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reziume 

samuSaoSi warmodgenilia sadisertacio TemasTan “wrfivi 
gardasaxvebis safuZvelze satelekomunikacio signalebis 
kompaqturi kodirebis meTodebis damuSaveba da gamokvleva” 
dakavSirebiT Catarebuli Teoriuli da eqsperimentuli kvlevis 
Sedegebi. 

sxvadasxva klasis (Zalian mcire, mcire, saSualo da 
maRali detalobis) gamosaxulebaTa farTozolovani signalebis 
damaxsovrebisa da realuri satelekomunikacio arxebiT maTi 
maRalxarisxovani gadacemis uzrunvelyofisaTvis aucilebelia 
am signalebis kompaqturi kodirebis ganxorcieleba, risTvisac 
SesaZlebelia gamoyenebuli iyos kodirebis sxvadasxva meTodebi.  

gamosaxulebaTa kompaqturi kodirebis (kompresiis) 
saerTaSoriso JPEG (Joint Picture Exspert Group) da MPEG (Motion Picture 

Exspert Group) standartebiT rekomendirebuli diskretuli 
kosinusuri gardasaxvis transformantebis kompresia SeiZleba 
ganxorcieldes egreT wodebuli blokuri da zonuri kodirebis 
algoriTmebis gamoyenebiT ferad gamosaxulebaTa samive 
(sikaSkaSisa da ori fersxvaobiTi) SemdgenisaTvis. 

gamosaxulebaTa signalebis kompaqturi kodirebis 
SemoTavazebuli blokuri meTodis gamoyenebisas kompresiis 
TvalsazrisiT misi efeqturoba dasturdeba mxolod Zalian 
mcire, mcire da saSualo detalobiT gamorCeuli 
gamosaxulebebisaTvis kompresiis arsebul meTodTan SedarebiT, 
romelic gaTvaliswinebulia saerTaSoriso standartebiT.  

kompresiis maCveneblebis gazrda oTxive klasis 
gamosaxulebebisaTvis SesaZlebeli aRmoCnda egreT wodebuli 
zonuri meTodis gamoyenebis SemTxvevaSi, romelic emyareba 
256x256 formatis ferad sacdel gamosaxulebaTa signalebis 
sikaSkaSisa da fersxvaobiTi Semdgenebis wrfivi diskretuli 
kosinusuri gardasaxvis transformantebis koeficientebis 
statistikur parametrebs.  

umravles SemTxvevaSi diskretuli kosinusuri gardasaxvis 
transformantebis aranulovani koeficientebi, maTi 8x8 formatiT 
warmodgenis dros, Tavmoyrilia zeda marcxena nawilSi, rac 
umravles SemTxvevaSi iZleva mcire raodenobis zonebis 
gamoyenebisa da, Sesabamisad, kompresiis gaumjobesebis 
saSualebas diskretuli kosinusuri gardasaxvis realizaciis 
Semdeg damatebiTi danakargebis gareSe.  

kompresiis faqtoris ufro metad gaumjobeseba 
SesaZlebelia zonuri kodirebis meTodSi transformantebis 
skanirebis algoriTmis adaptaciiT, kerZod mTavari 
koeficientebis masivSi maTi skanirebis gareSe da skanirebis 
oTxidan erT-erTi (zigzag-horizontaluri, zigzag-vertikaluri, 
horizontaluri da vertikaluri) variantiT kodirebisas, xolo 
aramTavari koeficientebis masivebisaTvis skanirebis oridan erT-
erTi (zigzag-horizontaluri da zigzag-vertikaluri) variantis 
gamoyenebisas da, agreTve, mTavari koeficientebis 



V 

organzomilebian masivSi maTi sxvaobebis gamoTvlis oridan erT-
erTis (horizontaluri da vertikaluri) variantis realizaciis 
SemTxvevaSi. aRniSnuli variantebidan kompresiis TvalsazrisiT 
saukeTesos SerCevis saSualebiT SesaZlebeli aRmoCnda 
kompresiis faqtoris sagrZnobi gazrda kompresiis arsebul 
meTodTan SedarebiT. 

kompresiis SemoTavazebuli adapturi meTodi moiTxovs 
sainformacio damatebiTi (Warbi) simboloebis Setanas Sesabamis 
cifrul nakadSi. masTan ki dakavSirebulia aRdgenili 
gamosaxulebebis xarisxis gauareseba, rac moiTxovs cifrul 
signalSi sainformacio simboloebis ramdenjerme (magaliTad, 
samjer) dafiqsirebas.  

 sxvadasxva (Zalian mcire, mcire, saSualo da maRali 
detalobis mqone) klasis sacdeli feradi gamosaxulebebis 
kompaqturi kodirebis SemoTavazebuli meTodebis 
modelirebisaTvis gamoyenebulia programa Mathcad, romlis 
safuZvelze Sefasebulia SemoTavazebuli meTodebis ara marto 
efeqturoba arsebulTan SedarebiT, aramed aRdgenili 
gamosaxulebebis xarisxobrivi maCveneblebi obieqturi da 
subieqturi kriteriumebis safuZvelze.  
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Abstract 

 

 Work offers the results of theoretical and experimental researches conducted in 

relation with the dissertation work: “Development and Study of the Methods of 

Telecommunication Signals’ Compact Coding on the Basis of Linear Transformation: 

 To ensure saving of the wide-band signals of images of different classes (very 

low, low, medium and high detailing) and their high quality transmission by actual 

telecommunication channels, compact encoding of the signals is necessary and 

various encoding methods could be used for this. 

 Compression of the transforms of discrete cosine transformation, 

recommended by International JPEG (Joint Picture Expert Group) and MPEG (Motion 

Picture Expert Group) standards of image compact coding (compression) can be 

provided using so called block and zone encoding algorithms for all three components 

(brightness and two color ranges) of colored images. 

 In case of use of offered block method of compact coding of the image signals, 

its effectiveness, with respect of compression, is evidenced for the pictures 

distinguished with very low, low and medium detailing, compared with the existing 

compression method provided for by the international standards.  

 Improvement of compression characteristics for the images of all four classes 

was possible in case of use of so called zoning method, based on statistical parameters 

of the coefficients of the transforms of linear discrete cosine transformation of the 

brightness and color ranges of the colored test image signals of 256x256 format. 

 In the most cases, coefficients of the transforms of discrete cosine 

transformation different from zero, in case of their presentation in 8x8 format , is 

gathered in the upper left part, allowing, in the most cases, use of the small number of 

zones and hence, improving of compression, after discrete cosine transformation, 

without additional losses. 

 Further improvement of the compression factor is possible through adaptation 

of the algorithm of transforms scanning in the zoned coding method, in particular, 

through coding in the array of the main coefficients, without scanning and one of four 

scanning (zigzag-horizontal, zigzag-vertical, horizontal and vertical) variants and in 

case of use one of the two variants of scanning (zigzag-horizontal and zigzag-vertical) 

for the arrays of non-main coefficients and, in case of realization of on one of two 

(horizontal and vertical) variants of calculation of the differences in two-dimensional 

array of the main coefficients. It turned out that through selection of the best ones, 

with respect of compression, among the mentioned variants, it is possible to 

significantly increase compression factor, compared with the existing compression 

methods. 

 Offered adaptive compression method requires inclusion of the additional 

(excessive) information characters into the relevant digital flow. With this, worsening 

of the restored picture quality is associated, requiring fixing of the information 

characters in the digital signal several (e.g. three) times. 

 Methcad software was used for modeling of the offered techniques of compact 

coding of the test colored images of various classes (very low, low, medium and high 

detailing), allowing evaluation of not only its effectiveness, compared with the 

existing techniques, but also evaluation of the qualitative characteristics of the 

restored picture, on the basis of the objective and subjective criteria. 
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vertikaluri skanireba -------------------------------------------------- 
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sur. 10 kompresirebuli gamosaxuleba “lena”: damaxinjebis 
gareSe (a); sikaSkaSis Semdgenis damaxinjebisas (b); 
fersxvaobiTi Cr Semdgenis  damaxinjebisas (g); 
fersxvaobiTi Cb Semdgenis  damaxinjebisas (d) ----------                  
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sur. 11 kompresirebuli gamosaxuleba “lena”: sikaSkaSis Y 
da fersxvaobiTi Cr Semdgenebis damaxinjebisas (a); 
sikaSkaSis Y da fersxvaobiTi Cb Semdgenebis 
damaxinjebisas (b) ---------------------------------------------------------- 
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sur. 12 kompresirebuli gamosaxuleba “lena”: fersxvaobiTi  
Cr da Cb Semdgenebis damaxinjebisas (a); samive 
Semdgenis damaxinjebisas (b) -----------------------------------------  
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sur. 13 kompaqturad kodirebuli (kompresirebuli) sacdeli 
gamosaxulebebi -------------------------------------------------------------- 
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XIV 

gamoyenebuli abreviaturebis nusxa 

abreviatura G g a n m a r t e b a 

 

JPEG Joint Picture Expert Group uZrav gamosaxulebaTa 
eqspertTa jgufi 

 

ISO International Organization 

for Standartization 

standartizaciis 
saerTaSoriso organizacia 

 

IEC International 

Electrotechnical 

Commission 

 

saerTaSoriso 
eleqtroteqnikuri komisia 

MPEG Motion Picture Exspert 

Group 

moZrav gamosaxulebaTa 
eqspertTa jgufi 

 

MPEG-1; 2; 4 Motion Picture Exspert 

Group-1; 2; 4 

moZrav gamosaxulebaTa 
kodirebis standartebi 

 

ESA European Space Agency evropis kosmosuri saagento 

 

IPTV Internet Protocol Television internet televizia 

 

VOD VideoOnDemand video moTxovniT 

 

4G Fourth Generation meoTxe Taobis (generaciis) 
mobiluris qseli 

 

LTE Long Term Evolution “mravalwliani ganviTareba”. 
meoTxe Taobis mobiluri 
sistema 

 

HD High Definition maRali simkveTre, xarisxi 
CDMA Code Division Multiple 

Access 

“mravali SeRwevadoba 
koduri dayofiT” mesame 
Taobis mobiluri qseli 

 

3D Three Dimensional sam ganzomiliani 

 

DCT Discrete Cosine Transform diskretuli kosinusuri 
gardasaxva 

 

DVB  Digital Video Broadcasting  cifruli videomauwyebloba 

 

EOB  End of blok blokis dasasruli 

 

MSE Mean square error saSualo kvadratuli 
cdomileba 

 

NMSE Normalized mean square 

error 

normirebuli saSualo 
kvadratuli cdomileba  

 

SNR Signal and Noise ratio signalisa da xmauris 
fardoba 

 

SNRP Signal and Noise ratio of 

the peak value 

signalisa da xmauris 
fardobis pikuri mniSvneloba 
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Sesavali 

 

  Tanamedrove globalizaciis pirobebSi adamianis, 

sazogadoebis, qveynebisa da zogadad msoflios ganviTarebaSi 

didi mniSvneloba eniWeba informaciis mudmiv ganaxlebas (miReba, 

damuSaveba, Senaxva, gadacema). adamianis sensorul sistemebs 

Soris dominantuli adgili ukavia mxedvelobis sistemas. 

informaciis daaxloebiT 80% swored mxedvelobis saSualebiT 

miewodeba adamians. 

 gamosaxulebaTa (maT Soris telexedvis) signalebis 

cifruli sistemebis Seqmnaze pirveli winadadebebi gamoCnda 

gasuli saukunis 80-90-ian wlebSi. am proeqtebs safuZvlad edo is 

warmatebebi, romlebic miRweuli iqna gamosaxulebaTa kompaqturi 

kodirebisa da SekumSvis meTodebis damuSavebaSi. 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. 

 yovelwliurad izrdeboda gamosaxulebaTa cifruli gada-

cemis sistemebis proeqtebis raodenoba da umjobesdeboda maTi 

maxasiaTeblebi. 1993 wlis dasawyisSi ganxilvidan ukve moixsna 

ukanaskneli analoguri sistemebi. 1993 wlis maisSi arsebiTad 

msgavsi proeqtebis warmomdgeni kompaniebisa da organizaciebis 

oTxi jgufi gaerTianda “Grand Alliance”-Si. maT SemdgomSi warmoad-

gines erTiani proeqti, romelic amerikis SeerTebul StatebSi 

gaxda srulad cifruli satelevizio sistemis standartis safu-

Zveli. axali sistemis SemqmnelTa Sorisaa masaCusetsis teqnolo-

giuri instituti, korporaciebi Zenith, AT&T, General Instruments, 

Philips-isa da Thomson-is amerikuli ganyofilebebi da sxva. 

 Catarebul samuSaoTa Sedegebma gamoyeneba hpova ramdenime 

standartSi. uZravi gamosaxulebebis SekumSvisaTvis farTod 

gamoiyeneba JPEG (Joint Picture Expert Group) rekomendacia [1]. 
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 JPEG warmoadgens feradi, uZravi gamosaxulebis standarts. 

igi Seiqmna 1986 wels da iTvaliswinebda statikuri 

gamosaxulebis gamokvlevas da formatSi Cawerili gamosaxulebis 

moculobis SemWidroebas danakargebis gareSe. miRebuli 

standarti damtkicda rogorc ISO/IEC 10918-1, xolo ufro martiv 

da mosaxerxebel formaSi daerqva JPEG standarti.  

 moZrav gamosaxulebaTa da xmovani Tanxlebis signalebis 

SekumSvis meTodebi aRwerilia rekomendaciebSi MPEG-1 da MPEG-2 

(MPEG_Motion Picture Expert Group). standarti MPEG-1, romelic 

sabolood damtkicda 1993 wlis dekemberSi, 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]. 

 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 

programebis raodenobis mniSvnelovani gazrdis amocana, vinaidan 

es iZleva mniSvnelovan komerciul efeqts. 

 jer kidev 1993 wels evropaSi, rogorc ki cxadi gaxda, rom 

momavali aqvs cifrul satelevizio sistemebs, miiRes proeqti 

DVB (Digital Video Broadcasting _ cifruli videomauwyebloba), romlis 

damuSavebaSi monawileoba miiRo sxvadasxva qveynis 130-ze metma 

firmam da samecniero-kvleviTma organizaciam. ukve 1994 wels 

ABC World News Now iyo pirveli satelevizio Sou, romelic 

gadaica internetiT [5, 6]. 

 1987 wlidan evropis gaerTianebulma kosmosurma saagentom 

ESA (European Space Agency), romelSic Sediodnen didi britaneTi, 

safrangeTi, fineTi, germaniis federaciuli respublika, holan-
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dia, italia, ungreTi da agreTve kanada), SeimuSava koncefcia da 

momdevno aTwleulis strategiul mimarTulebad dasaxa dedami-

wis xelovnuri Tanamgzavris saSualebiT cifruli signalebis, 

maT Soris cifruli telexedvis gadacema. ukve 1997 wels 

dedamiwis xelovnuri TanamgzavriT evropul qveynebSi gadaicemo-

da cifruli telexedvis 170 arxi, xolo 1998 wlis bolosaTvis 

aseTi arxebis raodenobam gadaaWarba 1000-s. amavdroulad viTar-

deba rogorc cifruli satelevizio mauwyebloba sakabelo xaze-

biT, aseve cifruli videoCawera da cifruli videodiskebi [7]. 

 rogorc zemoaRniSnulidan Cans, dRevandel sainformacio 

samyaroSi sul ufro met adgils ikavebs cifruli gamosaxuleba. 

teqnologiebis ganviTarebam, Tavis mxriv, gamoiwvia cifruli 

interaqtiuri televiziis (IPTV, VideoOnDemand, da sxva), 

internetis da mobiluri satelefono kavSiris meoTxe Taobis 

(generaciis) 4G, LTE, CDMA da agreTve uZravi da moZravi 

gamosaxulebebis gadacemis egreTwodebuli 3D (samganzomiliani 

gamosaxuleba) sistemebiT gamosaxulebaTa gadacemis meTodebis 

danergvis aucilebloba.  

 saqarTveloSi ukve gamoiyeneba da sul ufro meti satele-

komunikacio kompania nergavs Tavis qselSi interaqtiur televi-

zias (IPTV, VideoOnDemand da sxva). amasTan erTad kompaniebi 

cdiloben momxmarebels miawodos rac SeiZleba meti HD arxi. 

 saqarTvelos komunikaciebis erovnuli komisiisa da ekono-

mikis saministros gadawyvetilebiT 2015 wlis ivnisisaTvis ana-

loguri satelevizio mauwyebloba unda Seicvalos cifruli mau-

wyeblobiT DVB-T2 sistemisa da MPEG-4 standartis gamoyenebiT [8].  

 cifrul mauwyeblobaze gadasvlisas satelevizio arxebi 

dajgufdeba da isini multipleqsebis meSveobiT DVB-T2 (cifruli 

video mauwyebloba _ miwiszeda mauwyeblobis meore Taoba) 

sistemis gamoyenebiT gavrceldeba, romelSic gaTvaliswinebulia 

gamosaxulebaTa kompaqturi kodirebis (kompresiis) MPEG-4 

standarti. multipleqsi cifruli informaciis nakadia, romelic 
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gamosaxulebis, xmisa da sxva saxis monacemis erTobas 

warmoadgens. erTi multipleqsis saSualebiT SesaZlebelia 15 

standartuli an 7 maRali garCevadobis xarisxis satelevizio 

signalis gadacema [8, 9]. 

 cifrul mauwyebelobaze gadasvlis Semdeg saqarTveloSi 

analogiuri mauwyeblobisTvis amJamad gamoyenebuli sixSireTa 

zolis nawili gamonTavisufldeba da gamoyenebuli iqneba sxva 

servisebis misawodeblad. magaliTad, sixSireTa 800 mhc zoli 

gamoyenebuli iqneba mobiluri farTozolovani LTE teqnologi-

isaTvis, romelic amJamad miiCneva yvelaze pespeqtiul teqnolo-

giad. misi saSualebiT SesaZlebelia mTeli qveynis masStabiT 

maRalsiCqarian monacemTa gadacemis qselis (interneti, lokalu-

ri Sida qseli, monacemTa erTiani bazis qseli da sxva) ageba [8]. 

 axali Taobis satelevizio sistemebis mTavari 

Taviseburebebia: 

_ cifruli satelevizio signalis sixSiruli zolis 

arsebiTi Seviwroveba, rac miiRweva kompaqturi (efeqturi) 

kodirebis, anu gamosaxulebebSi siWarbis Semcirebis, saSualebiT, 

rac iZleva ufro meti signalis gatarebis saSualebas, vidre 

erTi analogiuri signalis gadacema imave sixSirul zolSi, 

kerZod, daaxloebiT 15 standartuli programis gadacemis 

saSualebas sixSireTa im arxSi, romelic amJamad gamoiyeneba 

mxolod erTi analoguri signalis gadasacemad [9];  

_ 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; 

_ interaqtiuri televiziis formatis damkvidreba, rac 

iZleva statistikuri monacemebis (arxebisa da konkretuli 

gadacemebis reitingi, momxmarebelTa aqtivobis periodis dadgena 

da sxva) miRebisa da maTi Semdgomi damuSavebis saSualebas; 



19 

_ arxebze teleteqstis (momxmareblis angariSis balansi, 

amindis prognozi, valutis kursi, gadacemaTa CamonaTvali, dRis 

mTavari siiaxleebis mokle mimoxilva da sxva) damateba.  

 gamosaxulebaTa signalebis kompaqturi kodirebis meTodebs, 

romlebic damyarebulia sxvadasxva wrfiv gardasaxvebze da 

maTTvis Sesabamisad kodirebis sxvadasxva meTodebis SerCevaze, 

eZRvneba mravali samecniero Sroma. 

 unda aRiniSnos, rom JPEG iTvaliswinebs feradi 

gamosaxulebis warmodgenas sikaSkaSis Y da or fersxvaobiT Cb da 

Cr Semdgenebad da gamosaxulebis TiToeuli maTganis dayofas 8x8 

an 16x16 zomis blokebad, romlebic SemdgomSi cal-calke 

muSavdeba diskretuli kosinusuri wrfivi gardasaxvis (DCT) 

sabazo matricebis gamoyenebiT. 

 cnobilia, rom adamianis Tvali ufro metad reagirebs 

sikaSkaSis cvlilebaze vidre ferebisaze. amitom standarti iTva-

liswinebs fersxvaobiTi mdgenelebis piqselebis (elementebis) 

raodenobis oTxjer Semcirebas gamosaxulebis horizontaluri 

da vertikaluri mimarTulebiT yoveli meore anaTvlis amogdebis 

meSveobiT (mimRebSi maTi aRdgena xdeba interpolaciis meTodis 

gamoyenebiT), xolo sikaSkaSis mdgenelis damuSaveba xdeba 

srulad (piqselebis raodenobis Semcirebis gareSe) [10, 11]. 

 aRsaniSnavia, rom moZrav gamosaxulebaTa da misi xmovani 

Tanxlebis signalebis kompaqturi kodirebis MPEG koderebis 

mTavar elements warmoadgens kadrs SigniT kodireba JPEG 

rekomendaciis safuZvelze. danarCeni kadrebi warmoadgenen 

mTavari kadris mcire cvlilebebis monacemebze “daSenebul” 

kadrebs [9, 10, 11, 12, 13]. 

 zemoT aRniSnulidan gamomdinare, SeiZleba davaskvnaT, rom 

Tu mivaRwevT feradi uZravi gamosaxulebis kompresiis 

maCveneblis gazrdas arsebuli standartebiT damuSavebuli 

gamosaxulebebis ucvleli xarisxobrivi maCveneblebis pirobebSi, 
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maSin Sesabamisi meTodis gamoyeneba SegveZleba rogorc 

statikuri, aseve moZravi gamosaxulebebisaTvis.  

Temis aqtualoba: vinaidan Tanamedrove msoflioSi didi 

mniSvneloba eniWeba informaciis (televizia, teqsturi faili, 

uZravi da moZravi gamosaxuleba, musika, xmovani informacia da 

sxva) swraf miReba/damuSaveba/gadacemas da izrdeba am 

informaciis Senaxvis moTxovna, amitom gansakuTrebuli 

mniSvneloba aqvs mis warmodgenas kompaqturad.  

 miuxedavad ganviTarebis tempebisa da teqnologiebis 

srulyofisa, mainc arsebobs didi moculobis monacemebis 

gadacemis problemebi, rac dakavSirebulia satelekomunikacio 

arxebis gamtarunarianobasa da maxsovrobis mowyobilobebis 

tevadobebis SezRudul SesaZleblobebTan. maTi muSaobis xarisxi 

didad aris damokidebuli sakomunikacio qselis 

gamtarunarianobaze. amgvarad, rac ufro naklebi moculobisa da 

maRali xarisxis informacia iqneba gadacemuli, miT ufro 

moqnili da rentabeluri iqneba aseTi qseli da, garda amisa, 

SesaZlebeli iqneba misi Semdgomi ganviTareba (srulyofa).  

 zemoT aRniSnuli 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 mizani. samuSaos mizans warmoadgens SemoTava-

zebuli blokuri da zonuri kodirebis meTodebis safuZvelze 

ferad gamosaxulebaTa kompresiis faqtoris amaRleba kompresi-

rebul gamosaxulebaTa xarisxobrivi parametrebis gauaresebis 

gareSe JPEG da MPEG standartebiT gaTvaliswinebuli kompresiis 

meTodTan SedarebiT. samuSaos erT-erT ZiriTad mizans warmoad-

gens, agreTve, SemoTavazebuli meTodebiT kodirebuli sacdeli 

gamosaxulebebis kompaqturi kodirebis parametrebis Sefaseba da 
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maTi Sedareba JPEG da MPEG rekomendaciebis safuZvelze 

kompresirebuli gamosaxulebebis Sesabamis parametrebTan. 

 kvlevis ZiriTadi amocanebi. sadisertacio samuSaos 

ZiriTad amocanebia:  

 1. ferad gamosaxulebaTa Semdgenebis kompresiis blokuri 

kodirebisa da dekodirebis meTodebis damuSaveba, maTi 

kompiuteruli modelireba da kompresiis gaumjobesebis 

SesaZleblobebis dadgena Zalian mcire, mcire, saSualo da 

maRali detalobis sacdeli gamosaxulebebisaTvis. kompresiis 

Sesabamisi faqtorebis gansazRvra da maTi Sedareba arsebuli 

meTodiT miRweul analogiur parametrebTan. 

2. 256x256 formatis ferad gamosaxulebaTa sikaSkaSisa da 

fersxvaobiTi Semdgenebis Sesabamisi 8x8 zomis blokebis 

diskretuli kosinusuri gardasaxvis dakvantuli 

transformantebis aramTavari koeficientebis masivebis 

statistikuri maxasiaTeblebis Sefaseba. 

 3. ferad gamosaxulebaTa Semdgenebis diskretuli 

kosinusuri gardasaxvis Sesabamisi transformantebis aramTavari 

koeficientebis masivis kompresiis zonuri meTodis algoriTmis 

damuSaveba da misi efeqturobis gansazRvra. 

 4. sacdeli gamosaxulebebis Semdgenebis Sesabamisi 

transformantebis aramTavari koeficientebis masivis 

statistikuri parametrebis analizi da maT safuZvelze zonuri 

kodirebis adapturi algoriTmis damuSaveba kompresiis faqtoris 

amaRlebis mizniT. 

 5. transformantebis adapturi zonuri kodirebis meTodis 

realizaciisas hafmanis modificirebuli cxrilebis Sedgena 

transformantebis statistikuri monacemebis gaTvaliswinebiT, 

romlebic misadagebulia (optimaluria) mocemuli gamosaxulebis 

sikaSkaSisa da fersxvaobiTi Semdgenebisadmi. 

 6. gamosaxulebaTa kompresiis faqtoris Semdgomi amaRlebis 

mizniT transformantebis aramTavari koeficientebis 

skanirebisaTvis, garda arserbuli meTodisa, zigzag-vertikaluri 
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skanirebis gamoyeneba da aRniSnuli variantebidan saukeTesos 

SerCeva kompresiis TvalsazrisiT. 

7. transformantebis aramTavari koeficientebis masivis ada-

pturi udanakargo kodirebis damuSavebuli meTodis Sexameba mTa-

vari koeficientebis masivis adaptur udanakargo kodirebasTan.  

 8. gamosaxulebaTa samive Semdgenis gardasaxvis 

koeficientebis SemoTavazebuli adapturi zonuri udanakargo 

kodirebis meTodiT kompresiisas misi efeqturobis Sefaseba 

sxvadasxva klasis feradi sacdeli gamosaxulebebisaTvis. 

 9. kompresiis SemoTavazebuli meTodebiT kodirebuli gamo-

saxulebebis xarisxobrivi parametrebis dadgena maTi Sefasebis 

rogorc obieqturi, aseve subieqturi kriteriumebis safuZvelze. 

 10. 256x256 formatis ferad gamosaxulebaTa Semdgenebis 

gardasaxvis koeficientebis SemoTavazebuli meTodebiT 

kodirebis damuSavebuli meTodebis modelireba programa Mathcad-

is gamoyenebiT da miRebuli Sedegebis safuZvelze Sesabamisi 

rekomendaciebis SemuSaveba.  

gamokvlevis meTodebi: samuSaoSi dasmuli problemebis 

analizisa da Sesabamisi amocanebis gadawyvetisaTvis Teoriuli 

da praqtikuli sakiTxebis damuSavebisas gamoyenebulia 

informaciis Teoria, SemTxveviTi procesebis Teoria, matricebisa 

da ricxvTa Teoria, albaTobis Teoria da, agreTve, 

kompiuteruli modelirebis meTodebi programa MathCad-is 

programuli uzrunvelyofiT. 

samecniero siaxle. naSromis TemasTan dakavSirebuli 

kvlevis Sedegad miRweuli samecniero siaxleebia: 

- naCvenebia ferad gamosaxulebaTa sikaSkaSisa da 

fersxvaobiTi Semdgenebis 8x8 formatis blokebis diskretuli 

kosinusuri gardasaxvis safuZvelze gamoTvlili dakvantuli 

koeficientebis kompresiis maCveneblis gaumjobesebis 

SesaZlebloba gardasaxvis koeficientebis JPEG da MPEG 

standartebiT gaTvaliswinebul kodirebasTan SedarebiT; 
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- SemuSavebulia gamosaxulebaTa Semdgenebis gardasaxvis 

koeficientebis kompaqturi udanakargo kodirebis (kompresiis) 

blokuri meTodi da dagenilia misi efeqturobis parametrebi 

sxvadasxva klasis feradi gamosaxulebis SemdgenebisaTvis; 

 - SemuSavebulia gamosaxulebaTa Semdgenebis Sesabamisi 

dakvantuli transformantebis aramTavari koeficientebis masivis 

kompaqturi udanakargo kodirebis (kompresiis) zonuri meTodi, 

romelic iTvaliswinebs, agreTve, konkretuli gamosaxulebis 

Semdgenebis Sesabamisi transformantebis statistikis safuZvelze 

hafmanis modificirebuli cxrilebis gamoyenebas; 

- Sedgenilia gardasaxvis dakvantuli aramTavari koefici-

entebis udanakargo kodirebisaTvis realuri gamosaxulebebi-

sadmi misadagebuli hafmanis modificirebuli cxrilebi 

aRniSnuli koeficientebis masivis statistikis gaTvaliswinebiT; 

- SemuSavebuli da gamokvleulia dakvantuli transforman-

tebis aramTavari koeficientebis masivis adapturi zonuri 

kodirebis mTavari koeficientebis masivis adaptur kodirebasTan 

Sexamebis algoriTmi, ramac uzrunvelyo kompresiis faqtoris 

Semdgomi gaumjobeseba; 

- naCvenebia, rom kompaqturi adapturi kodirebis 

SemoTavazebuli meTodebi uzrunvelyofen ferad gamosaxulebaTa 

TiToeuli Semdgenis kompresiis efeqturobis gazrdas kodirebis 

arsebul meTodTan SedarebiT gamosaxulebaTa aRdgenis ucvleli 

xarisxobrivi maCveneblebis pirobebSi. 

 samuSaos praqtikuli Rirebuleba ganpirobebulia im 

faqtiT, rom satelekomunikacio sferoSi mimdinareobs swrafi 

ganviTarebis procesebi, rac gulisxmobs rogorc moZravi, ise 

uZravi gamosaxulebebis gadacemas maRali xarisxiT da mcire 

moculobiT. gamosaxulebaTa kompaqturi kodirebis arsebuli 

meTodis Seswavla, analizi da maT safuZvelze damuSavebuli 

meTodebis danergva saSualebas miscems satelekomunikacio 
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sistemebis integratorebs, moTxovnis Sesabamisad, zustad 

SearCion produqti, romlis danergvasac apireben.  

naSromi Seicavs yvela aucilebel monacems, meTodikasa da 

rekomendacias satelekomunikacio da maxsovrobis sistemebisa-

Tvis gamosaxulebaTa signalebis kompaqturi kodirebis meTode-

bis realizaciisaTvis da, agreTve, Sesabamis kompiuterul pro-

gramebs telekomunikaciis specialobis bakalavriatsa da magis-

traturaSi Sesabamisi saswavlo kursebis laboratoriul-praqti-

kuli mecadineobebis kompiuteruli modelirebiT CatarebisaTvis. 

 samuSaos aprobacia. naSromSi miRebuli kvlevebis Sedegebi 

asaxulia q. quTaisSi saerTaSoriso samecniero konferenciis 

“energetika: regionuli problemebi da ganviTarebis 

perspeqtivebi” moxsenebaTa krebulSi gamoqveynebul 2 statiaSi 

(21-22. V. 2010 w.), saerTaSoriso samecniero-teqnikuri 

konferenciis “axali teqnologiebi Tanamedrove mrewvelobaSi” 

(29-30. IV. 2010 w. Tbilisi) Sromebis krebulSi gamoqveynebul 1 

statiaSi, saerTaSoriso sainJinro akademiisa da saqarTvelos 

sainJinro akademiis samecniero JurnalSi “Georgian Engineering News” 

(N3, 2011 w. Tbilisi) gamoqveynebul 1 statiaSi, saqarTvelos 

mecnierebaTa akademiis yovelTviuri samecniero-referirebuli 

JurnalSi “mecniereba da teqnologiebi” (#10-12, Tbilisi, 2011) 

gamoqveynebul 1 statiaSi, saerTaSoriso sainJinro akademiisa da 

saqarTvelos sainJinro akademiis samecniero JurnalSi “Georgian 

Engineering News” (N2, 2012 w. Tbilisi) gamoqveynebul 1 statiaSi da 

saqarTvelos teqnikuri universitetis jurnali “ganaTleba”-Si 

(#1(4), Tbilisi 2012 w.) gamoqveynebul 1 statiaSi.  

 samuSaos struqtura. samuSao Sedgeba Sesavlisagan, 

literaturis mimoxilvisagan, Sedegebisa da maTi gansjisagan, 

oTxi Tavisagan, daskvnisagan, gamoyenebuli literaturisagan da 

danarTebisagan. samuSaos moculoba Seadgens 166 gverds, 

romelTa Soris 96 gverdi ZiriTadi teqstia 13 naxaziTa da 35 

cxriliT. gamoyenebuli literatura Seicavs 54 dasaxelebas.  
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literaturis mimoxilvaE 

 
 nebismieri analogiuri signalis (gamosaxuleba, xma) 

cifrul signalad gardasaqmnelad saWiroa sami etapis gavla: 

diskretizacia, dakvantva da kodireba. maTgan yvelaze aqtualuri 

da mniSvnelovania signalebis kodireba, romelic ZiriTad 

gavlenas axdens signalis moculobaze da xarisxze.  

 arsebobs mravali meTodi signalebis cifrul 

kodirebasTan dakavSirebiT, romelzec Seqmnilia mTeli rigi 

samecniero samuSaoebi. maTgan yvelaze sainteresos warmoadgens 

gamosaxulebaTa signalebis cifruli kodireba [14]. 

 gamosaxulebaTa signalebis cifruli kodirebis dReisaTvis 

arsebuli mravali meTodidan SedarebiT gavrcelebuls 

warmoadgens: ipulsur-koduri modulacia (ikm); winaswarmetyvele-

biTi kodireba, kerZod ki diferencialuri impulsur-koduri 

modulacia (dikm); statistikuri (udanakargo) kodireba; 

veqtoruli dakvantva; adapturi jgufuri kodireba; piramiduli 

kodireba; kodireba wrfivi gardasaxvebis safuZvelze; kodireba 

sxvadasxva meTodebis SexamebiT (adapturi kodireba) da sxva. 

 gamosaxulebaTa signalebis efeqturi kodireba faqtiurad 

gulisxmobs sawyisi diskretuli signalis iseT gardaqmnas, rom 

Setyobinebis erT diskretul anaTvalze mosuli orobiTi simbo-

loebis (bitebis) saSualo raodenoba dayvanil iqnas minimumamde, 

e.i am Setyobinebebis entropiis mniSvnelobamde, rac Znelad 

gadasawyveti problemaa, radgan igi moiTxovs sawyis signalSi 

arsebuli statistikuri siWarbis srulad aRmofxvras [15, 16]. 

 kodirebis yvela meTodi saboloo jamSi amcirebs ori 

saxis siWarbes: 

1. statistikuri siWarbe, romelic ganpirobebulia 

gamosaxulelebis elementebis statistikiT; 

2. fsiqofiziologiuri siWarbe, romelic dakavSirebulia 

adamianis mxedvelobiTi aRqmis TaviseburebebTan. 

mxedvelobiTi informacia grovdeba mxedvelobiT 
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grZelvadian mexsierebaSi, iqmneba realuri obieqtebisadmi 

metnaklebad mimsgavsebuli subieqturi warmodgenebi, 

romlebic gamoiyeneba Semdgomi moqmedebisa da azrovnebis 

safuZvlad. 

gamosaxulebaTa signalebis cifruli kodirebis Sefasebis 

ZiriTad parametrebia: 

 1. kompresiis koeficienti C, romelic warmoadgens 

gamosaxulebis sawyisi signalis erT elementze (diskretul 

anaTvalze) daxarjuli bitebis raodenobis (M1) Sefardebas 

efeqturi kodirebis Semdeg erTi elementisaTvis saWiro bitebis 

raodenobasTan (M 2)  [17, 18, 19]. 

  2. efeqturi kodirebis Semdeg aRgenili gamosaxulebis 

xarisxis obiqturi (saSualo kvadratuli da normirebuli 

saSualo kvadratuli Secdomebi da sxva) da subieqturi 

(adamianis fsiqofiziologuri aRqmis Taviseburebani) Sefasebis 

Sedegebi. 

 3. kodirebuli signalis xelSeSlamdgradoba.  

  4. efeqturi kodirebis realizaciis simartive, romelic 

SeiZleba daxasiaTdes Sesasrulebeli operaciebis raodenobiT, 

gamosayenebeli aparaturis simartiviT da gabaritebiT, agreTve 

dasamuSavebeli signalis dayovnebis droiT.  

 ipulsur-koduri modulacia signalis kodirebis yvelaze 

gavrcelebuli meTodia. signalis kodirebis zemoT moyvanili 

meTodebidan igi yvelaze metad Seesabameba Sefasebis Semdeg 

parametrebs: efeqturi kodirebis Semdeg aRdgenili gamosaxu-

lebis xarisxis obiqturi da subieqturi Sedegebi; kodirebuli 

signalis xelSeSlamdgradoba; efeqturi kodirebis realizaciis 

simartive. magram Zalian cudi maCvenebeli aqvs kompresiis 

koeficientis TvalsazrisiT, rac SeuZlebels xdis mis gamoye-

nebas feradi gamosaxulebis signalebis realuri satelekomuni-

kacio arxebiT gadacemisaTvis, radgan 625 striqonis ganSlis 

SemTxvevaSi saWiro iqneba 216 mbit/wm siCqare, romelic, Tavis 

mxriv, iTxovs ufro ganier sixSirul zols analogiur signal-
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Tan SedarebiT (standartuli analogiuri satelevizio arxis 

sixSireTa zolis siganea 6...8 mhc, xolo 216 mbit/wm-is gadasace-

mad saWiro sixSireTa zolis sigane iqneba daaxloebiT 110-150 

mhc). zemoT aRniSnulidan gamomdinare, saWiro xdeba ikm 

signalis kompresia [15, 16]. 

praqtikaSi aseve gamoiyeneba winaswarmetyvelebiTi kodireba, 

kerZod ki diferencialuri impulsur-koduri modulacia (dikm), 

romelic warmoadgens gamosaxulebis signalis elementebis mi-

xedviT kodirebis meTods. Sesabamisad misi saSualebiT miRweuli 

kompresiis faqtori mcirea. diferencialuri impulsur-koduri 

modulacias axasiaTebs agreTve dabali xelSeSlamdgradoba, 

radgan gadacemuli cifruli nakadis romelime simbolos dama-

xinjeba iwvevs ara marto misi Sesabamisi elementis, aramed 

momdevno elementebis damaxinjebasac. amJamad dikm gamoiyeneba 

hibridul sistemebSi da igi Sexamebulia moZraobis kompensaciiT 

winaswarmetyvelebisa da udanakargo kodirebis meTodebTan. 

adapturi kodirebis aseTi Serwyma gamoyenebulia rogorc uZravi, 

aseve moZravi gamosaxulebebis kodirebis yvela stadartSi [14]. 

adaptur sistemebSi agreTve gamoiyeneba entropiuli anu 

statistikuri kodireba. aRniSnul kodirebas uwodeben agreTve 

“udanakargo kodirebas”, radgan mas SeuZlia kodirebis nebis-

mieri meTodis gamoyenebis Semdeg darCenili siWarbis kompresia. 

igi gamoyenebulia rogorc uZravi, aseve moZravi gamosaxulebebis 

kodirebis yvela stadartSi. misi es Tviseba (darCenili siWarbis 

kompresia) gamoarCevs mas kodirebis sxva meTodebisgan, rac mis 

Rirsebas warmoadgens [19, 20, 21, 22]. 

 klod elvud Senonma (1916-2001) Tavis naSromSi “informa-

ciis Teoria” gamoTqva Tvalsazrisi, rom gamosaxulebaTa kompre-

siisaTvis gamoyenebuli yofiliyo blokuri (fragmentuli) 

kodireba. am Tvalsazrisze damyarebiT Seiqma veqtoruli dakvan-

tvis meTodi, romelic gamosaxulebaTa statistikur Tavisebure-

bebTan erTad iTvaliswinebs adamianis mxedvelobiTi aRqmis 

Taviseburebebs, rac amaRlebs kompresiis koeficients. magram 
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amasTan erTad kompresiis koeficientis SedarebiT maRali 

mniSvnelobisas veqtoruli dakvantvis meTodiT kodirebul gamo-

saxulebebze SeimCneva sxvadasxva saxis specifikuri damaxinje-

bebi ("blokuri struqtura", "kibis struqtura" da "sazRvrebis 

waSla") da agreTve damaxinjebebi, romlebic dakavSirebulia moZ-

rav obieqtebTan (moZravi obieqtebis gawelva) rac iZleva Senele-

buli kadris efeqts. damaxinjebebis gamosworebisaTvis SemoTava-

zebulia ramodenime meTodi, rac arTulebs kodirebis meTodis 

aparaturul da logikur realizacias, xolo imis gamo, rom 

veqtoruli dakvantvis meTodi warmoadgens damoukidebel meTods, 

misi Serwyma sxva meTodebTan SeuZlebelia da igi ver gamoiyeneba 

egret wodebul Sexamebul (Serwymul, hibridul) sistemebSi [23]. 

 adamianis mxedvelobiTi aRqmis erT-erT Taviseburebas 

warmoadgens Tvalis Tviseba, romelic gamoixateba gamosaxulebis 

sixSiruli speqtris diapazonis daSlaSi (danawilebaSi) gan-

sazRvruli sivrculi orientaciisa da sxvadasxva sixSiruli qve-

diapazonebis mqone zolebad. didwilad am Tvisebazea damyare-

buli gamosaxulebaTa signalebis piramiduli kodirebis meTodi. 

rig naSromSi gaSuqebulia araorTogonaluri da orTogonaluri 

tipis piramiduli agebebis sakiTxebi. Tumca jer kidev araa 

garkveuli misi gamoyenebis efeqturobisa da kodirebis sxva 

meTodebTan Sexamebis sakiTxebi. 

 adamianis mxedvelobis fsiqofiziologiur Tvisebebs emya-

reba agreTve adapturi jgufuri kodirebis meTodi. igi saSuale-

bas iZleva gamosaxulebis erTi elementisaTvis saWiro bitebis 

raodenoba Semcirebuli iqnas daaxloebiT 3,8-jer. magram am 

meTodSic gamosaxulebaTa kodirebis aRdgenili blokebis sazRv-

rebze SeimCneva damaxinjebebi. dReisaTvis daudgenelia kodire-

bis sxva meTodebTan misi Sexamebisa da, Sesabamisad, hibridul 

sistemebSi misi gamoyenebis SesaZlebloba [24, 25, 26, 27]. 

 wrfivi gardasaxvebis gamoyenebiT gamosaxulebaTa 

kompaqturi kodirebis meTodi, romelic blokuri (fragmentuli, 

jgufuri) kodirebis meTodebs miekuTvneba, iZleva ara marto 
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sawyisi signalebis statistikuri Tvisebebis, aramed adamianis 

Tvalis fsiqofiziologiuri Taviseburebebis gaTvaliswinebis 

saSualebas, ris gamoc misi gamoyenebisas SeiZleba rogorc 

statistikuri, aseve fsiqofiziologiuri siWarbis kompresia. 

aRniSnul meTods safuZvlad udevs iseTi wrfivi gardasaxvebis 

gamoyeneba, rogoricaa: karunen-loevis, diskretul kosinusuri, 

uolSis da misi nairsaxeobebis (adamaris, pelis), haaris, furies, 

singularuli, daxrili gardasaxvebi da sxva. maTi saSualebiT 

telesakomunikacio (maT Soris gamosaxulebaTa) signalebis 

efeqturi kodirebis mimarTulebiT aqtiuri kvlevebi daiwyo 

gasuli saukunis Sua wlebidan [26, 27]. 

 gamosaxulebaTa wrfivi gardasaxvebiT kodirebisas miiRweva 

sawyis fragmentebis Zlier korelirebuli elementebidan garda-

saxvis Sesabamisi sivrceebis (transformantebis) mTlianad deko-

relirebuli an SedarebiT sustad korelirebuli koeficientebis 

miReba, ris Sedegadac sawyis fragmentebSi energiis Tanabari 

ganawilebis nacvlad miiReba misi mkveTrad araTanabari ganawi-

leba transformantebSi. es garemoeba iZleva transformantis 

mcire energiis mqone koeficientebis sawyisi gamosaxulebis ele-

mentebTan SedarebiT Semcirebuli raodenobis simboloebiT 

kodirebis saSualebas, riTac xorcieldeba gamosaxulebis 

signalebis statistikuri siWarbis kompresia [28, 29, 30, 31]. 

 gamosaxulebaTa wrfivi gardasaxvis meTodis gamoyenebis 

dros, adamianis mxedvelobiTi aRqmis Taviseburebebis 

gaTvaliswineba xdeba transformantebis elementebis dakvantva- 

kodirebis procesSi.  

 wrfivi gardasaxvebiT gamosaxulebaTa kodirebis meTodis 

Sexameba sxva meTodebTan iZleva karg Sedegs. magaliTad, 

efeqturia misi Sexameba winaswarmetyvelebiT kodirebasTan 

gamosaxulebis obieqtebis moZraobis kompensaciis 

gaTvaliswinebiT da udanakargo kodirebis meTodebTan.

 gamosaxulebaTa signalebis wrfivi gardasaxvebiT kodire-

bisas xdeba sawyisi fragmentis N diskretuli anaTvlis 
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(elementis) gardasaxva transformantis N koeficientebad 

(Cveulebriv N=2
i
, i=1, 2, …). kodirebis es meTodi SeiZleba gamoye-

nebul iqnas sawyisi gamosaxulebis rogorc erTganzomilebiani 

1 N  (gamosaxulebis striqonuli ganSlis mimarTulebiT), aseve 

organzomilebiani N N  (kadris organzomilebiani fragmentebis 

gardasaxva)  da samganzomilebiani N N N   fragmentebis damu-

SavebisaTvis. pirveli ori varianti miekuTvneba Sidasakadro, xo-

lo mesame _ kadrTaSorisi kodirebis meTodebs. amasTanave, pir-

vel SemTxvevaSi N= n, meore SemTxvevaSi N= n
2
, xolo mesame SemTx-

vevaSi N=n
3
, sadac n gamosaxulebis fragmentis (blokis) stri-

qonsa da svetSi diskretuli anaTvlebis (elementebis, piqse-

lebis) raodenobaa erTganzomilebiani da organzomilebiani 

gardasaxvisas da kadrebis raodenobacaa samganzomilebiani gar-

dasaxvis SemTxvevaSi. metyvelebis signalebis gardasaxvebiT ko-

direbisas gamoiyeneba erTganzomilebiani gardasaxva, vinaidan am 

klasis signalebi erTganzomilebiania [32, 33, 34, 35, 36, 37, 38, 39]. 

 arsebuli wrfivi gardasaxvebidan pirvel rigSi unda 

daxasiaTdes karunen-loevis gardasaxva, radgan igi warmoadgens 

yvelaze optimalurs srulad dekorelirebuli koeficientebis 

arsebobis gamo, ris gamoc uzrunvelyofs statistikuri siWarbis 

srulad Semcirebas. es niSnavs imas, rom am SemTxvevaSi 

statistikuri siWarbis kompresiis koeficienti maqsimaluria da 

aRdgenis saSualo kvadratuli cdomileba nulia. magram es 

yvelaferi SesaZlebelia mxolod Teoriulad, vinaidan mas ar 

gaaCnia swrafi gardasaxvis algoriTmi, radgan moiTxovs sawyisi 

gamosaxulebis statistikis winaswar codnas, ris gamoc yoveli 

fragmentisaTvis saWiroa gardasaxvis Sesabamisi optimaluri 

bazuri matricis SerCeva, rac praqtikulad SeuZlebels xdis mis 

realizacias. Mmiuxedavad misi arapraqtikulobisa, Teoriulad am 

gardasaxvis ganxilva aucilebelia, vinaidan igi optimaluria da 

praqtikaSi gamoyenebul sxva gardasaxvebis efeqturobis 

Sefasebis SesaZleblobas iZleva.  
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 aseve efeqturia singularuli gardasaxva minimaluri 

saSualo kvadratuli cdimilebis TvalsazrisiT. magram misi 

ganxorcielebisaTvis SedarebiT ufro meti operaciaTa 

raodenobaa saWiro, vidre karunen-loevis gardasaxvisTvis. misi 

gamoyeneba SeiZleba mxolod maxsovrobis sistemebSi, sadac ise 

mkacrad ar aris SezRuduli gardasaxvisaTvis saWiro 

gansaxorcielebeli algoriTmebis raodenoba da maT 

Sesasruleblad mocemuli dro [24, 27, 34, 36, 37, 38, 39]. 

 monotonurad da mcired cvladi sikaSkaSis mqone 

fragmentebisaTvis gamoiyeneba agreTve daxrili gardasaxva. igi 

gamosadegia mxolod gamosaxulebaTa mcire jgufisaTvis. 

 karunen-loevis gardasaxvasTan yvelaze axlo mdgomad 

iTvleba diskretuli kosinusuri, uolSis, furies da haaris 

gardasaxvebi. 

 gamosaxulebis aRdgenis saSualo kvadratuli cdimilebis 

minimaluri mniSvnelobis gamo, yvelaze efeqturia furies 

gardasaxva. miuxedavad imisa, rom arsebobs furies gardasaxvis 

realizaciis swrafi algoriTmi, misi praqtikaSi gamoyeneba mainc 

SezRudulia, radgan transformantis koeficientebis 

gamoTvlisaTvis aucilebelia Catardes gamoTvlebi rogorc 

mTel, aseve kompleqsur ricxvebze.  

arsebuli gardasaxvebidan, praqtikuli realizaciis 

TvalsazrisiT, yvelaze martivia aris haaris gardasaxva, magram 

misi gamoyenebis SemTxvevaSi statistikuri siWarbis kompresiis 

koeficienti minimaluria sxva gardasaxvebTan SedarebiT da 

Sesabamisad igi yvelaze naklebad axdens sawyisi signalis 

dekorelacias. 

 gamosaxulebis aRdgenis saSualo kvadratuli cdimilebis 

mniSvnelobiT diskretuli kosinusuri gardasaxva yvelaze axlo 

mdgomad iTvleba karunen-loevis gardasaxvasTan. praqtikuli 

mniSvnelobiTac mas gaaCnia gardasaxvis swrafi algoriTmi da 

igi SedarebiT ufro mcire raodenobis operacias saWiroebs, 

vidre karunen-loevis gardasaxva. aseTi Tvisebebis gamo 
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diskretuli kosinusuri gardasaxva warmoadgens JPEG da MPEG 

standartebis erT-erT mTavar komponents. miuxedavad aseTi 

Sefasebisa, aRsaniSnavia, rom am gardasaxvis Sesabamisi bazuri 

matricis striqonebi (garda pirveli striqonisa) Seicavs 

aramTel elementebs, ris gamoc transformantebis koeficientebis 

gamoTvlisas ukve Seuqcevad SecdomebTan gvaqvs saqme. Tumca 

aseTi Secdomebis arseboba dasaSvebadaa miCneuli adamianis 

mxedvelobis Taviseburebebis gaTvaliswinebis gamo. amave mizeziT 

SesaZlebelia diskretuli kosinusuri gardasaxvis 

transformantebis dakvantva am mizniT specialurad SerCeuli 

dakvantvis matricebis saSualebiT, rac gaTvaliswinebuli zemoT 

aRniSnul rekomendaciebSi.  

diskretuli kosinusuri gardasaxvisagan gansxvavebiT 

uolSis gardasaxvas da misi nairsaxeobebs ar gaaCniaT msgavsi 

naklovanebebi. miuxedavad amisa maTi SedarebiT dabali 

efeqturobis gamo upiratesoba mainc eniWeba diskretul 

kosinusur gardasaxvas, ris gamoc swored misi gamoyeneba iqna 

rekomendebuli 1991 wels kompania C-Cube Microsystems-is 

specialitebis mier SemuSavebul JPEG (ISO/IEC 10918-1) da Semdgom 

MPEG standartSi.  

 miRebuli rekomendaciebis da standartebis mixedviT 

feradi gamosaxulebis kompaqturi 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 [9, 14, 21]. 

 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 
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xarisxobrivi maCveneblebis (saSualokvadratuli cdomileba, 

signalisa da xmauris fardoba da sxva) SenarCunebis pirobebSi, 

an gaumjobesdes xarisxobrivi maCveneblebi kompresiis faqtoris 

SenarCunebiT [9, 14, 15, 19, 21, 31, 34, 40, 41]. 

literaturaSi, garda zemoT CamoTvlili kodirebis 

blokuri meTodebisa, ganixileba gamosaxulebaTa kompaqturi 

damuSaveba veqtoruli dakvantvis, veivlet-gardasaxvis da 

morfologiuri kodirebis saSualebiT [42, 43, 44, 45]. 

 miuxedavad imisa, rom signalebis kompaqturi kodirebis 

mizniT elementuri (arablokuri) meTodis gamoyeneba 

diferencialuri impulsur-koduri modulaciis safuZvelze 

iZleva mcire efeqts kompaqturi kodirebis TvalsazrisiT, is 

mainc gamoiyeneba Tanamedrove sistemebSi kodirebis blokur 

meTodebTan SexamebiT. aseTi adapturi kodireba 

gaTvaliswinebulia zemoT aRweril rekomendaciebSic, romlebic 

gulisxmobs diskretuli kosinusuri gardasaxvis, udanakargo 

kodirebis, diferencialuri impulsur-koduri modulaciisa da 

moZraobis kompensaciis meTodebis Serwymas, riTac miiRweva 

kodirebis maRali efeqturoba [1, 2, 3, 4, 14, 15, 21]. 

maSasadame, gamosaxulebaTa signalebis kompaqturi 

kodirebis adapturi meTodis erT-erT ZiriTad komponents 

warmoadgens diskretuli kosinusuri gardasaxvis Sexameba 

gardasaxvis sivrcis (transformantas) udanakargo kodirebasTan, 

romelic SeiZleba ganxorcieldes rogorc hafmanis cxrilebis 

gamoyenebiT, aseve egreT wodebuli ariTmetikuli kodirebiT [14, 

15, 21]. 
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samuSaos Sedegebi da maTi gansja 

 
Tavi 1. diskretuli kosinusuri gardasaxvis 

transformantebis udanakargo efeqturi kodirebis 

blokuri meTodi 

 
1.1. gamosaxulebaTa kompaqturi kodirebis meTodi diskretuli 

kosinusuri gardasaxvis safuZvelze  

 
cifruli signalebis kompaqturi kodirebis TvalsazrisiT 

saukeTesodaa miCneuli cifrul gamosaxulebaTa gardaqmna, 

diskretuli kosinusuri gardasaxvis (DCT _ Discrete Cosine Transform) 

gamoyenebiT, romelic Sesabamisi saerTaSoriso standartebis 

erT-erT ZiriTad komponents warmoadgens [1, 2, 3]. 

cifrul gamosaxulebaTa kompaqturi kodirebis JPEG da 

MPEG standartebi iTvaliswinebs gamosaxulebaTa 8x8 zomis 

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

(x,y) elementebis erTobliobis gardasaxvas (pirdapiri 

gardasaxva) da Sedegad miRebuli imave zomis matricis saxiT 

warmodgenili [F(u,v)] (u,v=0,1,2,…,7) transformantebis (gardasaxvis 

sivrceebis) F(u,v) koeficientebis dakvantvas, maT kodirebasa da 

gadacemas (an Senaxvas). gardasaxul gamosaxulebaTa aRdgena ki 

xorcieldeba transformantebis koeficientebis dekvantirebiTa 

da Sesabamisi ukugardasaxvis gamoyenebiT. SevniSnoT, rom (x,y) 

warmoadgens sawyis gamosaxulebaTa fragmentebis elementebis 

intensivobebs, xolo F(u,v) _ gardasaxvis Sedegad miRebuli 

transformantebis koeficientebis mniSvnelobebs. Uunda 

aRiniSnos, rom gamosaxulebaTa (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). 
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praqtikaSi gamoiyeneba diskretuli kosinusuri gardasaxvis 

(DCT _ Discrete Cosine Transform) is varianti, romlis sabazo 

matricas aqvs Semdegi saxe:  

 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[(x,y)]x[DCT]
T
, 

sadac [DCT]
T transponirebuli matricaa. 

 ukugardasaxva (gamosaxulebis fragmentis aRdgena) ki xdeba 

Semdegi gardaqmnis safuZvelze: 

[(x,y)]= [DCT]
-1

x[F(u,v)]x[DCT]
-1T

. 

am gamosaxulebaSi “-1” ukumatricis aRmniSvnelia.  

 pirdapiri gardasaxvis Sedegad miRebuli koeficientebis 

SesaZlo maqsimaluri mniSvnelobebis erToblioba imis 

gaTvaliswinebiT, rom gamosaxulebis elementebis intensivobis 

maqsimumia 255, rogorc Sesabamisma gamoTvlebma aCvena, SeiZleba 

warmovadginoT Semdegi matricis saxiT:  

 2040 924 942 871 1020 771 942 924  

 924 543 654 656 654 600 665 837  

 942 654 616 669 804 673 616 681  

 [F(u,v)]maqs. = 871 656 669 502 679 656 652 837  

 1020 654 804 679 510 640 804 590  

 771 600 673 656 640 438 656 837  

 942 665 616 652 804 656 653 665  

 924 837 681 837 590 837 665 837  
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cnobilia, rom gamosaxulebis sikaSkaSis Semdgenis Sesa-

bamisi gardasaxvis koeficientebis dakvantvisaTvis gamoiyeneba 

matrica [Qy] da hafmanis kodi (dakvantuli [F(u,v)] transforman-

tebis damatebiTi danakargebis gareSe kodirebisaTvis) [47, 48].  

 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 64  81 104 113  92  

 49 64 78 87 103 121 120 101  

 72 92 95 98 112 100 103  99  

 [Qr,b] matrica gamoiyeneba mxolod feradi gamosaxulebis 

fersxvaobiTi Cr da Cb mdgenelebisaTvis. 

 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  

aRniSnulidan gamomdinare, [F(u,v)]maqs. Mmatricis elemente-

bis [Qy] matricis elementebiT dakvantvis Sedegad miiReba:  

 128 84 94 54 42 19 19 15  

 77 45 47 35 25 10 11 15  

 67 50 39 27 20 12 9 13  

[F
’
(u,v)]maqs. = 62 39 30 17 13 8 8 14  

 57 30 22 10 8 6 8 8  

 32 17 12 8 8 4 6 9  

 19 10 8 8 8 5 5 7  

 13 9 7 8 5 8 7 9  
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realuri gamosaxulebis dakvantvis Sedegad miRebuli F
’
(u,v) 

matricis kodireba hafmanis meTodis gamoyenebiT gulisxmobs 

matricis koeficientebis zigzagiseburi skanirebis Sedegad 

miRebuli mimdevrobis kodireba hafmanis cxrilebis gamoyenebiT 

[19, 21, 49].  

gardasaxvis koeficientebis zigzagiseburi skanirebis 

Semdeg im koeficientebs, romelTa Soris ar arsebobs Tundac 

erTi nuli, hafmanis cxrilis mixedviT Seusabameben sxvadasxva 

sigrZis orobiT kods, xolo nulis an nulebis arsebobis 

SemTxvevaSi bolo nulis Semdgomi koeficientis kodirebas 

axorcieleben wina nulTan (an nulebTan) erTad aseTi 

SemTxvevisaTvis Sedgenili hafmanis specialuri cxrilis 

mixedviT. skanirebul mimdevrobaSi nulis aratoli koefici-

entebis kodirebis damTavrebis Semdeg ki formirdeba oTxTanriga 

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

gens oTxTanriga orobiT ricxvs 1010 da aRniSnavs mocemuli 

transformantas koeficientebis kodirebis damTavrebas. 

       

 

1.2. diskretuli kosinusuri gardasaxvis transformantebis 

udanakargo efeqturi kodirebis blokuri meTodi 

 

 hafmanis cxriliT transformantas koeficientebis 

kodirebisas kompresiis faqtori sakmaod didia da igi iZleva 

gamosaxulebis Sesabamisi gardasaxvis koeficientebis udanakargo 

kodirebis SesaZleblobas. magram miuxedavad amisa 

gamosaxulebaTa signalebis ekonomiuri kodirebis efeqturobis 

amaRleba (SekumSvis faqtoris gazrda) damatebiTi danakargebis 

gareSe aqtualuri problemaa. gamokvlevebma aCvena, rom SeiZleba 

moiZebnos kodirebis iseTi meTodi, romelic mogvcems ufro meti 

kompresiis miRwevis saSualebas hafmanis meTodTan SedarebiT. 

 kompaqturi kodirebis (kompresiis) efeqturoba SesaZlebe-

lia TvalnaTliv Sefasdes Semdegi parametrebis saSualebiT: 
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 1. C _ kompresiis koeficienti (C = M2/M1, sadac M1 sawyisi 

gamosaxulebis kodirebisaTvis daxarjuli bitebis raodenobaa, 

xolo M2 _ kompresirebuli gamosaxulebisaTvis saWiro bitebis 

raodenoba);  

 2. kompresiis faqtori F = 1/C =M1/M2.                        

 NxN zomis gamosaxulebisaTvis kompresiis faqtori       

                  F= m1 N
2
 / (

1

0

N

i






1

0

N

j





 m2
 
(i,j )) ,                                     

sadac: N gamosaxulebis striqonebis da TiToeul striqonSi 

arsebuli elementebis, m1 _ sawyisi gamosaxulebis erTi elementis 

kodirebisaTvis daxarjuli bitebis, m2(i,j) _ kompresirebuli 

fragmentis erTi elementisaTvis saSualod gamoyenebuli 

simboloebis raodenobebia.  

gamosaxulebaTa kompaqturi kodirebis SemoTavazebuli 

meTodis arsi ganxilulia [F1(u,v)] transformantas magaliTze. 

SevniSnoT, rom transformanta [F1(u,v)] miiReba diskretuli 

kosinusuri gardasaxvis Sedegad formirebuli [F(u,v)] dakvantviT. 

kodirebis SemoTavazebuli meTodi xorcieldeba etapobrivad 

Semdegi TanmimdevrobiT:  

1. transformantas F1(0,0)koeficientis damoukidebeli 

kodireba. aRniSnuli koeficientis kodirebisaTvis sakmarisia 7 

biti, vinaidan dakvantvamde misi maqsimaluri mniSvneloba 

Teoriulad SeiZleba iyos 2040-is toli (am SemTxvevaSi 

gamosaxulebis fragmentis 64-ve elementis intensivobis nomeria 

255), xolo dakvantvis Semdeg _ 127. F1(0,0) koeficientis 7-bitiani 

ricxviT kodirebis Semdeg [F1(u,v)] transformanta, romelic 

Seicavs mxolod danarCen 63 koeficients, SeiZleba warmodges 

Semdegi matricis saxiT.  
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[F1(u,v)]= 

F1(0,0) F1(0,1) F1(0,2) F1(0,3) F1(0,4) F1(0,5) F1(0,6) F1(0,7) 

F1(1,0) F1(1,1) F1(1,2) F1(1,3) F1(1,4) F1(1,5) F1(1,6) F1(1,7) 

F1(2,0) F1(2,1) F1(2,2) F1(2,3) F1(2,4) F1(2,5) F1(2,6) F1(2,7) 

F1(3,0) F1(3,1) F1(3,2) F1(3,3) F1(3,4) F1(3,5) F1(3,6) F1(3,7)  

F1(4,0) F1(4,1) F1(4,2) F1(4,3) F1(4,4) F1(4,5) F1(4,6) F1(4,7) 

F1(5,0) F1(5,1) F1(5,2) F1(5,3) F1(5,4) F1(5,5) F1(5,6) F1(5,7) 

F1(6,0) F1(6,1) F1(6,2) F1(6,3) F1(6,4) F1(6,5) F1(6,6) F1(6,7) 

F1(7,0) F1(7,1) F1(7,2)  F1(7,3)  F1(7,4) F1(7,5) F1(7,6) F1(7,7) 

 

2. informacia imis Sesaxeb, rom [F1(u,v)] trasformanta 

Seicavs Tu ara mxolod nulis tol koeficientebs (1 biti). 

 im SemTxvevaSi, rodesacG[F1(u,v)] transformantas yvela 

koeficienti nulia, maSin es informacia aRiniSneba simbolo 0-iT, 

xolo Tu transformantas erTi koeficienti mainc gansxvavdeba 

nulisgan _ simbolo 1-iT. aRsaniSnavia, rom realur 

gamosaxulebebSi SesaZlebelia iseTi SemTxvevis arseboba, ris 

gamoc Sesabamisi transformantas kodirebis procesi am etapzeve 

damTavrdeba. Sesabamisad, 8-bitiani informaciiT moxdeba 

fragmentis kodireba da SekumSvis faqtori iqneba 512/8=64 

(fragmentis erTi elementis kodirebisaTvis, nacvlad 8 bitisa, 

sakmarisi aRmoCndeba 8/64=0,125 biti.  

 3. [F1(u,v)] transformanta daiyofa 4x4 zomis marcxena zeda 

da qveda (bloki 1 da bloki 3) da marjvena zeda da qveda (bloki 

2 da bloki 4) 4 blokad ise, rogorc es naCvenebia [F1(u,v)] 

transformantaze da formirdeba 3-bitiani informacia imis 

Sesaxeb, rom me-2, me-3 da me-4 blokebSi Semavali yvela 

koeficienti aris Tu ara nulis toli. im blokebs, romlebic 

Seicaven mxolod nulis tol koeficientebs, pirobiTad 

ewodebaT nulovani blokebi, xolo danarCen blokebs _ 

aranulovani blokebi. vinaidan me-2 punqtis Sesrulebis Sedegad 

dadginda, rom transformantas yvela koeficienti araa nulis 

toli, amitom naTelia, rom 1-li bloki aranulovania. Sedegad 
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formirdeba Sesabamisi samTanriga koduri jgufi (Tu blokSi 

yvela koeficienti (an erTi mainc) araa nulis toli (simbolo 1), 

xolo Tu yvela koeficienti nulis tolia (simbolo 0). A  

 4. oTx blokad dayofili [F1(u,v)] transformantas TiToeuli 

bloki daiyofa 4 qveblokad ise, rogorc es naCvenebia [F1(u,v)] 

transformantaze da TiToeuli qveblokisaTvis (garda im 

qveblokebisa, romlebic ekuTvnian nulovan blokebs, da 1-l 

blokSi Semavali qveblokebisa, Tu danarCeni blokebidan erT-

erTi mainc araa nulovani bloki) formirdeba 4-bitiani 

informacia imis Sesaxeb, rom qveblokebSi Semavali yvela 

koeficienti aris Tu ara nulis toli. 

wina etapis msgavsad TiToeuli blokis qveblokebi 

danomrilia transformantas blokebis danomvris principiT da im 

qveblokebs, romlebic Seicaven mxolod nulis tol 

koeficientebs, pirobiTad ewodebaT nulovani qveblokebi, xolo 

danarCenebs _ aranulovan qveblokebi. 

5. im aranulovani blokis qveblokebSi nulis toli da 

aratoli koeficientebis dadgena, romelic Seicavs nulovan 

qveblokebs. 

6. pirveli xuTi punqtis Sesrulebis Sedegad darCenili 

qveblokebis koeficientebis amplitudur mniSvnelobaTa 

kodireba. 

imis gamo, rom transformantebis nulis aratoli 

koeficientebis Teoriulad SesaZlo mniSvnelobebi ar aRemateba 

iseT aTobiT ricxvs, romlisTvisac sakmarisia 7-Tanriga kodi, 3-

bitiani kodiT SeiZleba aRiniSnos maqsimaluri koeficientis 

kodirebisaTvis saWiro bitebis raodenoba. 

7. darCenili koeficientebis niSnebis (dadebiTi da 

uaryofiTi) aRmniSvneli informacia. 

 8. gansaxilvelad darCenili koeficientebis amplitudebis 

kodireba sakmarisi raodenobis bitebiT. 
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aRniSnuli etapis Sesrulebisas gasaTvaliswinebelia 

agreTve me-7 etapze dafiqsirebuli koeficientebis niSnebis 

simboloebi. 

amrigad, kodirebis SemoTavazebuli meTodi Seicavs 8 etaps. 

rac Seexeba dekodirebas, igi ganxorcieldeba Sesabamisi etapebis 

Sebrunebuli TanmimdevrobiT.  

rogorc Cans, arc erTi etapi ar gulisxmobs danakargebis 

xarjze kompresiis faqtoris gazrdas.  

magaliTis saxiT moyvanilia gamosaxulebis 8x8 zomis erTi 

fragmentis kodireba, rogorc hafmanis, aseve SemoTavazebuli 

blokuri kodirebis meTodebis gamoyenebiT.  

 realuri gamosaxulebis sikaSkaSis Semdgenis 8x8 zomis 

erT-erTi fragmentis Sesabamisi (x,y) elementebis erToblioba 

warmodgenilia Semdegi 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 

[(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 diskretuli kosinusuri gardasaxvis 

Sedegad miiReba transformanta [F(u,v)].  

 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 
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gamosaxulebaTa kompaqturi kodirebis efeqturobis 

amaRlebis mizniT damuSavebuli JPEG da MPEG standartebiT 

gaTvaliswinebulia gamosaxulebis sikaSkaSis Semdgenis 

gardasaxvis Sedegad miRebuli transformantebis koeficientebis 

dakvantva [Qy] matriciT, ris Sedegadac miiReba matrica [F1(u,v)]: 

 

 hafmanis meTodiT transformantebis dakvantuli 

koeficientebis kodirebamde xorcieldeba koeficientebis 

zigzagiseburi skanireba, ris Sedegadac isini lagdeba Semdegi 

TanmimdevrobiT: 92, -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 [21]. 

mocemul koeficientebs, hafmanis cxrilis mixedviT 

Seesabameba sxvadasxva sigrZis orobiTi kodi. ganxiluli 

SemTxvevisaTvis koeficientebis Sesabamisi koduri jgufebia: 

92_111111101011100 (15 biti); -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 64-koeficientiani transformantas 

saboloo kodi iqneba 149-bitiani ricxvi:  

  92 -8 -6 -1 0 0 0 0 

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

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

[F1(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 
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111111101011100111100111111100101111000111110011111100011001110010111

001111100111001111100101110010100111010011100111100111101111111101011

11101011010. 

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

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

8x64=512 biti. aRniSnuli fragmentis gardasaxvis Sedegad ki 

miRebuli transformantas kodirebisaTvis sakmarisi aRmoCnda 149 

biti, ris gamoc SekumSvis faqtoria 512/1493,44. Ees ki imas 

niSnavs, rom Tu sawyisi gamosaxulebis erTi elementis 

kodirebisaTvis gamoiyeneboda 8 biti, amjerad, kompaqturi 

kodirebis Sedegad, sakmarisi aRmoCnda 8/3,442,33 biti. 

 [F1(u,v)] transformantas magaliTze gamosaxulebis 

kodirebis SemoTavazebuli blokuri meTodi xorcieldeba zemoT 

aRwerili etapebis Semdegi TanmimdevrobiT:  

1. transformantas F1(0,0)koeficientis damoukidebeli 

kodireba. vinaidan F1(0,0)=92, amitom misi Sesabamisi 7-bitiani 

orobiTi ricxvia 1011100.  

2. informacia imis Sesaxeb, rom [F2(u,v)] trasformanta 

nulovania Tu aranulovani. mocemul SemTxvevaSi [F1(u,v)] 

transformantas yvela koeficienti araa nulis toli, ris gamoc 

formirdeba simbolo 1. 

3. [F1(u,v)] transformantas dayofa 4x4 zomis marcxena 

zeda da qveda (bloki 1 da bloki 3) da marjvena zeda da qveda 

(bloki 2 da bloki 4) 4 blokad. mocemul SemTxvevaSi 

formirdeba koduri jgufi 010, rac imas niSnavs, rom me-3 blokSi 

yvela koeficienti (an erTi mainc) araa nulis toli (simbolo 1), 

xolo me-2 da me-4 blokebSi _ yvela koeficienti nulis tolia 

(simbolo 0). A  

4. oTx blokad dayofili [F1(u,v)] transformantas 

TiToeuli blokis dayofa 4 qveblokad. ganxilul magaliTSi 

formirdeba 4-bitiani kodi (1100) me-3 blokis qveblokebis Sesaxeb. 
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5. im aranulovani blokis qveblokebSi nulis toli da 

aratoli koeficientebis dadgena, romelic Seicavs nulovan 

qveblokebs. 

ganxilul magaliTSi aseTia me-3 bloki da, vinaidan misi me-

3 da me-4 qveblokebis Semadgenlobis Sesaxeb ukve arsebobs 

informacia wina punqtis mixedviT, amitom ganixileba mxolod 

aRniSnuli blokis zeda (1-li da me-2) qveblokebi. Sesabamisad, 

mocemul SemTxvevaSi pirveli qveblokisaTvis formirdeba 4-

bitiani kodi 1100, xolo meore qveblokisaTvis _ aseve 4-bitiani 

kodi 0101 (sul 8 biti). 1-iT aRniSnulia nulis aratoli 

koeficienti, xolo 0-iT _ nulis toli koeficienti. aqedan 

gamomdinare, am etapze formirdeba 8-bitiani ricxvi 11000101. 

pirveli xuTi punqtis Sesrulebis Sedegad mocemul 

SemTxvevaSi dadgenilia 19 koeficientis koordinatebi. amitom 

Semdeg etapebze xorcieldeba mxolod maTi niSnebisa da 

mniSvnelobebis kodireba. 

6. pirveli xuTi punqtis Sesrulebis Sedegad darCenili 

qveblokebis koeficientebis amplitudur mniSvnelobaTa 

kodireba. realuri gamosaxulebebisaTvis 1-li blokis 1-l 

qveblokSi Semavali koeficientebis mniSvnelobebi aRemateba 

danarCeni koeficientebis mniSvnelobebs. amis gamo 

ganxorcieldeba 1-li blokis 1-l qveblokSi Semavali samive 

koeficientis damoukidebeli kodireba. 

 vinaidan mocemul SemTxvevaSi gansaxilvelad darCenilia 1-

li blokis 1-li da danarCeni sami qvebloki da me-3 blokis 1-li 

da me-2 qveblokebis koeficientebi, amitom aRniSnuli 

informaciis dafiqsirebisaTvis saWiroa 3x3=9 biti. kerZod, 1-li 

blokis 1-li qveblokis Sesabamisi 3-bitiani kodi iqneba 100, 

vinaidan masSi Semavali maqsimaluri koeficientis mniSvnelobaa 

10, Sesabamisad me-2, me-3 da me-4 qveblokebisaTvis _ 011, xolo me-2 

blokisaTvis _ 001. Uukanasknel SemTxvevaSi sakmarisia 1 biti, 

vinaidan am blokis aranulovani koeficientebis mniSvnelobebia 

mxolod 2 da 1. 
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maSasadame, kodirebis mocemul etapze formirdeba 9-bitiani 

kodi 100011001. 

7. darCenili koeficientebis niSnebis (dadebiTi da uar-

yofiTi) aRmniSvneli informacia. am SemTxvevaSi es informacia 19-

bitiani kodia, vinaidan darCenili koeficientebis raodenobaa 19. 

Semdgom xdeba 19-ve koeficientis striqonuli skanireba. 

koeficientebis dadebiTi niSani aRiniSneba 1-iT, uaryofiTi _ 0-

iT. skanirebisas gamotovebuli iqneba me-3 blokis 1-li da me-2 

qveblokebis nulis toli koeficientebi, romelTa Sesaxebac 

informacia formirebulia me-5 etapze. garda amisa, Tu am etapze 

gansaxilveli koeficientebidan romelime maTgani nulis tolia, 

maSin is pirobiTad CaiTvleba dadebiTad (mocemul SemTxvevaSi 

19-ve koeficienti nulis aratolia). Sesabamisad striqonulad 

skanirebuli koeficientebi dalagdeba Semdegi TanmimdevrobiT: 

F1(0,1), F1(0,2), F1(0,3), F1(1,0), F1(1,1), F1(1,2), F1(1,3), F1(2,0), F1(2,1), F1(2,2), 

F1(2,3), F1(3,0), F1(3,1), F1(3,2), F1(3,3), F1(4,0), F1(4,1), F1(4,3), F1(5,3). 

zemoaRniSnulis gaTvaliswinebiT mocemuli magaliTisaTvis 

19-bitian mimdevrobas eqneba Semdegi saxe: 0000000000000010011, 

sadac 0-iT aRniSnulia uaryofiTi niSani, xolo 1-iT _ dadebiTi.  

8. gansaxilvelad darCenili koeficientebis 

amplitudebis kodireba sakmarisi raodenobis bitebiT. 

aRniSnuli etapis Sesrulebisas gasaTvaliswinebelia agre-

Tve me-7 etapze dafiqsirebuli koeficientebis niSnebis simbolo-

ebi, amitom gansaxilvel magaliTSi 1-li da me-3 blokebis 

koeficientebis niSnebisa da amplitudebis kodirebisaTvis 

sakmarisi bitebis raodenoba ganawildeba Semdegnairad: 

1-li blokis 1-li qvebloki (igi Sedgeba 3 koeficientisagan) 

maqsimaluri koeficientisaTvis _ 1 (niSani) + 4 (amplituda)=5 

biti (sul 3 koeficientisaTvis _ 15 biti). aRniSnulis 

gaTvaliswinebiT, 1-li blokis 1-li qveblokis koeficientebis 

mniSvnelobebi da Sesabamisi 5-bitiani koduri jgufebia: -8 (01000); 

-10 (01010); -8 (01000). 
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1-li blokis me-2 qveblokis (igi Sedgeba 4 

koeficientisagan) maqsimaluri koeficientisaTvis _ 4 biti (sul 

oTxive koeficientisaTvis _ 16 biti). koeficientebis 

mniSvnelobebi da Sesabamisi 4 - bitiani (niSnis CaTvliT) koduri 

jgufebia: -6 (0110); -1 (0001); -5 (0101); -1 (0001). 

1-li blokis me-3 qveblokis (igi Sedgeba 4 

koeficientisagan) maqsimaluri koeficientisaTvis _ 4 biti (sul 

oTxive koeficientisaTvis _ 16 biti). koeficientebis 

mniSvnelobebi da Sesabamisi 3-bitiani koduri jgufebia: -6 (0110); -

4 (0100); -4 (0100); -5 (0101). 

1-li blokis me-4 qveblokis (igi Sedgeba 4 

koeficientisagan) maqsimaluri koeficientisaTvis _ 4 biti (sul 

oTxive koeficientisaTvis _ 16 biti). koeficientebis 

mniSvnelobebi da Sesabamisi 4-bitiani koduri jgufebia: -5 (0101); -

1 (0001); -4 (0100); 1 (1001). 

me-3 blokis 1-li qveblokis gansaxilvelad darCenili 2 

koeficientidan TiToeulisaTvis 2 biti (sul orive 

koeficientisaTvis _ 4 biti). koeficientebis mniSvnelobebi da 

Sesabamisi 2-bitiani koduri jgufebia: -2 (01); -2 (01). 

me-3 blokis me-2 qveblokis gansaxilvelad darCenili 2 

koeficientidan TiToeulisaTvis _ 2 biti (sul orive 

koeficientisaTvis _ 4 biti). koeficientebis mniSvnelobebi da 

Sesabamisi 2-bitiani koduri jgufebia: 1 (10); 1 (10). 

maSasadame, me-8 etapze gansaxilveli koeficientebis 

mniSvnelobaTa kodirebisaTvis saWiroa 52-bitiani kodi. 

im SemTxvevaSi, Tu koeficientebis Sesabamis kodebi 

dalagdeba striqonuli skanirebis TanmimdevrobiT, maSin 

aRniSnuli 71-bitiani kodia: 100001010010000110000101010001011001000100 

0101010100010100100101011010. Tu simboloTa miRebul Tanmimdevrobas 

win daemateba 1-l, me-2, me-3, me-4 da me-5 etapebze dadgenil simbo-

loTa mimdevrobebi, maSin miiReba 103-bitiani ricxvi: 1011100101011 

0011000101100011001010000101001000011000010101000101100100010001010101000101

00100101011010. 
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  amrigad, SemoTavazebuli meTodis safuZvelze diskretuli 

kosinusuri gardasaxvis transformantas udanakargo ekonomiuri 

kodirebisas mocemul SemTxvevaSi sakmarisi aRmoCnda 103 biti 

maSin, rodesac hafmanis kodebis gamoyenebisas saWiro iyo 149 

biti. Sesabamisad, ganxiluli meTodis SemTxvevaSi SekumSvis 

faqtoria 512/1034,97 maSin, rodesac hafmanis kodebis gamoyenebis 

SemTxvevaSi misi mniSvnelobaa 3,44. amitom SemoTavazebulma 

meTodma mocemul SemTxvevaSi uzrunvelyo gamosaxulebis erT 

elementze mosuli bitebis raodenobis Semcireba 8 bitidan 1,61 

bitamde (hafmanis kodis gamoyenebis SemTxvevaSi ki es maCvenebeli 

Semcirda 8 bitidan 2,33 bitamde).  

 warmodgenili masalis analizis safuZvelze mocemul 

SemTxvevaSi dgindeba, rom diskretuli kosinusuri gardasaxvis 

transformantebis udanakargo kodireba SemoTavazebuli meTodis 

safuZvelze gamoirCeva meti efeqturobiT imave mizniT hafmanis 

kodebis gamoyenebasTan SedarebiT. magram calsaxad imis Tqma, 

rom aRniSnuli kodireba yovelTvis efeqturia hafmanis meTodTan 

SedarebiT ar SeiZleba, radgan es magaliTi iyo mxolod erTi 

transformantasaTvis.  

SemoTavazebuli meTodis efeqturobis dasadgenad saWiroa 

mTliani 256x256 formatis feradi gamosaxulebis, rogorc 

sikaSkaSis Y, aseve ori fersxvaobis Cb da Cr Semdgenebis am 

meTodiT kodireba da maTi Sedareba hafmanis meTodiT 

kodirebul gamosaxulebasTan.  

 

1.3. udanakargod kodirebuli wrfivi gardasaxvis 

transformantebis dekodirebis algoriTmi 

 

wina paragrafSi ganxilulia realuri gamosaxulebis 8x8 

zomis erT-erTi fragmentis blokuri kodirebis magaliTi. 

SemuSavebuli meTodi ganxorcielebulia diskretuli kosinusuri 

gardasaxvis transformantebis etapebad damuSavebiT. 

transformantebis koeficientebis 103-bitiani orobiTi ricxvis 
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(1011100101011001100010110001100101000010100100001100001010100010110010001000

101010100010100100101011010) saSualebiT srulyofilad (100%-iT) 

aRdgenis (dekodirebis) algoriTmis arsi mdgomareobs SemdegSi: 

 1. gardasaxvis [F1(u,v)] transformantebis kodirebis meTodis 

mixedviT 1-l etapze xdeba transformantas F1(0,0) koeficientis 

kodireba 7-bitiani orobiTi ricxviT. Aamitom, vinaidan aRniSnuli 

mimdevrobis pirvel Svid simbolos (1011100) Seesabameba aTobiTi 

ricxvi 92, amitom dekodirebisas aRdgeba koeficienti F1(0,0)=92. 

2. kodirebis me-2 etapze formirdeba informacia imis Sesa-

xeb, rom [F1(0,0)] koeficientis gareSe warmodgenili trasformanta 

[F2(u,v)] Seicavs Tu ara mxolod nulis tol koeficientebs (1 biti 

_ 0 an 1). mocemul mimdevrobaSi am informaciis aRmniSvnelia me-8 

simbolo 1, rac niSnavs, rom transformanta aranulovania. [F2(u,v)] 

transformanta [F1(u,v)] transformantasgan gansxvavdeba mxolod 

imiT, rom igi ar Seicavs F1(0,0) koeficients. 

3. kodirebis procesis me-3 etapze 8x8 zomis [F2(u,v)] 

transformanta daiyofa 4x4 zomis 4 blokad ise, rogorc es 

[F1(u,v)] transformantazea naCvenebi, da formirdeba 3-bitiani 

informacia imis Sesaxeb, rom marjvena zeda da qveda (me-2 da me-4 

blokebi) da marcxena qveda (bloki 3) blokebSi Semavali yvela 

koeficienti aris Tu ara nulis toli. aRsaniSnavia, im blokebs, 

romlebic Seicaven mxolod nulis tol koeficientebs, ewodeba 

nulovani blokebi, xolo danarCenebs _ aranulovani blokebi. 

gansaxilvel mimdevrobaSi aRniSnuli informaciis 

matarebelia momdevno me-9, me-10 da me-11 simboloebi (010), rac imas 

niSnavs, rom 8x8 zomis [F2(u,v)] transformantas me-2 da me-4 

blokebis yvela koeficienti nulis tolia, xolo me-3 blokis 

yvela koeficienti araa nulis toli: F1(0,4)=F1(0,5)=F1(0,6)=F1(0,7)= 

F1(1,4)=F1(1,5)=F1(1,6)=F1(1,7)=F1(2,4)=F1(2,5)=F1(2,6)=F1(2,7)=F1(3,4)=F1(3,5)=F1(

3,6)=F1(3,7)=F1(4,4)=F1(4,5)=F1(4,6)=F1(4,7)=F1(5,4)=F1(5,5)=F1(5,6)=F1(5,7)=F1(6,

4)=F1(6,5)=F1(6,6)=F1(6,7)=F1(7,4)=F1(7,5)=F1(7,6)=F1(7,7)=0. 
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amrigad, dekodirebisas aRdgeba [F2(u,v)] transformantas me-2 

da me-4 blokebis 32-ve koeficienti. 

4. me-4 etapze xorcieldeba oTx blokad dayofili [F2(u,v)] 

transformantas TiToeuli blokis dayofa 4x4 zomis 4 qveblokad 

da TiToeuli qveblokisaTvis (garda im qveblokebisa, romlebic 

ekuTvnian nulovan blokebs, da 1-l blokSi Semavali qveblo-

kebisa, Tu danarCeni blokebidan erT-erTi mainc araa nulovani 

bloki) formirdeba 4-bitiani informacia imis Sesaxeb, rom qve-

blokebSi Semavali yvela koeficienti aris Tu ara nulis toli.  

wina etapis msgavsad TiToeuli blokis qveblokebi 

danomrilia transformantas blokebis danomvris principiT da im 

qveblokebs, romlebic Seicaven mxolod nulis tol 

koeficientebs, ewodebaT nulovani qveblokebi, xolo danarCenebs 

_ aranulovani qveblokebi. 

vinaidan me-3 etapze dadginda, rom garda transformantas 1-

li blokisa, aranulovania me-3 bloki, amitom kodirebis 

procesSi mxolod me-3 blokis qveblokebisaTvis formirdeba 4-

bitiani kodi, romlis simboloebs warmodgenil 103-bitian 

ricxvSi uWiravs me-12, me-13, me-14 da me-15 poziciebi. aRniSnuli 4-

bitiani kodia 1100, rac dekoderisaTvis imas niSnavs, rom me-3 

blokis mxolod me-3 da me-4 qveblokebia nulovani, anu maTSi 

Semavali yvela koeficienti nulis tolia: F1(6,0)= F1(6,1)= F1(7,0)= 

F1(7,1)= F1(6,2)= F1(6,3)= F1(7,2)= F1(7,3)=0. 

amrigad, dekodirebisas aRdgeba [F2(u,v)] transformantas me-3 

blokis me-3 da me-4 qveblokebis rvave koeficienti. 

5. im aranulovani blokis qveblokebSi nulis toli da 

aratoli koeficientebis dadgena, romelic Seicavs nulovan 

qveblokebs. 

wina etapze Catarebuli msjelobis safuZvelze 

dekodirebisas dgindeba, rom me-3 blokis mxolod 1-li da me-2 

qveblokebia aranulovani da maTi Sesabamisi informaciaa 

gansaxilveli 103-bitiani ricxvis momdeno 8-biti (me-16, me-17, ..., 23-e 

poziciebi), romelTagan 1-li qveblokisaTvis kodirebis procesSi 
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formirda 4-bitiani kodi 1100, xolo me-2 qveblokisaTvis _ aseve 

4-bitiani kodi 0101. SevniSnavT, rom 1-iT aRniSnulia nulis 

aratoli koeficienti, xolo 0-iT _ nulis toli koeficienti.  

miRebuli informaciis safuZvelze dekoderi adgens, rom 

F1(4,0)≠0, F1(4,1)≠0, F1(4,3)≠0, F1(5,3)≠0 da F1(4,2)=F1(5,0)=F1(5,1)=F1(5,2)=0. 

  dekodirebis Sedegad am etapze aRdgeba me-3 blokis 1-li 

da me-2 qveblokebis 4 koeficienti. 

maSasadame, dekodirebis procesis me-5 etapis damTavrebis 

Semdeg F1(u,v) transformantas aRdgenili koeficientebis raode-

nobaa 1 (I etapi)+32 (III etapi)+8 (IY etapi)+4 (Y etapi)=45, ris gamoc 

aRsadgenia danarCeni 19 koeficienti, romelTa koordinatebi 

cnobilia.  

6. mocemul 103-bitian mimdevrobaSi 24-e, 25-e, ..., 32-e 

poziciebze arsebuli simboloebis erToblioba (9-bitiani kodi) 

Seicavs informacias transformantas 1-l bloksa (3 biti) da me-3 

blokis 1-l (3 biti) da me-2 (3 biti) qveblokebSi maqsimaluri 

mniSvnelobis koeficientebis amplitudis kodirebisaTvis saWiro 

bitebis raodenobis Sesaxeb. Mmocemul mimdevrobaSi 9-bitiani 

kodia 100011001, rac imas niSnavs, rom 1-li blokis 1-li qveblokis 

3 koeficientis amplituda warmodgenilia 4-bitiani kodebiT, amave 

blokis me-2, me-3 da me-4 qveblokebis 4-4 koeficientisa (sul 12 

koeficienti) _ 3-bitiani kodebiT, xolo me-3 blokis 4 F2(4,0), 

F2(4,1), F2(4,3) da F2(5,3) koeficientisa _ 1-bitiani kodebiT. 

7. darCenili 19 koeficientis niSnebis aRmniSvneli 

informacia (19-bitiani kodi 0000000000000010011) mocemul 103-bitian 

mimdevrobaSi gadanawilebulia da Sesabamisi simbolo Casmulia 

koeficientis amplitudis aRmniSvneli orobiTi ricxvis win.  

aRniSnuli 19-bitiani kodis analizis safuZvelze dgindeba, 

rom F1(0,1), F1(0,2), F1(0,3), F1(1,0), F1(1,1), F1(1,2), F1(1,3), F1(2,0), F1(2,1), 

F1(2,2), F1(2,3), F1(3,0), F1(3,1), F1(3,2), F1(4,0) da F1(4,1) koeficientebi 

uaryofiTia, xolo F1(3,3), F1(4,3) da F1(5,3) koeficientebi _ 

dadebiTi. 103-bitian mimdevrobaSi Sesabamisi 71-bitiani ricxvia _ 

01000010100100001100001010100010110010001000101010100010100100101011010. 
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8. dekodirebis mocemul etapze xdeba 71-bitiani mimdevrobis 

analizi wina punqtebze miRebuli Sedegebis gaTvaliswinebiT.  

am mimdevrobis pirveli xuTi simbolo Seesabameba F2(0,1) 

koeficientis niSansa da mis amplitudur mniSvnelobas, Semdegi 

oTxi simbolo _ F2(0,2) koeficientis niSansa da amplitudas da 

ase Semdeg 71-bitiani mimdevrobis bolo 2 simbolo _ F2(5,4) 

koeficientis niSansa da amplitudas: 

01000 _ F2(0,1) = - 8; 0110 _ F2(0,2) = - 6; 0001 _ F2(0,3) = - 1; 01010 _ F2(1,0) = - 

10; 01000 _ F2(1,1) = - 8; 0101 _ F2(1,2) = - 5; 0001 _ F2(1,3) = - 1; 0110 _ F2(2,0) = 

- 6; 0100 _ F2(2,1) = - 4; 0101 _ F2(2,2) = - 5; 0001 _ F2(2,3) = - 1; 0100 _ F2(3,0) = 

- 4; 0101 _ F2(3,1) = - 5; 0100 _ F2(3,2) = - 4; 1001 _ F2(3,3) = 1; 01 _ F2(4,0) = - 2; 

01 _ F2(4,1) = - 2; 10 _ F2(4,3) = 1; 10 _ F2(5,3) = 1.  

amrigad, ganxiluli algoriTmis safuZvelze aRdgeba disk-

retuli kosinusuri gardasaxvis udanakargod da ekonomiurad 

kodirebuli transformantas yvela koeficienti, romelTa 

erToblioba warmoadgens [F1(u,v)] matricas. misi koeficientebis 

dekvantirebis Sedegad formirebuli [F(u,v)] matricis 

ukugardasaxviT ki aRdgeba gamosaxulebis fragmenti [(x,y)]. 

 

1.4. blokuri kodirebis meTodis efeqturoba 

 

gamosaxulebaTa kompaqturi kodirebis blokuri meTodiT 

kodirebis efeqturebis dasadgenad saWiroa mTliani 256x256 

formatis feradi gamosaxulebis rogorc sikaSkaSis Y, aseve 

fersxvaobiTi Cr da Cb Semdgenis am meTodiT kodireba da 

miRebuli Sedegebis Sedareba arsebulTan. feradi gamosaxulebis 

Sesabamisi sikaSkaSis Semdgeni Y=0,2989xR+0,5866xG+0,1145xB, xolo 

fersxvaobiTi Semdgenebi _ Cr=0,5000xR-0,4184xG-0,0816xB da Cb=-

0,1688xR-0,3312xG+0,5000xB, sadac R, G da B gamosaxulebis wiTeli, 

mwvane da lurji Semdgenebia.  

kompaqturi kodirebis blokuri meTodis efeqturobis 

dadgenis mizniT sacdelad SerCeuli iqna Zalian mcire, mcire, 
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saSualo da maRali detalobiT gamorCeuli 256x256 formatis 

feradi gamosaxulebebi ”foni”, “lena”,”alublebi” da “zamTari” 

(sur. 1). sikaSkaSis Semdgenis fragmentebis raodenobaa 32x32=1024, 

xolo TiToeuli fersxvaobiTi SemdgenisaTvis _ 16x16=256.   

 

                                                                                                          

           აA                      b                     g    

 
           d                      e                      v            

     

                      z                     T                     i        

                                                                  
            k                    l                      m     
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           J                      r                      s  

                  
           t                      u                    f 

                     

           q                      R                    y 
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                S                      C                    c 

                       

                     Z                      w                    W  
 

sur. 1. originaluri 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). 
 
 

cxrilSi 1 moyvanilia kodirebis arsebuli da SemoTavaze-

buli variantebis gamoyenebisas saWiro Sesabamisi bitebis rao-

denobebi rogorc gamosaxulebebis Y, Cr, Cb SemdgenebisaTvis, aseve 

sruli signalisaTvis. miRebuli Sedegebidan gamomdinareobs 

Semdegi: Zalian mcire detalobis gamosaxulebis (“foni”) Semo-

Tavazebuli meTodiT kodirebisas miiRweva ufro meti kompresiis 

faqtori arsebul meTodTan SedarebiT; mcire da saSualo deta-

lobis gamosaxulebebis (“lena”, “alublebi”) kodirebisas SemoTa-

vazebuli meTodiT ufro meti kompresiis faqtori arsebul 

meTodTan SedarebiT miiReba sikaSkaSis SemdgenisaTvis, xolo 

fersxvaobiTi SemdgenebisaTvis – uaresi Sedegi; maRali detalo-

bis gamosaxulebis (“zamTari”) SemoTavazebuli meTodiT kodire-

bisas samive SemdgenisaTvis Sedegebi uaresia. arsebuli da Semo-

Tavazebuli variantebidan saukeTesos SerCeviT (kodirebis 

procesis adaptaciiT) pirveli sami gamosaxulebis Sesabamisi 

sruli signalisaTvis miiReba ukeTesi Sedegi arsebulTan 

SedarebiT. cxrilis monacemebSi gaTvaliswinebulia Sexamebuli 

kodirebis SemTxvevaSi kodirebis variantis Sesaxeb damatebiTi 

erTi sainformacio simbolos gamoyenebis aucilebloba.  
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cxrili 1. Dferadi gamosaxulebebis kodirebisaTvis saWiro bitebis 
raodenoba  

 

sacdeli 

gamosaxu-

lebebi 

arsebuli meTodiT 
SemoTavazebuli 

meTodiT 

S
ex

am
eb
u
l
i 

me
T
o
d
iT

  

Y Cr Cb sul Y Cr Cb sul sul 

“foni” 8307 1164 1180 10651 5613 879 914 7406 7407 

“lena” 55771 4108 4323 64202 55287 5221 5566 66074 63719 

“alub-

lebi” 

64684 7524 5174 77382 64603 7612 6004 78219 77302 

“zamTa-

ri” 

66563 3017 4286 73866 66617 4215 4901 75733 73867 

 

 Tu gamosaxulebis erT elementze daxarjuli bitebis rao-

denobas avRniSnavT P-Ti, maSin kodirebis arsebuli da SemoTava-

zebuli meTodebis gamoyenebisas igi gamoiTvleba gamosaxulebi-

saTvis daxarjuli simboloebis jamuri raodenobebis gayofiT 

sacdeli gamosaxulebebis elementebis raodenobaze 

(256x256=65536). vinaidan sawyisi gamosaxulebis TiToeuli 

elementis samive Semdgenidan yoveli maTganisaTvis saWiroa 8 

biti, amitom sruli signalis TiToeuli elementisaTvis daixar-

jeba 24 biti, ris gamoc kompresiis faqtori F=24/P (cxrili 2).  

 
cxrili 2. Dferadi gamosaxulebebis kompaqturi blokuri kodirebis 

efeqturoba  
  

sacdeli 

gamosaxulebebi 

arsebuli 

meTodiT 

SemoTavazebuli 

meTodiT 

Sexamebuli 

meTodiT 

P F P F P F 

“foni” 0.163 147.24 0.113 212.39 0.113 212.39 

“lena” 0.980 24.49 1.008 23.80 0.972 24.69 

“alublebi” 1.181 20.32 1.194 20.10 1.180 20.34 

“zamTari” 1.127 21.30 1.156 20.76 1.127 21.30 
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Tavi 2. gamosaxulebaTa kompaqturi kodirebis zonuri 

meTodebi 

2.1.  ferad gamosaxulebaTa dakvantuli aramTavari 

koeficientebis histogramebi 

 

programa MathCad-is saSualebiT agebulia 

transformantebis dakvantuli aramTavari koeficientebis 

histogramebi sacdeli feradi Zalian mcire, mcire, saSualo da 

maRali detalobiT gamorCeuli gamosaxulebebis “foni” (nax. 2), 

“lena” (nax. 3), “alublebi” (nax. 4) da “zamTari” (nax. 5) sikaSkaSis 

Y da fersxvaobiTi Cr da Cb SemdgenebisaTvis.  

 

Y 

        

          Cr 

          

          Cr 

       

nax. 2. sacdeli feradi gamosaxulebis  “foni” Semdgenebis 
Sesabamisi transformantebis aramTavari koeficientebis masivis 

histogramebi. 
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Y 

 

 

 

Cr 

  

 

 

Cb 

  

 

nax. 3. sacdeli feradi gamosaxulebis  “lena” Semdgenebis 
Sesabamisi transformantebis aramTavari koeficientebis masivis 

histogramebi. 
 

 

 

 

 



58 

 

Y 

 
  

 

Cr 

 

                

 

Cb 

           

 
nax. 4. sacdeli feradi gamosaxulebis  “alublebi” Semdgenebis 

Sesabamisi transformantebis aramTavari koeficientebis masivis 
histogramebi. 

 

 

 

 

 

 

Y 

Cr 

Cb 



59 

 

Y 

 

 

Cr 

                      

 

Cb 

     

nax. 5. sacdeli feradi gamosaxulebis  “zamTari” Semdgenebis 
Sesabamisi transformantebis aramTavari koeficientebis masivis 

histogramebi. 
 

warmodgenili histogramebidan naTlad Cans, rom dakvantu-

li transformantebis aramTavari koeficientebis mniSvnelobebi 

samive SemdgenisaTvis nulis midamoSia ganlagebuli, rac 

miuTiTebs maTi udanakargo kompresiis efeqturobaze.  
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2.2. gamosaxulebaTa gadasaxuli transformatebis zonuri 

kodirebis algoriTmi 

 

feradi NxN zomis gamosaxulebebis kompresiis (efeqturi 

kodirebis) mizniT saerTaSoriso JPEG da MPEG rekomendaciebis 

Sesabamisad xdeba gamosaxulebebis sikaSkaSis Y Semdgenis NxN 

raodenobis diskretuli anaTvlebis (elementebis) da 

fersxvaobiTi Cr da Cb Semdgenebis (N/2)x(N/2) raodenobis 

elementebis masivebis 8x8 zomis fragmentebis f(x,y)x,y=0,1,…,7 

elementebisagan Sedgenili matricebis wrfivi diskretuli 

kosinusuri gardasaxva, ris Sedegadac miRebuli imave zomis 

transformantebis dakvantvis Semdeg formirdeba mTavari F(u,v)u,v=0 

da aramTavari F(u,v)u,v=1,2,…,7 koeficientebis masivi. 

transformantebis koeficientebis kompaqturi udanakargo 

kodirebis mizniT aRniSnuli rekomendaciebiT gaTvaliswinebulia 

gamosaxulebis yvela fragmentis Sesabamisi mTavari 

koeficientebis erTobliobis kodireba hafmanis kodebis 

gamoyenebiT, xolo aramTavari koeficientebis zigzag-

horizontalurad skanirebuli erTganzomilebiani mimdevrobis 

kompaqturi kodireba xorcieldeba am mizniT Sedgenili hafmanis 

cxrilebis safuZvelze [19, 21]. 

aRsaniSnavia, rom gamosaxulebebis diskretuli kosinusuri 

gardasaxvisa da am gziT formirebuli transformantebis 

dakvantva TavisTavad iwvevs nawilobriv danakargebs, rac 

umniSvneloa aRdgenili gamosaxulebebis xarisxobrivi 

maCveneblebis TvalsazrisiT, ris gamoc aRniSnuli danakargebi 

daSvebulia zemoaRniSnuli rekomendaciebiT. rac Seexeba 

udanakargo kodirebas hafmanis cxrilebis gamoyenebiT, 

gamosaxulebaTa damuSavebis am etapze miiRweva monacemTa 

(gardasaxvis dakvantuli transformantebis) udanakargo 

kompresia [1, 2, 3, 4, 14, 21].  

aRniSnuli organzomilebiani gardasaxvis dakvantuli 

[F(u,v)] transformantebi miiReba Semdegi matricebis 
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gadamravlebiT: [F(u,v)]= ([DCT]x[(x,y)]x[DCT]
T
)/Q, sadac [DCT]

T 

diskretuli kosinusuri gardasaxvis 8x8 zomis sabazo [DCT] 

matricis transponirebuli matricaa, xolo Q _ imave zomis 

dakvantvis matricaa [49, 50]. 

 ukugardasaxva (gamosaxulebis fragmentis aRdgena) ki xdeba 

Semdegi ukugardaqmnis safuZvelze: [(x,y)]=Q[DCT]
-1

x[F(u,v)]x[DCT]
-1T

. 

am gamosaxulebaSi “-1” ukumatricis aRmniSvnelia.  

transformantas aramTavari dakvantuli F(u,v)u,v=1,2,…,7 

koeficientebis erTobliobis warmodgena SeiZleba Semdegi 

matricis saxiT: 

                                                          F(u,v)= 

- FF(0,1) FF(0,2) FF(0,3) FF(0,4) FF(0,5) FF(0,6) FF(0,7) 

FF(1,0) FF(1,1) FF(1,2) FF(1,3) FF(1,4) FF(1,5) FF(1,6) FF(1,7) 

FF(2,0) FF(2,1) FF(2,2) FF(2,3) FF(2,4) FF(2,5) FF(2,6) FF(2,7) 

FF(3,0) FF(3,1) FF(3,2) FF(3,3) FF(3,4) FF(3,5) FF(3,6) FF(3,7) 

FF(4,0) FF(4,1) FF(4,2) FF(4,3) FF(4,4) FF(4,5) FF(4,6) FF(4,7) 

FF(5,0) FF(5,1) FF(5,2) FF(5,3) FF(5,4) FF(5,5) FF(5,6) FF(5,7) 

FF(6,0) FF(6,1) FF(6,2) FF(6,3) FF(6,4) FF(6,5) FF(6,6) FF(6,7) 

FF(7,0) FF(7,1) FF(7,2) FF(7,3) FF(7,4) FF(7,5) FF(7,6) FF(7,7) 

F 

aRniSnul matricaSi koeficienti, romlis koordinatebia 

(0,0), gamotovebulia, vinaidan is miekuTvneba mTavari 

koeficientebis jgufs, romlis udanakargo kodireba xdeba 

aramTavari koeficientebis kodirebis procesisagan 

damoukideblad [14, 19, 21, 51]. 

aramTavari koeficientebis udanakargo kodirebamde 

gansaxorcielebeli maTi zigzagiseburi skanirebis erT-erTi 

varianti (zigzag-horizontaluri skanireba) warmodgenilia me-3 

cxrilis saxiT. 

me-3 cxrilidan Cans, rom skanirebis Sedegad aramTavari 

koeficientebis organzomilebiani masivi warmodgeba Semdegi 

erTganzomilebiani mimdevrobis saxiT: F(0,1), F(1,0), F(2,0), F(1,1), 
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F(0,2), F(0,3), F(1,2), F(2,1), F(3,0), F(4,0), F(3,1), F(2,2), F(1,3), F(0,4), F(0,5), 

F(1,4), F(2,3), F(3,2), F(4,1), F(5,0), F(6,0), F(5,1), F(4,2), F(3,3), F(2,4), F(1,5), 

F(0,6), F(0,7), F(1,6), F(2,5), F(3,4), F(4,3), F(5,2), F(6,1), F(7,0), F(7,1), F(6,2), 

F(5,3), F(4,4), F(3,5), F(2,6), F(1,7), F(2,7), F(3,6), F(4,5), F(5,4), F(6,3), F(7,2), 

F(7,3), F(6,4), F(5,5), F(4,6), F(3,7), F(4,7), F(5,6), F(6,5), F(7,4), F(7,5), F(6,6), 

F(5,7), F(6,7), F(7,6), F(7,7). 

 

cxrili 3. transformantas aramTavari koeficientebis zigzag-
horizontaluri skanirebis wesi 

 

- 1 5 6 14 15 27 28 

2 4 7 13 16 26 29 42 

3 8 12 17 25 30 41 43 

9 11 18 24 31 40 44 53 

10 19 23 32 39 45 52 54 

20 22 33 38 46 51 55 60 

21 34 37 47 50 56 59 61 

35 36 48 49 57 58 62 63 

 

transformantebis koeficientebis zigzagiseburi skanirebis 

Semdeg im koeficientebs, romelTa Soris ar arsebobs Tundac 

erTi nuli, sikaSkaSis Y da fersxvaobiTi Cr da Cb 

SemdgenebisaTvis Sedgenili hafmanis cxrilebis mixedviT 

Seusabameben sxvadasxva sigrZis orobiT kods, xolo nulis an 

nulebis arsebobis SemTxvevaSi bolo nulis Semdgomi 

koeficientis kodirebas axorcieleben wina nulTan (an nulebTan) 

erTad aseTi SemTxvevisaTvis Sedgenili hafmanis specialuri 

cxrilis mixedviT. skanirebul mimdevrobaSi nulis aratoli 

koeficientebis kodirebis damTavrebis Semdeg ki formirdeba 

transformantas aramTavari koeficientebis kodirebis 

damTavrebis aRmniSvneli koduri jgufi EOB (end of blok - blokis 

dasasruli). sikaSkaSis SemdgenisaTvis igi warmoadgens 

oTxTanriga orobiT ricxvs 1010, xolo fersxvaobiTi 

SemdgenebisaTvis – orTanriga ricxvs 00  [19, 21].  
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gardasaxvis aramTavari koeficientebis udanakargo 

kodirebis efeqturobis gaumjobesebis (kompresiis faqtoris 

amaRlebis) mizniT SemoTavazebulia transformantebis aramTavari 

F(u,v)u,v=1,2,…,7 koeficientebis kodirebis egreT wodebuli zonuri 

meTodi [50, 51]. 

kodirebis dasawyisSi sikaSkaSis Semdgenis Sesabamisi 

transformantas aramTavari koeficientebis masivi iyofa rva (0-

dan 7-is CaTvliT) zonad (nax. 6), xolo fersxvaobiTi 

Semdgenebisa _ oTx (0-dan 3-is CaTvliT) zonad (nax. 7). 

aRsaniSnavia, rom zonebad dayofa xorcieldeba skanirebis zemoT 

aRniSnuli principis SenarCunebiT.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 6. transformantas aramTavari koeficientebis masivis zonebis 
ganawilebis principi feradi gamosaxulebis sikaSkaSis Y 

SemdgenisaTvis 
 

zigzag-skanirebis Sedegad transformantas aramTavari      

koeficientebis organzomilebiani masivi dalagdeba erTganzomi-

lebiani masivis saxiT nax. 6-ze da nax. 7-ze koeficientebisaTvis 

miniWebuli nomrebis zrdadi TanmimdevrobiT [52]. 

0 1 5 6 14 15 27 28 

2 4 7 13 16 26 29 42 

3 8 12 17 25 30 41 43 

9 11 18 24 31 40 44 53 

10 19 23 32 39 45 52 54 

20 22 33 38 46 51 55 60 

21 34 37 47 50 56 59 61 

35 36 48 49 57 58 62 63 

 0 

6 

1 

2 

3 

4 

5 

7 
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aramTavari koeficientebis nomrebis zonebSi ganawileba, 

maTi zigzag-skanirebis Semdeg gamosaxulebaTa sikaSkaSis Y da 

fersxvaobiTi (Cr da Cb) SemdgenebisaTvis naCvenebia me-4 da me-5 

cxrilebSi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 7. transformantas aramTavari koeficientebis masivis zonebis 
ganawilebis principi feradi gamosaxulebis fersxvaobiTi Cr da Cb 

SemdgenebisaTvis 
 

 rogorc me-4 da me-5 cxrilebidan Cans, sikaSkaSis Sem-

dgenisaTvis gamoyenebulia 8-zoniani, xolo fersxvaobiTi Semdge-

nebisaTvis _ 4-zoniani kodireba. fersxvaobiTi SemdgenebisaTvis 

mxolod 4 zonis gamoyeneba sakmarisia imis gaTvaliswinebiT, rom 

umravlesi gamosaxulebebis fersxvaobiTi Semdgenebis Sesabamisi 

skanirebuli mimdevrobis koeficientebis umravlesoba, rogorc 

wesi, nulis tolia (nulovania). imis gamo, rom gamosaxulebebis 

Y Semdgenis transformantebisaTvis gamoyenebulia 8 zona, xolo 

fersxvaobiTi Cr da Cb Semdgenebis transformantebisaTvis 4 zona, 

amitom zonebis nomrebis kodirebisaTvis pirvel SemTxvevaSi 

saWiroa 3 biti, xolo meore SemTxvevaSi _ 2 biti. 

 

 

0 1 5 6 14 15 27 28 

2 4 7 13 16 26 29 42 

3 8 12 17 25 30 41 43 

9 11 18 24 31 40 44 53 

10 19 23 32 39 45 52 54 

20 22 33 38 46 51 55 60 

21 34 37 47 50 56 59 61 

35 36 48 49 57 58 62 63 

3 

2 

1  0 
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cxrili 4. transformantebis skanirebuli aramTavari koeficientebis 
ganawileba zonebSi gamosaxulebebis Y SemdgenisaTvis 

 

zonis 

nomeri  

skanirebuli mimdevrobis koeficientebis nomrebi 

0 transformantebi nulis toli (nulovani) aramTavari 

koeficientebiT 

1 1, 2 

2 1, 2, 3, 4, 5 

3 1, 2, 3, 4, 5, 6, 7, 8, 9 

4 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 

5 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 

6 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 

21, 22, 23, 24, 25, 26, 27 

7 yvela koeficienti 1-dan 63-is CaTvliT 

 

cxrili 5. transformantebis skanirebuli aramTavari koeficientebis 

ganawileba zonebSi gamosaxulebebis Cr da Cb SemdgenebisaTvis 
 

zonis 

nomeri 

skanirebuli mimdevrobis koeficientebis nomrebi 

0 transformantebi nulis toli (nulovani) aramTavari 

koeficientebiT 

1 1, 2 

2 1, 2, 3, 4, 5 

3 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 

21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 

38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 

55, 56, 57, 58, 59, 60, 61, 62, 63 

  

 amis Semdgom xdeba zonebis dayofa minizonebad me-6 

cxrilSi naCvenebi wesiT [52]. 
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cxrili 6. minizonebSi Semavali transformantebis skanirebuli 
mimdevrobis koeficientebis nomrebi gamosaxulebebis SemdgenebisaTvis 

 

minizonis 

nomeri 

skanirebuli 

mimdevrobis 

koeficientebis 

nomrebi 

minizonis 

nomeri 

skanirebuli 

mimdevrobis 

koeficientebis 

nomrebi 

Y 

2.1 3 5.2 18, 19, 20 

2.2 4, 5 6.1 21, 22, 23, 24 

3.1 6, 7 6.2 25, 26, 27 

3.2 8, 9 7.1 28, 29, 30 

4.1 10, 11 7.2 31, 32, 33, 34, 35 

4.2 12, 13, 14 7.3 36, 37, 38, 39, 40, 41, 42 

5.1 15, 16, 17 7.4 43, 44, 45, 46, 47, 48, 49, 

50, 51, 52, 53, 54, 55, 56, 

57, 58, 59, 60, 61, 62, 63 

Cr da Cb 

2.1 3, 4 3.1 6, 7 

2.2 5 - - 

 

SevniSnoT, rom zonebsa da minizonebSi koeficientebis 

nomrebis ganawilebis principebi dadgenilia eqsperimentulad 1.4 

paragrafSi moyvanili 256x256 formatis (N=256) sacdeli 

gamosaxulebebisaTvis (ix. danarTi 1).  

  

2.3.  gamosaxulebaTa transformatebis zonuri kodirebis 

efeqturobis Sefaseba 

 

gamosaxulebaTa kompaqturi kodirebis SemoTavazebuli 

zonuri meTodiT kodirebis efeqturebis dasadgenad, iseve 

rogorc blokuri meTodiT kodirebisas, saWiroa 256x256 

formatis feradi gamosaxulebis rogorc sikaSkaSis Y, aseve 

fersxvaobiTi Cb da Cr Semdgenebis zonuri meTodiT kodireba da 



67 

miRebuli Sedegebis Sedareba arsebuli meTodiT gamosaxulebaTa 

kodirebis SedegebTan (ix. $ 1.4). 

wina paragrafSi mocemuli sacdeli gamosaxulebebi ukve 

damuSavebulia arsebuli meTodis gamoyenebiT. amitom SeiZleba 

maTi Sedegebis Sedareba SemoTavazebuli zonuri kodirebis 

meTodiT miRebul SedegebTan.  

me-7 cxrilSi moyvanilia kodirebis arsebuli, xolo me-8 

cxrilSi SemoTavazebuli variantebis Sesabamisi saWiro bitebis 

raodenobebi rogorc gamosaxulebebis Y, Cr da Cb 

SemdgenebisaTvis, aseve sruli signalisaTvis.   

 

cxrili 7. sacdeli gamosaxulebebis kodirebisaTvis saWiro bitebis 
raodenoba maTi arsebuli (hafmanis) meTodiT kodirebisas 

 

sacdeli 

gamosaxulebebi 

arsebuli meTodiT 

Y Cr Cb jamuri  

1 2 3 4 5 

“lena” 55771 4108 4323 64202 

“bionse” 52668 4046 4597 61311 

“buneba” 69692 2756 3160 75608 

“nagazi” 52845 2215 2598 57658 

“Ti-bi-si” 44978 1220 1321 47519 

“kata” 61743 3030 3692 68465 

“cixesimagre” 62916 1891 3534 68341 

“bavSvebi” 82773 4131 5711 92615 

“alublebi” 64684 7524 5174 77382 

“krosi” 94288 5921 6142 106351 

“ferma” 76646 3423 3961 84030 

“parki” 62080 5440 8874 76394 

“kenkra” 104691 4700 3221 112612 

“daisi” 29594 5503 3375 38472 

“zamTari” 66563 3017 4286 73866 

“garnituri” 44381 3582 3099 51062 
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cxrili 7. (gagrZeleba) 
 

1 2 3 4 5 

“SroSani” 80953 5460 9310 95723 

“mTebi” 16811 1655 1627 20093 

“tba” 35982 3219 3108 42309 

“maRazia” 68379 5052 3387 76818 

“karuseli” 49322 4889 7952 62163 

“Semodgoma” 103086 3118 3998 110202 

“koSki” 77958 2651 2779 83388 

“kolizeumi” 79561 3360 4039 86960 

“teqsti” 39484 1966 1959 43409 

“foni” 8307 1164 1180 10651 

“Rrubeli” 22520 2076 2305 26901 

“mamadaviTi” 43326 2047 2649 48022 

“funikulori” 39769 1758 2681 44208 

“teleanZa” 23863 1988 2472 28323 

 
 
cxrili 8. sacdeli gamosaxulebebis kodirebisaTvis saWiro bitebis 

raodenoba maTi SemoTavazebuli zonuri meTodiT kodirebisas 
  

sacdeli 

gamosaxulebebi 

SemoTavazebuli meTodiT 

Y Cr Cb jamuri  

1 2 3 4 5 

“lena” 57654 4167 4439 66260 

“bionse” 54680 4111 4743 63534 

“buneba” 72746 2749 3078 78573 

“nagazi” 54257 2110 2534 58901 

“Ti-bi-si” 45460 758 878 47096 

“kata” 64280 2863 3975 71118 

“cixesimagre” 64843 1633 3587 70063 

“bavSvebi” 86367 4193 6015 96575 

“alublebi” 67513 8338 5352 81203 
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cxrili 8. (gagrZeleba) 
 

1 2 3 4 5 

“krosi” 98272 7097 7470 112839 

“ferma” 79971 3398 3975 87344 

“parki” 64718 6563 14029 85310 

“kenkra” 112228 5989 4097 122314 

“daisi” 29535 7102 3285 39922 

“zamTari” 68390 2995 4457 75842 

“garnituri” 44932 3584 3009 51525 

“SroSani” 86196 6687 14808 107691 

“mTebi” 16294 1287 1232 18813 

“tba” 35804 3730 2927 42461 

“maRazia” 70272 6979 3477 80728 

“karuseli” 51258 6992 12496 70746 

“Semodgoma” 110153 3056 4074 117283 

“koSki” 81586 2593 2685 86864 

“kolizeumi” 82904 3333 4062 90299 

“teqsti” 38877 1771 1764 42412 

“foni” 4910 658 676 6244 

“Rrubeli” 21949 1866 2138 25953 

“mamadaviTi” 43761 1805 2613 48179 

“funikulori” 40469 1442 2571 44482 

“teleanZa” 23102 1730 2280 27112 

 

me-8 cxrilSi wiTlad aris gamoyofili is mniSvnelobebi, 

romlebic saukeTesoa arsebul meTodTan SedarebiT. me-7 da me-8 

cxrilebSi warmodgenili monacemebidan gamomdinareobs Semdegi:  

_ miuxedavad imisa, rom zogi gamosaxulebisaTvis 

SemoTavazebuli meTodiT kodireba zogierTi SemdegnisaTvis 

aris ufro efeqturi, mTlianobaSi igi ar iZleva dadebiT Sedegs 

(“buneba”, “nagazi”, “kata”, “cixesimagre”, “ferma”, “daisi”, 
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“zamTari”, “garnituri”, “tba”, “Semodgoma”, “koSki”, “kolizeumi”, 

“mamadaviTi” da “funikuliori”). 

 _ zogierTi gamosaxulebisaTvis SemoTavazebuli zonuri 

meTodiT kodireba rogorc mTlianad gamosaxulebis, aseve misi 

arc erTi SemdgenisaTvis ar aRmoCnda efeqturi (“lena”, “bionse”, 

bavSvebi”, “alublebi”, “krosi”, “parki”, “kenkra”, “SroSani”, 

“maRazia” da “karuseli”).  

 _ SemoTavazebuli zonuri meTodiT kodireba efeqturi 

aRmoCnda iseTi gamosaxulebebisaTvis, sadac detalebis 

raodenoba mcirea, ar arsebobs mkveTri gadasvlebi (konturebi) 

da gamosaxuleba TiTqmis erTferovania (ar Seicavs ferTa did 

gamas). aseTi gamosaxulebebia: “Ti-bi-si”, “mTebi”, “teqsti”, “foni”, 

“Rrubeli” da “teleanZa”.  

me-9 cxrilSi mocemulia ganxiluli sacdeli 

gamosaxulebebis gardasaxvis aramTavari koeficientebis 

kodirebis arsebuli da SemoTavazebuli zonuri kodirebis 

efeqturobis parametrebi. 

efeqturobis parametrebi fasdeba iseve rogorc $ 1.4-Si.  

 

cxrili 9. Dsacdeli ferad gamosaxulebaTa kompresiis efeqturoba  
  

sacdeli 

gamosaxulebebi 

arsebuli meTodiT zonuri meTodiT 

P F P F 

1 2 3 4 5 

“lena” 0.980 24.499 1.011 23.738 

“bionse” 0.936 25.654 0.969 24.756 

“buneba” 1.154 20.803 1.199 20.018 

“nagazi” 0.880 27.279 0.899 26.704 

“Ti-bi-si” 0.725 33.100 0.719 33.397 

“kata” 1.045 22.973 1.085 22.116 

“cixesimagre” 1.043 23.015 1.069 22.449 

“bavSvebi” 1.413 16.983 1.474 16.286 

“alublebi” 1.181 20.326 1.239 19.370 
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cxrili 9. (gagrZeleba) 
 

1 2 3 4 5 

“krosi” 1.623 14.789 1.722 13.939 

“ferma” 1.282 18.718 1.333 18.008 

“parki” 1.166 20.589 1.302 18.437 

“kenkra” 1.718 13.967 1.866 12.859 

“daisi” 0.587 40.883 0.609 39.398 

“zamTari” 1.127 21.293 1.157 20.739 

“garnituri” 0.779 30.803 0.786 30.526 

“SroSani” 1.461 16.431 1.643 14.605 

“mTebi” 0.307 78.279 0.287 83.605 

“tba” 0.646 37.176 0.648 37.043 

“maRazia” 1.172 20.475 1.232 19.484 

“karuseli” 0.949 25.302 1.079 22.233 

“Semodgoma” 1.682 14.273 1.790 13.411 

“koSki” 1.272 18.862 1.325 18.107 

“kolizeumi” 1.327 18.087 1.378 17.418 

“teqsti” 0.662 36.234 0.647 37.085 

“foni” 0.163 147.673 0.095 251.900 

“Rrubeli” 0.410 58.469 0.396 60.604 

“mamadaviTi” 0.733 32.753 0.735 32.646 

“funikulori” 0.675 35.579 0.679 35.360 

“teleanZa” 0.432 55.533 0.414 58.014 
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Tavi 3. gamosaxulebaTa kompaqturi zonuri kodirebis 

efeqturobis gamokvleva transformantebis dakvantuli 

koeficientebis statistikuri maxasaiTeblebis 

gaTvaliswinebiT 

 

3.1.  diskretul kosinusuri gardasaxvis sivrceSi nulovani da  

aranulovani transformantebis arsebobis 

gaTvaliswineba 

 

zonebsa da minizonebSi koeficientebis ganawilebis 

principi SeiZleba Seicvalos iseTi gamosaxulebebisaTvis, 

romlebsac gaaCniaT nulovani aramTavari koeficientebisagan 

Sedgenili transformantebis iseTi raodenoba, romelic zonebis 

aRniSvnisaTvis jamSi aRmoCndeba ufro momgebiani (naklebi 

bitebis raodenoba) da gaaumjobesebs kompresiis faqtors. 

vinaidan sacdeli gamosaxulebebis sikaSkaSis Semdgenis zomaa 

256x256, xolo TiToeuli fersxvaobiTi Semdgenisa _ 128x128, ami-

tom sikaSkaSis SemdgenisaTvis 8x8 zomis fragmentebis raode-

nobaa 1024 (Nyfr=1024), xolo fersxvaobiTi Semdgenebis imave zo-

mis fragmentebisa _ 256 (NCrbfr=256). Tu N0-iT aRiniSneba nulovani 

aramTavari koeficientebisagan Sedgenili transformantebis rao-

denoba, N-iT _ danarCeni transformantebis raodenoba da Nz-iT 

_ zonebis raodenoba, maSin zonebis kodirebisaTvis gamoyenebuli 

bitebis raodenobis ekonomia SeiZleba ganisazRvros Semdegi 

sistemis amoxsniT: 

      N0+ N =Nfr , 

      N0+(1+log2Nz)N< Nfr log2Nz,    saidanac:    N0> Nfr/log2Nz . 

kerZod, sikaSkaSis Semdgenis Sesabamisi nulovani 

aramTavari koeficientebisagan Sedgenili transformantebis 

raodenobisaTvis unda dakmayofildes piroba N0>341,(3) (Nfr=1024 

da log2Nz=3), xolo fersxvaobiTi SemdgenebisaTvis _ N0>128 

(Nfr=256 da log2Nz=2). me-10 cxrilSi moyvanilia nulovani 
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aramTavari koeficientebisagan Sedgenili transformantebis 

raodenobis monacemebi sacdeli gamosaxulebebis samive 

SemdgenisaTvis.     

 

cxrili 10. nulovani aramTavari koeficientebisagan Sedgenili 
transformantebis raodenobis monacemebi sacdeli gamosaxulebebis 

samive (Y, Cr da Cb) SemdgenisaTvis 
 

gamosaxulebebi N0 gamosaxulebebi N0 

Y Cr Cb Y Cr Cb 

1 2 3 4 1 2 3 4 

“lena” 26 56 59 “garnituri” 56 81 91 

“bionse” 129 54 46 “SroSani” 52 22 42 

“buneba” 30 177 86 “mTebi” 117 138 156 

“nagazi” 135 140 127 “tba” 688 119 138 

“Ti-bi-si” 399 239 226 “maRazia” 15 60 77 

“kata” 6 146 125 “karuseli” 84 119 111 

“cixesimagre” 378 175 100 “Semodgoma” 0 72 44 

“bavSvebi” 0 64 30 “koSki” 53 92 110 

“alublebi” 45 32 40 “kolizeumi” 10 93 60 

“krosi” 6 30 26 “teqsti” 161 160 160 

“ferma” 6 66 49 “foni” 779 253 253 

“parki” 240 60 79 “Rrubeli” 369 157 143 

“kenkra” 1 161 167 “mamadaviTi” 0 125 79 

“daisi” 97 24 70 “funikulori” 168 158 94 

“zamTari” 1 59 16 “teleanZa” 426 168 151 

 

moyvanili sacdeli gamosaxulebebis sikaSkaSis Y Semdge-

nebidan zemoT dadgenil pirobas akmayofileben: “Ti-bi-si”, “cixe-

simagre”, “tba”, “foni”, “Rrubeli” da “teleanZa”. am gamosaxu-

lebebis nulovani aramTavari koeficientebisagan Sedgenili 

transformantebis zonis kodirebisTvis sakmarisia 1 biti, xolo 

danarCeni transformantebis zonebis kodirebisaTvis ki saWiro 

iqneba 4 biti. magaliTad, gamosaxuleba “Ti-bi-si-s” Y Semdgenis 
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zonebis kodirebisaTvis mocemul SemTxvevaSi daixarjeba 

399+625x4=2899 biti maSin, rodesac zonebis nomrebis 3-bitiani 

kodirebisas saWiro iqneboda 1024x3=3072 biti, anu 173 bitiT meti. 

ufro mniSvnelovan mogeba miiReba gamosaxulebisaTvis “foni”, 

romlisTvisac mogeba Seadgens 1313 bits. analogiuri gamoTvle-

biT fersxvaobiTi SemdgenebisTvis, kerZod, “Tibisis” Cr Semdgenis 

Sesabamisi transformantebis zonebis kodirebisaTvis saWiroa 

239+17x3=290 biti maSin, rodesac zonebis nomrebis 2-bitiani kodi-

rebisas saWiro iqneboda 512 biti (mogeba Seadgens 222 bits). aRsa-

niSnavia, rom mocemul SemTxvevaSi aramTavari aranulovani koe-

ficientebis transformantebSi zonebis ganawilebis gansxvave-

buli (SedarebiT optimaluri) variantis gamoyenebaa SesaZlebeli. 

 

3.2.  aramTavari koeficientebis skanirebul mimdevrobaSi bolo 

aranulovani koeficientis maqsimaluri rigiTi nomris 

gaTvaliswineba 

 

zonuri kodirebis mocemul etapze ganisazRvreba 

aramTavari korficientebis skanirebuli mimdevrobis bolo 

aranulovani koeficientis rigiTi nomeri Na, romlis kodireba 

xdeba 6-Tanriga kodiT (sul 63 koeficientia). me-11 cxrilSi 

moyvanilia Na-s monacemebi zemoaRniSnuli sacdeli 

gamosaxulebebis samive SemdgenisaTvis.  

 

cxrili 11. transformantebis aramTavari koeficientebis 
skanirebuli mimdevrobis bolo aranulovani koeficientis rigiTi 

nomrebi (Na) sacdeli gamosaxulebebis samive (Y, Cr da Cb) 

SemdgenisaTvis 
 

sacdeli 

gamosaxulebebi 

Na sacdeli 

gamosaxulebebi 

Na 

Y Cr Cb Y Cr Cb 

1 2 3 4 1 2 3 4 

“lena” 53 12 13 “garnituri” 48 11 9 

“bionse” 53 11 12 “SroSani” 60 30 7 
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cxrili 11 (gagrZeleba) 

 

1 2 3 4 1 2 3 4 

“buneba” 55 17 9 “mTebi” 19 4 4 

“nagazi” 57 8 8 “tba” 56 35 13 

“Ti-bi-si” 53 9 5 “maRazia” 53 49 12 

“kata” 54 12 18 “karuseli” 53 36 62 

“cixesimagre” 57 9 11 “Semodgoma” 61 9 13 

“bavSvebi” 57 13 14 “koSki” 51 9 9 

“alublebi” 53 18 12 “kolizeumi” 46 9 9 

“krosi” 58 35 28 “teqsti” 62 9 9 

“ferma” 49 9 9 “foni” 12 2 9 

“parki” 43 28 62 “Rrubeli” 25 8 9 

“kenkra” 63 62 62 “mamadaviTi” 27 5 8 

“daisi” 60 35 11 “funikulori” 39 5 9 

“zamTari” 60 8 12 “teleanZa” 25 7 9 

 

skanirebuli mimdevrobis bolo aranulovani koeficientis 

rigiTi nomeri Na-s gansazRvriT dgindeba, Tu ramdenzoniani 

kodireba iqneba saWiro mTliani gamosaxulebis 

frangmentebisaTvis. Tu Na=0, maSin mTliani gamosaxulebis es 

frangmenti nulis tolia. Sesabamisad, sikaSkaSis Y 

SemdgenisaTvis Na–s mixedviT zonis nomeri dadgindeba Semdegi 

principiT: Na=0 _ nulovani zona; 0<Na<2 – pirveli zona; 2<Na<6 _ 

meore zona; 5<Na<10 _ mesame zona; 6<Na<15 _ meoTxe zona; 14<Na<21 

_ mexuTe zona; 20<Na<28 _ meqvse zona da Na>27_ meSvide zona.  

me-11 cxrilSi moyvanili sacdeli gamosaxulebis “lena” 

sikaSkaSis Y SemdgenisaTvis Na=53, rac imas niSnavs, rom am 

gamosaxulebis diskretuli kosinusuri gardasaxvis 

transformantebis dakvantuli koeficientebis zigzag-

horizontalurad skanirebisas misi 53-e aramTavari koeficientis 

Semdegi yvela koeficienti nulis tolia da amitom radgan igi 

akmayofilebs pirobas Na>27, amitom misTvis saWiro iqneba 7 
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zoniani kodireba da Sesabamisad yvela fragmentisaTvis saWiro 

iqneba sainformacio 3 bitis damateba.  

qvemoT moyvanil [FYlena] matricaze mocemulia feradi 

gamosaxulebis “lena” sikaSkaSis Y Semdgenis diskretuli kosi-

nusuri gardasaxvis transformantebis dakvantuli koeficiente-

bis maqsimalurad SesaZlo mniSvnelobebi, sadac zigzag-horizon-

talurad skanirebis Semdeg bolo aramTavari aranulovani 

koeficientia 1, romlis rigiTi nomeria 53 (cxrili 12).  

 
 79 48 35 11 5 2 2 1  

 31 29 15 8 4 2 1 1  

 16 15 13 6 3 1 1 1  

 [FYlena] = 7 6 6 4 3 1 1 1  

 7 3 2 1 1 1 1 0  

 3 2 1 1 1 0 0 0  

 1 1 0 0 0 0 0 0  

 0 0 0 0 0 0 0 0  

 

cxrili 12. transformantas aramTavari koeficientebis zigzag-
horizontaluri skanirebis wesi 

 

- 1 5 6 14 15 27 28 

2 4 7 13 16 26 29 42 

3 8 12 17 25 30 41 43 

9 11 18 24 31 40 44 53 

10 19 23 32 39 45 52 54 

20 22 33 38 46 51 55 60 

21 34 37 47 50 56 59 61 

35 36 48 49 57 58 62 63 

  

 [FCrlena] da [FCblena] matricebis saxiT naCvenebia imave gamo-

saxulebis “lena” fersxvaobiTi Semdgenebis Sesabamisi transfor-

mantebis dakvantuli koeficientebis maqsimaluri mniSvnelobebi-

saTvis, romlebic 1-is tolia Na=12-s da Na=13-s Sesabamisad.  
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 23 6 3 1 0 0 0 0  

 8 3 2 0 0 0 0 0  

 3 1 1 0 0 0 0 0  

  [FCrlena] = 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  

 

 
 12 6 2 1 0 0 0 0  

 5 3 2 1 0 0 0 0  

 1 1 1 0 0 0 0 0  

  [FCblena] = 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  

 

 

3.3.  hafmanis modificirebuli cxrilebis damuSaveba 

 

wina paragrafebSi miRebuli Sedegebis safuZvelze  

SesaZlebelia hafmanis modificirebuli cxrilebis damuSaveba. 

amisaTvis saWiroa dadgindes gamosaxulebis samive Semdgenidan, 

TiToeulisaTvis yvela 8x8 zomis fragmentis Sesabamisi 

transformantebis skanirebuli mimdevrobebis Na raodenobis 

aramTavari koeficientebidan maqsimaluri amplituduri 

mniSvnelobis mqone koeficientebi (M) da maTi Sesabamisi 

orobiTi Tanrigebis raodenoba (Rmaqs.), agreTve saWiroa Na 

raodenobis Rmaqs.-is gamomsaxveli 3-Tanriga kodebis formireba. 

aRsaniSnavia, rom 3-Tanriga kodi sakmarisia (sul 63x3=189 biti), 

vinaidan realuri gamosaxulebebis 256-doniani elementebis 

SemTxvevaSi dakvantuli transformantebis aramTavari 
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koeficientebis maqsimaluri mniSvneloba ar aRemateba 94-s 

(maqsimum 7-bitiani kodireba). Tumca, aRniSnuli informaciis 

dafiqsirebisaTvis jamSi 189 bitze naklebi SeiZleba iyos 

gamoyenebuli, vinaidan, rogorc cnobilia, gamosaxulebaTa 

sikaSkaSis Y Semdgenis diskretuli kosinusuri gardasaxvis 

Sedegad formirebuli transformantebis dakvantuli aramTavari 

koeficientebis amplituduri mniSvnelobebis maqsimalurad 

SesaZlo mniSvnelobebi ar aRemateba Semdegi matricis 

elementebs [5]:  

                      [Fy(u,v)]maqs.= 

127 84 94 54 42 19 19 15 

77 45 47 35 25 10 11 15 

67 50 39 27 20 12 9 13 

62 39 30 17 13 8 8 14 

57 30 22 10 8 6 8 8 

32 17 12 8 8 4 6 9 

19 10 8 8 8 5 5 7 

13 9 7 8 5 8 7 9 

  

cxadia, rom [Fy(u,v)]maqs. matricis elementebis orobiTi 

kodirebisaTvis saWiro simboloebis ganawilebis matricas eqneba 

Semdegi saxe:  

                      [Fy(u,v)]maqs.or= 

7 7 7 6 6 5 5 4 

7 6 6 6 5 4 4 4 

7 6 6 5 5 4 4 4 

6 6 5 5 4 4 4 4 

6 5 5 4 4 3 4 4 

6 5 4 4 4 3 3 4 

5 4 4 4 4 3 3 3 

4 4 3 4 3 4 3 4 
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aqedan gamomdinare, R-is damdgeni bitebis raodenobis 

ganawilebis matricas eqneba Semdegi saxe: 

 

                       [Dy(u,v)]maqs.= 

3 3 3 3 3 3 3 3 

3 3 3 3 3 3 3 3 

3 3 3 3 3 3 3 3 

3 3 3 3 3 3 3 3 

3 3 3 3 3 2 3 3 

3 3 3 3 3 2 2 3 

3 3 3 3 3 2 2 2 

3 3 2 3 2 3 2 3 

 

 

imis gamo, rom gamosaxulebebis fersxvaobiTi Cr da Cb 

Semdgenebis Sesabamisi transformantebis dakvantvisaTvis 

gamoiyeneba erTi da igive, magram sikaSkaSis Y SemdgenisaTvis 

gankuTvnili matricisagan gansxvavebuli matrica, amitom 

[FCrb(u,v)]maqs., [FCrb(u,v)]maqs.or. da [Dy(u,v)]maqs. matricebi warmodgenilni 

iqnebian Semdegi saxiT:  

                      [FCrb(u,v)]maqs.= 

- 51 39 18 10 8 10 9 

51 26 25 10 7 6 7 9 

35 25 11 7 8 7 6 7 

19 10 7 5 7 7 7 9 

10 7 8 7 5 5 8 6 

8 6 7 7 7 4 7 9 

10 7 6 7 8 7 7 7 

9 9 7 9 6 9 7 9 
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                      [FCrb(u,v)]maqs.or= 

- 6 6 5 4 4 4 4 

6 5 5 4 3 3 3 4 

6 5 4 3 4 3 3 3 

5 4 3 3 3 3 3 4 

4 3 4 3 3 3 4 3 

4 3 3 3 3 2 3 4 

4 3 3 3 4 3 3 3 

4 4 3 4 3 4 3 4 

 

                       [DCrb(u,v)]maqs.= 

- 3 3 3 3 3 3 3 

3 3 3 3 2 2 2 3 

3 3 3 2 3 2 2 2 

3 3 2 2 2 2 2 3 

3 2 3 2 2 2 3 2 

3 2 2 2 2 2 2 3 

3 2 2 2 3 2 2 2 

3 3 2 3 2 3 2 3 

 

magaliTad gamosaxulebisaTvis “lena” NYa=53, NCra=12 da 

NCba=13. imis dasadgenad, Tu jamSi ramdeni bitia saWiro R-is 

mniSvnelobebis gasagebad skanirebuli mimdevrobis Na raodenobis 

koeficientebidan TiToeulisaTvis, unda Seikribos Sesabamisi 

[D(u,v)] matricis elementebis skanirebuli mimdevrobis pirveli Na 

wevri, ris Sedegadac Y SemdgenisaTvis miiReba 156 biti (189 bitis 

nacvlad), Cr SemdgenisaTvis _ 36 biti, xolo Cb-Tvis _ 39 biti. 

Sesabamisad sacdelad SerCeuli gamosaxulebebisaTvis saWiro 

iqneba Semdegi bitebis raodenoba: “foni” - Y SemdgenisaTvis – 36 

biti, Cr SemdgenisaTvis _ 6 biti, Cb SemdgenisaTvis _ 27 biti; 

“alubali” _ Y SemdgenisaTvis – 156 biti, Cr SemdgenisaTvis _ 51 
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biti, Cb SemdgenisaTvis _ 36 biti; “zamTari” _ Y SemdgenisaTvis – 

173 biti, Cr SemdgenisaTvis _ 24 biti, Cb SemdgenisaTvis _ 36 biti; 

sacdelad SerCeuli sxvadasxva detalobis (Zalze mcire _ 

“foni”, mcire _ “lena”, saSualo _ “alublebi” da maRali _ 

”zamTari”) feradi gamosaxulebebis Sesbamisi M-isa da Rmaqs.-is 

monacemebi mocemulia qvemod moyvanil cxrilebSi (cxrili 13, 14, 

15, 16, 17, 18, 19). 

 
cxrili 13. gamosaxuleba “foni”-s Y, Cr da Cb Semdgenebis transfor-
mantebis koeficientebidan maqsimaluri amplituduri mniSvnelobis 

mqone koeficientebi (M) da maTi Sesabamisi svetis nomris (R) monacemebi 
 

gamosaxuleba “foni” 

F(u,v) My Rymaqs. MCr RCrmaqs. MCb RCbmaqs. 

1 2 2 0 0 1 1 

2 3 2 1 1 1 1 

3 1 1 - - - - 

4 0 0 - - - - 

5 1 1 - - - - 

6 0 0 - - - - 

7 0 0 - - - - 

8 0 0 - - - - 

9 1 1 - - - - 

10 1 1 - - - - 

11 1 1 - - - - 

12 1 1 - - - - 

 
cxrili 14. gamosaxuleba “lena”-s Y Semdgenis Sesabamisi 

transformantebis aramTavari koeficientebidan maqsimaluri 
amplituduri mniSvnelobis mqone koeficientebi (M) da maTi Sesabamisi 

Rmaqs.-is monacemebi 
 

gamosaxuleba “lena” 

Fy(u,v) My Rymaqs. Fy(u,v) My Rymaqs. Fy(u,v) My Rymaqs. 

1 6 3 19 2 2 37 0 0 

2 5 3 20 2 2 38 1 1 
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cxrili 14. (gagrZeleba) 
 

Fy(u,v) My Rymaqs. Fy(u,v) My Rymaqs. Fy(u,v) My Rymaqs. 

3 5 3 21 1 1 39 1 1 

4 5 3 22 2 2 40 1 1 

5 6 3 23 2 2 41 1 1 

6 4 3 24 3 2 42 1 1 

7 4 3 25 2 2 43 1 1 

8 4 3 26 2 2 44 1 1 

9 3 2 27 2 2 45 1 1 

10 3 2 28 1 1 46 1 1 

11 3 2 29 1 1 47 0 0 

12 4 3 30 1 1 48 0 0 

13 4 3 31 2 2 49 0 0 

14 3 2 32 1 1 50 0 0 

15 2 2 33 1 1 51 0 0 

16 3 2 34 1 1 52 1 1 

17 3 2 35 0 0 53 1 1 

18 3 2 36 0 0 54 - - 

 

cxrili 15. gamosaxuleba “lena”-s Cr da Cb Semdgenebis Sesabamisi 
transformantebis aramTavari koeficientebidan maqsimaluri 

amplituduri mniSvnelobis mqone koeficientebi (M) da maTi Sesabamisi 
Rmaqs.-is monacemebi 

 

gamosaxuleba “lena” 

FCr(u,v) MCr RCrmaqs.. FCb(u,v) MCb RCbmaqs. 

1 3 2 1 3 2 

2 4 3 2 3 2 

3 2 2 3 1 1 

4 2 2 4 2 2 

5 2 2 5 2 2 

6 1 1 6 1 1 

7 2 2 7 2 2 

8 1 1 8 1 1 
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cxrili 15. (gagrZeleba) 
 

FCr(u,v) MCr RCrmaqs. FCb(u,v) MCb RCbmaqs. 

9 1 1 9 1 1 

10 0 0 10 0 0 

11 0 0 11 0 0 

12 1 1 12 1 1 

13 - - 13 1 1 

 
 

cxrili 16. gamosaxuleba “alubali”-s Y Semdgenis Sesabamisi 
transformantebis aramTavari koeficientebidan maqsimaluri 

amplituduri mniSvnelobis mqone koeficientebi (M) da maTi Sesabamisi 
Rmaqs.-is monacemebi 

 

gamosaxuleba “alubali” 

Fy(u,v) My Rymaqs.. Fy(u,v) My Rymaqs.. Fy(u,v) My Rymaqs. 

1 6 3 19 3 2 37 1 1 

2 6 3 20 3 2 38 1 1 

3 5 3 21 1 1 39 1 1 

4 5 3 22 2 2 40 1 1 

5 6 3 23 2 2 41 1 1 

6 4 3 24 2 2 42 1 1 

7 5 3 25 2 2 43 1 1 

8 5 3 26 1 1 44 1 1 

9 4 3 27 1 1 45 1 1 

10 4 3 28 1 1 46 1 1 

11 3 2 29 1 1 47 1 1 

12 4 3 30 1 1 48 0 0 

13 4 3 31 2 2 49 0 0 

14 3 2 32 1 1 50 0 0 

15 2 2 33 2 2 51 0 0 

16 3 2 34 1 1 52 0 0 

17 3 2 35 1 1 53 1 1 

18 3 2 36 1 1 54 - - 
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cxrili 17. gamosaxuleba “alubali”-s Cr da Cb Semdgenebis 
Sesabamisi transformantebis aramTavari koeficientebidan maqsimaluri 
amplituduri mniSvnelobis mqone koeficientebi (M) da maTi Sesabamisi 

Rmaqs.-is monacemebi 
 

gamosaxuleba “alubali” 

FCr(u,v) MCr RCrmaqs.. FCb(u,v) MCb RCbmaqs. 

1 4 3 1 3 2 

2 4 3 2 3 2 

3 3 2 3 3 2 

4 3 2 4 3 2 

5 3 2 5 3 2 

6 1 1 6 1 1 

7 2 2 7 2 2 

8 2 2 8 2 2 

9 2 2 9 1 1 

10 1 1 10 0 0 

11 1 1 11 1 1 

12 1 1 12 1 1 

13 1 1 13 - - 

14 0 0 14 - - 

15 0 0 15 - - 

16 0 0 16 - - 

17 0 0 17 - - 

18 1 1 18 - - 

 
 

cxrili 18. gamosaxuleba “zamTari”-s Y Semdgenis Sesabamisi 
transformantebis aramTavari koeficientebidan maqsimaluri 

amplituduri mniSvnelobis mqone koeficientebi (M) da maTi Sesabamisi 
Rmaqs.-is monacemebi 

 

gamosaxuleba “zamTari” 

Fy(u,v) My Rymaqs.. Fy(u,v) My Rymaqs.. Fy(u,v) My Rymaqs. 

1 5 3 21 1 1 41 1 1 

2 6 3 22 2 2 42 1 1 

3 5 3 23 2 2 43 1 1 
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cxrili 18. (gagrZeleba) 
 
Fy(u,v) My Rymaqs.. Fy(u,v) My Rymaqs.. Fy(u,v) My Rymaqs. 

4 4 3 24 2 2 44 1 1 

5 5 3 25 2 2 45 0 0 

6 3 2 26 2 2 46 1 1 

7 4 3 27 2 2 47 1 1 

8 4 3 28 1 1 48 0 0 

9 4 3 29 1 1 49 0 0 

10 3 2 30 1 1 50 1 1 

11 3 2 31 1 1 51 1 1 

12 3 2 32 1 1 52 0 0 

13 3 2 33 2 2 53 1 1 

14 3 2 34 1 1 54 1 1 

15 2 2 35 1 1 55 0 0 

16 2 2 36 1 1 56 0 0 

17 2 2 37 1 1 57 0 0 

18 3 2 38 1 1 58 0 0 

19 2 2 39 1 1 59 0 0 

20 2 2 40 1 1 60 1 1 

 

cxrili 19. gamosaxuleba “zamTari”-s Cr da Cb Semdgenebis Sesabamisi 
transformantebis aramTavari koeficientebidan maqsimaluri 

amplituderi mniSvnelobis mqone koeficientebi (M) da maTi Sesabamisi 
Rmaqs.-is monacemebi 

 

gamosaxuleba “zamTari” 

FCr(u,v) MCr RCrmaqs.. FCb(u,v) MCb RCbmaqs. 

1 2 2 1 3 2 

2 2 2 2 3 2 

3 1 1 3 2 2 

4 1 1 4 2 2 

5 1 1 5 2 2 

6 0 0 6 1 1 

7 1 1 7 1 1 
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cxrili 19. (gagrZeleba) 
 

FCr(u,v) MCr RCrmaqs.. FCb(u,v) MCb RCbmaqs. 

8 1 1 8 2 2 

9 - - 9 1 1 

10 - - 10 0 0 

11 - - 11 0 0 

12 - - 12 1 1 

 

 skanirebul mimdevrobaSi koeficientebis Sesabamisi Rmaqs.-is 

mniSvnelobebis dafiqsirebis Sedegad zonaSi Semavali nulovani 

da aranulovani koeficientebis Sesaxeb informaciis 

dafiqsirebisas gamotovebuli iqneba is koeficientebi, romelTa 

Sesabamisi Rmaqs.=0.  

kodirebis Semdeg safexurze fiqsirdeba TiToeuli 

transformantis zonaSi (minizonis gaTvaliswinebiT) Semavali 

nulis aratoli (aranulovani) da nulis toli (nulovani) 

koeficientebis raodenoba, mocemuli gamosaxulebisaTvis 

dadgenili Rmaqs.-is ganawilebis mxedvelobaSi miRebiT, rac imas 

niSnavs, rom aRniSnuli koeficientebis raodenobas gamoakldeba 

im koeficientebis raodenoba, romelTa Sesabamisi Rmaqs.=0. 

Sesabamisad Semdgomi damuSavebisaTvis darCenil yovel 

koeficients Seesabameba erTi biti, romliTac irkveva, esa Tu is 

koeficienti aranulovania Tu nulovani. kodirebis Semdeg 

etapebze gamoiricxeba nulovani koeficientebi, xolo 

aranulovani koeficientebis kodireba moxdeba aramTavari 

koeficientebisaTvis gankuTvnili hafmanis cxrilebis im nawilis 

modificirebuli variantebis gamoyenebiT, romlisTvisac 

nulovani koeficientebis raodenoba nulis tolia. 

  hafmanis modificirebuli cxrilebis formirebisas 

mxedvelobaSia miRebuli is garemoeba, rom realuri 

gamosaxulebebisaTvis aramTavari aranulovani koeficientebis 

maqsimalurad SesaZlo mniSvnelobebis kodirebisaTvis sakmarisia 
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7 biti, xolo minimalurisaTvis _ 1 biti, romelic gamosaxavs 

mniSvnelobiT 1-is toli koeficientis niSans.  

 
cxrili 20. hafmanis modificirebuli kodebi da transformantebis 

aramTavari aranulovani koeficientebis kodirebisaTvis saWiro bitebis 
raodenobebi r-is sxvadasxva realuri mniSvnelobisaTvis 

 

R 1 2 3 4 5 6 7 

 r=7 0 10 110 1110 11110 111110 111111 

 r=6 0 10 110 1110 11110 11111 - 

hafmanis r=5 0 10 110 1110 1111 - - 

modificirebuli  r=4 0 10 110 111 - - - 

kodebi r=3 0 10 11 - - - - 

 r=2 0 1 - - - - - 

 r=1 - - - - - - - 

R 1 2 3 4 5 6 7 

 r=7 1 2 3 4 5 6 6 

Bbitebis r=6 1 2 3 4 5 5 - 

raodenobebi r=5 1 2 3 4 4 - - 

Hhafmanis r=4 1 2 3 3 - - - 

modificirebuli r=3 1 2 2 - - - - 

kodebisaTvis, r=2 1 1 - - - - - 

M r=1 0 - - - - - - 

 r=7 2 4 6 8 10 12 13 

 r=6 2 4 6 8 10 11 - 

 r=5 2 4 6 8 9 - - 

R+M r=4 2 4 6 7 - - - 

 r=3 2 4 5 - - - - 

 r=2 2 3 - - - - - 

 r=1 1 - - - - - - 

 

 transformantas im aranulovani koeficientebisaTvis, 

romlebic mocemuli konkretuli gamosaxulebisaTvis imyofebian 

Rmaqs.=7-is areSi (Tu aseTi SemTxveva fiqsirdeba mocemul gamosa-
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xulebaSi), gamoyenebuli iqneba 20-e cxrilis is nawili, romli-

sTvisac r=7, im aranulovani koeficientebisaTvis, romlebic imyo-

febian Rmaqs.=6-is areSi (Tu aseTi SemTxveva fiqsirdeba mocemul 

gamosaxulebaSi) _ 20-e cxrilis is nawili, romlisTvisac r=6 da 

ase Semdeg im aranulovani koeficientebisaTvis, romlebic 

mocemuli konkretuli gamosaxulebisaTvis imyofebian Rmaqs.=1-is 

areSi (Tu aseTi SemTxveva fiqsirdeba mocemul gamosaxulebaSi), 

maSin _ cxrilis is nawili, romlisTvisac r=1. aRsaniSnavia, rom 

im SemTxvevaSi, rodesac r=1, kodireba xdeba amplitudiT 1-is 

toli aranulovani koeficientisa, amitom am dros sakamarisia 

mxolod 1 biti (0 an 1) koeficientis niSnis dafiqsirebisaTvis 

(R=1). kavSiri R-sa da transformantebis aramTavari aranulovani 

koeficientebis mniSvnelobebs Soris naCvenebia 21-e cxrilSi.  

magaliTad, gamosaxulebis “lena” sikaSkaSis Y 

SemdgenisaTvis (Sesabamisi Rmaqs.-is ganawileba aramTavari 

koeficientebis skanirebul mimdevrobaSi moyvanilia me-14 

cxrilSi) transformantebis im koeficientebis kodirebisaTvis, 

romelTa nomeri emTxveva Rmaqs.=3-is nomers, gamoyenebuli iqneba 

me-20 cxrilis is nawili, romlisTvisac r=3, xolo im 

koeficientebisaTvis, romelTa nomeri emTxveva Rmaqs.=2-is nomers, 

_ cxrilis is nawili, romlisTvisac r=2 da ase Semdeg. 

 

cxrili 21. kavSiri R-sa da transformantebis aramTavari aranulovani 
koeficientebis mniSvnelobebs Soris 

 

R aramTavari aranulovani koeficientebis mniSvnelobebi 

1 -1 1 - - - - - - - - - - - 

2 -3 -2 2 3 - - - - - - - - - 

3 -7 -6 -5 -4 4 5 6 7 - - - - - 

4 -15 -14 -13 … -9 -8 8 9 10 … 13 14 15 

5 -31 -30 -29 -28 … -17 -16 16 17 … 29 30 31 

6 -63 -62 -61 -60 … -33 -32 32 33 … 61 62 63 

7 -127 -126 -125 -124 … -65 -64 64 65 … 125 126 127 
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3.4. transformantebis aramTavari koeficientebis adapturi 

kompaqturi kodireba skanirebis saukeTeso variantis 

SerCeviT 

 

gamosaxulebaTa arsebuli meTodis mixedviT transforman-

tebis aramTavari koeficientebis kodirebisas xdeba transforman-

tebis elementebis zigzag-horizontaluri skanireba. (ix. $ 2.2).  

gardasaxvis aramTavari elementebis organzomilebiani masi-

vis elementebisaTvis zigzag-horizontaluri skanirebis garda 

SesaZlebelia gamoyenebuli iyos zigzag-vertikaluri skanireba. 

nax. 8 da 9-ze naCvenebia gardasaxvis organzomilebiani 

masivis elementebisaTvis zigzag-horizontaluri da zigzag-

vertikaluri skanirebebis nimuSebi, xolo 22-e cxrilSi mo-

cemulia sacdeli gamosaxulebebis samive Y, Cr da Cb Semdgene-

bisaTvis skanirebis orive meTodisTvis saWiro bitebis raodeno-

ba, transformantebis arsebuli da zonuri meTodebiT 

kodirebisas. 

 

- FF(0,1) FF(0,2) FF(0,3) FF(0,4) FF(0,5) FF(0,6) FF(0,7) 

FF(1,0) FF(1,1) FF(1,2) FF(1,3) FF(1,4) FF(1,5) FF(1,6) FF(1,7) 

FF(2,0) FF(2,1) FF(2,2) FF(2,3) FF(2,4) FF(2,5) FF(2,6) FF(2,7) 

FF(3,0) FF(3,1) FF(3,2) FF(3,3) FF(3,4) FF(3,5) FF(3,6) FF(3,7) 

FF(4,0) FF(4,1) FF(4,2) FF(4,3) FF(4,4) FF(4,5) FF(4,6) FF(4,7) 

FF(5,0) FF(5,1) FF(5,2) FF(5,3) FF(5,4) FF(5,5) FF(5,6) FF(5,7) 

FF(6,0) FF(6,1) FF(6,2) FF(6,3) FF(6,4) FF(6,5) FF(6,6) FF(6,7) 

FF(7,0) FF(7,1) FF(7,2) FF(7,3) FF(7,4) FF(7,5) FF(7,6) FF(7,7) 

 
 

nax. 8. transformantebis aramTavari elementebis zigzag-
horizontaluri skanireba 

 
nax. 8-dan Cans, rom zigzag-vertikalurad skanirebis 

Sedegad aramTavari koeficientebis organzomilebiani masivi 

warmodgeba Semdegi erTganzomilebiani mimdevrobis saxiT: F(0,1),  
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F(1,0), F(2,0), F(1,1), F(0,2), F(0,3), F(1,2), F(2,1), F(3,0), F(4,0), F(3,1), F(2,2), 

F(1,3), F(0,4), F(0,5), F(1,4), F(2,3), F(3,2), F(4,1), F(5,0), F(6,0), F(5,1), F(4,2), 

F(3,3), F(2,4), F(1,5), F(0,6), F(0,7), F(1,6), F(2,5), F(3,4), F(4,3), F(5,2), F(6,1), 

F(7,0), F(7,1), F(6,2), F(5,3), F(4,4), F(3,5), F(2,6), F(1,7), F(2,7), F(3,6), F(4,5), 

F(5,4), F(6,3), F(7,2), F(7,3), F(6,4), F(5,5), F(4,6), F(3,7), F(4,7), F(5,6), F(6,5), 

F(7,4), F(7,5), F(6,6), F(5,7), F(6,7), F(7,6), F(7,7).  

 
 

- FF(0,1) FF(0,2) FF(0,3) FF(0,4) FF(0,5) FF(0,6) FF(0,7) 

FF(1,0) FF(1,1) FF(1,2) FF(1,3) FF(1,4) FF(1,5) FF(1,6) FF(1,7) 

FF(2,0) FF(2,1) FF(2,2) FF(2,3) FF(2,4) FF(2,5) FF(2,6) FF(2,7) 

FF(3,0) FF(3,1) FF(3,2) FF(3,3) FF(3,4) FF(3,5) FF(3,6) FF(3,7) 

FF(4,0) FF(4,1) FF(4,2) FF(4,3) FF(4,4) FF(4,5) FF(4,6) FF(4,7) 

FF(5,0) FF(5,1) FF(5,2) FF(5,3) FF(5,4) FF(5,5) FF(5,6) FF(5,7) 

FF(6,0) FF(6,1) FF(6,2) FF(6,3) FF(6,4) FF(6,5) FF(6,6) FF(6,7) 

FF(7,0) FF(7,1) FF(7,2) FF(7,3) FF(7,4) FF(7,5) FF(7,6) FF(7,7) 

 
nax. 9. transformantebis aramTavari elementebis zigzag-vertikaluri 

skanireba 

 

nax. 9-dan Cans, rom zigzag-vertikaluri skanirebis Sedegad 

aramTavari koeficientebis organzomilebiani masivs aqvs Semdegi 

erTganzomilebiani mimdevrobis saxe: F(1,0), F(0,1), F(0,2), F(1,1), F(2,0), 

F(3,0), F(2,1), F(1,2), F(0,3), F(0,4), F(1,3), F(2,2), F(3,1), F(4,0), F(5,0), F(4,1), 

F(3,2), F(2,3), F(1,4), F(0,5), F(0,6), F(1,5), F(2,4), F(3,3), F(4,2), F(5,1), F(6,0), 

F(7,0), F(6,1), F(5,2), F(4,3), F(3,4), F(2,5), F(1,6), F(0,7), F(1,7), F(2,6), F(3,5), 

F(4,4), F(5,3), F(6,2), F(7,1), F(7,2), F(6,3), F(5,4), F(4,5), F(3,6), F(2,7), F(3,7), 

F(4,6), F(5,5), F(6,4), F(7,3), F(7,4), F(6,5), F(5,6), F(4,7), F(5,7), F(6,6), F(7,5), 

F(7,6), F(6,7), F(7,7). 

22-e cxrilSi mocemuli Sedegebis mixedviT gamomdinareobs, 

rom zogierTi sacdeli gamosaxulebebis sxvadasxva Semdge-

nisaTvis zigzag-vertikalur skanirebas aqvs ufro kargi Sedegi, 

vidre maTi elementebis zigzag-horizontalur skanirebas.   
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cxrili 22. sacdeli gamosaxulebebis samive Y, Cr da Cb SemdgenebisaTvis zigzag-horizontaluri da zigzag-vertikaluri 
skanirebisaTvis saWiro bitebis raodenoba, arsebuli da zonuri meTodebiT transformantebis kodirebisas  
 

gamosaxulebebi 
horizontaluri  vertikaluri horizontaluri vertikaluri horizontaluri vertikaluri 

Ya Yz Ya Yz Cra Crz Cra Crz Cba Cbz Cba Cbz 

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

“lena” 55771 57654 55586 57668 4108 4167 4105 4232 4323 4439 4346 4495 

“bionse” 52668 54680 52693 54755 4046 4111 4018 4110 4597 4743 4596 4732 

“buneba” 69692 72746 69179 72760 2756 2749 2712 2753 3160 3078 3097 3084 

“nagazi” 52845 54257 52736 54195 2215 2110 2261 2088 2598 2534 2632 2504 

“Ti-bi-si” 44978 45460 44831 45600 1220 758 1207 758 1321 878 1312 878 

“kata” 61743 64280 61717 64313 3030 2863 2975 2832 3692 3975 3631 3792 

“cixesimagre” 62916 64843 62724 64804 1891 1633 1883 1644 3534 3587 3523 3598 

“bavSvebi” 82773 86367 82554 86500 4131 4193 4092 4231 5711 6015 5692 6020 

“alublebi” 64684 67513 64581 67562 7524 8338 7569 8399 5174 5352 5154 5344 

“krosi” 94288 98272 93816 98211 5921 7097 5924 7533 6142 7470 6131 7743 

“ferma” 76646 79971 76408 79972 3423 3398 3375 3386 3961 3975 3945 3960 

“parki” 62080 64718 62519 65116 5440 6563 5503 7748 8874 14029 9117 14281 

“kenkra” 104691 112228 104623 112221 4700 5989 4689 5934 3221 4097 3192 4080 

“daisi” 29594 29535 29287 29428 5503 7102 5391 6219 3375 3285 3265 3319 

9
1
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cxrili 22. (gagrZeleba) 
 

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

“zamTari” 66563 68390 66399 68251 3017 2995 2970 2976 4286 4457 4267 4498 

“garnituri” 44381 44932 43532 44751 3582 3584 3520 3533 3099 3009 3049 2994 

“SroSani” 80953 86196 80725 86089 5460 6687 5473 7418 9310 14808 9371 13610 

“mTebi” 16811 16294 16280 16287 1655 1287 1450 1297 1627 1232 1451 1240 

“tba” 35982 35804 35651 35731 3219 3730 3156 3572 3108 2927 3040 2937 

“maRazia” 68379 70272 67603 70055 5052 6979 5038 6481 3387 3477 3380 3449 

“karuseli” 49322 51258 49122 51176 4889 6992 4880 7196 7952 12496 8007 12440 

“Semodgoma” 103086 110153 103270 110329 3118 3056 3041 3049 3998 4074 3899 4076 

“koSki” 77958 81586 77760 81648 2651 2593 2617 2617 2779 2685 2718 2677 

“kolizeumi” 79561 82904 79522 83044 3360 3333 3431 3336 4039 4062 4106 4064 

“teqsti” 39484 38877 38991 39131 1966 1771 1928 1780 1959 1764 1931 1784 

“foni” 8307 4910 8078 4906 1164 658 1158 658 1180 676 1178 676 

“Rrubeli” 22520 21949 22547 22048 2076 1866 2047 1865 2305 2138 2262 2133 

“mamadaviTi” 43326 43761 43242 43835 2047 1805 2043 1809 2649 2613 2560 2614 

“funikulori” 39769 40469 39686 40526 1758 1442 1725 1443 2681 2571 2647 2593 

“teleanZa” 23863 23102 23514 22925 1988 1730 1942 1715 2472 2280 2423 2263 

9
2
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3.5. transformantebis statistikisa da skanirebis variantebis 

gaTvaliswinebiT zonuri kodirebis efeqturobis 

gansazRvra 

 

rogorc naSromis mocemuli Tavis wina paragrafebidan 

gamomdinareobs, kodirebis aRwerili meTodis SemTxvevaSi 

gamosaxulebis TiToeuli SemdgenisaTvis unda dafiqsirdes 

koduri jgufebi Semdegi saxis informaciebiT:  

 1. transformantebis NmT. raodenobis mTavari F(0,0) 

koeficientebis sxvaobiTi mniSvnelobebis arsebuli cxrilebiT 

kodirebisaTvis saWiro bitebis raodenoba MNmT. 

2. transformantaSi zonebis (Nz) kodirebisaTvis saWiro 

bitebis raodenoba MNz (biti);  

3. minizonebis (Nmz) kodirebisTvis saWiro bitebis 

raodenoba MNmz (biti);  

4. mocemuli gamosaxulebis Sesabamisi yvela transforman-

tas koeficientebis skanirebuli mimdevrobebidan aranulovani 

koeficientis (koeficientebis) maqsimaluri nomeri (koordinati)_ 

Na da misi Sesabamisi eqvsTanriga orobiTi ricxvi _ MNa=6 biti;  

5. mocemuli gamosaxulebis Sesabamisi Na raodenobis 

koeficientebidan TiToeulis kodirebisTvis saWiro bitebis 

raodenoba diskretuli kosinusuri gardasaxvis ransformantebSi 

koeficientebis maqsimalurad SesaZlo amplituduri 

mniSvnelobis arsebobis gaTvaliswinebiT da aRniSnulis 

Sesabamisad yvela transformantaSi erTnairi koordinatis mqone 

nulovani koeficientebis SesaZlo arsebobisa da raodenobis 

dadgena _ M1Na (biti).  

6. me-4 punqtis monacemebis gaTvaliswinebiT yoveli 

transformantas dafiqsirebul zonaSi Semavali Nan raodenobis 

aranulovani da nulovani koeficientebisa da Sesabamisi bitebis 

raodenobis dadgena _ MNan (biti) (TiTo dasafiqsirebeli 

koeficientisaTvis TiTo biti).  
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7. me-6 punqtis monacemebis gaTvaliswinebiT transformantas 

dafiqsirebul zonaSi Semavali aranulovani koeficientebis 

hafmanis modificirebuli kodebiT kodirebisaTvis saWiro 

bitebis raodenobis dadgena MNar (biti). 

amrigad, zemoT aRwerili meTodis safuZvelze feradi 

gamosaxulebebis TiToeuli (Y, Cr da Cb) Semdgenis dakvantuli 

transformantebis zonuri kodirebisaTvis daxarjuli orobiTi 

simboloebis jamuri raodenoba toli iqneba: 

Mz = MmT. +MNz + MNmz + MNa + M1Na + MNan + MNar. 

23-e, 24-e, 25-e da 26-e cxrilebSi warmodgenilia diskretuli 

kosinusuri gardasaxvis safuZvelze sacdel gamosaxulebaTa 

sikaSkaSis Y da fersxvaobiTi Cr da Cb Semdgenebis da mTlianad 

gamosaxulebis Sesabamisi dakvantuli transformantebis 

udanakargo kodirebis Sedegebi rogorc arsebuli, aseve zonuri 

kodirebisas, kerZod: kodirebisaTvis saWiro bitebis raodenobebi 

Ma da Mz, kompresiis faqtorebi Fa da Fz da arsebuli 

kodirebisas mogebuli bitebis raodenobebi (M) arsebul 

kodirebasTan SedarebiT. aRsaniSnavia, rom kompresiis faqtori F 

ganisazRvreba rogorc sawyisi gamosaxulebisaTvis gamoyenebuli 

bitebis raodenoba Sefardebuli efeqturi kodirebis (kompresiis) 

Sedegad daxarjuli bitebis raodenobasTan.  

 
cxrili 23. sacdel gamosaxulebaTa sikaSkaSis Y Semdgenis kodirebis 
Sedegebi arsebuli da statistikis gaTvaliswinebiT zonuri kodirebis 

meTodis gamoyenebiT 
 

Ggamosaxulebebi Ma, KFa Mz, Fz M, 

1 2 3 4 5 6 

“lena” 55771 9.401 57042 9.823 -1271 

“bionse” 52668 9.955 54300 10.096 -1632 

buneba” 69692 7.523 72227 7.641 -2535 

“nagazi” 52845 9.921 53877 10.230 -1032 

“Ti-bi-si” 44978 11.657 45161 11.968 -183 

“kata” 61743 8.491 63917 8.512 -2174 
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cxrili 23. (gagrZeleba) 
 

1 2 3 4 5 6 

“cixesimagre” 62916 8.333 63808 8.552 -892 

“bavSvebi’ 82773 6.334 85545 6.395 -2772 

“alublebi” 64684 8.105 67157 8.188 -2473 

“krosi” 94288 5.560 97045 5.671 -2757 

 “ferma” 76646 6.840 79296 6.915 -2650 

“parki” 62080 8.445 64216 8.697 -2136 

“kenkra” 104691 5.008 110979 5.043 -6288 

“daisi” 29594 17.716 29467 18.149 127 

“zamTari” 66563 7.877 67255 7.943 -692 

“garnituri” 44381 11.813 44745 12.135 -364 

“SroSani” 80953 6.476 85040 6.547 -4087 

“mTebi” 16811 31.187 15477 33.897 1334 

“tba” 35982 14.571 35465 15.010 517 

“maRazia” 68379 7.667 69803 7.801 -1424 

“karuseli” 49322 10.630 50851 10.718 -1529 

“Semodgoma” 103086 5.086 108783 5.117 -5697 

“koSki” 77958 6.725 81056 6.759 -3098 

“kolizeumi” 79561 6.590 82485 6.643 -2924 

“teqsti” 39484 13.278 39038 13.620 446 

“foni” 8307 63.114 4805 109.113 3502 

“Rrubeli” 22520 23.281 21729 24.311 791 

“mamadaviTi” 43326 12.101 43675 12.269 -349 

“funikulori” 39769 13.183 40165 13.294 -396 

“teleanZa” 23863 17.716 22877 23.268 986 

 

 23-e cxrilSi warmodgenili Sedegebis safuZvelze SeiZleba 

aRiniSnos, rom gamosaxulebis “daisi”, “mTebi”, “tba”, “teqsti”, 

“foni”, “Rrubeli” da “teleanZa” sikaSkaSis Y Semdgenis zonuri 

kodirebisas zemoT ganxiluli algoriTmis safuZvelze miiRweva 

ukeTesi (kompresiis TvalsazrisiT) Sedegebi udanakargo 
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kodirebis arsebul algoriTmTan SedarebiT. kerZod, 

gamosaxulebisaTvis “daisi” mogebaa _ 127 biti (0.43%), “mTebi” _ 

1334 biti (7.94%), “tba” _ 517 biti (1.44%), “teqsti” _ 446 biti 

(1.13%), “foni” _ 3502 biti (42.16%), “Rrubeli” _ 791 biti (3.51%) 

da “teleanZa” _ 986 biti (4.13%) 

 
cxrili 24. sacdel gamosaxulebaTa fersxvaobiT Cr Semdgenis 

kodirebis Sedegebi arsebuli da statistikis gaTvaliswinebiT zonuri 
kodirebis meTodis gamoyenebiT 

 

Ggamosaxulebebi Ma, KFa Mz, Fz M, 

1 2 3 4 5 6 

“lena” 4108 31.907 4082 32.110 26 

“bionse” 4046 32.395 4069 32.212 -23 

buneba” 2756 47.559 2654 49.387 102 

“nagazi” 2215 59.175 2009 65.242 206 

“Ti-bi-si” 1220 107.436 774 169.344 446 

“kata” 3030 43.258 2826 46.381 204 

“cixesimagre” 1891 69.314 1606 81.614 285 

“bavSvebi’ 4131 31.729 4135 31.698 -4 

“alublebi” 7524 17.421 7779 16.849 -255 

“krosi” 5921 22.137 5890 22.253 31 

“ferma” 3423 38.292 3338 39.267 85 

“parki” 5440 24.094 5666 23.133 -226 

“kenkra” 4700 27.888 4659 28.133 41 

“daisi” 5503 23.818 5770 22.716 -267 

“zamTari” 3017 43.444 2782 47.114 235 

“garnituri” 3582 36.592 3490 37.556 92 

“zamTari” 3017 43.444 2782 47.114 235 

“garnituri” 3582 36.592 3490 37.556 92 

 “SroSani” 5460 24.006 5763 22.744 -303 

“mTebi” 1655 79.198 1284 102.081 371 

“tba” 3219 40.718 3084 42.501 135 

“maRazia” 5052 25.945 6275 20.888 -1223 



97 

cxrili 24. (gagrZeleba) 
 

1 2 3 4 5 6 

“karuseli” 4889 26.810 5603 23.393 -714 

“Semodgoma” 3118 42.037 2983 43.940 135 

“koSki” 2651 49.442 2512 52.178 139 

“kolizeumi” 3360 39.010 3312 39.575 48 

“teqsti” 1966 66.669 1679 78.066 287 

“foni” 1164 112.605 658 199.198 506 

“Rrubeli” 2076 63.137 1824 71.860 252 

“mamadaviTi” 2047 64.031 1785 73.430 262 

“funikulori” 1758 74.557 1428 91.787 330 

“teleanZa” 1988 65.932 1717 76.338 271 

 

cxrili 25. sacdel gamosaxulebaTa fersxvaobiT Cb Semdgenis 
kodirebis Sedegebi arsebuli da statistikis gaTvaliswinebiT zonuri 

kodirebis meTodis gamoyenebiT 
 

Ggamosaxulebebi Ma, KFa Mz, Fz M, 

1 2 3 4 5 6 

“lena” 4323 30.320 4310 30.411 13 

“bionse” 4597 28.513 4646 28.212 -49 

buneba” 3160 41.478 3036 43.173 124 

“nagazi” 2598 50.451 2517 52.075 81 

“Ti-bi-si” 1321 99.222 868 151.005 453 

“kata” 3692 35.502 3795 34.538 -103 

“cixesimagre” 3534 37.089 3490 37.556 44 

“bavSvebi’ 5711 22.951 5932 22.096 -221 

“alublebi” 5174 25.333 5215 25.134 -41 

“krosi” 6142 21.340 6170 21.243 -28 

“ferma” 3961 33.091 3908 33.539 53 

“parki” 8874 14.770 11409 11.488 -2535 

“kenkra” 3221 40.693 2960 44.281 261 

“daisi” 3375 38.836 3257 40.243 118 
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cxrili 25. (gagrZeleba) 
 

1 2 3 4 5 6 

“zamTari” 4286 30.581 4336 30.229 -50 

“garnituri” 3099 42.295 2903 45.151 196 

“SroSani” 9310 14.079 11282 11.618 -1972 

“mTebi” 1627 80.561 1223 107.173 404 

“tba” 3108 42.172 2927 44.780 181 

“maRazia” 3387 38.699 3379 38.790 8 

“karuseli” 7952 16.483 10854 12.076 -2902 

“Semodgoma” 3998 32.784 3982 32.916 16 

“koSki” 2779 47.165 2599 50.432 180 

“kolizeumi” 4039 32.452 4023 32.581 16 

“teqsti” 1959 66.908 1681 77.973 278 

“foni” 1180 111.078 679 193.037 501 

“Rrubeli” 2305 56.864 2072 63.259 233 

“mamadaviTi” 2649 49.480 2529 51.828 120 

“funikulori” 2681 48.889 2520 52.013 161 

“teleanZa” 2472 53.023 2265 57.868 207 

 

 rogorc 24-e da 25-e cxrilebidan gamomdinareobs, zonuri 

kodireba efeqturi aRmoCnda ufro meti raodenobis sacdeli 

gamosaxulebebis fersxvaobiTi Cr (“lena” (0,63%), “buneba” (3,70%), 

“nagazi” (9,30%), “Tibisi” (36,56%), “kata” (6,73%), “cixesimagre” 

(15,07%), “krosi” (0,52%), “ferma” (2,48%), “kenkra” (0,88%), “zamTari” 

(7,79%), “garnituri” (2,57%), “mTebi” (22,42%), “tba” (4,19%), 

“Semodgoma” (4,33%), “koSki” (5,24%), “koloizeumi” (1,43%), “teqsti” 

(14,60%), “foni” (43,47%), “Rrubeli” (12,14%), “mamadaviTi” (12,80%), 

“funikuliori” (18,78%) da “teleanZa” (13,63%)) da Cb (“lena”(0,3%), 

“buneba” (3,92%), “nagazi” (3,12%), “Tibisi” (34,29%), “cixesimagre” 

(1,25%), “ferma” (1,34%), “kenkra” (8,10%), “daisi” (3,5%), “garnituri” 

(6,32%), “mTebi” (24,83%), “tba” (5,82%), “maRazia” (0,24%), “Semodgoma” 

(0,40%), “koSki” (6,48%), “kolizeumi” (0,40%), “teqsti” (14,19%), 
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“foni” (42,46%), “Rrubeli” (10,11%), “mamadaviTi” (4,53%), 

“funikuliori” (6,01%) da “teleanZa” (8,37%)) SemdgenebisaTvis. 

 

cxrili 26 sacdel gamosaxulebaTa sikaSkaSis Y da fersxvaobiTo Cr da 
Cb Semdgenebis kodirebis Sedegebi arsebuli da statistikis 
gaTvaliswinebiT zonuri kodirebis meTodis gamoyenebiT 

 

Ggamosaxulebebi Ma, KFa Mz, Fz M, 

1 2 3 4 5 6 

“lena” 64202 24.499 65434 24.037 -1232 

“bionse” 61311 25.654 63015 24.960 -1704 

buneba” 75608 20.803 77917 20.186 -2309 

“nagazi” 57658 27.279 58403 26.931 -745 

“Ti-bi-si” 47519 33.100 46803 33.606 716 

“kata” 68465 22.973 70538 22.298 -2073 

“cixesimagre” 68341 23.015 68904 22.827 -563 

“bavSvebi’ 92615 16.983 95612 16.450 -2997 

“alublebi” 77382 20.326 80151 19.624 -2769 

“krosi” 106351 14.789 109105 14.416 -2754 

“ferma” 84030 18.718 86542 18.175 -2512 

“parki” 76394 20.589 81291 19.349 -4897 

“kenkra” 112612 13.967 118598 13.262 -5986 

“daisi” 38472 40.883 38494 40.860 -22 

“zamTari” 73866 21.293 74373 21.148 -507 

“garnituri” 51062 30.803 51138 30.757 -76 

“SroSani” 95723 16.431 102085 15.407 -6362 

“mTebi” 20093 78.279 17984 87.459 2109 

“tba” 42309 37.176 41476 37.922 833 

“maRazia” 76818 20.475 79457 19.795 -2639 

“karuseli” 62163 25.302 67308 23.368 -5145 

“Semodgoma” 110202 14.273 115748 13.589 -5546 

“koSki” 83388 18.862 86167 18.254 -2779 

“kolizeumi” 86960 18.087 89820 17.511 -2860 
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cxrili 26. (gagrZeleba) 
 

1 2 3 4 5 6 

“teqsti” 43409 36.234 42398 37.098 1011 

“foni” 10651 147.673 6142 256.083 4509 

“Rrubeli” 26901 58.469 25625 61.380 1276 

“mamadaviTi” 48022 32.753 47989 32.776 33 

“funikulori” 44208 35.579 44113 35.655 95 

“teleanZa” 28323 55.533 26859 58.560 1464 

 

zogierT gamosaxulebaTa sikaSkaSis Y da fersxvaobiTi Cr 

da Cb Semdgenebis SemoTavazebuli meTodiT kodirebisas, 

sxvadasxva SemdgenebSi aRmoCnda ufro ukeTesi Sedegi, vidre 

arsebuli meTodiT kodirebisas (cxrili 26). miuxedavad amisa, 

sruli signalisaTvis dadebiTi Sedegi aRmoCnda mxolod 

ramdenime gamosaxulebaSi: “Ti-bi-si” _ 716 biti (1,51%), “mTebi” _ 

2109 biti (10.50%), “tba” _ 833 biti (1,97%), “teqsti” _ 1011 biti 

(2,33%), “foni” _ 4509 biti (42,33%), “Rrubeli” _ 1276 biti (4,74%), 

“mamadaviTi” _ 33 biti (0,07%), “funikuliori” _ 95 biti (0,21%), 

“teleanZa” _ 1464 biti (5,17%), 

cnobilia, rom dakvantuli transformantebis udanakargo  

kompresia SeiZleba ganxorcieldes ariTmetikuli kodirebis 

gamoyenebiTac, romelic, misi realizaciis gansakuTrebuli 

sirTulis miuxedavad, tipiuri uwyvet-tonuri (mniSvnelobaTa 

mdored cvladi) gamosaxulebebisaTvis kompresiis maCveneblebs 

aumjobesebs mxolod 5-10%-iT hafmanis kodebis gamoyenebasTan 

SedarebiT [14]. 

rogorc gamosaxulebaTa zonuri kodirebis meTodis 

gamoyenebis Sedegebidan Cans mravali gamosaxulebis kodirebisas 

SeiZleba miRweuli iyos kompresiis gacilebiT ukeTesi 

maCveneblebi, vidre mxolod hafmanis kodebis an ariTmetikuli 

kodirebis gamoyenebisas.      
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3.6. transformantebis aramTavari koeficientebis adapturi 

kodireba calkeuli fragmentebis mixedviT 

 
mocemuli sacdeli gamosaxulebebis damuSavebis Semdeg 

miRebuli Sedegebis mixedviT dadginda, rom gamosaxulebebis zo-

gierT frangmentebSi SesaZlebelia ukeTesi Sedegebis miReba 

kodirebis sxvadasxva meTodebis gamoyenebisas. amis safuZvelze 

damuSavda adapturi meTodi, romelic iTvaliswinebs mocemuli 

gamosaxulebis frangmentebSi saukeTeso monacemebis mqone ko-

direbis meTodis gamoyenebas. amisaTvis yoveli frangmentisaTvis 

gaTvaliswinebulia TiTo biti imis gasarkvevad, Tu kodirebis 

romel meTods (arsebulsa Tu zonurs an arsebulsa Tu zonurs 

statistikis gaTvaliswinebiT) gamoviyenebT. pirvel maTgans vuwo-

doT adapturi-1, xolo meores _ adapturi-2. radgan sikaSkaSis 

SemdgenisaTvis fragmentebis raodenobaa 1024, kodirebis varian-

tis aRsaniSnavad saWiroa 1024 biti, xolo fersxvaobiTebidan 

TiToeulisaTvis _ 256 biti (sruli signalisaTvis _ 1536 biti).  

mocemuli meTodiT damuSavebis Sedegebi samive Semdgeni-

saTvis arsebuli adapturi meTodis orive variantisaTvis moyva-

nilia cxril 27-Si, cxril 28-Si da cxril 29-Si. rogorc 27-e 

cxrilidan Cans, sacdeli gamosaxulebebis sikaSkaSis Y Semdgenis 

adapturi-1 variantiT kodirebisas kargi Sedegi miRebulia mxo-

lod gamosaxulebebisaTvis “Ti-bi-si”, “tba” da “teqsti”. kerZod, 

am ukanasknelisaTvis arsebuli meTodiT kodirebisas saWiroa 

39484 biti, xolo adapturi-1 meTodiT kodirebisas _ 38641 biti, 

anu 843 bitiT naklebi. Sesabamisad procentulad mogebam Seadgi-

na 2,14 %. adapturi-2 variantiT kodireba saukeTeso Sedegs iZ-

leva mxolod gamosaxulebis “cixesimagre” Y SemdgenisaTvis. Cr 

SemdgenisaTvis yvelaze kargi Sedegi aRmoCnda mxolod gamosa-

xulebisaTvis “kenkra” im SemTxvevaSi, rodesac gamoyenebulia 

zigzag-vertikaluri skanireba (cxrili 28). rac Seexeba 

fersxvaobiTi Cb Semdgens (ix. cxrili 29), misTvis adapturi 

kodirebis arcerTi varianti ar iZleva sasurvel Sedegs. 
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cxrili 27. sacdeli gamosaxulebebis sikaSkaSis Y SemdgenebisaTvis arsebuli, zonuri, zonuri statistikis 
gaTvaliswinebiT, adapturi 1 da adapturi 2 kodirebis meTodebis Sedegad miRebuli gamosaxulebaTa kodirebisaTvis 
saWiro bitebis raodenoba transformantas elementTa zigzag-horizontaluri da zigzag-vertikaluri skanirebisas.  
 

gamosaxulebebi 
horizontaluri zigzag-skanireba vertikaluri zigzag-skanireba 

Ya Yz Ys Yad1 Yad2 Ya Yz Ys Yad1 Yad2 

1 2 3 4 5 6 7 8 9 10 11 

“lena” 55771 57654 57042 56181 56198 55586 57668 57083 55956 55995 

“bionse” 52668 54680 54300 53102 53167 52693 54755 54388 53066 53123 

“buneba” 69692 72746 72227 70098 70178 69179 72760 72147 69762 69854 

“nagazi” 52845 54257 53877 53140 53191 52736 54195 53832 52899 52961 

“Ti-bi-si” 44978 45460 45161 44127 44206 44831 45600 45301 44057 44155 

“kata” 61743 64280 63917 62074 62186 61717 64313 63909 62134 62241 

“cixesimagre” 62916 64843 63808 62200 62168 62724 64804 63769 62044 62032 

“bavSvebi” 82773 86367 85545 83210 83259 82554 86500 85678 83112 83165 

“alublebi” 64684 67513 67157 65221 65349 64581 67562 67247 65177 65295 

“krosi” 94288 98272 97045 94546 94498 93816 98211 96845 94228 94158 

“ferma” 76646 79971 79296 77180 77244 76408 79972 79260 77004 77046 

“parki” 62080 64718 64216 62370 62438 62519 65116 64612 62673 62742 

“kenkra” 104691 112228 110979 105389 105546 104623 112221 110972 105388 105527 

1
0

2
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cxrili 27. (gagrZeleba) 
 

1 2 3 4 5 6 7 8 9 10 11 

“daisi” 29594 29535 29467 29681 29791 29287 29428 29364 29503 29611 

“zamTari” 66563 68390 67255 66572 66554 66399 68251 67245 66524 66504 

“garnituri” 44381 44932 44745 44367 44396 43532 44751 44550 43882 43915 

“SroSani” 80953 86196 85040 81577 81693 80725 86089 85148 81347 81471 

“mTebi” 16811 16294 15477 16777 16252 16280 16287 15467 16686 16212 

“tba” 35982 35804 35465 35127 35210 35651 35731 35384 34929 35013 

“maRazia” 68379 70272 69803 68400 8449 67603 70055 69611 67902 67946 

“karuseli” 49322 51258 50851 49694 49781 49122 51176 50805 49537 49630 

“Semodgoma” 103086 110153 108783 103631 103768 103270 110329 108811 103816 103949 

“koSki” 77958 81586 81056 78273 78315 77760 81648 81017 78259 78325 

“kolizeumi” 79561 82904 82485 80028 80075 79522 83044 82621 80040 80080 

“teqsti” 39484 38877 39038 38641 38818 38991 39131 39292 38691 38868 

“foni” 8307 4910 4805 5913 5829 8078 4906 4807 5897 5831 

“Rrubeli” 22520 21949 21729 21891 21877 22547 22048 21881 21965 21957 

“mamadaviTi” 43326 43761 43675 43623 43656 43242 43835 43768 43565 43602 

“funikulori” 39769 40469 40165 39890 39946 39686 40526 40222 39874 39914 

“teleanZa” 23863 23102 22877 23019 23040 23514 22925 22675 22736 22750 1
0

3
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cxrili 28. sacdeli gamosaxulebebis fersxvaobis Cr SemdgenebisaTvis arsebuli, zonuri, zonuri statistikis 
gaTvaliswinebiT, adapturi 1 da adapturi 2 kodirebis meTodebis Sedegad miRebuli gamosaxulebaTa kodirebisaTvis 
saWiro bitebis raodenoba transformantas elementTa zigzag-horizontaluri da zigzag-vertikaluri skanirebisas. 

 

gamosaxulebebi 
horizontaluri zigzag-skanireba vertikaluri zigzag-skanireba 

Cra Crz Crs Crad1 Crad2 Cra Crz Crs Crad1 Crad2 

1 2 3 4 5 6 7 8 9 10 11 

“lena” 4108 4167 4082 4263 4247 4105 4232 4105 4244 4239 

“bionse” 4046 4111 4069 4202 4206 4018 4110 4035 4170 4180 

“buneba” 2756 2749 2654 2854 2865 2712 2753 2663 2832 2852 

“nagazi” 2215 2110 2009 2197 2180 2261 2088 1987 2235 2214 

“Ti-bi-si” 1220 758 774 1003 1020 1207 758 771 991 1007 

“kata” 3030 2863 2826 2985 2983 2975 2832 2795 2942 2935 

“cixesimagre” 1891 1633 1606 1801 1805 1883 1644 1617 1793 1799 

“bavSvebi” 4131 4193 4135 4247 4255 4092 4231 4167 4238 4246 

“alublebi” 7524 8338 7779 7684 7646 7569 8399 7901 7751 7706 

“krosi” 5921 7097 5890 6106 5909 5924 7533 6115 6082 6001 

“ferma” 3423 3398 3338 3544 3509 3375 3386 3326 3529 3499 

“parki” 5440 6563 5666 5585 5579 5503 7748 5864 5648 5639 

“kenkra” 4700 5989 4659 4635 4675 4689 5934 4640 4627 4689 

1
0

4
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cxrili 28. (gagrZeleba) 
 

1 2 3 4 5 6 7 8 9 10 11 

“daisi” 5503 7102 5770 5662 5572 5391 6219 5588 5584 5537 

“zamTari” 3017 2995 2782 3148 3003 2970 2976 2763 3116 2982 

“garnituri” 3582 3584 3490 3701 3674 3520 3533 3446 3651 3632 

“SroSani” 5460 6687 5763 5634 5669 5473 7418 5936 5675 5719 

“mTebi” 1655 1287 1284 1532 1540 1450 1297 1286 1436 1439 

“tba” 3219 3730 3084 3275 3290 3156 3572 3093 3276 3281 

“maRazia” 5052 6979 6275 5204 5221 5038 6481 5799 5202 5225 

“karuseli” 4889 6992 5603 5003 5043 4880 7196 5478 4986 5044 

“Semodgoma” 3118 3056 2983 3237 3190 3041 3049 2976 3183 3146 

“koSki” 2651 2593 2512 2764 2711 2617 2617 2551 2757 2728 

“kolizeumi” 3360 3333 3312 3498 3490 3431 3336 3315 3522 3517 

“teqsti” 1966 1771 1679 1903 1873 1928 1780 1724 1868 1864 

“foni” 1164 658 658 914 914 1158 658 655 914 911 

“Rrubeli” 2076 1866 1824 2023 2026 2047 1865 1822 1992 1993 

“mamadaviTi” 2047 1805 1785 2010 2003 2043 1809 1789 2007 2001 

“funikulori” 1758 1442 1428 1662 1662 1725 1443 1429 1646 1647 

“teleanZa” 1988 1730 1717 1881 1893 1942 1715 1704 186 1878 

1
0

5
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cxrili 29. sacdeli gamosaxulebebis fersxvaobis Cb SemdgenebisaTvis arsebuli, zonuri, zonuri statistikis 
gaTvaliswinebiT, adapturi 1 da adapturi 2 kodirebis meTodebis Sedegad miRebuli gamosaxulebaTa kodirebisaTvis 
saWiro bitebis raodenoba transformantas elementTa zigzag-horizontaluri da zigzag-vertikaluri skanirebisas. 

 

gamosaxulebebi 
horizontaluri zigzag-skanireba vertikaluri zigzag-skanireba 

Cba Cbz Cbs Cbad1 Cbad2 Cba Cbz Cbs Cbad1 Cbad2 

1 2 3 4 5 6 7 8 9 10 11 

“lena” 4323 4439 4310 4418 4454 4346 4495 4363 4486 4472 

“bionse” 4597 4743 4646 4756 4740 4596 4732 4603 4747 4726 

“buneba” 3160 3078 3036 3259 3239 3097 3084 3042 3240 3218 

“nagazi” 2598 2534 2517 2710 2708 2632 2504 2487 2717 2716 

“Ti-bi-si” 1321 878 868 1118 1116 1312 878 868 1184 1124 

“kata” 3692 3975 3795 3798 3815 3631 3792 3648 730 3741 

“cixesimagre” 3534 3587 3490 3658 3640 3523 3598 3457 3651 3645 

“bavSvebi” 5711 6015 5932 5857 5865 5692 6020 6010 5870 5888 

“alublebi” 5174 5352 5215 5330 5296 5154 5344 5157 5295 5257 

“krosi” 6142 7470 6170 6315 6173 6131 7743 6379 6308 6236 

“ferma” 3961 3975 3908 4109 4076 3945 3960 3893 4098 4068 

“parki” 8874 14029 11409 9041 9105 9117 14281 11641 9275 9344 

“kenkra” 3221 4097 2960 3138 3147 3192 4080 2970 3115 3137 

1
0

6
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cxrili 29. (gagrZeleba) 
 

1 2 3 4 5 6 7 8 9 10 11 

“daisi” 3375 3285 3257 3461 3470 3265 3319 272 3411 3417 

“zamTari” 4286 4457 4336 4456 4435 4267 4498 4353 4462 4463 

“garnituri” 3099 3009 2903 3193 3119 3049 2994 2918 3165 3113 

“SroSani” 9310 14808 11282 9512 9534 9371 13610 11204 9569 9578 

“mTebi” 1627 1232 1223 1483 1479 1451 1240 1224 1401 1394 

“tba” 3108 2927 2927 3066 3080 3040 2937 2937 3018 3036 

“maRazia” 3387 3477 3379 3535 3535 3380 3449 3379 3525 3516 

“karuseli” 7952 12496 10854 8087 8115 8007 12440 10811 8146 8164 

“Semodgoma” 3998 4074 3982 4137 4123 3899 4076 4005 4070 4076 

“koSki” 2779 2685 2599 2861 2808 2718 2677 2616 2834 2798 

“kolizeumi” 4039 4062 4023 4190 4175 4106 4064 4025 4223 4205 

“teqsti” 1959 1764 1681 1896 1867 1931 1784 1731 1871 1870 

“foni” 1180 676 679 932 932 1178 676 679 932 935 

“Rrubeli” 2305 2138 2072 2280 2270 2262 2133 2067 2236 2222 

“mamadaviTi” 2649 2613 2529 2786 2747 2560 2614 2530 2794 2751 

“funikulori” 2681 2571 2520 2763 2732 2647 2593 2542 2764 2735 

“teleanZa” 2472 2280 2265 2425 2434 2423 2263 2248 2376 2392 

1
0

7
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4. aramTavari koeficientebis adapturi kodirebis 

Sexameba mTavari koeficientebis adaptur 

kodirebasTan 

 

4.1. transformantebis mTavari koeficientebis adapturi kodireba 

 

 wina paragrafebSi ganxilulia feradi gamosaxulebebis 

diskretul kosinusuri gardasaxvis Sedegad miRebuli 

transformantebis aramTavari koeficientebis adapturi kodireba, 

romlis SedegebiTac gamomdinareobs, rom SemoTavazebuli 

adapturi kodireba mniSvnelovan efeqts iZleva sxvadasxva 

gamosaxulebebis damuSavebis dros. igive midgomiT SesaZlebelia 

Sedegis gaumjobeseba gamosaxulebaTa mTavari koeficientebis 

adapturi kodirebiT. mTliani feradi gamosaxulebisaTvis ufro 

efeqturi aRmoCndeba misi mTavari da aramTavari koeficientebis 

adapturi kodirebis meTodebis Sexameba.   

 adapturi kodirebis algoriTmis mixedviT organzomilebi-

ani transformantebis horizontaluri an vertikaluri mimarTu-

lebiT gamoTvlili mTavari koeficientebis sxvaobiTi mniSvnelo-

bebis organzomilebiani masivis elementebis Semdgomi udanakargo 

kodireba hafmanis cxrilebis gamoyenebiT xdeba an koeficien-

tebis skanirebis gareSe (arsebuli varianti) an skanirebis Semd-

gomi oTxi variantidan kompresiis TvalsazrisiT erT-erTi sau-

keTesos saSualebiT: zigzag-horizontaluri skanireba; zigzag-

vertikaluri skanireba; horizontaluri skanireba; vertikaluri 

skanireba (5 varianti skanirebis gareSe kodirebasTan erTad) [53].  

mTavari koeficientebis adapturi kodirebis efeqturobis 

maCveneblebi feradi gamosaxulebebis samive SemdgenisaTvis 

moyvanilia cxrilebSi 30, 31 da 32. 

  

    

 



109 

cxrili 30. 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 1
0

9
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cxrili 30. (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 1
1

0
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cxrili 31. 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 

1
1

1
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cxrili 31. (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 1
1

2
 



113 

cxrili 32. 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 
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 

1
1

3
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                                                     cxrili 32. (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 

1
1

4
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4.2. ferad gamosaxulebaTa transformantebis aramTavari da 

mTavari koeficientebis adaptur kodirebis algoriTmebis 

Sexameba 

 

ferad gamosaxulebaTa transformantebis aramTavari da 

mTavari koeficientebis adaptur kodirebis algoriTmebis  

SexamebiT (cxrili 27, 28, 29, 30, 31 da 32) dadginda, rom misi 

saSualebiT SesaZlebelia miRebul iqnas ufro kargi kompresiis 

maCveneblebi, vidre arsebuli meTodiT kodirebisas. garda amisa, 

SemoTavazebuli adapturi meTodiT kodirebisas, gamosaxulebis 

sruli signalisaTvis kodirebis saukeTeso variantis SerCevis 

SemTxvevaSi saWiro simboloebis jamuri (sikaSkaSis Y da 

fersxvaobiTi Cr da Cb Semdgenebis jami) raodenobis  

gamoTvlisas gaTvaliswinebulia gamosaxulebebis Sesabamisi 

rogorc aramTavari, aseve mTavari koeficientebis adapturi 

kodirebis variantis arCevisaTvis saWiro damatebiTi 

(sainformacio) bitebis raodenoba (13 biti) (cxrili 33).   

cxrilSi feradi gamosaxulebis arsebuli meTodiT 

kodirebisas daxarjuli simboloebis raodenoba aRniSnulia Mar-

iT, adapturi meTodiT kodirebisas _ Mad-iT, kompresiis 

faqtorebi _ Sesabamisad Far-iT da Fad-iT, xolo gamosaxulebis 

erT elementze (piqselze) daxarjuli bitebis raodenoba _ Par-iT 

da Pad-iT. rogorc 33-e cxrilidan Cans, yvela sacdeli 

gamosaxulebisaTvis SemoTavazebuli adapturi meTodiT 

kodirebisas miiReba ukeTesi Sedegi, vidre arsebuli meTodis 

gamoyenebis dros. 

sacdelad SerCeuli sxvadasxva detalobis mqone gamosaxu-

lebebs Soris yvelaze saukeTeso Sedegi aqvs Zalze mcire deta-

lobis mqone gamosaxulebas ”foni” (Fad=21,589, Pad=1,112), rac 

ganpirobebulia im garemoebiT, rom am gamosaxulebaSi Zalze 

mcire detalobis garda, ar aris ferTa Soris mkveTri gadasvla 

(konturebi).   
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cxrili 33. SemoTavazebuli adapturi kodirebebis meTodebiT, gamosaxulebebis samive Semdgenis, rogorc mTavari, aseve 
aramTavari koeficientebis adapturi kodirebisaTvis saWiro bitebis raodenoba, kompresiis faqtori da erT elementze 

daxarjuli bitebis raodenoba.  
  

gamosaxuleba  Mar  Mad Mar-Mad Far Fad Par Pad 

1 2 3 4 5 6 7 8 

“lena” 64202 61198 3004 24.499 25.701 0.980 0.934 

“bionse” 61311 60559 752 25.654 25.972 0.936 0.924 

“buneba” 75608 74159 1449 20.803 21.209 1.154 1.132 

“nagazi” 57658 55262 2396 27.279 28.462 0.880 0.843 

“Ti-bi-si” 47519 45689 1830 33.100 34.425 0.725 0.697 

“kata” 68465 67835 630 22.973 23.187 1.045 1.035 

“cixesimagre” 68341 66210 2131 23.015 23.756 1.043 1.010 

“bavSvebi” 92615 91709 906 16.983 17.151 1.413 1.399 

“alublebi” 77382 76725 657 20.326 20.500 1.181 1.171 

“krosi” 106351 104098 2253 14.789 15.109 1.623 1.588 

“ferma” 84030 82904 1126 18.718 18.972 1.282 1.265 

“parki” 76394 74022 2372 20.589 21.249 1.166 1.129 

“kenkra” 112612 111381 1231 13.967 14.121 1.718 1.700 

“daisi” 38472 37179 1293 40.883 42.305 0.587 0.567 1
1

6
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cxrili 33. (gagrZeleba) 
 

1 2 3 4 5 6 7 8 

“zamTari” 73866 72856 1010 21.293 21.589 1.127 1.112 

“garnituri” 51062 49390 1672 30.803 31.846 0.779 0.754 

“SroSani” 95723 94863 860 16.431 16.580 1.461 1.447 

“mTebi” 20093 17963 2130 78.279 87.561 0.307 0.274 

“tba” 42309 40828 1481 37.176 38.524 0.646 0.623 

“maRazia” 76818 75274 1544 20.475 20.895 1.172 1.149 

“karuseli” 62163 61688 475 25.302 25.497 0.949 0.941 

“Semodgoma” 110202 109167 1035 14.273 14.408 1.682 1.666 

“koSki” 83388 82542 846 18.862 19.055 1.272 1.259 

“kolizeumi” 86960 85666 1294 18.087 18.360 1.327 1.307 

“teqsti” 43409 41633 1776 36.234 37.779 0.662 0.635 

“foni” 10651 6121 4530 147.673 256.962 0.163 0.093 

“Rrubeli” 26901 25328 1573 58.469 62.100 0.410 0.386 

“mamadaviTi” 48022 46912 1110 32.753 33.528 0.733 0.716 

“funikulori” 44208 43303 905 35.579 36.322 0.675 0.661 

“teleanZa” 28323 26208 2115 55.533 60.015 0.432 0.400 1
1

7
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yvelaze cudi, magram saerTo jamSi mainc dadebiTi Sedegi, 

rogorc mosalodneli iyo, aqvs maRali detalobis mqone sacdel 

gamosaxulebas ”zamTari” (Fad=256,962, Pad=0.093). aseTi Sedegi, 

maRal detalobasTan erTad, ganpirobebulia masSi arsebul 

ferTa Soris mkveTri gadasvlebiT.   

 

4.3. Secdomebis gavlenis Sefaseba transformantebis mTavari da 

aramTavari koeficientebis adapturi kodirebis meTodisas 

gamoyenebul sainformacio (Warb) simboloebze 

 

me-10 suraTze naCvenebia kompresirebuli gamosaxuleba 

“lena” sainformacio simboloebis damaxinjebis gareSe (a) da 

sikaSkaSis Y (b) da fersxvaobiTi Cr (g) da Cb (d) Semdgenebis 

Sesabamisi transformantebis aramTavari koeficientebis 

adapturi kompaqturi kodirebis variantis Sesaxeb sainformacio 

(Warbi) simboloebis damaxinjebisas.  

me-11 suraTze naCvenebia is SemTxveva, rodesac adapturi 

meTodiT kodirebisas, erTdroulad maxinjdeba informacia an  

mxolod sikaSkaSis Y da fersxvaobiTi Cr (a) an mxolod 

sikaSkaSis Y da fersxvaobiTi Cb Semdgenebis (b) Sesaxeb. 

me-12 suraTze naCvenebia is SemTxveva, rodesac adapturi 

meTodiT kodirebisas erTdroulad maxinjdeba informacia an 

mxolod fersxvaobebis Cr da Cb Semdgenebis (a) an informacia 

samive Semdgenis Sesaxeb (b). 

aRdgenili gamosaxulebis xarisxze sainformacio 

simboloebis damaxinjebis gavlenis gauvnebelyofa SesaZlebelia 

sainformacio simboloebis ramdenjerme (magaliTad, 3-jer) 

gameorebiT (gadacemiT, SenaxviT). 
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              a                                        b 

                                              

              g                                      d 
 
sur. 10. kompresirebuli gamosaxuleba “lena”: damaxinjebis gareSe (a); 
sikaSkaSis Y-is damaxinjebisas (b); fersxvaobiTi Cr-is damaxinjebisas 

(g); fersxvaobiTi Cb-is damaxinjebisas (d)                  
        

               
             a                                         b 

sur. 11. kompresirebuli gamosaxuleba “lena”: sikaSkaSis Y-is da 

fersxvaobiTi Cr-is damaxinjebisas (a); sikaSkaSis Y-is da fersxvaobiTi 
Cb-is damaxinjebisas (b)   
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            a                                          b  

sur. 12. kompresirebuli gamosaxuleba “lena”: fersxvaobiTebis Cr-is da 
Cb-is damaxinjebisas (a); samive Semdgenis Y, Cr, Cb-s damaxinjebisas (b)   

 

 
4.4. kompaqturad kodirebul gamosaxulebaTa xarisxis 

Sefaseba obieqturi da subieqturi kriteriumebis safuZvelze 

 
naSromSi damuSavebuli gamosaxulebaTa signalebis 

kompaqturi kodirebis meTodis efeqturoba Sefasebulia 

eqsperimentulad misi modelirebis saSualebiT. 

eqsperimentisTvis gamoyenebulia sxvadasxva klasis (Zalian 

mcire, mcire, saSualo da maRali detalobis) feradi sacdeli 

(sacdeli) gamosaxulebebi (ix. $ 1.4). 

sur. 13-ze warmodgenilia winamdebare sadisertacio 

naSromSi damuSavebuli meTodebidan saukeTeso variantis 

safuZvelze damuSavebuli (kompaqturad kodirebuli) sacdeli 

(sacdeli) gamosaxulebebi. 

 

                         

                    a                      b                     g                                                                                                     
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          d                        e                       v                            

          
z                    T                     i 

           

         Kk                      l                      m   

                                             

         n                     o                       p              

             

        J                     r                        s 
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          t                   u                     f       

                         
                q                      R                      y       

                    

          S                     C                       c        

                       

    Z                      w                       W                           
 

sur. 13 kompaqturad kodirebuli (kompresirebuli) sacdeli 
gamosaxulebebi: “lena (a)”, “bionse (b)”, “buneba (g)”, “nagazi (d)”, “Ti-bi-
si (e)”, ”kata (v)”, “cixesimagre (z)”, “bavSvebi (T)”, “alublebi (i)”, “krosi 

(k)”, ”ferma (l)”, “parki (m)”, “kenkra (n)”, ”daisi (o)”, “zamTari (p)”, 
“garnituri (J)”, ”krosi (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)”. 
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 kompaqturi 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   

 1. saSualo kvadratuli cdomileba (MSE):  
                      

            MSE =   (
1

0

N

i






1

0

N

j





 (X(i,j)_X*(i,j))
2
)/N

2
                                                             

 2. amplitudis mixedviT normirebuli saSualo kvadratuli 

Secdoma (NMSE): 

       N         

       NMSE = (
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 3. signal-xmauris fardoba (SNR):  

      SNR=10Lg (
1
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 (X(i, j))
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)/( 

1

0

N

i






1
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 (X(i, j) _ X*(i, j))
2
) ,                   

     4. pikuri signal-xmauris fardoba (PSNR):  

        SNRP=10Lg(N
2
(L_1)2

)/( 
1

0

N

i






1

0

N

j





 (X(i, j) _ X*(i, j))
2
)    

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 gamaosaxulebaTa 

elementebisaTvis gamoiyeneba 8_Tanriga kodireba, ris gamoc 

L=256 (gamosaxulebis TiToeuli elementis mniSvnelobaTa 

diapazonia 0...255).  
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sadisertacio naSromSi gamosaxulebaTa kodirebis 

damuSavebuli meTodebis eqsperimentuli modelirebis Sedegebis 

Sefaseba ganxorcielda yvela zemoT CamoTvlili obieqturi 

kriteriumebiT, risTvisac gamoyenebuli iqna programa MathCad.  

 sacdeli gamosaxulebebisaTvis xarisxis Sefasebis 

obieqturi parametrebi gamosaxulebaTa samive Semdgenisa da 

sruli signalisaTvis warmodgenilia cxrilebSi 34 da 35.  

aRdgenili gamosaxulebebis saSualo da pikuri saSualo 

kvadratuli cdomilebebis nulisgan gansxvavebuli da signalisa 

da xmauris fardobis (iseve rogorc signalisa da xmauris 

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 fsiqofiziologi-

uri Taviseburebebis gaTvaliswinebiT, rac safuZvlad daedo 

diskretuli kosinusuri gardasaxvis transformantebis dakvant-

vas [Qy] da [Qr,b] matricebis saSualebiT. dakvantva ki rekomendebu-

lia 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. 
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cxrili 34. kompaqturad kodirebuli (kompresirebuli) sacdeli gamosaxulebebis sikaSkaSis Y da fersvaobiTi Cr, Cb, 

Semdgenebis aRdgenis xarisxis Sefaseba obieqturi parametrebis mixedviT 

gamosaxulebebi 
MSE NMSE SNR, db SNRP, db 

Y Cr Cb Y Cr Cb Y Cr Cb Y Cr Cb 

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

“lena” 5,145 2,428 2,467 0,039 0,082 0,207 28,242 21,768 13,674 33,937 31,427 31,291 

“bionse” 4,817 2,540 3,262 0,032 0,249 0,244 29,941 12,063 12,247 34,509 31,036 28,864 

“buneba” 7,358 2,355 2,683 0,081 0,286 0,266 21,839 10,862 11,486 30,830 31,693 30,562 

“nagazi” 5,501 1,445 1,614 0,040 0,263 0,290 27,839 11,591 10,748 33,356 35,937 34,978 

“Ti-bi-si” 5,250 1,029 1,077 0,029 0,583 0,366 30,838 4,680 8,719 33,762 38,882 38,493 

“kata” 6,194 2,239 2,903 0,043 0,161 0,161 27,265 15,849 15,849 32,325 32,131 32,131 

“cixesimagre” 8,435 1,798 4,207 0,047 0,448 0,430 26,589 6,972 7,331 29,643 34,039 26,654 

“bavSvebi” 8,395 2,908 3,753 0,070 0,247 0,179 23,096 12,163 14,929 29,684 29,862 27,646 

“alublebi” 5,824 4,493 3,817 0,051 0,204 0,369 25,849 13,816 8,668 32,861 25,891 27,499 

“krosi” 9,752 4,742 4,944 0,086 0,349 0,325 21,267 9,153 9,766 28,383 25,614 25,252 

“ferma” 6,184 2,488 3,081 0,039 0,384 0,389 28,274 8,305 8,199 32,339 31,218 29,359 

“parki” 5,664 3,851 6,083 0,053 0,300 0,221 25,504 10,458 13,115 33,103 27,422 23,451 

“kenkra” 10,477 6,013 4,870 0,094 0,436 0,665 20,583 7,204 3,543 27,760 23,552 25,383 

“daisi” 3,543 4,261 2,639 0,034 0,086 0,187 29,405 21,339 14,563 37,177 26,544 30,705 

1
2

5
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cxrili 34. (gagrZeleba) 

 

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

“zamTari” 8,336 2,928 4,203 0,110 0,176 0,158 19,193 15,105 16,018 29,745 29,803 26,662 

“garnituri” 4,089 2,552 2,345 0,033 0,147 0,200 29,652 16,647 13,987 35,932 30,996 31,732 

“SroSani” 7,166 4,296 6,716 0,079 0,391 0,278 22,018 8,146 11,116 31,059 26,472 22,592 

“mTebi” 1,117 0,780 0,824 0,006 0,023 0,034 45,090 32,885 29,399 47,206 41,290 40,814 

“tba” 4,824 2,561 2,604 0,039 0,080 0,113 28,119 21,893 18,912 34,496 30,965 30,820 

“maRazia” 6,280 5,046 3,174 0,056 0,383 0,444 25,063 8,343 7,044 32,205 25,075 29,102 

“karuseli” 5,835 4,736 7,439 0,057 0,313 0,295 24,845 10,095 10,611 32,844 25,625 21,704 

“Semodgoma” 9,932 2,884 4,034 0,068 0,284 0,308 23,376 10,937 10,227 28,224 29,935 27,019 

“koSki” 6,862 2,042 2,469 0,050 0,297 0,259 26,057 10,545 11,747 31,435 32,933 31,284 

“kolizeumi” 6,151 2,084 2,336 0,051 0,239 0,219 25,897 12,447 13,173 32,385 32,757 31,764 

“teqsti” 2,872 1,273 1,312 0,014 0,238 0,253 37,244 12,472 11,953 39,001 37,037 36,776 

“foni” 1,058 0,853 0,659 0,007 0,047 0,027 43,265 26,580 31,350 47,679 40,516 42,755 

“Rrubeli” 1,967 1,166 1,276 0,010 0,113 0,073 39,777 18,932 22,731 42,288 37,801 37,019 

“mamadaviTi” 3,166 1,333 1,556 0,033 0,275 0,361 29,709 11,202 8,841 38,155 36,639 35,291 

“funikulori” 3,453 1,186 1,511 0,021 0,343 0,174 33,721 9,286 15,182 37,402 37,651 35,551 

“teleanZa” 2,375 1,159 1,307 0,013 0,221 0,090 37,670 13,123 20,889 40,652 37,852 36,808 

1
2

6
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cxrili 35. kompaqturad 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 

“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 
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 cxrili 35. gagrZeleba 
 

1 2 3 4 5 

“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 

 

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.    

kompaqturad kodirebuli gamosaxulebebis xarisxis 

subieqturi Sefaseba emyareba subieqtur-statistikuri analiziT 

miRebul 7-balian Sedegebs [54].  

yvela sacdeli gamosaxulebisaTvis subieqtur-

statistikuri analizis safuZvelze miRebuli Sedegi aRemateba 6 

(maRal) bals da naklebia 7 (Zalian maRal) balze. 

kompaqturi kodirebis (kompresiis) Semdeg aRdgenili gamo-

saxulebis xarisxis Sefasebis rogorc obieqturma, aseve 

adamianis mxedvelobis Taviseburebebze dafuZnebulma 

subieqturma kriteriumebma aCvena, rom maTi Sedegebi srulad 

emTxveva JPEG da MPEG rekomendaciebiT gaTvaliswinebul 

moTxovnebs. 
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daskvnebi 

 
ZiriTadi Sedegebi, romlebic miRebulia samuSaos 

TematikasTan dakavSirebiT, Semdegia: 

1. naCvenebia, rom 256x256 formatis ferad gamosaxu-

lebaTa rogorc sikaSkaSis, aseve fersxvaobiTi Semdgenebis Sesa-

bamisi 8x8 zomis blokebis diskretuli kosinusuri gardasaxvis 

dakvantuli transformantebis aramTavari koeficientebis 

masivebis statistikuri maxasiaTeblebi saeqsperimentod SerCeuli 

yvela gamosaxulebisaTvis iZleva maTi arsebul meTodTan 

SedarebiT ufro kompaqturi kodirebis saSualebas. 

2. damuSavebulia ferad gamosaxulebaTa Sesabamisi 

transformantebis kompaqturi blokuri kodirebisa da dekodire-

bis algoriTmebi, romelTa modelirebis safuZvelze dadgenilia, 

rom SemuSavebuli meTodi arsebulTan SedarebiT kompresiis 

TvalsazrisiT ukeTes Sedegs iZleva mxolod Zalze mcire deta-

lobiT gamorCeuli gamosaxulebis samive SemdgenisaTvis (gamo-

saxuleba “foni”). mcire da saSualo detalobis gamosaxulebebs 

(“lena” da “alublebi”), kodirebis blokuri meTodi ukeTesia 

mxolod gamosaxulebaTa sikaSkaSis SemdgenisaTvis. rac Seexeba 

maRali detalobis gamosaxulebis (“zamTari”) kodirebisas 

blokuri meTodiT, is arsebul meTodTan SedarebiT gamoirCeva 

uaresi maCveneblebiT gamosaxulebis samive SemdgenisaTvis.  

3. damuSavebulia ferad gamosaxulebaTa Semdgenebis 

diskretuli kosinusuri gardasaxvis Sesabamisi transforman-

tebis aramTavari koeficientebis masivis kompresiis egreT 

wodebuli zonuri meTodis algoriTmi, romelic iTvaliswinebs 

transformantas aramTavari koeficientebis masiviebis dayofas 

zonebad da minizonebad da maTSi Semavali koeficientebis 

kodirebas hafmanis cvladi sigrZis kodebiT.  

4. naCvenebia, rom transformantebis aramTavari koefici-

entebis masivis mxolod zonuri kodirebis algoriTmiT 

kompresia efeqturia mcire detalobiT gamorCeuli 
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gamosaxulebebis samive SemdgenisaTvis (gamosaxulebebi “Ti-bi-si”, 

“mTebi”, “teqsti”, “foni”, “Rrubeli” da “teleanZa”) da naklebad 

mcire detalobiT gamorCeuli gamosaxulebebis zogierTi 

SemdgenisaTvis (“buneba”, “nagazi”, “kata”, “cixesimagre”, “ferma”, 

“daisi”, “zamTari”, “garnituri”, “tba”, “Semodgoma”, “koSki”, 

“kolizeumi”, “mamadaviTi”, “funikuliori”).  

5. gamokvleulia sacdeli gamosaxulebebis Semdgenebis 

Sesabamisi transformantebis statistikuri monacemebi, romelTa 

gaTvaliswineba zonuri meTodiT gamosaxulebaTa kodirebisas 

iZleva zonebisa da minizonebis da Sesabamisi sainformacio 

simboloebis raodenobebis Semcirebis SesaZleblobas nulovani 

aramTavari koeficientebisagan Sedgenili transformantebis gar-

kveuli raodenobis SemTxvevaSi. kerZod, gamosaxulebebis sikaS-

kaSis SemdgenisaTvis aseTi transformantebis (sul 1024 trans-

formantaa) raodenoba unda aRematebodes 341-s (gamosaxulebebi 

“Ti-bi-si”, “cixesimagre”, “tba”, “foni”, “Rrubeli” da “teleanZa”), 

fersxvaobiTi Cr SemdgenisaTvis (sul 256 transformanta) _ 128-s 

(“buneba”, “nagazi”, “Ti-bi-si”, “kata”, “cixesimagre”, “kenkra”, 

“mTebi”, “teqsti”, “foni”, “Rrubeli”, “funikulori” da “tele-

anZa”), xolo fersxvaobiTi Cb _ aseve 128-s (“Ti-bi-si”, “kenkra”, 

“mTebi”, “tba”, “teqsti”, “foni”, “Rrubeli” da “teleanZa”). 

6. naCvenebia, rom zonuri kodirebis meTodis gamoyene-

bisas misi efeqturoba SeiZleba amaRldes, agreTve, transforman-

tebis aramTavari koeficientebis skanirebul mimdevrobaSi 

aranulovani koeficientis maqsimaluri koordinatis nomris 

gaTvaliswinebiTac, rac konkretuli gamosaxulebisaTvis iZleva 

zonebisa da minizonebis raodenobisa da, Sesabamisad, 

simboloebis raodenobis Semcirebis SesaZleblobas. 

7. Sedgenilia hafmanis modificirebuli cxrilebi, 

romlebic misadagebulia konkretuli sacdeli gamosaxulebis 

Sedmgenebis Sesabamisi transformantebis statistikur 

monacemebTan da romelTa saSualebiTac mravali 

gamosaxulebisaTvis umjobesdeba kompresiis xarisxi.  
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8. SemuSavebulia transformantebis aramTavari 

koeficientebis adapturi skanirebis algoriTmi, romelic iyenebs 

rogorc zigzag-horizontaluri (arsebuli meTodi), aseve zigzag-

vertikaluri (SemoTavazebuli meTodi) skanirebidan erT-erTs, 

rac, Tavis mxriv, kidev ufro amaRlebs kompresiis efeqturobas.  

9. naCvenebia, rom transformantebis aramTavari 

koeficientebis masivis adapturi udanakargo kodirebis 

damuSavebuli meTodis Sexameba mTavari koeficientebis masivis 

adaptur udanakargo kodirebasTan yvela sacdeli 

gamosaxulebisaTvis iZleva kompresiis ukeTes maCveneblebs 

arsebul meTodTan SedarebiT. am mxriv yvelaze saukeTeso 

SedegiT gamoirCeva Zalze mcire detalobis mqone gamosaxuleba 

”foni”, romlisTvisac kompresiis faqtori izrdeba 74,007%-iT 

(Far=147,673 da Fad=256,962), xolo yvelaze dabali maCvenebliT _ 

maRali detalobis mqone gamosaxuleba ”kenkra”, romlisTvisac 

kompresiis faqtori gaizarda 1,011%-iT (Far=13,967 da Fad=14,121).  

10. ferad sacdel gamosaxulebaTa samive SemdgenisTvis 

Sefasebulia sainformacio (Warb) bitebze xelSeSlebis 

zemoqmedebis Sedegebi aRdgenil gamosaxulebaTa xarisxobrivi 

maCveneblebis TvalsazrisiT da dadgenilia, rom xelSeSla-

mdgradobis amaRlebis mizniT SesaZlebelia sainformacio 

simboloebis ramdenjerme (magaliTad, 3-jer) gameoreba (gadacema). 

maSin simboloebis sami erTnairi kombinaciidan erTis 

damaxinjebisas danarCeni ori ar iqneba damaxinjebuli da 

gamosaxulebis aRdgenisas SesaZlebelia maTze dayrdnoba. 

11. Sefasebulia sxvadasxva klasis (Zalze mcire, mcire, 

saSualo da maRali detalobis mqone) sacdeli feradi gamosa-

xulebebis SemuSavebuli meTodiT kompresiis Sedegad miRebuli 

gamosaxulebebis xarisxobrivi parametrebi rogorc obieqturi, 

aseve subieqturi kriteriumebis safuZvelze, romlebic emTxveva 

JPEG da MPEG standartebiT ganxorcielebuli kompresiis 

Sedegad miRebuli gamosaxulebebis Sesabamis parametrebs.  
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danarTi 1. diskretuli kosinusuri gardasaxvis 

transformantebis aramTavari koeficientebis masivis zonuri 

kodirebis programa 

 
ჩაწერეთ გამოსახულების 

სახელი  -- 

name "lena_color.bmp"  

         ტრანსფორმანტების მთავარი კოეფიციენტების ჰორიზონტალური მიმართულებით  

  ფორმირებული სხვაობებისა და არამთავარი კოეფიციენტების მასივი     
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მთავარი კოეფიციენტების სხვაობითი მნიშვნელობების კოდირება ჰაფმანის კოდით 

 უარყოფითი მნიშვნელობების გადადებითება 
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ტრანსფორმანტების არამთავარი კოეფიციენტების ზიგზაგ-ჰორიზონტალური  

სკანირების  შედეგად ფორმირებული 1024x63 ზომის მასივი 
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არამთავარი კოეფიციენტების ნულოვანი ფრაგმენტების რაოდენობა 

მთლიანი გამოსახულების სტატისტიკის გათვალისწინება.  

საჭირო დამატებითი ბიტების რაოდენობა 

NY???? 6  გამოსახულების მაქსიმალური მნიშვნელობის 

კოეფიციენტების MKY მასივში ბოლო არანულოვანი 

კოეფიციენტის კოორდინატის დაფიქსირებისათვის – 

6 ბიტი (სულ 64 კოეფიციენტია)  
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KK1 A MKYLen name "lena_color.bmp"if

A MKYBei name "Beions.bmp"if

A MKYPrir name "Priroda.bmp"if

A MKYDog name "DOG.bmp"if

A MKYTBC name "TBC.bmp"if

A MKYCat name "cat.bmp"if

A MKYFort name "fort.bmp"if

A MKYTree name "tree.bmp"if

A MKYCher name "cherry.bmp"if

A MKYCros name "cross.bmp"if

A MKYKid name "kid.bmp"if

A MKYPark name "park .bmp"if

A MKYBer name "BERRIES.BMP"if

A MKYSun name "Sunset.bmp"if

A MKYWin name "Winter.bmp"if

A MKYPic name "Picture 001.bmp"if

A MKYWat name "Water lilies.bmp"if

A MKYBlue name "Blue hills.jpg"if

A MKYLak e name "Lake.jpg"if

A MKYShop name "Shop.jpg"if

A MKYPlay name "Play Ground.jpg"if

A MKYAut name "AutumnView.jpg"if

A MKYTow name "Tower.jpg"if

A MKYHist name "History.jpg" a 1if

A MKYDan name "DanChin.jpg"if

A MKYFon name "History.jpg" a 2if

A MKYGrub name "Tower.jpg" a 2if
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danarTi 1 (gagrZeleba)  
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T
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T
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A MKYWin
T

 name "Winter.bmp"if

A MKYPic
T

 name "Picture 001.bmp"if

A MKYWat
T

 name "Water lilies.bmp"if

A MKYBlue
T

 name "Blue hills.jpg"if

A MKYLak e
T

 name "Lake.jpg"if

A MKYShop
T

 name "Shop.jpg"if

A MKYPlay
T

 name "Play Ground.jpg"if

A MKYAut
T

 name "AutumnView.jpg"if

A MKYTow
T

 name "Tower.jpg"if

A MKYHist
T

 name "History.jpg" a 1if

A MKYDan
T

 name "DanChin.jpg"if

A MKYFon
T

 name "History.jpg" a 2if

A MKYGrub
T

 name "Tower.jpg" a 2if
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NYz

0

0

k 0

1023

l

NNYz
k l 






  

NNYz
0 1 2 3 4 5 6 7 8 9

0 3 3 3 3 3 3 3 3 3 ...
  

NYz 3072 ბიტი 

მერვე ზონაა ნულოვანი ფრაგმენტი, თუ ასეთი ფრაგმენტების რაოდენობა NNXYA 342  

SSNZ1Y

A
k l 

1

2

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ2Y

A
k l 

1

5

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ1Y

A
l k 

SSNZ1Y
k l 



l 0for

k 0 1023for

A

  SNZ2Y

A
l k 

SSNZ2Y
k l 



l 0for

k 0 1023for

A

  

SSNZ3Y

A
k l 

1

9

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ4Y

A
k l 

1

14

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ3Y

A
l k 

SSNZ3Y
k l 



l 0for

k 0 1023for

A

  SNZ4Y

A
l k 

SSNZ4Y
k l 



l 0for

k 0 1023for

A

  

ზონა 5 ზონა 6 

SSNZ5Y

A
k l 

1

20

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ6Y

A
k l 

1

27

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ6Y

A
l k 

SSNZ6Y
k l 



l 0for

k 0 1023for

A

  
SNZ5Y

A
l k 

SSNZ5Y
k l 



l 0for

k 0 1023for

A
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დანართი 1 (გაგრძელება) 

 

 

 

 

ზონა 7 ზონა 77 

SSNZ7Y

A
k l 

1

63

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ77Y

A
k l 

1

35

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ7Y

A
l k 

SSNZ7Y
k l 



l 0for

k 0 1023for

A

  SNZ77Y

A
l k 

SSNZ77Y
k l 



l 0for

k 0 1023for

A

  

ზონა 8 

SSNZ8Y

A
k l 

1

63

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SNZ8Y

A
l k 

SSNZ8Y
k l 



l 0for

k 0 1023for

A

  

Z7Y

A
k l 

0 SNZ7Y
k l 

SNZ6Y
k l 

if

A
k l 

1 SNZ7Y
k l 

SNZ6Y
k l 

if

A
k l 

0 otherwise

l 0 1023for

k 0for

A



 

Z8Y

A
k l 

0 SNZ8Y
k l 

SNZ77Y
k l 

if

A
k l 

1 SNZ7Y
k l 

SNZ77Y
k l 

if

A
k l 

0 otherwise

l 0 1023for

k 0for

A


 

Z77Y

A
k l 

0 SNZ77Y
k l 

SNZ6Y
k l 

Z8Y
k l 

0if

A
k l 

1 SNZ77Y
k l 

SNZ6Y
k l 

 Z8Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z6Y

A
k l 

0 SNZ6Y
k l 

SNZ5Y
k l 

Z7Y
k l 

0if

A
k l 

1 SNZ6Y
k l 

SNZ5Y
k l 

 Z7Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A
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დანართი 1 (გაგრძელება) 

Z4Y

A
k l 

0 SNZ4Y
k l 

SNZ3Y
k l 

Z5Y
k l 

Z6Y
k l 

 Z7Y
k l 

  0if

A
k l 

1 SNZ4Y
k l 

SNZ3Y
k l 

 Z5Y
k l 

Z6Y
k l 

 Z7Y
k l 

  0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z5Y

A
k l 

0 SNZ5Y
k l 

SNZ4Y
k l 

Z6Y
k l 

Z7Y
k l 

  0if

A
k l 

1 SNZ5Y
k l 

SNZ4Y
k l 

 Z6Y
k l 

Z7Y
k l 

  0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

არამთავარი კოეფიციენტების ნულოვანი ფრაგმენტების რაოდენობა 

არამთავარი კოეფიციენტების არანულოვანი ფრაგმენტების რაოდენობა 

Z3Y

A
k l 

0 SNZ3Y
k l 

SNZ2Y
k l   Z4Y

k l 
Z5Y

k l 
 Z6Y

k l 
 Z7Y

k l 
  0if

A
k l 

1 SNZ3Y
k l 

SNZ2Y
k l 

  Z4Y
k l 

Z5Y
k l 

 Z6Y
k l 

 Z7Y
k l 

  0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z2Y

A
k l 

0 SNZ2Y
k l 

SNZ1Y
k l 

Z3Y
k l 

Z4Y
k l 

 Z5Y
k l 

 Z6Y
k l 

 Z7Y
k l 

  0if

A
k l 

1 SNZ2Y
k l 

SNZ1Y
k l 

 Z3Y
k l 

Z4Y
k l 

 Z5Y
k l 

 Z6Y
k l 

 Z7Y
k l 

  0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z1Y

A
k l 

0 SNZ1Y
k l 

0 Z2Y
k l 

Z3Y
k l 

 Z4Y
k l 

 Z5Y
k l 

 Z6Y
k l 

 Z7Y
k l 

  0if

A
k l 

1 SNZ1Y
k l 

0 Z2Y
k l 

Z3Y
k l 

 Z4Y
k l 

 Z5Y
k l 

 Z6Y
k l 

 Z7Y
k l 

  0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

ZYA1 Z1Y Z2Y Z3Y Z4Y Z5Y Z6Y Z7Y  

NZYA1

0

0

i 0

1023

j

ZYA1
i j 






  

NZYA1 998  

NZY1 1024 NZYA1  

NZY1 26  
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დანართი 1 (გაგრძელება) 

 

 

ZYA2 Z1Y Z2Y Z3Y Z4Y Z5Y Z6Y Z77Y Z8Y  

NZYA2

0

0

i 0

1023

j

ZYA2
i j 






  

Z21Y

A
k l 

0 SNZ22Y
k l 

SNZ21Y
k l 

  Z2Y
k l 

1if

A
k l 

1 SNZ22Y
k l 

SNZ21Y
k l   Z2Y

k l 
1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

მინიზონა 31 მინიზონა 32 

SSNZ31Y

A
k l 

6

7

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

არამთავარი კოეფიციენტების არანულოვანი ფრაგმენტების რაოდენობა NZYA2 998  

NZY2 1024 NZYA2  

NZY2 26  არამთავარი კოეფიციენტების ნულოვანი ფრაგმენტების რაოდენობა 

მინიზონა 22 

SSNZ21Y

A
k l 

3

4

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ22Y

A
k l 

3

5

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ21Y

A
l k 

SSNZ21Y
k l 



l 0for

k 0 1023for

A

  SNZ22Y

A
l k 

SSNZ22Y
k l 



l 0for

k 0 1023for

A

  

Z22Y

A
k l 

0 SNZ22Y
k l 

SNZ21Y
k l   Z2Y

k l 
1if

A
k l 

1 SNZ22Y
k l 

SNZ21Y
k l 

  Z2Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

 

მე–2 ზონის მინიზონები 

მინიზონა 21 

მე–3 ზონის მინიზონები 

SSNZ32Y 

A 
k l  

6 

9 

l 

XYA1024 
k l   

 

 

l 0 63   for 

k 0 1023   for 

A 

 



147 

დანართი 1 (გაგრძელება) 

 

 

SNZ31Y

A
l k 

SSNZ31Y
k l 



l 0for

k 0 1023for

A

  SNZ32Y

A
l k 

SSNZ32Y
k l 



l 0for

k 0 1023for

A

  

Z32Y

A
k l 

0 SNZ32Y
k l 

SNZ31Y
k l   Z3Y

k l 
1if

A
k l 

1 SNZ32Y
k l 

SNZ31Y
k l 

  Z3Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z31Y

A
k l 

0 SNZ32Y
k l 

SNZ31Y
k l 

  Z3Y
k l 

1if

A
k l 

1 SNZ32Y
k l 

SNZ31Y
k l   Z3Y

k l 
1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

მე–4 ზონის მინიზონები 
მინიზონა 41 მინიზონა 42 

SSNZ41Y

A
k l 

10

11

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ42Y

A
k l 

10

14

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ41Y

A
l k 

SSNZ41Y
k l 



l 0for

k 0 1023for

A

  SNZ42Y

A
l k 

SSNZ42Y
k l 



l 0for

k 0 1023for

A

  

Z42Y

A
k l 

0 SNZ42Y
k l 

SNZ41Y
k l   Z4Y

k l 
1if

A
k l 

1 SNZ42Y
k l 

SNZ41Y
k l 

  Z4Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A
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დანართი 1 (გაგრძელება) 

 

მე–5 ზონის მინიზონები 

მინიზონა 51 მინიზონა 52 
SSNZ51Y

A
k l 

15

18

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ52Y

A
k l 

15

20

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ51Y

A
l k 

SSNZ51Y
k l 



l 0for

k 0 1023for

A

  SNZ52Y

A
l k 

SSNZ52Y
k l 



l 0for

k 0 1023for

A

  

Z52Y

A
k l 

0 SNZ52Y
k l 

SNZ51Y
k l   Z5Y

k l 
1if

A
k l 

1 SNZ52Y
k l 

SNZ51Y
k l 

  Z5Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z41Y

A
k l 

0 SNZ42Y
k l 

SNZ41Y
k l 

  Z4Y
k l 

1if

A
k l 

1 SNZ42Y
k l 

SNZ41Y
k l   Z4Y

k l 
1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z51Y

A
k l 

0 SNZ52Y
k l 

SNZ51Y
k l 

  Z5Y
k l 

1if

A
k l 

1 SNZ52Y
k l 

SNZ51Y
k l   Z5Y

k l 
1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

მე–6 ზონის მინიზონები 

მინიზონა 61 მინიზონა 62 
SSNZ61Y

A
k l 

21

24

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ62Y

A
k l 

21

27

l

XYA1024
k l 





l 0 63for

k 0 1023for

A
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დანართი 1 (გაგრძელება) 

მე–7 ზონის მინიზონები 

მინიზონა 71 მინიზონა 72 

SSNZ71Y

A
k l 

28

30

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ72Y

A
k l 

28

35

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ61Y

A
l k 

SSNZ61Y
k l 



l 0for

k 0 1023for

A

  SNZ62Y

A
l k 

SSNZ62Y
k l 



l 0for

k 0 1023for

A

  

Z62Y

A
k l 

0 SNZ62Y
k l 

SNZ61Y
k l   Z6Y

k l 
1if

A
k l 

1 SNZ62Y
k l 

SNZ61Y
k l 

  Z6Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z61Y

A
k l 

0 SNZ62Y
k l 

SNZ61Y
k l 

  Z6Y
k l 

1if

A
k l 

1 SNZ62Y
k l 

SNZ61Y
k l   Z6Y

k l 
1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

SNZ71Y

A
l k 

SSNZ71Y
k l 



l 0for

k 0 1023for

A

  SNZ72Y

A
l k 

SSNZ72Y
k l 



l 0for

k 0 1023for

A

  

მინიზონა 73 მინიზონა 74 

SSNZ73Y

A
k l 

28

42

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ74Y

A
k l 

28

63

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ73Y

A
l k 

SSNZ73Y
k l 



l 0for

k 0 1023for

A

  SNZ74Y

A
l k 

SSNZ74Y
k l 



l 0for

k 0 1023for

A
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დანართი 1 (გაგრძელება) 

 მინიზონა 771 მინიზონა 772 

SSNZ771Y

A
k l 

28

30

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ772Y

A
k l 

28

35

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ771Y

A
l k 

SSNZ771Y
k l 



l 0for

k 0 1023for

A

  SNZ772Y

A
l k 

SSNZ772Y
k l 



l 0for

k 0 1023for

A

  

Z74Y

A
k l 

0 SNZ74Y
k l 

SNZ73Y
k l   Z7Y

k l 
1if

A
k l 

1 SNZ74Y
k l 

SNZ73Y
k l 

  Z7Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z73Y

A
k l 

0 SNZ73Y
k l 

SNZ72Y
k l 

Z7Y
k l 

1 Z74Y
k l 

0if

A
k l 

1 SNZ73Y
k l 

SNZ72Y
k l 

  Z7Y
k l 

1 Z74Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z72Y

A
k l 

0 SNZ72Y
k l 

SNZ71Y
k l 

Z7Y
k l 

1 Z73Y
k l 

Z74Y
k l 

  0if

A
k l 

1 SNZ72Y
k l 

SNZ71Y
k l 

  Z7Y
k l 

1 Z73Y
k l 

Z74Y
k l 

  0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z71Y

A
k l 

0 SNZ71Y
k l 

0 Z7Y
k l 

1  Z72Y
k l 

Z73Y
k l 

 Z74Y
k l 

 0 if

A
k l 

1 SNZ71Y
k l 

0 Z7Y
k l 

1  Z72Y
k l 

Z73Y
k l 

 Z74Y
k l 

 0 if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  



151 

დანართი 1 (გაგრძელება) 

Z772Y

A
k l 

0 SNZ772Y
k l 

SNZ771Y
k l 

Z77Y
k l 

1if

A
k l 

1 SNZ772Y
k l 

SNZ771Y
k l 

 Z77Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z771Y

A
k l 

0 SNZ771Y
k l 

0 Z77Y
k l 

1 Z772Y
k l 

0if

A
k l 

1 SNZ771Y
k l 

0 Z77Y
k l 

1 Z772Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

მე–8 ზონის მინიზონები 

მინიზონა 81 მინიზონა 82 

SSNZ81Y

A
k l 

36

42

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ82Y

A
k l 

36

63

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ81Y

A
l k 

SSNZ81Y
k l 



l 0for

k 0 1023for

A

  SNZ82Y

A
l k 

SSNZ82Y
k l 



l 0for

k 0 1023for

A

  

Z82Y

A
k l 

0 SNZ82Y
k l 

SNZ81Y
k l 

Z8Y
k l 

1if

A
k l 

1 SNZ82Y
k l 

SNZ81Y
k l 

 Z8Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z81Y

A
k l 

0 SNZ81Y
k l 

0 Z8Y
k l 

1 Z82Y
k l 

0if

A
k l 

1 SNZ81Y
k l 

0 Z8Y
k l 

1 Z82Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A
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დანართი 1 (გაგრძელება) 

SSNZ881Y

A
k l 

36

42

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ882Y

A
k l 

36

46

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ881Y

A
l k 

SSNZ881Y
k l 



l 0for

k 0 1023for

A

  SNZ882Y

A
l k 

SSNZ882Y
k l 



l 0for

k 0 1023for

A

  

SSNZ883Y

A
k l 

36

54

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  SSNZ884Y

A
k l 

36

63

l

XYA1024
k l 





l 0 63for

k 0 1023for

A

  

SNZ883Y

A
l k 

SSNZ883Y
k l 



l 0for

k 0 1023for

A

  SNZ884Y

A
l k 

SSNZ884Y
k l 



l 0for

k 0 1023for

A

  

Z884Y

A
k l 

0 SNZ884Y
k l 

SNZ883Y
k l 

Z8Y
k l 

1if

A
k l 

1 SNZ884Y
k l 

SNZ883Y
k l 

 Z8Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Z883Y

A
k l 

0 SNZ883Y
k l 

SNZ882Y
k l 

Z8Y
k l 

1 Z884Y
k l 

0if

A
k l 

1 SNZ883Y
k l 

SNZ882Y
k l 

 Z8Y
k l 

1 Z884Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A


 

Z882Y

A
k l 

0 SNZ882Y
k l 

SNZ881Y
k l 

Z8Y
k l 

1 Z883Y
k l 

Z884Y
k l 

  0if

A
k l 

1 SNZ882Y
k l 

SNZ881Y
k l 

 Z8Y
k l 

1 Z883Y
k l 

Z884Y
k l 

  0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A
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დანართი 1 (გაგრძელება) 

 

 

 

 

Z881Y

A
k l 

0 SNZ881Y
k l 

0 Z8Y
k l 

1 Z882Y
k l 

Z883Y
k l 

 Z884Y
k l 

  0if

A
k l 

1 SNZ881Y
k l 

0 Z8Y
k l 

1 Z882Y
k l 

Z883Y
k l 

 Z884Y
k l 

  0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Nz2Y

A
k l 

1 Z2Y
k l 

0if

A
k l 

0 Z2Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  Nz3Y

A
k l 

1 Z3Y
k l 

0if

A
k l 

0 Z3Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Nz4Y

A
k l 

1 Z4Y
k l 

0if

A
k l 

0 Z4Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  
Nz5Y

A
k l 

1 Z5Y
k l 

0if

A
k l 

0 Z5Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Nz6Y

A
k l 

1 Z6Y
k l 

0if

A
k l 

0 Z6Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  
Nz7Y

A
k l 

2 Z7Y
k l 

0if

A
k l 

0 Z7Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Nz77Y

A
k l 

1 Z77Y
k l 

0if

A
k l 

0 Z7Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  
Nz8Y

A
k l 

1 Z8Y
k l 

0if

A
k l 

0 Z8Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

Nz88Y

A
k l 

2 Z8Y
k l 

0if

A
k l 

0 Z8Y
k l 

0if

A
k l 

0 otherwise

l 0 1023for

k 0for

A
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                   დანართი 1 (გაგრძელება) 

NYz8

0

0

k 0

1023

l

Nz8Y
k l 







 

NYz2 110  biti NYz3

0

0

k 0

1023

l

Nz3Y
k l 






  NYz3 157   

Nz2Y
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 1 1 0 0 ...
  

Nz3Y
0 1 2 3 4 5 6 7 8 9

0 0 0 1 1 1 0 0 0 0 ...
  

Nz4Y
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

Nz5Y
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

Nz6Y
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

Nz7Y
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

Nz77Y
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

Nz8Y
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

Nz88Y
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

NYz2

0

0

k 0

1023

l

Nz2Y
k l 






  

NYz4

0

0

k 0

1023

l

Nz4Y
k l 






  NYz4 185  biti NYz5

0

0

k 0

1023

l

Nz5Y
k l 






  
NYz5 158  biti 

NYz6

0

0

k 0

1023

l

Nz6Y
k l 






  NYz6 128  biti NYz7

0

0

k 0

1023

l

Nz7Y
k l 






  NYz7 262  biti 

NYz77

0

0

k 0

1023

l

Nz77Y
k l 






  NYz77 81  biti NYz88

0

0

k 0

1023

l

Nz88Y
k l 






  NYz88 100  biti 

NYz8 50  biti 

მინიზონების დაფიქსირებისათვის საჭირო ბიტების რაოდენობა 

NmzY1 Nz2Y Nz3Y Nz4Y Nz5Y Nz6Y Nz7Y  

NmzY1
0 1 2 3 4 5 6 7 8 9

0 0 0 1 1 1 1 1 0 0 ...


 

NmzY2 Nz2Y Nz3Y Nz4Y Nz5Y Nz6Y Nz77Y Nz8Y  

NmzY2
0 1 2 3 4 5 6 7 8 9

0 0 0 1 1 1 1 1 0 0 ...


 

NmzY3 Nz2Y Nz3Y Nz4Y Nz5Y Nz6Y Nz77Y Nz88Y  

NmzY3
0 1 2 3 4 5 6 7 8 9

0 0 0 1 1 1 1 1 0 0 ...


 

biti 
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დანართი 1 (გაგრძელება) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NNmzY1

0

0

k 0

1023

l

NmzY1
k l 






  NNmzY2

0

0

k 0

1023

l

NmzY2
k l 






  

NNmzY1 1000  NNmzY2 869  NNmzY3 919  

2 მინიზონა. წინა შემთხვევის იდენტურია 
4 მინიზონა. პროგრამის ეს ნაწილი იმუშავებს მაშინ, როდესაც NNXYA 342   

NYmnz11

A
k l 

NmzY1
k l 

 NNXYA 342if

A
k l 

NmzY2
k l 

 NNXYA 342if

l 0 1023for

k 0for

A

  

NYmnz13

A
k l 

NmzY3
k l 

 NNXYA 342if

A
k l 

0 NNXYA 342if

l 0 1023for

k 0for

A

  

NYmnz11
0 1 2 3 4 5 6 7 8 9

0 0 0 1 1 1 1 1 0 0 ...
  

NYmnz12
0 1 2 3 4 5 6 7 8 9

0 0 0 1 1 1 1 1 0 0 ...
  

NYmnz13
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

NNYmnzY11

0

0

k 0

1023

l

NYmnz11
k l 






  NNYmnz12

0

0

k 0

1023

l

NYmnz12
k l 






  

NNYmnzY11 1000  NNYmnz12 1000  

NNYmnzY13

0

0

k 0

1023

l

NYmnz13
k l 






  

NNYmnzY13 0  

NNmzY3

0

0

k 0

1023

l

NmzY3
k l 






  

NYmnz12

A
k l 

NmzY1
k l 

 NNXYA 342if

A
k l 

NmzY2
k l 

 NNXYA 342if

l 0 1023for

k 0for

A
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danarTi 1 (gagrZeleba) 

 

 

 

RYA

A
k l 

2 ZY2
k l 

1if

A
k l 

4 2 ZY2
k l 

 3if

A
k l 

6 4 ZY2
k l 

 7if

A
k l 

8 8 ZY2
k l 

 15if

A
k l 

10 16 ZY2
k l 

 31if

A
k l 

12 32 ZY2
k l 

 63if

A
k l 

13 64 ZY2
k l 

 127if

A
k l 

0 otherwise

l 0 62for

k 0 1023for

A

  

NNNYA 30116  biti NYA

0

1023

k 0

62

l

RYA
k l 






  NYA 30116  

არამთავარი კოეფიციენტების კოდირება ჰაფმანის იმ ცხრილებით, რომლებისთვისაც Z=0. 

ZY2

A
k l 

ZY
k l 1



l 0 62for

k 0 1023for

A

  r 7  

NNYA0

A
k l 

k

k

k 0

62

l

RYA
k l 








l 0 62for

k 0 1023for

A

  

SNNYA

A
l k 

NNYA0
k l 



l 0for

k 0 1023for

A

  

NNNYA

0

0

k 0

1023

l

SNNYA
k l 






  

NA 53  

KB1 stack augment KKskan( ) augment KKskan( )( )  

KB2 stack augment KB1( ) augment KB1( )( )  

KB3 stack augment KB2( ) augment KB2( )( )  

KB4 stack augment KB3( ) augment KB3( )( )  
DD1

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

2

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

2

3

3

3

3

2

2

2

3

3

3

3

3

3

2

2

2

3

3

3

3

3

3

2

3

























  

KB5 stack augment KB4( ) augment KB4( )( )  

KB6 stack augment KB5( ) augment KB5( )( )  

KB7 stack augment KB6( ) augment KB6( )( )  

KB8 stack augment KB7( ) augment KB7( )( )  

KB9 stack augment KB8( ) augment KB8( )( )  DD2 DD1
T

  

KB10 stack augment KB9( ) augment KB9( )( )  DD DD1 skan 1if

DD2 skan 2if

  

DDskan
0 1 2 3 4 5 6 7 8 9

0 3 3 3 3 3 3 3 3 3 ...
  

NKA

0

0

k 0

NA 1

l

DDskan
k l 






  NKA 156  biti 
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danarTi 1 (gagrZeleba) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rsk an

A
k l 

1 KKskan
k l 

1if

A
k l 

2 2 KKskan
k l 

 3if

A
k l 

3 4 KKskan
k l 

 7if

A
k l 

4 8 KKskan
k l 

 15if

A
k l 

5 16 KKskan
k l 

 31if

A
k l 

6 32 KKskan
k l 

 63if

A
k l 

7 64 KKskan
k l 

 127if

A
k l 

0 otherwise

l 0 62for

k 0for

A

  

Rskan
0 1 2 3 4 5 6 7 8 9

0 6 5 5 5 6 4 4 4 3 ...
  

მთლიანი გამოსახულების შესაბამისი ტრანსფორმანტის სტატისტიკის 

გათვალისწინება (R-ის მონაცემები) 

RYA7

A
k l 

2 ZY2
k l 

1if

A
k l 

4 2 ZY2
k l 

 3if

A
k l 

6 4 ZY2
k l 

 7if

A
k l 

8 8 ZY2
k l 

 15if

A
k l 

10 16 ZY2
k l 

 31if

A
k l 

12 32 ZY2
k l 

 63if

A
k l 

13 64 ZY2
k l 

 127if

A
k l 

0 otherwise

l 0 62for

k 0 1023for

A



 

RYA6

A
k l 

2 ZY2
k l 

1if

A
k l 

4 2 ZY2
k l 

 3if

A
k l 

6 4 ZY2
k l 

 7if

A
k l 

8 8 ZY2
k l 

 15if

A
k l 

10 16 ZY2
k l 

 31if

A
k l 

11 32 ZY2
k l 

 63if

A
k l 

0 otherwise

l 0 62for

k 0 1023for

A



 Rskan 7  
Rskan 6  

Rskan 5  Rskan 4  

RYA5

A
k l 

2 ZY2
k l 

1if

A
k l 

4 2 ZY2
k l 

 3if

A
k l 

6 4 ZY2
k l 

 7if

A
k l 

8 8 ZY2
k l 

 15if

A
k l 

9 16 ZY2
k l 

 31if

A
k l 

0 otherwise

l 0 62for

k 0 1023for

A



 

RYA4

A
k l 

2 ZY2
k l 

1if

A
k l 

4 2 ZY2
k l 

 3if

A
k l 

6 4 ZY2
k l 

 7if

A
k l 

7 8 ZY2
k l 

 15if

A
k l 

0 otherwise

l 0 62for

k 0 1023for

A
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danarTi 1 (gagrZeleba) 

 

 

 

 

 

 

Rskan 3  
Rskan 2  

RYA3

A
k l 

2 ZY2
k l 

1if

A
k l 

4 2 ZY2
k l 

 3if

A
k l 

5 4 ZY2
k l 

 7if

A
k l 

0 otherwise

l 0 62for

k 0 1023for

A

  
RYA2

A
k l 

2 ZY2
k l 

1if

A
k l 

3 2 ZY2
k l 

 3if

A
k l 

0 otherwise

l 0 62for

k 0 1023for

A

  

Rskan 1  

RYA1

A
k l 

1 ZY2
k l 

1if

A
k l 

0 otherwise

l 0 62for

k 0 1023for

A

  

SNNYAK

A
k l 

RYA1
k l 

 KB10
k l 

1if

A
k l 

RYA2
k l 

 2 KB10
k l 

 3if

A
k l 

RYA3
k l 

 4 KB10
k l 

 7if

A
k l 

RYA4
k l 

 8 KB10
k l 

 15if

A
k l 

RYA5
k l 

 16 KB10
k l 

 31if

A
k l 

RYA6
k l 

 32 KB10
k l 

 63if

A
k l 

RYA7
k l 

 64 KB10
k l 

 127if

A
k l 

0 otherwise

l 0 62for

k 0 1023for

A

  

NNYA

A
k l 

k

k

k 0

62

l

SNNYAK
k l 








l 0 62for

k 0 1023for

A

  NNNYAK

A
l k 

NNYA
k l 



l 0for

k 0 1023for

A

  

NYAK

0

0

k 0

1023

l

NNNYAK
k l 






  NYAK 29654  biti 
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danarTi 1 (gagrZeleba) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

არამთავარი კოეფიციენტების მასივის არანულოვანი კოეფიციენტების 

რაოდენობა სტატისტიკის მიხედვით NA 

NA 53  

NKA 156  biti 

მინიზონების გათვალისწინებით 

SNNYmnz1

A
k l 

NA Z82Y
k l 

1 NNXYA 342if

A
k l 

42 Z81Y
k l 

1 NNXYA 342if

A
k l 

35 Z772Y
k l 

1 NNXYA 342if

A
k l 

30 Z771Y
k l 

1 NNXYA 342if

A
k l 

NA Z74Y
k l 

1 NNXYA 342if

A
k l 

42 Z73Y
k l 

1 NNXYA 342if

A
k l 

35 Z72Y
k l 

1 NNXYA 342if

A
k l 

30 Z71Y
k l 

1 NNXYA 342if

A
k l 

27 Z62Y
k l 

1if

A
k l 

24 Z61Y
k l 

1if

A
k l 

20 Z52Y
k l 

1if

A
k l 

18 Z51Y
k l 

1if

A
k l 

14 Z42Y
k l 

1if

A
k l 

11 Z41Y
k l 

1if

A
k l 

9 Z32Y
k l 

1if

A
k l 

7 Z31Y
k l 

1if

A
k l 

5 Z22Y
k l 

1if

A
k l 

4 Z21Y
k l 

1if

A
k l 

2 Z1Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

SNNYmnz1
0 1 2 3 4 5 6 7 8 9

0 2 2 9 7 7 4 5 2 2 ...
  

NYmnz1

0

0

k 0

1023

l

SNNYmnz1
k l 






  NYmnz1 15734  biti 

სტატისტიკის მიხედვით NA რაოდენობის კოეფიციენტებისათვის 

საჭირო ბიტების რაოდენობა NKA  

SNNY

A
k l 

NA Z7Y
k l 

1if

A
k l 

27 Z6Y
k l 

1if

A
k l 

20 Z5Y
k l 

1if

A
k l 

14 Z4Y
k l 

1if

A
k l 

9 Z3Y
k l 

1if

A
k l 

5 Z2Y
k l 

1if

A
k l 

2 Z1Y
k l 

1if

A
k l 

0 otherwise

l 0 1023for

k 0for

A

  

მინიზონების გარეშე 
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danarTi 1 (gagrZeleba) 

 

 

 

 

 

 

 

 

მინიზონების გარეშე 

SNNY
0 1 2 3 4 5 6 7 8 9

0 2 2 9 9 9 5 5 2 2 ...
  

NNY

0

0

k 0

1023

l

SNNY
k l 






  NNY 18370  biti 

გამოსახულების საერთო სტატისტიკაში ნულოვანი კოეფიციენტების რაოდენობის 

გათვალისწინება 

KKskan1
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

KKz1

0

0

k 0

1

l

KKskan1
k l 







 

KKz61 0  KKz62 0  KKz71 0  

KKz73

0

0

k 0

41

l

KKskan1
k l 






  KKz74

0

0

k 0

NA 1

l

KKskan1
k l 






  

KKz73 3  KKz72 1  

KKz771

0

0

k 0

29

l

KKskan1
k l 






  KKz772

0

0

k 0

34

l

KKskan1
k l 






  

სტატისტიკის გათვალისწინებით 

KKskan1

A
k l 

0 KKskan
k l 

0 l NA 1if

A
k l 

1 KKskan
k l 

0 l NA 1if

A
k l 

0 otherwise

l 0 62for

k 0for

A


 

KKz21

0

0

k 0

3

l

KKskan1
k l 







 

KKz22

0

0

k 0

4

l

KKskan1
k l 






  

KKz1 0  KKz21 0  KKz22 0  

KKz31

0

0

k 0

6

l

KKskan1
k l 






  KKz32

0

0

k 0

8

l

KKskan1
k l 






  KKz41

0

0

k 0

10

l

KKskan1
k l 






  

KKz31 0  KKz32 0  KKz41 0  

KKz42

0

0

k 0

13

l

KKskan1
k l 






  KKz51

0

0

k 0

17

l

KKskan1
k l 






  KKz52

0

0

k 0

19

l

KKskan1
k l 






  

KKz42 0  KKz51 0  KKz52 0  

KKz61

0

0

k 0

23

l

KKskan1
k l 






  KKz62

0

0

k 0

26

l

KKskan1
k l 






  KKz71

0

0

k 0

29

l

KKskan1
k l 






  

KKz82

0

0

k 0

NA 1

l

KKskan1
k l 






  

KKz72

0

0

k 0

34

l

KKskan1
k l 






  

 

 

 

KKz74 8  

KKz81 

0 

0 

k 0 

41   

l 

KKskan1 
k l   

 
 
 

 

KKz771 

KKz772= 

KKz73= 

KKZ81= 

KKZ82= 

0  
1 

3 

3 

8 
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danarTi 1 (gagrZeleba) 

 

 

 

 

 

 

 

 

SZ21Y

0

0

k 0

1023

l

Z21Y
k l 






  SZ22Y

0

0

k 0

1023

l

Z22Y
k l 






  

SZ32Y

0

0

k 0

1023

l

Z32Y
k l 






  SZ41Y

0

0

k 0

1023

l

Z41Y
k l 






  

SZ1Y

0

0

k 0

1023

l

Z1Y
k l 






  

SZ31Y

0

0

k 0

1023

l

Z31Y
k l 






  

SZ42Y

0

0

k 0

1023

l

Z42Y
k l 






  SZ51Y

0

0

k 0

1023

l

Z51Y
k l 






  SZ52Y

0

0

k 0

1023

l

Z52Y
k l 






  

SZ1Y 129  SZ21Y 48  SZ22Y 62  

SZ31Y 97  SZ32Y 60  SZ41Y 15  

SZ42Y 170  SZ51Y 122  SZ52Y 36  

SZ61Y

0

0

k 0

1023

l

Z61Y
k l 






  SZ62Y

0

0

k 0

1023

l

Z62Y
k l 






  SZ71Y

0

0

k 0

1023

l

Z71Y
k l 






  

SZ61Y 64  SZ62Y 64  SZ71Y 25  

SZ72Y

0

0

k 0

1023

l

Z72Y
k l 






  SZ73Y

0

0

k 0

1023

l

Z73Y
k l 






  SZ74Y

0

0

k 0

1023

l

Z74Y
k l 






  

SZ72Y 56  SZ73Y 30  SZ74Y 20  

SZ771Y

0

0

k 0

1023

l

Z771Y
k l 






  SZ772Y

0

0

k 0

1023

l

Z772Y
k l 






  SZ81Y

0

0

k 0

1023

l

Z81Y
k l 






  

SZ771Y 25  SZ772Y 56  SZ81Y 30  

SZ82Y

0

0

k 0

1023

l

Z82Y
k l 






  SZ82Y 20  

Z71Y
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

Z771Y
0 1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0 0 ...
  

NYmnz21 306  biti NYmnz22 306  biti 

NNYmnz2

A NYmnz21 NNXYA 342if

A NYmnz22 NNXYA 342if

A 0 otherwise

l 0for

k 0for

A

  

NNYmnz2 306  biti 

NYmnz NYmnz1 NNYmnz2  

NYmnz 15428  biti 
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danarTi 1 (gagrZeleba) 

 

 

 

 

 

NNY 18370  biti NYmnz1 15734  biti NYmnz2 15428  biti 

NYmnz3 15428  biti NYmnz4 0  biti 

კოდირებისთვის საჭირო ბიტების რაოდენობის გამოთვლა 

NYmnz11
0 1 2 3 4 5 6 7 8 9

0 0 0 1 1 1 1 1 0 0 ...
  

ზონური კოდირების ფრაგმენტული მონაცემები 

RYM
0 1 2 3 4 5 6 7 8 9

0 15 5 7 9 11 7 5 7 5 ...
  

NNYz
0 1 2 3 4 5 6 7 8 9

0 3 3 3 3 3 3 3 3 3 ...
  

SNNYmnz1
0 1 2 3 4 5 6 7 8 9

0 2 2 9 7 7 4 5 2 2 ...
  

NYmnz12
0 1 2 3 4 5 6 7 8 9

0 0 0 1 1 1 1 1 0 0 ...
  

SNNYA
0 1 2 3 4 5 6 7 8 9

0 4 2 12 20 10 6 8 4 4 ...
  

NYzhfr RYM NNYz SNNYmnz1 NYmnz12 SNNYA  

NYzhfr
0 1 2 3 4 5 6 7 8 9

0 24 12 32 40 32 21 22 16 14 ...
  

NYzhfr
0 1 2 3 4 5 6 7 8 9

0 24 12 32 40 32 21 22 16 14 ...
  

biti 

ჩაწერეთ მერვე ზონაში მინიზონების რაოდენობის აღმნიშვნელი ციფრი:  

2 – 2 მინიზონა; 4 – 4 მინიზონა 

NNYmnz4 NYmnz12 mn 2if

NYmnz13 mn 4 NNXYA 342if

  

ზონურ-სტატისტიკური კოდირების ფრაგმენტული მონაცემები 

NYzh NNYzh NYmax  
NNYzh

0

0

k 0

1023

l

NYzhfr
k l 






  
NNYzh 57648  biti 

NYzh 57654  biti NYh 55771  

mn 2  
SNNYmnz SNNYmnz3 mn 2if

SNNYmnz4 mn 4 NNXYA 342if

  

RYM
0 1 2 3 4 5 6 7 8 9

0 15 5 7 9 11 7 5 7 5 ...
  

NNYz
0 1 2 3 4 5 6 7 8 9

0 3 3 3 3 3 3 3 3 3 ...
  

SNNYmnz
0 1 2 3 4 5 6 7 8 9

0 2 2 9 7 7 4 5 2 2 ...
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danarTi 1 (gagrZeleba) 

 

 

 

 

 

 

 

 

NNYmnz4
0 1 2 3 4 5 6 7 8 9

0 0 0 1 1 1 1 1 0 0 ...
  

NNNYAK
0 1 2 3 4 5 6 7 8 9

0 4 2 12 20 10 6 8 4 4 ...
  

NYzhfrst RYM NNYz SNNYmnz NNYmnz4 NNNYAK  

NYzhfrst
0 1 2 3 4 5 6 7 8 9

0 24 12 32 40 32 21 22 16 14 ...
  

NNYzhst

0

0

k 0

1023

l

NYzhfrst
k l 






  NNYzhst 56880  biti 

NYzhst NNYzhst NYmax NKA  NYzhst 57042  biti 

ადაპტური კოდირება 

NNdam
0 1 2 3 4 5 6 7 8 9

0 1 1 1 1 1 1 1 1 1 ...
  

NNdam

A
k l 

1

l 0 1023for

k 0for

A

  

HybNYzh

A
k l 

NYhfr
k l 

 NYhfr
k l 

NYzhfr
k l 

if

A
k l 

NYzhfr
k l 

 NYhfr
k l 

NYzhfr
k l 

if

l 0 1023for

k 0for

A

  

NNHybNYzh
0 1 2 3 4 5 6 7 8 9

0 25 13 33 41 32 22 23 16 15 ...
  

HybNYzh
0 1 2 3 4 5 6 7 8 9

0 24 12 32 40 31 21 22 15 14 ...
  

NNHybNYzh HybNYzh NNdam  

HYBNYzh

0

0

k 0

1023

l

NNHybNYzh
k l 






  

HybNYzhst

A
k l 

NYhfr
k l 

 NYhfr
k l 

NYzhfrst
k l 

if

A
k l 

NYzhfrst
k l 

 NYhfr
k l 

NYzhfrst
k l 

if

l 0 1023for

k 0for

A

  

HybNYzh HYBNYzh NYmax  

 

HybNYzhst
0 1 2 3 4 5 6 7 8 9

0 24 12 32 40 31 21 22 15 14 ...
  

NNHybNYzhst HybNYzhst NNdam  

HybNYzh 56181  biti  
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danarTi 1 (gagrZeleba) 

 

 
 

 

 
 

            
 
    
      pirveladi gamosaxuleba             kompresirebuli gamosaxuleba 

 
 
 
 
 

NNHybNYzhst
0 1 2 3 4 5 6 7 8 9

0 25 13 33 41 32 22 23 16 15 ...
  

HYBNYzhst

0

0

k 0

1023

l

NNHybNYzhst
k l 








  

  
 

 

 

დისკრეტული კოსინუსური გარდასახვის დაკვანტული კოეფიციენტების ჰაფმანის 

კოდირებისას საჭირო ბიტების რაოდენობა 

NYh 55771  biti 

დისკრეტული კოსინუსური გარდასახვის დაკვანტული კოეფიციენტების  ზონური 

კოდირებისას საჭირო ბიტების რაოდენობა 

NYzh 57654  biti 

დისკრეტული კოსინუსური გარდასახვის დაკვანტული კოეფიციენტების  ზონურ-

სტატისტიკური კოდირებისას საჭირო ბიტების რაოდენობა 

NYzhst 57042  biti 

დისკრეტული კოსინუსური გარდასახვის დაკვანტული კოეფიციენტების  ადაპტური ზონური 

კოდირებისას საჭირო ბიტების რაოდენობა 

HybNYzh 56181  biti 

დისკრეტული კოსინუსური გარდასახვის დაკვანტული კოეფიციენტების  ადაპტური 

ზონურ-სტატისტიკური კოდირებისას საჭირო ბიტების რაოდენობა 

  HybNYzhst 56198 biti  

  

 
    

HYBYzhst+NKA+NYmax HybNYzhst= 
 

HybNYzhst=56198 biti 
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danarTi 2. feradi gamosaxulebis diskretuli kosinusuri 
gardasaxvis transformantebis dakvantuli koeficientebis 

maqsimaluri mniSvnelobebisa da Sesabamisi orobiTi simboloebis 
dadgenis programa sikaSkaSis (Y) da fersxvaobiTi (Cr  da Cb) 

SemdgenebisaTvis 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DFYK DFY00Sxv Skanir 1if

DFY00Sxv
T

Skanir 2if

  

m 0...7 0...7 n 0...7 0...7 

m 0  n 0  

md8 0 31  nd8 0 31  

DFY2d8
md8 nd8 

DFYK
8 md8 m 8 nd8 n

  

DFY00

A
k l 

round DFY2d8
k l  

l 0 31for

k 0 31for

A

  

max DFY00( ) 79  min DFY00( ) 0  

MKY MKYLen  

RY

A
k l 

1 MKY
k l 

1if

A
k l 

2 2 MKY
k l 

 3if

A
k l 

3 4 MKY
k l 

 7if

A
k l 

4 8 MKY
k l 

 15if

A
k l 

5 16 MKY
k l 

 31if

A
k l 

6 32 MKY
k l 

 63if

A
k l 

7 64 MKY
k l 

 127if

A
k l 

0 otherwise

l 0 7for

k 0 7for

A



 

MKYLen

79

31

16

7

7

3

1

0

48

29

15

6

3

2

1

0

35

15

13

6

2

1

0

0

11

8

6

4

1

1

0

0

5

4

3

3

1

1

0

0

2

2

1

1

1

0

0

0

2

1

1

1

1

0

0

0

1

1

1

1

0

0

0

0

























  RYLen

7

5

5

3

3

2

1

0

6

5

4

3

2

2

1

0

6

4

4

3

2

1

0

0

4

4

3

3

1

1

0

0

3

3

2

2

1

1

0

0

2

2

1

1

1

0

0

0

2

1

1

1

1

0

0

0

1

1

1

1

0

0

0

0
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danarTi 2 (gagrZeleba) 

 m 0...7 0...7 n 0...7 0...7 m 0  n 0  

md8 0 15  nd8 0 15  md8 0 15  nd8 0 15  

DFCr2d8
md8 nd8 

DFCr00Sxv
8 md8 m 8 nd8 n

  DFCb2d8
md8 nd8 

DFCb00Sxv
8 md8 m 8 nd8 n

  

DFCr00

A
k l 

round DFCr2d8
k l  

l 0 15for

k 0 15for

A

  DFCb00

A
k l 

round DFCb2d8
k l  

l 0 15for

k 0 15for

A

  

max DFCr00( ) 23  min DFCr00( ) 0  max DFCb00( ) 17  min DFCb00( ) 0  

MKCr MKCrLen  MKCb MKCbLen  

RCr

A
k l 

1 MKCr
k l 

1if

A
k l 

2 2 MKCr
k l 

 3if

A
k l 

3 4 MKCr
k l 

 7if

A
k l 

4 8 MKCr
k l 

 15if

A
k l 

5 16 MKCr
k l 

 31if

A
k l 

6 32 MKCr
k l 

 63if

A
k l 

7 64 MKCr
k l 

 127if

A
k l 

8 64 MKCr
k l 

 127if

A
k l 

0 otherwise

l 0 7for

k 0 7for

A

  RCb

A
k l 

1 MKCb
k l 

1if

A
k l 

2 2 MKCb
k l 

 3if

A
k l 

3 4 MKCb
k l 

 7if

A
k l 

4 8 MKCb
k l 

 15if

A
k l 

5 16 MKCb
k l 

 31if

A
k l 

6 32 MKCb
k l 

 63if

A
k l 

7 64 MKCb
k l 

 127if

A
k l 

8 64 MKCb
k l 

 127if

A
k l 

0 otherwise

l 0 7for

k 0 7for

A

  

MKCrLen

23

8

3

1

0

0

0

0

6

3

1

0

0

0

0

0

3

2

1

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

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

























  RCrLen

5

4

2

1

0

0

0

0

3

2

1

0

0

0

0

0

2

2

1

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

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

























  

MKCbLen

12

5

1

1

0

0

0

0

6

3

1

0

0

0

0

0

2

2

1

0

0

0

0

0

1

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

























  RCbLen

4

3

1

1

0

0

0

0

3

2

1

0

0

0

0

0

2

2

1

0

0

0

0

0

1

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
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