107 108 107 107 107
111 111 107 108 107 107 107
111 111 107 108 107 108 ...

=  

ENTR_MPAR HMPAR bhik( )( ) 7=  

min bhik( ) 14=  

max bhik( ) 226=  



 

133 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                    danarTi 1 (gagrZeleba) 
 

სიკაშკაშის სიგნალი 

Ibw 0.2989 rhik 0.5866 ghik+ 0.1145 bhik+:=  

rows Ibw( ) 256=  Y

Ak l, round Ibwk l, ( )←

k 0 255..∈for

l 0 255..∈for

A

:=  

cols Ibw( ) 256=  

max Ibw( ) 238.436=  
min Ibw( ) 5.059=  

Y

 

ფერსხვაობითი სიგნალები 

Iy_r 0.5rhik1 0.4184 ghik1− 0.0816 bhik1−:=  
Iy_b 0.1688− rhik1 0.3312 ghik1− 0.5bhik1+:=  

ფერსხვაობითი სიგნალების დეციმაცია 

md2 0 127..:=  nd2 0 127..:=  

DIy_rd2md2 nd2, Iy_r2 md2⋅ 2 nd2⋅, :=  DIy_bd2md2 nd2, Iy_b2 md2⋅ 2 nd2⋅, :=  

Cr

Ak l, round DIy_rd2k l, ( )←

k 0 127..∈for

l 0 127..∈for

A

:=  Cb

Ak l, round DIy_bd2k l, ( )←

k 0 127..∈for

l 0 127..∈for

A

:=  

ორიგინალური 
გამოსახულება 

rhik1 ghik1, bhik1, 
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ტრანსფორმანტების დაკვანტვის მატრიცები 

სიკაშკაშის შემდგენისათვის 

QWy P

16

12

14

14

18

24

49

72

11

12

13

17

22

35

64

92

10

14

16

22

37

55

78

95

16

19

24

29

56

64

87

98

24

26

40

51

68

81

103

112

40

58

57

87

109

104

121

100

51

60

69

80

103

113

120

103

61

55

56

62

77

92

101

99

























:=  

ფერსხვაობითი შემდგენებისათვის 

QWCrb

17

18

24

47

99

99

99

99

18

21

26

66

99

99

99

99

24

26

56

99

99

99

99

99

47

66

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

99

























:=  

კოდირება 

დისკრეტული კოსინუსური გარდასახვის ტრანსფორმანტების გამოთვლა  
სიკაშკაშის Y შემდგენისათვის 

NMAT DCP:=  NMAT1 DCP1:=  

R1 Y( )

MZ1 submatrix Y im k⋅, im k⋅ im 1−( )+, jm l⋅, jm l⋅ jm 1−( )+, [ ]←

A
NMAT MZ1⋅ NMATT⋅( )

NC1
←

WMim k⋅ i+ jm l⋅ j+, round
Ai j, 

QWyi j, 







←

j 0 jm 1−..∈for

i 0 im 1−..∈for

l 0 round
cols Y( )

jm






1−..∈for

k 0 round
rows Y( )

im






1−..∈for

WM

:=  
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დისკრეტული კოსინუსური გარდასახვის ტრანსფორმანტების გამოთვლა  
ფერსხვაობითი Cr შემდგენისათვის 

NMAT DCP:=  

R2 Cr( ) PIC Cr←

MZ2 submatrix Cr im k⋅, im k⋅ im 1−( )+, jm l⋅, jm l⋅ jm 1−( )+, [ ]←

A
NMAT1 MZ2⋅ NMAT1T⋅( )

NC2
←

WM16im k⋅ i+ jm l⋅ j+, round
Ai j, 

QWCrbi j, 







←

j 0 jm 1−..∈for

i 0 im 1−..∈for

l 0 round
cols Cr( )

jm






1−..∈for

k 0 round
rows Cr( )

im






1−..∈for

WM16

:=  NMAT1 DCP1:=  

დისკრეტული კოსინუსური გარდასახვის ტრანსფორმანტების გამოთვლა  
ფერსხვაობითი Cb შემდგენისათვის 

R3 Cb( ) PIC Cb←

MZ3 submatrix Cb im k⋅, im k⋅ im 1−( )+, jm l⋅, jm l⋅ jm 1−( )+, [ ]←

A
NMAT1 MZ3⋅ NMAT1T⋅( )

NC3
←

WM16im k⋅ i+ jm l⋅ j+, round
Ai j, 

QWCrbi j, 







←

j 0 jm 1−..∈for

i 0 im 1−..∈for

l 0 round
cols Cb( )

jm






1−..∈for

k 0 round
rows Cb( )

im






1−..∈for

WM16

:=  

FY R1 Y( ):=  

FCr R2 Cr( ):=  

FCb R3 Cb( ):=  
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cols FY( ) 256=  cols FCr( ) 128=  cols FCb( ) 128=  

rows FY( ) 256=  rows FCr( ) 128=  rows FCb( ) 128=  

FY

 

FCr

 

FCb

 

FY

0 1 2 3

0
1

2

3

4

5

6

7

8

9

10

37 -1 0 0
-1 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

39 -1 0 0

-1 0 0 0

0 0 0 ...

=  FCr

0 1 2 3 4

0
1

2

3

4

5

6

7

8

9

10

17 0 0 0 0
-1 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

20 0 0 0 0

-1 0 0 0 0

0 0 0 0 ...

=  

FCb

0 1 2 3

0
1

2

3

4

5

6

7

8

9

10

9 0 0 0
0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

8 0 0 0

1 0 0 0

0 0 0 ...

=  
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დეკოდირება 
სიკაშკაშის Y შემდგენის აღდგენა  

IMPIC1 RDY_name nam1, ( )

MZ1 submatrix RDY_name im k⋅, im k⋅ im 1−( )+, jm l⋅, jm l⋅ jm 1−( )+, [ ]←

Ai j, MZ1i j, QWyi j, ⋅←

j 0 jm 1−..∈for

i 0 im 1−..∈for

B
N2 NMAT1 1− A⋅ NMAT1T( ) 1−

⋅




⋅ CNN1⋅

1
←

WMim k⋅ i+ jm l⋅ j+, min nam1( )← Bi j, min nam1( )≤if

WMim k⋅ i+ jm l⋅ j+, max nam1( )← Bi j, max nam1( )≥if

WMim k⋅ i+ jm l⋅ j+, round Bi j, ( )← otherwise

j 0 jm 1−..∈for

i 0 im 1−..∈for

l 0 round
cols RDY_name( )

jm






1−..∈for

k 0 round
rows RDY_name( )

im






1−..∈for

WM

:=  

ფერსხვაობითი Cr  შემდგენის აღდგენა  

IMPIC2 RDCr_name nam1, ( )

MZ2 submatrix RDCr_name im k⋅, im k⋅ im 1−( )+, jm l⋅, jm l⋅ jm 1−( )+, [ ]←

Ai j, MZ2i j, QWCrb( )i j, ⋅←

j 0 jm 1−..∈for

i 0 im 1−..∈for

B
N2 NMAT1 1− A⋅ NMAT1T( ) 1−

⋅




⋅ CNN2⋅

1
←

WMim k⋅ i+ jm l⋅ j+, min nam1( )← Bi j, min nam1( )≤if

WMim k⋅ i+ jm l⋅ j+, max nam1( )← Bi j, max nam1( )≥if

WMim k⋅ i+ jm l⋅ j+, round Bi j, ( )← otherwise

j 0 jm 1−..∈for

i 0 im 1−..∈for

l 0 round
cols RDCr_name( )

jm






1−..∈for

k 0 round
rows RDCr_name( )

im






1−..∈for

WM

:=  
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ფერსხვაობითი Cb შემდგენის აღდგენა  

IMPIC3 RDCb_name nam1, ( )

MZ3 submatrix RDCb_name im k⋅, im k⋅ im 1−( )+, jm l⋅, jm l⋅ jm 1−( )+, [ ]←

Ai j, MZ3i j, QWCrb( )i j, ⋅←

j 0 jm 1−..∈for

i 0 im 1−..∈for

B
N2 NMAT1( ) 1− A⋅ NMAT1T( ) 1−

⋅




⋅ CNN3⋅

1
←

WMim k⋅ i+ jm l⋅ j+, min nam1( )← Bi j, min nam1( )≤if

WMim k⋅ i+ jm l⋅ j+, max nam1( )← Bi j, max nam1( )≥if

WMim k⋅ i+ jm l⋅ j+, round Bi j, ( )← otherwise

j 0 jm 1−..∈for

i 0 im 1−..∈for

l 0 round
cols RDCb_name( )

jm






1−..∈for

k 0 round
rows RDCb_name( )

im






1−..∈for

WM

:=  

IM_Y IMPIC1 FY Y, ( ):=  

IM_Cr IMPIC2 FCr Cr, ( ):=  

IM_Cb IMPIC3 FCb Cb, ( ):=  

IM_Y

 

IM_Cr

 

IM_Cb
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ფერსხვაობითი სიგნალების ინტერპოლაცია   

m2 0 253..:=  n2 0 253..:=  

LOIredm2 n2, 
1
9

0

2

c 0

2

v

IM_Cr
floor

m2 c+

2






floor
n2 v+

2






, 
∑
=

∑
=

⋅:=  

M1 0〈 〉
LOIred253〈 〉

:=  cols LOIred( ) 254=  rows LOIred( ) 254=  

M2 augment LOIred M1, ( ):=  

cols M2( ) 255=  

M3 submatrix M2 253, 253, 0, 254, ( ):=  

M4 stack M2 M3, ( ):=  

cols M4( ) 255=  rows M4( ) 255=  

L1 0〈 〉
M4 254〈 〉

:=  

L2 augment M4 L1, ( ):=  

cols L2( ) 256=  
L3 submatrix L2 254, 254, 0, 255, ( ):=  

L4red stack L2 L3, ( ):=  

cols L4red( ) 256=  rows L4red( ) 256=  

m2 0 253..:=  n2 0 253..:=  

LOIblom2 n2, 
1
9

0

2

c 0

2

v

IM_Cb
floor

m2 c+

2






floor
n2 v+

2






, 
∑
=

∑
=

⋅:=  

M1 0〈 〉
LOIblo253〈 〉

:=  cols LOIblo( ) 254=  rows LOIblo( ) 254=  

M2 augment LOIblo M1, ( ):=  

cols M2( ) 255=  
M3 submatrix M2 253, 253, 0, 254, ( ):=  

M4 stack M2 M3, ( ):=  

cols M4( ) 255=  rows M4( ) 255=  

L1 0〈 〉
M4 254〈 〉

:=  

L2 augment M4 L1, ( ):=  

cols L2( ) 256=  
L3 submatrix L2 254, 254, 0, 255, ( ):=  

L4blo stack L2 L3, ( ):=  

cols L4blo( ) 256=  rows L4blo( ) 256=  
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გამოსახულების ფერითი R, G, B შემდგენების შესაბამისი სიგნალების აღდგენა  

Ir
IM_Y 1.4020076 L4red+( )

0.9999038
:=  

Ib
IM_Y 1.7707345 L4blo+( )

0.999867
:=  

Ig
0.836698 IM_Y 0.5978 L4red− 0.2891646 L4blo−( )

0.8367195
:=  

Fr

Ak l, round Irk l, ( )←

k 0 255..∈for

l 0 255..∈for

A

:=  

Fb

Ak l, round Ibk l, ( )←

k 0 255..∈for

l 0 255..∈for

A

:=  

Fg

Ak l, round Igk l, ( )←

k 0 255..∈for

l 0 255..∈for

A

:=  

image augment Fr augment Fg Fb, ( ), ( ):=  

image01 augment Fr( ):=  

image02 augment Fg( ):=  

image03 augment Fb( ):=  

image01

 

image02
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image03

 

w
cols image( )

3
:=  

rh submatrix image 0, rows image( ) 1−, 0, w 1−, ( ):=  

gh submatrix image 0, rows image( ) 1−, w, 2 w⋅ 1−, ( ):=  

bh submatrix image 0, rows image( ) 1−, 2 w⋅, 3 w⋅ 1−, ( ):=  

IM 0.2989 Fr 0.5866 Fg+ 0.1145 Fb+:=  

IMPIC

Ak l, round IMk l, ( )←

k 0 255..∈for

l 0 255..∈for

A

:=  

image1 augment Fr augment Fg Fb, ( ), ( ):=  

Fr Fg, Fb, 
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აღდგენილი უარყოფითი მნიშვნელობების განულება 

Obnul nameMt( )

Ki j, 0← nameMti j, 0<if

Ki j, nameMti j, ← otherwise

j 0 cols nameMt( ) 1−..∈for

i 0 rows nameMt( ) 1−..∈for

K

:=  

FrObnul Obnul Fr( ):=  

FgObnul Obnul Fg( ):=  

FbObnul Obnul Fb( ):=  

image2 augment FrObnul augment FgObnul FbObnul, ( ), ( ):=  

image11 augment FrObnul( ):=  

image12 augment FgObnul( ):=  

image13 augment FbObnul( ):=  

image11

 

image12

 

image13
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image1 augment Fr augment Fg Fb, ( ), ( ):=  

FrObnul FgObnul, FbObnul, 

 

rhik1 ghik1, bhik1, 

 

იმ აღგენილი მნიშვნელობების გატოლება 255–თან, რომლებიც აღემატებიან 255–ს 

Ob255 nameMt( )

Ki j, 255← nameMti j, 255>if

Ki j, nameMti j, ← otherwise

j 0 cols nameMt( ) 1−..∈for

i 0 rows nameMt( ) 1−..∈for

K

:=  

FrOb255 Ob255 FrObnul( ):=  

FgOb255 Ob255 FgObnul( ):=  

FbOb255 Ob255 FbObnul( ):=  

image21 augment FrOb255( ):=  

image22 augment FgOb255( ):=  

image23 augment FbOb255( ):=  

image21

 

image22
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image23

 

IMOb255 0.2989 FrOb255 0.5866 FgOb255+ 0.1145 FbOb255+:=  

IMPICOb255

Ak l, round IMOb255k l, ( )←

k 0 255..∈for

l 0 255..∈for

A

:=  

imageObn255 augment FrOb255 augment FgOb255 FbOb255, ( ), ( ):=  

max imageObn255( ) 255=  min imageObn255( ) 0=  

IMPICOb255

 

FrOb255 FgOb255, FbOb255, 

 

აღდგენილი  
გამოსახულება 

cols IMPICOb255( ) 256=  rows IMPICOb255( ) 256=  
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ცდომილებების შეფასება 

ERROR0 augment rhik1 ghik1, bhik1, ( ) augment FrOb255 FgOb255, FbOb255, ( )−:=  

error augment ERROR0( ):=  

error

 

ERROR1 Y IMPICOb255−:=  

image4 augment ERROR1( ):=  

აღდგენილ გამოსახულებათა ცდომილებების შეფასება 

rms - კვადრ. ფესვი საშუალოკვადრატული ცდომილებიდან 

mpe - საშუალოკვადრატული ცდომილება 

nskg - ნორმირებული საშუალოკვადრატული ცდომილება 

SNR - სიგნალ/ხმაურის ფარდობა 

PSNR - პიკური სიგნალ/ხმაურის ფარდობა 

გამოსახულების სიკაშკაშის Y 
შემდგენისათვის  

Y 

rms Y IMPICOb255, ( ) 3.5433563=  

mpe Y IMPICOb255, ( ) 12.5553741=  

nskg Y IMPICOb255, ( ) 0.0338631=  

SNR Y IMPICOb255, ( ) 29.4054623=  

PSNR Y IMPICOb255, ( ) 37.1765027=  
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rms Cr IM_Cr, ( ) 4.2610509=  rms Cb IM_Cb, ( ) 2.6389776=  

mpe Cr IM_Cr, ( ) 36.3131104=  mpe Cb IM_Cb, ( ) 13.9284058=  

nskg Cr IM_Cr, ( ) 0.0857102=  nskg Cb IM_Cb, ( ) 0.18701=  

SNR Cr IM_Cr, ( ) 21.3393503=  SNR Cb IM_Cb, ( ) 14.5627041=  

PSNR Cr IM_Cr, ( ) 26.5435649=  PSNR Cb IM_Cb, ( ) 30.7051853=  

გამოსახულების ფერსხვაობითი Cr და Cb შემდგენებისათვის 

სრული ფერადი D გამოსახულებისათვის 
                    RGB 

rms D imageObn255, ( ) 7.5212501=  

mpe D imageObn255, ( ) 56.5692037=  

nskg D imageObn255, ( ) 0.0568761=  

SNR D imageObn255, ( ) 24.9014041=  

PSNR D imageObn255, ( ) 35.4102112=  
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danarTi 2. diskretuli kosinusuri gardasaxvis mTavari 

elementebis adapturi kodirebis algoriTmis modelirebis 

programa 

 

 

 

 

 

 

 

 

 

 

სიგნალის სიკაშკაშის Y შემდგენის მთავარი კოეფიციენტების  
სხვაობათა გამოთვლა 

QW

100000

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

























:=  

R4 FY( )

MZ1 submatrix FY im k⋅, im k⋅ im 1−( )+, jm l⋅, jm l⋅ jm 1−( )+, [ ]←

A MZ1←

WMim k⋅ i+ jm l⋅ j+, round
Ai j, 

QWi j, 







←

j 0 jm 1−..∈for

i 0 im 1−..∈for

l 0 round
cols FY( )

jm






1−..∈for

k 0 round
rows FY( )

im






1−..∈for

WM

:=  

FY3 R4 FY( ):=  

md8 0 31..:=  nd8 0 31..:=  

DFY2d8md8 nd8, FY8 md8⋅ 8 nd8⋅, :=  

FY00

Ak l, round DFY2d8k l, ( )←

l 0 31..∈for

k 0 31..∈for

A

:=  

min FY00( ) 4=  

CorrX FY00 1+( ) 0.99399=  CorrY FY00( ) 1 CorrX FY00T( )⋅=  

CorrY FY00 1+( ) 0.97948=  
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SFY000

Bk l, FY00k l, ← k l 0if

Bk l, 0← otherwise

l 0 31..∈for

k 0 31..∈for

B

:=  

Hist_FY00 HMPAR FY00( ):=  

0 20 40 60 80 100
0

10

20

30

Hist_FY00 1〈 〉

Hist_FY00 0〈 〉

 

ENTR_MPAR Hist_FY00( ) 6.15505=  

md8 0 31..:=  nd8 0 30..:=  

SxvHFY00md8 nd8, FY00md8 nd8, FY00md8 nd8 1+, −( ):=  

md8 0 30..:=  nd8 0 31..:=  

SxvVFY00md8 nd8, FY00md8 nd8, FY00md8 1+ nd8, −( ):=  

Hist_SxvHFY00 HMPAR SxvHFY00( ):=  

40− 20− 0 20 40
0

50

100

150

200

Hist_SxvHFY00( ) 1〈 〉

Hist_SxvHFY00 0〈 〉

 

ENTR_MPAR Hist_SxvHFY00( ) 3.996=  



 

149 
 
 

                                           danarTi 2 (gagrZeleba)  

 

 

 

 

 

 

 

Hist_SxvVFY00 HMPAR SxvVFY00( ):=  

40− 20− 0 20 40 60
0

50

100

150

Hist_SxvVFY00( ) 1〈 〉

Hist_SxvVFY00 0〈 〉

 

ENTR_MPAR Hist_SxvVFY00( ) 4.496=  

md8 0 31..:=  

nd8 0 30..:=  

SxvHFY00md8 nd8, FY00md8 nd8, FY00md8 nd8 1+, −( ):=  

md8 0 30..:=  nd8 0 31..:=  
SxvVFY00md8 nd8, FY00md8 nd8, FY00md8 1+ nd8, −( ):=  

SHFY1

Bk l, SxvHFY00k l 1−, ← l 0>if

Bk l, 0← l 0if

l 0 31..∈for

k 0 31..∈for

B

:=  SVFY1

Bk l, SxvVFY00k 1− l, ← k 0>if

Bk l, 0← k 0if

l 0 31..∈for

k 0 31..∈for

B

:=  

SHFY2

Bk l, SHFY1k l, ← l 0>if

Bk l, SVFY1k l, ← l 0if

l 0 31..∈for

k 0 31..∈for

B

:=  SVFY2

Bk l, SVFY1k l, ← k 0>if

Bk l, SHFY1k l, ← k 0if

l 0 31..∈for

k 0 31..∈for

B

:=  

SHFY3 SHFY2 SFY000+:=  SVFY3 SVFY2 SFY000+:=  
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Hist_SHFY3 HMPAR SHFY3( ):=  

40− 20− 0 20 40
0

50

100

150

200

Hist_SHFY3( ) 1〈 〉

Hist_SHFY3 0〈 〉

 

ENTR_MPAR Hist_SHFY3( ) 4.022=  

Hist_SVFY3 HMPAR SVFY3( ):=  

40− 20− 0 20 40 60
0

50

100

150

Hist_SVFY3( ) 1〈 〉

Hist_SVFY3 0〈 〉

 

ENTR_MPAR Hist_SVFY3( ) 4.487=  

SFY00 JQW SHFY3← CorrX FY00 1+( ) CorrY FY00 1+( )≥if

JQW SVFY3← otherwise

JQW

:=  

SSFY00 JQW SVFY3← CorrX FY00 1+( ) CorrY FY00 1+( )≥if

JQW SHFY3← otherwise

JQW

:=  

JSXVFY00

Bk l, 0← k 0> l 0>∧if

Bk l, round SHFY3k l, ( )← otherwise

l 0 31..∈for

k 0 31..∈for

B

:=  
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მთავარი კოეფიციენტების სხვაობების 
გამოთვლის მიმართულების შერჩევა 
 
 ჩაწერეთ მთავარი კოეფიციენტების სხვაობების 
გამოთვლის მიმართულების აღმნიშვნელი ციფრი:  1 – 
სხვაობა ჰორიზონტალური მიმართულებით; 2 – 
სხვაობა ვერტიკალური მიმართულებით  

SXVHFY001,   SXVHFCr001,   SXVHFCb001 -  1 
SXVVFY001,   SXVVFCr001,   SXVVFCb001 -  2 
               

sx 1:=  

გარდასახვის კოეფიციენტების სხვაობების 
უარყოფითი მნიშვნელობების გადადებითება 

DFY00Sxv

Ak l, round FY00Sxvk l, 1−( )⋅ ← FY00Sxvk l, 0<if

Ak l, round FY00Sxvk l, ( )← otherwise

l 0 255..∈for

k 0 255..∈for

A

:=  

DFYSxv DFY00Sxv:=  

XXY DFY00Sxv:=  

XY

Ak l, round XXYk l, ( )←

l 0 255..∈for

k 0 255..∈for

A

:=  

XY3 XY:=  

ჩაწერეთ არამთავარი კოეფიციენტების ზიგზაგ–
სკანირების მიმართულების აღმნიშვნელი ციფრი:  1 –  
ჰორიზონტალური ზიგზაგ–სკანირება; 2 –  
ვერტიკალური ზიგზაგ–სკანირება.  

?????? 1:=  

XY XY3 ?????? 1if

XY3T ?????? 2if

:=  

მთავარი და არამთავარი კოეფიციენტების 
კოდირება ჰაფმანის კოდით  

მთავარი კოეფიციენტების 
ზიგზაგისებური სკანირება 
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ZY

Ak l, round XY1024k l, ( )← l 0≠if

Ak l, 127← l 0if

l 0 63..∈for

k 0 1023..∈for

A

:=  

მთავარი კოეფიციენტების სხვაობითი მნიშვნელობების აბსოლუტური სიდიდეების 
მასივი 

FYM

Al k, round XY1024k l, ( )←

l 0∈for

k 0 1023..∈for

A

:=  

მისი კოდირება ჰაფმანის კოდით 
RYM

Ak l, 1← FYMk l, 0if

Ak l, 3← FYMk l, 1if

Ak l, 5← 2 FYMk l, ≤ 3≤if

Ak l, 7← 4 FYMk l, ≤ 7≤if

Ak l, 9← 8 FYMk l, ≤ 15≤if

Ak l, 11← 16 FYMk l, ≤ 31≤if

Ak l, 13← 32 FYMk l, ≤ 63≤if

Ak l, 15← 64 FYMk l, ≤ 127≤if

Ak l, 0← otherwise

l 0 1023..∈for

k 0∈for

A

:=  

RYM 0 1 2 3 4 5 6 7 8 9
0 13 5 5 7 7 9 7 5 3 ...

=  

NYM

0

0

k 0

1023

l

RYMk l, ∑
=

∑
=

:=  

NYM 4770=  ბიტი 
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არამთავარი კოეფიციენტების კოდირება ჰაფმანის კოდით 

არამთავარი კოეფიციენტების მასივი მთავარი კოეფიციენტების განულებით 

ZY2

Ak l, round XY1024k l, ( )← l 0≠if

Ak l, 0← l 0if

l 0 63..∈for

k 0 1023..∈for

A

:=  

არამთავარი კოეფიციენტების ჯამები 8x8 ზომის ფრაგმენტების მიხედვით  

არამთავარი კოეფიციენტების ერთობლიობის კოდირებისათვის საჭირო ბიტების 
რაოდენობა – 0 ან 1; თუ ფრაგმენტის ყველა არამთავარი კოეფიციენტი ნულია, მაშინ 
1 ბიტი, სხვა შემთხვევაში – 0 ბიტი  

SY0A0

Ak l, 
k

k

k 0

63

l

ZY2k l, ∑
=

∑
=

←

l 0 63..∈for

k 0 1023..∈for

A

:=  

SNY0R0

Al k, SY0A0k l, ←

l 0∈for

k 0 1023..∈for

A

:=  

SNY0R0 0 1 2 3 4 5 6 7 8 9

0 2 2 2 1 3 4 2 2 1 ...
=  

NNY0R0

Ak l, 1← SNY0R0k l, 0if

Ak l, 0← SNY0R0k l, 0≠if

Ak l, 0← otherwise

l 0 1023..∈for

k 0∈for

A

:=  

NY0R0 97=  ბიტი 

NNY0R0 0 1 2 3 4 5 6 7 8 9
0 0 0 0 0 0 0 0 0 0 ...

=  

NY0R0

0

0

k 0

1023

l

NNY0R0k l, ∑
=

∑
=

:=  
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იმ შემთხვევაში, როდესაც ზიგზაგისებური სკანირების შემდეგ არამთავარი  
არანულოვანი კოეფიციენტების წინ არაა ნულოვანი კოეფიციენტი, 
 ანუ როდესაც Z=0  

SRY

Ak l, 3← ZYk l, 1 ZYk l 1−, 0≠∧if

Ak l, 4← 2 ZYk l, ≤ 3≤ ZYk l 1−, 0≠∧if

Ak l, 6← 4 ZYk l, ≤ 7≤ ZYk l 1−, 0≠∧if

Ak l, 8← 8 ZYk l, ≤ 15≤ ZYk l 1−, 0≠∧if

Ak l, 10← 16 ZYk l, ≤ 31≤ ZYk l 1−, 0≠∧if

Ak l, 13← 32 ZYk l, ≤ 63≤ ZYk l 1−, 0≠∧if

Ak l, 15← 64 ZYk l, ≤ 127≤ ZYk l 1−, 0≠∧if

Ak l, 0← otherwise

l 1 63..∈for

k 0 1023..∈for

A

:=  

NNYR0

Ak l, 
k

k

k 0

63

l

SRYk l, ∑
=

∑
=

←

l 0 63..∈for

k 0 1023..∈for

A

:=  

SY0R0

Al k, NNYR0k l, ←

l 0∈for

k 0 1023..∈for

A

:=  

SY0R0 0 1 2 3 4 5 6 7 8 9

0 6 6 6 3 4 6 6 6 0 ...
=  

NYR0

0

0

k 0

1023

l

SY0R0k l, ∑
=

∑
=

:=  NYR0 11111=  ბიტი 



 

155 
 
 

                                                                                           danarTi 2 (gagrZeleba)  

 

.   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .    

 

 

 

 

 

 

 

 

იმ შემთხვევაში, როდესაც ზიგზაგისებური სკანირების შემდეგ არამთავარი  
არანულოვანი კოეფიციენტების წინ არის თუნდაც 1 არანულოვანი  
კოეფიციენტი, ანუ როდესაც Z>0 

SZ2

Ak l, 
k

k

k l 2−

l 1−

l

ZYk l, ∑
=

∑
=

←

l 3 63..∈for

k 0 1023..∈for

A

:=  SZ3

Ak l, 
k

k

k l 3−

l 1−

l

ZYk l, ∑
=

∑
=

←

l 4 63..∈for

k 0 1023..∈for

A

:=  

SZ62

Ak l, 
k

k

k l 62−

l 1−

l

ZYk l, ∑
=

∑
=

←

l 63 63..∈for

k 0 1023..∈for

A

:=  
SZ61

Ak l, 
k

k

k l 61−

l 1−

l

ZYk l, ∑
=

∑
=

←

l 62 63..∈for

k 0 1023..∈for

A

:=  

Z 1:=  

Z1Y

Ak l, 5← ZYk l, 1 ZYk l 1−, 0∧ ZYk l 2−, 0≠∧if

Ak l, 7← 2 ZYk l, ≤ 3≤ ZYk l 1−, 0∧ ZYk l 2−, 0≠∧if

Ak l, 11← 4 ZYk l, ≤ 7≤ ZYk l 1−, 0∧ ZYk l 2−, 0≠∧if

Ak l, 13← 8 ZYk l, ≤ 15≤ ZYk l 1−, 0∧ ZYk l 2−, 0≠∧if

Ak l, 16← 16 ZYk l, ≤ 31≤ ZYk l 1−, 0∧ ZYk l 2−, 0≠∧if

Ak l, 22← 32 ZYk l, ≤ 63≤ ZYk l 1−, 0∧ ZYk l 2−, 0≠∧if

Ak l, 23← 64 ZYk l, ≤ 127≤ ZYk l 1−, 0∧ ZYk l 2−, 0≠∧if

Ak l, 0← otherwise

l 2 63..∈for

k 0 1023..∈for

A

:=  

NZ1Y

0

1023

k 0

63

l

Z1Yk l, ∑
=

∑
=

:=  

NZ1Y 4091=  ბიტი 
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Z 2:=  

Z2Y

Ak l, 6← ZYk l, 1 SZ2k l, 0∧ ZYk l 3−, 0≠∧if

Ak l, 10← 2 ZYk l, ≤ 3≤ SZ2k l, 0∧ ZYk l 3−, 0≠∧if

Ak l, 13← 4 ZYk l, ≤ 7≤ SZ2k l, 0∧ ZYk l 3−, 0≠∧if

Ak l, 16← 8 ZYk l, ≤ 15≤ SZ2k l, 0∧ ZYk l 3−, 0≠∧if

Ak l, 20← 16 ZYk l, ≤ 31≤ SZ2k l, 0∧ ZYk l 3−, 0≠∧if

Ak l, 21← 32 ZYk l, ≤ 63≤ SZ2k l, 0∧ ZYk l 3−, 0≠∧if

Ak l, 22← 64 ZYk l, ≤ 127≤ SZ2k l, 0∧ ZYk l 3−, 0≠∧if

Ak l, 0← otherwise

l 3 63..∈for

k 0 1023..∈for

A

:=  

NZ2Y

0

1023

k 0

63

l

Z2Yk l, ∑
=

∑
=

:=  

NZ2Y 1458=  ბიტი 

Z 62:=  

Z62Y

Ak l, 50← ZYk l, 1 SZ62k l, 0∧ ZYk l 63−, 0≠∧if

Ak l, 54← 2 ZYk l, ≤ 3≤ SZ62k l, 0∧ ZYk l 63−, 0≠∧if

Ak l, 57← 4 ZYk l, ≤ 7≤ SZ62k l, 0∧ ZYk l 63−, 0≠∧if

Ak l, 60← 8 ZYk l, ≤ 15≤ SZ62k l, 0∧ ZYk l 63−, 0≠∧if

Ak l, 64← 16 ZYk l, ≤ 31≤ SZ62k l, 0∧ ZYk l 63−, 0≠∧if

Ak l, 65← 32 ZYk l, ≤ 63≤ SZ62k l, 0∧ ZYk l 63−, 0≠∧if

Ak l, 66← 64 ZYk l, ≤ 127≤ SZ62 k l, 0∧ ZYk l 63−, 0≠∧if

Ak l, 0← otherwise

l 63 63..∈for

k 0 1023..∈for

A

:=  

NZ62Y

0

1023

k 0

63

l

Z62Yk l, ∑
=

∑
=

:=  

NZ62Y 0=  ბიტი 
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NZY NZ1Y NZ2Y+ ...+ NZ62Y+:= NZ2YNZ2Y  

NZY 9520=  ბიტი 

SNend

Ak l, 4←

l 0 1023..∈for

k 0∈for

A

:=  

SNend 0 1 2 3 4 5 6 7 8 9

0 4 4 4 4 4 4 4 4 4 ...
=  

Nend

0

0

k 0

1023

l

SNendk l, ∑
=

∑
=

:=  

Nend 4096=  ბიტი 

NNYH NYM NY0R0+ NYR0+ NZY+ Nend+:=  

NNYH 29594=  ბიტი 
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