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რეზიუმე 

 
kvlevis aqtualoba. internetis ganviTarebam, teqnologiurma 

progresma sabolood migviyvana cifruli gamosaxulebis farTo 

gamoyenebamde. amitomac yoveldRiurad izrdeba interesi monacemTa 

SekumSvis algoriTmebis gaumjobesebaze gamosaxulebaTa kodirebis 

efeqturobis amaRlebis mizniT. informaciis SekumSvis teqnologias 

SeiZleba hqondes mravali saxis komerciuli gamoyenebac. amasTan erTad is 

SeiZleba gamoyenebul iqnes samxedro mizniTac. amitomac Tanamedrove 

pirobebSi uaRresad aqtualuria im amocanaTa gadawyveta, romelic 

dakavSirebulia gamosaxulebaTa kodirebis efeqturobis amaRlebis 

kombinirebuli meTodebis damuSavebasTan, romelic iTvaliswinebs 

gamosaxulebaTa fraqtaluri SekumSvis Serwymas kodirebis sxva mowinave 

(Tanamedrove) meTodebTan. 
 

 sadisertacio naSromis ZiriTadi mizania gamosaxulebaTa kodirebis 

efeqturobis amaRlebisaTvis iseTi kombinirebuli meTodebis damuSaveba, 

romlebic gulisxmoben gamosaxulebaTa fraqtaluri SekumSvis Serwymas 

efeqturi kodirebis sxva meTodebTan. amave dros warmodgenili samuSao 

unda moicavdes gamosaxulebaTa fraqtlur SekumSvaze dafuZnebul 

meTodikas, rekomendaciebs da saWiro algoriTmebis programul realizacias 

JPEG tipis axali standartis Sesaqmnelad da dasanergad. 

 naSromis miznidan gamomdinare disertaciis ZiriTadi amocanebi 

romlebic eqvemdebarebian kvlevas, SeiZleba CamovayaliboT Semdegnairad: 

• Catardes kvleva gamosaxulebaTa fraqtaluri SekumSvis arsis 

mixedviT, romelic efuZneba uban-uban gansazRvrul iteraciul 

funqciaTa sistemas (PIFS); kumSvadi asaxvis ZiriTadi Teoremis 

eqsperimentul interpolacias da Semowmebas; gamosaxulebaTa 

fraqtaluri kodirebis efeqturobis damokidebulebas ganmsazRvrel 

maxasiaTeblebze. 

•  gamosaxulebaTa kodirebis sxvadasxva teqnologiebis kvleva maTi 

fraqtalur SekumSvasTan Serwymis mizniT. am meTodebs miekuTvnebian 

piramiduli agebebi, dafuZnebuli maTematikuri morfologiis 

operaciebze da veivlet-gardaqmnis teqnologiebze; gamosaxulebaTa 

mimdevrobis kodirebisaTvis droiTi interpolaciis sakiTxebis 

ganxilva informaciis SekumSvis ganxorcielebis SesaZleblobebis 

mizniT da winaswarmetyvelebis meTodis realizacia wrfivi da 

arawrfivi winaswarmetyvelebis elementiT. 

• gamosaxulebaTa da maTi mimdevrobis kodirebis efeqturobis 

amaRlebas fraqtaluri algoriTmebis SerwymiT zemoT CamoTvlili 

meTodebis algoriTmebTan. 

• JPEG jgufis standartis axali variantis SemuSaveba, romelic 

dafuZnebulia gamosaxulebaTa fraqtaluri SekumSvis meTodze. es 

nawili iTvaliswinebs arsebuli JPEG jgufis standartebis ZiriTadi 
moTxovnebis da maxasiaTeblebis  Camoyalibebas da veivlet da 

fraqtaluri algoriTmebis eqsperimentul Sedarebas am ZiriTadi 
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maxasiaTeblebis mixedviT. xelSeSlaTa mimarT mdgradi kodirebis 

gamoyenebas fraqtalurad kodirebuli gamosaxulebis gadacemis 

saimedoobis amaRlebis mizniT. ferad gamosaxulebaTa fraqtalur 

SekumSvaze agebuli standarti unda Seicavdes samuSao programas da 

misi Sesrulebis aRweras.  

• disertaciaSi ZiriTadi dasmuli amocanebis nusxis mixedviT 

Camoyalbebulia disertaciis struqtura. kerZod: pirveli Tavi 

Seicavs kvlevas da Sedegebs, romlebic pasuxoben nusxis pirvel 

punqts, meore – CamonaTvalis meores, mesame – mesames, xolo meoTxe 

Tavi ki eZRvneba meoTxe punqts. 

disertacia Seicavs 151 gverds. 

 

 ZiriTadi praqtikuli Rirebuleba da gamoyenebiTi aspeqti. 
sadisertacio naSromi Seicavs yvela saWiro monacemebs, meTodikas da 

rekomendaciebs gamosaxulebaTa da maTi mimdevrobis fraqtaluri kodirebis 

efeqturobis amaRlebisaTvis maTi SerwymiT sxva meTodebTan.  

disartaciis ZiriTadi Sedegebi warmodgenilia Semdeg daskvnebSi: 

1. garkveulia, rom gamosaxulebaTa fraqtaluri SekumSvis universalur 

meTodad SeiZleba CaiTvalos kumSvadi asaxvis specialuri meTodi 

dasaxelebiT iteraciuli funqciaTa sistema (IFS), romelic ganicdis 

transformirebas uban-uban iteraciul funqciaTa sistemad (PIFS), roca 
xorcieldeba gamosaxulebaTa fraqtaluri kodireba. 

2. SemoTavazebulia gamosaxulebaTa kumSvadi asaxvis ZiriTadi Teoremis 

eqsperimentuli interpretacia da dadastureba misi sisworisa 

praqtikuli gamoyenebis dros. 

3. gamokvleulia gamosaxulebaTa fraqtaluri kodirebis efeqturobis 

damokidebuleba kodirebis ganmsazRvrel ZiriTad maxasiaTeblebze,  

4. eqsperimentulad dadasturebulia gamosaxulebaTa fraqtaluri 

SekumSvis universaluri Tviseba: aRdgenili gamosaxulebis xarisxis 

damoukidebloba dekodirebisas pirveli iteraciis Sesasruleblad 

SerCeuli gamosaxulebis saxeze da mis zomaze. ukanaskneli ganapirobebs 

SekumSvis koeficientis gazrdas. 

5. gamosaxulebaTa kodirebis sxvadasxva teqnologiebis kvlevam daamtkica, 

rom: 

a. maTematikuri morfologiis operaciebis safuZvelze SesaZlebelia 

piramiduli agebis ganxorcieleba da kodirebis efeqturobis 

amaRlebis mizniT misi fraqtalur kodirebasTan Serwyma. 

b. veivlet-gardaqmnebis Mathcad paketSi realizaciam aCvena 

veivlet-teqnologiebis gamoyenebis mizanSewoniloba 

gamosaxulebaTa kodirebaSi da filtraciaSi. 
g. gamosaxulebaTa mimdevrobis kodirebisaTvis kadrTaSorisi   

winaswarme-tyvelebisa da wrfivi interpolaciis meTodebis 

modelireba SeiZleba elementarulad ganxorcieldes Mathcad 
programis gamoyenebiT. 

d. zemoT CamoTvlili gamosaxulebaTa SekumSvis teqnologiebi 

SeiZleba  
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martivad iqnan realizebuli Mathcad programaSi da 

gamosaxulebaTa fraqtalur meTodebTan kombinirebaSi, rac 

ganapirobebs kodirebis efeqturobis amaRlebas. 

6. miRebulia gamosaxulebaTa kodirebis efeqturobis gazrda (3-4-jer) 

fraqtaluri kodirebis SerwymiT morfologiur agebebTan. 

7. gamosaxulebaTa mimdevrobis kodirebis dros fraqtaluri kodireba 

ganixileboda kadrTaSoris dikm-isTan, wrfiv droiT interpolaciasTan 

da veivlet-piramidul agebasTan SerwymiT. am kombinirebuli meTodebis 

efeqturobis Sedarebam cxadyo, rom yvelaze maRali SekumSvis 

koeficienti (110-120 farglebSi) miiReba kadrTaSorisi interpolaciis 

Serwymis dros. 

8. gamosaxulebaTa da maTi mimdevrobis efeqturobis gamokvlevam aCvena 

rogorc fraqtaluri meTodebis sxva SekumSvis meTodebTan Serwymis 

mizanSewoniloba, aseve fraqtaluri SekumSvis teqnologiebze agebuli 

axali JPEG-2000 tipis standartis Seqmnis SesaZlebloba. 

Catarebuli samuSaos praqtikuli Rirebuleba mdgomareobs imaSi, rom 
igi moicavs saWiro monacemebs, meTodikas da rekomendaciebs. JPEG-2000 
tipis axali standartis dasamuSaveblad, romelic dafuZnebuli iqneba 

gamosaxulebaTa fraqtaluri kodirebis gamoyenebaze veivlet-teqnologiebis 

nacvlad. SemoTavazebulia gamosaxulebaTa fraqtaluri kodirebis axali 

standartis programa da aRwerilia misi Sesrulebis msvleloba. programa 

gankuTvnilia rogorc nacrisfer gradaciebis mqone, aseve feradi 

gamosaxulebis fraqtaluri damuSavebisaTvis.  
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Abstract 

Development of Combined Methods of Image Coding and of a New 
Standard Based on Fractal Compression 

 
Topicality of the research. The expansion of the Internet and the technological 
progress have led to widespread use of digitized images. Hence the interest to 
improvements in the algorithms of data compression aimed at increasing the 
efficiency of image coding grows every day. The technology of data compression may 
have wide commercial applications. Moreover, the data compression is of importance 
from the military standpoint. Therefore, it is quite topical to solve the problems 
associated with improving the efficiency of image coding in regard to the 
development of combined methods implying the combination of fractal compression 
of images with other advanced methods of compression. 
 The prime objective of the presented thesis is the development of such combined 
methods for improving the efficiency of image coding that imply the combination of 
fractal compression with other efficient methods of image coding. At the same time, 
the thesis is bound to contain the methods, the recommendations and the program 
implementation for elaboration and introduction of a new standard of the JPEG type, 
based on the application of fractal compression of images. 
 To accomplish these ends, it was necessary to solve the following problems:  

• The investigation of fractal compression of images from the viewpoint of its 
essence leaning on the partitioned iterated function system (PIFS); the 
experimental interpretation and testing of the basic theorem of compressing 
representation; the investigation of the dependence of the efficiency of 
coding on the determining parameters; 

•   The investigation of different technologies with the aim of their combining 
with the fractal compression. Among these are the pyramidal constructions 
based on the operations of mathematical morphology and the technology of 
wavelet transformation. For coding a sequence of images, the consideration 
of the issues of time interpolation with the aim of implementing the data 
compression, and also the implementation of the method of prediction with 
the linear and nonlinear prediction  components. 

• The improvement in the efficiency of coding of images and their sequence 
based on combining the fractal algorithms with the algorithms of the 
abovementioned methods. 

• The development of a new version of the standard of the JPEG type, which 
is based on the fractal compression of images. This part involves the 
formation of basic requirements and characteristics of the JPEG-type 
standards, the experimental comparison of the algorithms of fractal and 
wavelet compression of images, and also the application of noise combating 
coding for improving the reliability of transmission of fractal-coded images. 
What is more, the new standard is bound to be suited to coding of color 
images and to contain the operating program for execution of coding. 

           The thesis is constructed according to the above-listed tasks, namely: Chapter 1 
is dedicated to the investigation results concerning the tasks in the first item of the list; 
Chapter 2 – to the tasks in the second item of the list; Chapter 3 – to the third item of 
the list; Chapter 4 – to the fourth item of the list.  
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The basic results of the work under this thesis are reported in the following 
conclusions: 
1. It has been established that the special method of compressing represantation 

called the iterated function system (IFS), which transforms into the partitioned 
iterated function system (PIFS) when the fractal coding of images is executed, 
can be considered as a universal method of fractal compression of images. 

2. The experimental interpretation and the verification of the basic theorem of 
compressing represantation in the image at its application in practice are 
presented. 

3. The dependence of the efficiency of fractal image coding on the determinig 
characteristics was studied. 

4. The universal specific feature of fractal compression of images was justified 
experimentally. It consists in independence of the quality of image recovery 
(regeneration) from the type of the selected image at the first iteration of 
decoding and from the image size. 

5. The investigation of different methods of image coding showed that: 
a) based on the operations of mathematical morphology, it is possible to 

accomplish piramidal constructions for their combining with the fractal 
compression of images with the aim of improving the efficiency of coding; 

b) the implementation of wavelet transformation in the MathCad  package 
confirmed the expediency of using the wavelet technology for coding and 
filtration of images; 

c) for coding of a sequence of images, the methods of interframe prediction and 
linear interpolation can simply be simulated in MathCad; 

d) all abovementioned methods of image compression can be implemented in 
MathCad quite easily; they can be combined with the method of fractal 
compression, which will provide the improvement in coding efficiency. 

6. By combining the fractal coding with morphological constructions and wavelet 
transformations,  a triple-quadruple increase in the efficiency of image coding 
was achieved. 

7. The fractal coding of the sequence of images was considered in combination 
with interframe pulse-differential modulation, linear time interpolation and 
wavelet-pyramidal constructions. The comparison of these methods by their 
efficiency showed that the highest factor of compression (within 110-120) was 
obtained when the fractal coding was combined with interframe interpolation.  

8. The results of investigation of the efficiency of coding of images and their 
sequences supported not only the expediency of using the combination of fractal 
compression with other compression methods, but also the possibility of 
development of a new standard of the type of IPEC-2000 based on the method of 
fractal compression. 

The practical value of the thesis consists in the fact that it contains all essential data, 
methods and recommendations for development of the new standard of the type of 
IPEC-2000, which is based on using the fractal coding instead of wavelet technology. 
The operating program of fractal coding with the description of its implementation is 
presented. The standard is designed for processing of both semi-tone and color 
images.  
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მადლიერება 

 upirvelesad, udidesi madliereba minda gamovxato Cemi 

xelmZRvanelebis, teqnikis mecnierebaTa doqtoris, profesor nodar 

xaratiSvilisa da teqnikis mecnierebaTa doqtoris, profesor irina CxeiZis 

mimarT, romelTa mier Cemi muSaobis sworad warmarTvis, 

maRalkvalificiuri konsultaciebisa da Cemdami keTilganwyobis gareSe, 

warmodgenili naSromi ver Seiqmneboda. 

 gansakuTrebiT minda aRvniSno profesor irina CxeiZis Rvawli, 

romlis maRalprofesionalizmma, momTxovnelobam da principulobam 

mniSvnelovnad gansazRvra naSromis saxe da Sinaarsi. 

madloba minda gadavuxado teqnikis mecnierebaTa kandidats, stu-s 

asocirebul profesor violeta stepermans, romelmac ar daiSura 

konsultaciebi disertaciaze muSaobis dros rigi teqnikuri sakiTxebis 

gadawyvetisaTvis. 

 madlieri var teqnikis mecnierebaTa kandidatis, zurab 

gogolaSvilisa, romlis gamocdilebam dasamuSavebeli problematikis 

sferoSi gamiadvila calkeuli sakiTxebis gadaWra.  

didi madloba minda gadavuxado teqnikis mecnierebaTa kandidats, 

stu-s asistent-profesor vano oTxozorias, romelTanac TanamSromloba 

mniSvnelovani daxmareba iyo disertaciaze muSaobis procesSi. 

 did madlobas vuZRvni stu-s informatikis fakultetis 

TanamSromels lali tokaZes, romelmac mniSvnelovani daxmareba gamiwia 

disertaciisaTvis saboloo saxis micemaSi.    
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შესავალი 

cifruli gamosaxuleba informaciuli samyaros mniSvnelovan nawils 

warmoadgens. internetis ganviTarebam, teqnologiurma progresma sabolood 

migviyvana cifruli gamosaxulebebis farTo gamoyenebamde. amitomac 

TandaTanobiT izrdeba interesi monacemTa SekumSvis algoriTmebis 

gaumjobesebaze, maTi efeqturobis zrdaze. SekumSvis teqnologias SeiZleba 

hqondes mravali saxis komerciuli gamoyeneba, amasTan erTad is SeiZleba 

gamoyenebul iqnes samxedro mizniT.  

sainformacio signalebis cifruli kodirebis efeqturi meTodebis 

gamokvlevis sakiTxebi, aseve gamosaxulebaTa kodirebis meTodebis gamoyeneba 

da Teoriuli aspeqtebi mocemulia mTel rig naSromebSi. [1,2,3,37,43,53] 
gamosaxulebaTa SekumSvis problemebis gadawyveta stimulirebs 

maTematikisa da teqnikis mravali ganxris ganviTarebas. Tanamedrove 

mecnierebasa da teqnikaSi damuSavebulia da realizebulia gamosaxulebaTa 

kodirebis mravali meTodi SemoTavazebulia kodirebis ZiriTadi meTodebis 

klasifikaciebic. bolo wlebis samuSaoebs Soris SeiZleba davasaxeloT: 

[1,2,3,53]. [2]-Si mocemulia gamosaxulebaTa kodirebis algoriTmebis 

klasifikacia, romlis mixedviT avtorebi gamoyofen: impulsur-kodur 

modulacias, kodirebas winaswarmetyvelebiT, kodirebas wrfivi 

gardaqmnebiT, kodirebas interpolaciisa da eqstrapolaciis gamoyenebiT, 

statistikur kodirebas da sxva meTodebs, romlebsac miakuTvneben 

veqtorul dakvantvas, fraqtalur kodirebas, kodirebas hibriduli 

gardaqmnebis safuZvelze, aRsaniSnavia sxva klasifikaciac [53], romlis 

mixedviT kodirebis Tanamedrove meTodebi iyofa 3 ZiriTad jgufad 

(Taobebad). 

I Taobis meTodebs miakuTvneben kodirebas winaswarmetyvelebiT, 

diferencialur impulsur-kodur modulacias, kodirebas wrfivi 

gardaqmnebiT, `sintetikurad maRali~ sistemiT, romlis drosac SekumSvis 

koeficientebi miiReba 4...10. 

II Taobis meTodebs miakuTvneben piramidul kodirebas wrfivi da 

arawrfivi filtraciiT, kodirebas dafuZnebuls mimarTulebis gamoyofaze. 
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am meTodebis niSanTvisebaa kodirebisas adamianis xilviTi Tvisebebis 

gaTvaliswineba, rac iZleva saSualebas gaizardos SekumSvis koeficienti 

10...100-jer. 

III Taobis meTodebs Seadgens talRuri (Wavelet), fraqtaluri 

meTodebi da piramiduli agebebi, romlebic amJamad miCneulia rogorc 

uaRresad perpeqtiuli, maqsimaluri SekumSvis koeficientis miRebis 

TvalsazrisiT, aRdgenili gamosaxulebis sakmaod maRali xarisxis 

pirobebSi. es meTodebi moiTxoven ganviTarebas, srulyofas da 

mosalodnelia SekumSvis koeficientis gazrdam miaRwios 1000-s, Tu 

ganxorcieldeba maTi kombinireba SekumSvis sxva meTodebTan. 

gamosaxulebis cifruli damuSavebis sferoSi SemuSavebulia 

videosignalebis SekumSvis standartebi, romlebic dadgenilia 

saerTaSoriso eqspertTa jgufis mier (JPEG, MPEG). am standartebiT 

gaTvaliswinebulia diskretuli kosinusuri gardaqmnis, moZraobis 

gaTvaliswinebiT kadrebs Soris winaswarmetyvelebis da entropiuli 

kodirebis meTodebis erToblivi gamoyeneba. Aamave dros standartis 

SemoReba da damuSaveba ar amcirebs axali SekumSvis meTodebis Ziebis da 

Seqmnis aucileblobas. igi ufro afarTovebs SekumSvis meTodebis 

praqtikuli gamoyenebis sferos da uyenebs maT Tavis zrdad moTxovnebs. 

momxmareblis moTxovnebis dasakmayofileblad  10 wlis win SemuSavebulma 

JPEG da MPEG standartebma ganicades ganaxleba.  amis dasturia axali 

standartis JPEG-2000 SemoReba, romelic dafuZnebulia veivlet-

gardaqmnis gamoyenebaze. am konteqstSi fraqtalurma meTodebma, romlebic 

ganixilaven gamosaxulebaTa fundamenturi struqturas sruliad axali 

poziciebidan, SeiZleba mniSvnelovani wvlili Seitanon axali standartebis 

SeqmnaSi da SekumSvis meTodebis mwarmoeblobis amaRlebaSi. 

warmodgenil naSromSi wina planze wamoweulia fraqtaluri 

kodireba, romelic veqtoruli kvantirebis modifikacias warmoadgens. 

rogorc iyo aRniSnuli fraqtalebi da veivletebi warmoadgenen maTematikis 

SedarebiT axal sferoebs, romlebmac mniSvnelovani wvlili  Seitanes 

gamosaxulebis SekumSvisadmi miZRvnil gamokvlevebSi.  
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sadisertacio naSromis ZiriTadi mizania gamosaxulebaTa kodirebis 

efeqturobis amaRlebisaTvis iseTi kombinirebuli meTodebis amuSaveba, 

romlebic gulisxmoben gamosaxulebaTa fraqtaluri SekumSvis Serwymas 

efeqturi kodirebis sxva meTodebTan. amave dros warmodgenili samuSao 

unda moicavdes gamosaxulebaTa fraqtalur SekumSvaze dafuZnebul 

meTodikas, rekomendaciebs da saWiro algoriTmebis programul realizacias 

JPEG tipis axali standartis Sesaqmnelad da dasanergad. 

naSromis miznidan gamomdinare disertaciis ZiriTadi amocanebis 

nusxa SeiZleba CamovayaliboT Semdegnairad: 

• gamosaxulebaTa fraqtaluri kodirebis eqsperimentuli kvleva, romelic 

iTvaliswinebs kodirebis efeqturobis da aRdgenili gamosaxulebis 

xarisxis Sefasebas; 

• gamosaxulebaTa fraqtaluri kodirebis efeqturobis damokide-buleba 

ganmsazRvrel maxasiaTeblebze; 

• gamosaxulebaTa SekumSvis universaluri Taviseburebis eqsperimentuli 

Semowmeba: romlis Tanaxmadac dekodirebuli gamosaxulebis xarisxi ar 

aris damokidebulი pirveli iteraciisaTvis SerCeuli gamosaxulebis 

saxeobaze da garCeviTunarianobaze; 

• kodirebuli gamosaxulebis gadacemis saimedoobis sakiTxebis ganxilva; 

• maTematikuri morfologiis operaciebis aRwera, realizacia Mathcad 

programis gamoyenebiT;  

• gamosaxulebaTa SekumSvis veivlet teqnologiebis analizi, romelic 

moicavs veivlet organzomilebiani funqciebis Seqmnas, gamosaxulebaTa 

aproqsimacias veivlet funqciebis saSualebiT, mravalmasStabur veivlet 

gardaqmnis algoriTmis damuSavebas piramiduli kodirebis Seqmnis 

mizniT, Secdomebiani gamosaxulebis filtracias veivlet da sxva 

filtrebis safuZvelze; 

• dinamikur gamosaxulebaTa droiTi interpolaciis sakiTxebis ganxilva 

informaciis SekumSvis ganxorcielebis SesaZleblo-bebis mizniT;  

• winaswarmetyvelebis meTodis realizacia wrifivi da arawrfivi 

winaswarmetyvelebis elementiT; 
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• gamosaxulebaTa fraqtaluri SekumSvis Serwyma morfologiur 

piramidasTan da veivlet-gardaqmnasTan;  

• gamosaxulebaTa mimdevrobis kodirebis SemTxvevaSi fraqtaluri 

SekumSvis meTodis Serwyma, romelic iTvaliswinebs rogorc kombinirebas 

droiT interpolaciasTn, aseve kadrTa Sorisi winaswarmetyvelebis 

meTodTan da veivlet-gardaqmnasTan; 

• gamosaxulebis fraqtalur SekumSvaze dafuZnebuli axali standartis 

variantis Seqmna;   

• vaCvenoT, Tu  rogor SeiZleba Mathcad  programuli paketis specialuri 

funqciis gamoyenebiT, gadavitanoT eqsperimentuli kvlevebis Sedegebi, 

romlebic miRebulia disertaciaSi nacrisferi gradaciebis mqone 

gamosaxulebebisaTvis, feradi gamosaxulebis TiToeul (R), (G) da (B) 

mdgenelze da movaxdinoT dekodirebul gamosaxulebaTa gaerTianeba 

aRdgenili feradi gamosaxulebis miRebis mizniT; 

sadisertacio naSromis Semdeg TavebSi ganxilulia kvlevis dasaxuli 

amocanebis gadawyvetis sakiTxebi. 
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Tavi 1. gamosaxulebaTa fraqtaluri SekumSvis zogadi principebi 

 

1.1 pirveli Tavis kvlevis amocanebi 
 

 SesavalSi aRniSnuli iyo, rom cifruli gamosaxuleba informaciuli 

samyaros ufro da ufro mniSvnelovan nawils warmoadgens. gamosaxulebaTa 

SekumSvis problemis gadawyveta uaRresad aqtualuria da mecnierebaTa da 

teqnikis mniSvnelovani mimarTulebis ganviTarebis winapirobaa. 

 gamosaxuleba SeiZleba miviCnioT rogorc monacemTa gansakuTrebuli 

tipi. adamianis mier misi aRqmis gansxvavebuli Tvisebis gamo adamianis 

mxedvelobas gaaCnia araerTgvarovani SegrZnebis unari gamosaxulebis 

struqturis mimarT: igi gansakuTrebiT mgrZnobiarea gamosaxulebis 

konturebis da ferTa gadasvlis mimarT, vidre mcire intensvobis mcire 

Secvlis mimarT. es Tviseba iZleva saSualebas Seiqmnas mxolod 

gamosaxulebaze orientirebuli SekumSvis specialuri algoriTmebi, 

romlebic uzrunvelyofen gamosaxulebis SeikumSvas maRali maCvenebliT da 

adamianis mier gamosaxulebis xarisxis aRqmis TvalsazrisiT umniSvnelo 

danakargebiT. am TvalsazrisiT gamosaxulebis SekumSvis meTodebis 

gamoyeneba metad Sedegiania da perspeqtiuli [1,2,3,37,43].  

manqanur grafikaSi fraqtaluri algoriTmebis gamoyeneba erT-erTi 

mniSvnelovani sakiTxia, Tumca fraqtaluri SekumSvis meTodebis 

efeqturobis arsebiTobam biZgi misca Cveulebriv dabalsiCqariani arxebiT 

videoinformaciis gadacemaSi fraqtaluri SekumSvis algoriTmebis 

gamoyenebis ideas, romelmac sabolood migviyvana gamosaxulebis 

fraqtaluri kodirebis algoriTmebis Seqmnamde. 

fraqtaluri kodireba (SekumSva) dafuZnebulia hipoTezaze, romlis 

Tanaxmad nebismier gamosaxulebaSi SeiZleba aRmovaCinoT misi sxvadasxva 

nawilebis lokaluri TviTmsgavseba [37,40,41,43].  

fraqtalebis Sesaxeb literaturis analizi gviCvenebs, rom statiebSi, 

samecniero kvlevebSi da saxelmZRvaneloebSi didi yuradReba 

gamaxvilebulia fraqtaluri gamosaxulebebis Seqmnaze da es sfero 

sakmarisad kargad aris Seswavlili. xolo msjeloba, rom SekumSvis 
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koeficienti 1000-mde aRwevs, ZiriTadad exeba fraqtaluri gamosaxulebis 

Seqmnas. rac Seexeba gamosaxulebaTa fraqtalur kodirebas, literaturaSi 

es sakiTxebi sakmarisad ar aris asaxuli, Tumca yvelgan aris miniSneba, rom 

es sfero Zalian sainteresoa da misi gamokvleva aqtiurad iwyeba 

[37,44,46]. 

zemoTqmulidan gamomdinare disertaciis pirveli Tavi Seicavs kvlevas, 

romelic eZRvneba: gamosaxulebaTa kodirebisaTvis fraqtalebis gamoyenebis 

ganxilvas erTiani maTematikuri poziciebidan. aman ganapiroba algoriTmebis 

SemuSavebisaTvis im meTodebis gamoyeneba, romelic dafuZnebulia iteraciul 

funqciaTa sistemaze (IFS), roca sakiTxi exeba orobiT gamosaxulebas da 

mis kerZo saxes - uban-uban iteraciul funqcias (PIFS), rodesac muSavdeba 

nacrisferi gradaciebis mqone gamosaxuleba. 

fraqtaluri yvela maTematikuri meTodi efuZneba gamosaxulebaTa 

kumSvad asaxvas da mis logikur ganzogadebas kolaJis Teoremas, romelic 

ilustrirdeba eqsperimentuli dadasturebiT. gamosaxulebaTa fraqtaluri 

meTodebis damuSaveba efuZneba fraqtalur gardaqmnebs, romlis ZiriTadi 

arsi mocemuli iqneba 1.2. paragrafSi. 

zemoTqmulidan gamomdinare disertaciis pirveli Tavi miznad isaxavs:  

- Catardes kvleva gamosaxulebaTa fraqtaluri SekumSvis arsis 

mixedviT, romelic iTvaliswinebs fraqtaluri SekumSvis maTematikur 

principebs da efuZneba iteraciul funqciaT sistemas, (IFS) kerZod 

mis specialur saxes uban-uban gansazRvrul iteraciul funqciaTa 

sistemas (PIFS); 

- kumSvadi asaxvis ZiriTadi (kolaJis) Teoremis eqsperimentul 

interpretacias da Semowmebas; 

- gamosaxulebaTa fraqtaluri kodirebis eqsperimentuli kvlevis 

procesSi kodirebis efeqturobis da aRdgenili gamosaxulebis 

xarisxis Sefasebis SesaZleblobas; 

- gamosaxulebaTa fraqtaluri kodirebis efeqturobis ganmsazRvrel 

maxasiaTeblebze damokidebulebis gansazRvras; 
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- gamosaxulebaTa SekumSvis universaluri Taviseburebis eqsperimen-

tulad Semowmebas, romlis Tanaxmadac dekodirebuli gamosaxulebis 

xarisxi ar aris damokidebuli dekodirebisas pirveli iteraciis 

Sesasruleblad SerCeuli gamosaxulebis saxeze da garCeviTunari-

anobaze;  

- kodirebuli gamosaxulebis gadacemis saimedoobis sakiTxebis 

ganxilvas; 

 

1.2 uban-uban gansazRvruli iteraciuli funqciis sistema 

(PIFS), rogorc gamosaxulebaTa SekumSvis fraqtaluri meTodis 

(IFS)-is modifikacia 

 

SekumSvis fraqtaluri meTodebi miCneulia metad efeqtur meTodebad 

gamosaxulebaTa SekumSvis maRali maCveneblis miRebis TvalsazrisiT 

[2,37,60]. gamosaxulebaTa fraqtaluri SekumSvis gardaqmnis warmodgena 

SeiZleba ganvixiloT martiv magaliTze. davuSvaT gvaqvs martivi 

gamosaxuleba, romelic mocemulia nax. 1.2.1-ze marcxniv. masze vawarmoebT 

gardaqmnas, romelic iTvaliswinebs am gamosaxulebis diametris Semcirebas 

orjer. (nax. 1.2.1, centri) da miRebuli Semcirebuli naxatis samjerad 

kopirebas. (nax. 1.2.1, marjvniv). davuSvaT, rom am process vimeorebT 

iteraciulad mravaljer (kerZod samjer) vRebulobT nax. 1.2.2.-s: 

 

 
 

 

☺  ☺  

 
 
 
 
 
 

☺  ☺  

☺  

gyfjig6k idr6c nax.1.2.1 
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      martivi gamosaxulebis fraqtaluri gardaqmna 

 

Tu sawyisad aviRebT sxva gamosaxulebas (Zaxilis niSans) da masze 

vawarmoebT igive gardaqmnebs (nax. 1.2.3), maSin iteraciebis raodenobis 

mravali ganmeorebis Sedegad miiReba suraTebi, romlebic ar gansxvavdebian 

erTmaneTisagan. miRebul bolo gamosaxulebas gaaCnia rigi saintereso 

Tviseba: 

1. igi ar aris damokidebuli sawyisi gamosaxulebis saxeobaze, 

vinaidan iteraciebis mravali raodenobis Catarebis Semdeg sawyisi 

gamosaxuleba mcirdeba wertilamde; 

2. miRebuli suraT-gamosaxulebis saxes ganapirobebs mxolod 

gardaqmnis proceduris saxeoba; 

3.  Semdgomi gardaqmna mas gardaqmnis Tavis TavSi; 

4. miRebuli gamosaxuleba SeiZleba moicavdes Zalian mcire 

detalebs; 

mravali iteraciebis Sedegad miRebul am tipis gamosaxulebebs 

ewodebaT atraqtori, xolo gardaqmnebs fraqtaluri. 

bunebrivia, rom gardaqmnis procedurebi SeiZleba iyos mravali saxis. 

erTaderTi SezRudva mdgomareobs imaSi, rom sawyisi gamosaxulebis 

wertilebs Soris gardaqmnebis mimdevrobis gamoyenebis Sedegad, manZili ise 

☺  ☺☺☺ ☺

☺☺☺☺
☺ ☺
☺☺

☺  ☺  ☺  ☺☺☺☺☺
☺☺☺  ☺  

☺  ☺  
☺  

☺☺
☺
☺☺☺☺  

☺  ☺
☺☺
☺

nax.1.2.2 

 

!  ! !
!

! ! ! !  
!!

! !
!

!  !  !  !  !  !  !  !  
!  !  !  !  

!  !  !  !  
!  !  

!  !  !  !  
!  !  

!  !  
!  

nax.1.2.3 
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unda Semcirdes, rom isini iqcnen erT wertilad anu rogorc amboben, 

adgili unda hqondes gamosaxulebis krebadobas [37,38,41] zemoT aRniSnuli 

azris mixedviT Tu es piroba ar Sesruldeba, maSin saboloo gamosaxulebis 

saxe damokidebuli iqneba sawyisi gamosaxulebis saxeobaze da igi ar iqneba 

atraqtori.  

maTematikuri TvalsazrisiT gamosaxuleba nacrisfer gradaciaSi 

SeiZleba ganxilul iqnas, rogorc erTeulovan I2=I·I kvadratze 

gansazRvruli funqcia, rac gulisxmobs RNIf ⊂→ },...,2,1{: 2 , sadac N – 

nacrisferi gradaciebis raodenobaa. 

Cven SegviZlia SemovitanoT d2(,) metrika am funqciebze Semdegi saxiT: 

∫ −=
2

2/12
2 )),(),((),(

i

dxdyyxgyxfgfd                           (1.2.1) 

ganvsazRvroT funqciebis sivrce F. am SemTxvevaSi F sivrce –srulia 

da masze vrceldeba Teorema kumSvad asaxvaze. 

rogorc cnobilia, cifruli gamosaxuleba n·m warmoadgens [fi,j], 

i=1,...,n; j=1,...,m mniSvnelobebis matricas, sadac fi,j=f(xi,yj). amrigad es 

matrica xi,yj fiqsirebul wertilebSi aRebuli f(x,y) funqciis fiqsirebuli 

mniSvnelobebis matricaa. am SemTxvevaSi metrikis gamosaxuleba miiRebs 

saxes: 

 

2/1

1 1

2),(),(),( ⎥
⎦

⎤
⎢
⎣

⎡
−= ∑∑

= =

n

i

m

j
iiiirms yxgyxfgfd                       (1.2.2) 

PIFS Sedgeba X sruli metruli sivrcisagan, Di, i=1,...,n qveareebis 

nakrebisagan da 
~
iw :DiÆX, i=1,...,n kumSvad asaxvaTa nakrebisagan.   

davuSvaT 
~
iw (x,y) – es aris afinuri gardaqmna, romelic TavisTavs 

gardaqmnis erTeulovan kvadratSi: 22 II → , 2×2 zomis A matricisa da 2×1 

zomis bi veqtorisaTvis. 

ii b
y
x

Ayxiw +⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=),(

~
                                        (1.2.3) 
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Di ~
iw  

1~ −

iw
 

Ri 

nax.1.2.4 gamosaxulebis afinuri gardaqmna nacrisfer gradaciaSi 

davuSvaT 2IDi ⊂  - I2 erTeulovani kvadratis garkveuli qvearea da 

Ri ki 
~
iw  gardaqmnis Sedegis mniSvnelobebis are, romelic moqmedebs Di 

simravleSi, rac niSnavs, rom 
ii RDiw =)(

~
 (nax.1.2.2.1). aqedan Cven SeiZleba  

ganvsazRvroT asaxva 
~
iw : FF →  romelic moqmedebs f(x,y) gamosaxulebaze  

 

 

 

 

 

 

 

 

ii yxfsyxf iwiw 0)),((),)((
1~~

+=
−

 saxiT.  

nax. 1.2.4-ze mocemuli gardaqmna es aris gamosaxulebis afinuri 

gardaqmna nacrisfer gradaciaSi, romelsac Cven gamoviyenebT gamosaxulebis 

fraqtaluri kodirebisas. imis dasadgenad, rom asaxva  
~
iw : FF →  

warmoadgens kumSvad asaxvas saWiroa Sesruldes piroba: 

       ),())(),(( 22 gfsdgwfwd ii ≤ ,                          (1.2.4) 

sadac f da g sxvadasxva funqciebia.  

 (1.2.4)-is CasmiT (1.2.1)-is gamosaxulebaSi miviRebT: 

),(det)),(),(det

)),)((),)((())(),((

2
2

222

)(

22
2

gfdAsdxdyyxgyxfAs

dxdyyxgwyxfwgwfwd

ii
D

ii

D
iiii

i

ii

≤−

=−=

∫

∫
ω

, 

sadac Ai – wi gardaqmnis matricaa, det Ai – Ai- is msazRvreli da si 

kumSvadi asaxvis koeficienti. imisaTvis, rom gardaqmna warmoadgendes 

SekumSvas, sakmarisia Sesruldes piroba 

                             1det <ii As                                                                (1.2.5) 



25 

SekumSvis koeficientis mniSvneloba moduliT unda aRematebodes 

erTs: 1>is . am SemTxvevaSi, si -is sivrculi Semdgeni warmoadgens SekumSvas 

mniSvnelovnad mcire SekumSvis koeficientiT, raTa  Sesruldes (1.2.5) 

piroba. 

 

1.3. gamosaxulebaTa kumSvadi asaxvis Teorema  

 
2I  erTeulovani kvadrati davyoT iR  rangul blokebad: 0=ji RR I .  

 

 

 

 

 

 

 

davuSvaT, rom PIFSiw −
~

 saxisaa, ii RDiw →:
~

. nax.1.3.1-ze mocemulia 

konfiguracia domenuri areebis garkveuli sivrcisaTvis. TiToeuli 
~
iw –

saTvis ganvsazRvroT Sesabamisi iw  SekumSva F gamosaxulebis sivrceSi: 

iii oyxfsyxfw iw +=
−

)),((),)((
1~

, si-is iseTi SerCeviT, rom wi warmoadgendes 

kumSvas. ganvsazRvroT FFW →:  Semdegi saxiT:  ),)((),)(( yxfwyxfW i=  

iRyx ∈),( -Tvis, imdenad, ramdenadac, iR  ranguri blokebi  gadafaraven 2I  

erTeulovan kvadrats. W gansazRvrulia yvela (x,y)-Tvis, Sesabamisad W(f) 

warmoadgens gamosaxulebas, ramdenadac yoveli iw  asaxva warmoadgens 

kumSvad asaxvas, w ki warmoadgens FF-ze kumSvad asaxvas. amitomac kumSvad 

asaxvaze Teoremis Tanaxmad W-s gaaCnia erTaderTi fiqsirebuli 

Ff ∈ wertili, romelic akmayofilebs tolobas:  

ww ffW =)( . 

 

iW~

iD iR

nax. 1.3.1 konfiguracia domenuri areebis garkveuli sivrcisaTvis 
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W kumSvadi asaxviT nebismier f0 gamosaxulebaze zemoqmedebiT Cven 

miviRebT fw fiqsirebul wertils: ∞→→ nffW w

n

 ,)( 0
0 , sadac )( 0

0 fW
n

 aris 

)))((...( 0fWWW  n-jer. nax.1.3.2-ze mocemulia Sedegi miRebuli W kumSvadi 

asaxvis gamoyenebiT ori sxvadasxva sawyisi gamosaxulebisaTvis. kumSvadi 

asaxva W, iterciulad zemoqmedebda or sawyis gamosaxulebaze “nacrisferi 

foni” da `kata~. am SemTxvevaSi aRdgenis Sedegi erTi da igive 

gamosaxulebaa. Teorema kumSvad asaxvaze warmoadgens bazisur Teoremas 

fraqtaluri kodirebis yvela meTodisaTvis [37,50].  

mocemulia f gamosaxuleba nacrisferi gradaciiT. davuSvaT, rom Cven 

SegviZlia vipovoT iseTi kumSvadi asaxva  rom  

            ε≤))(,(2 fWfd   ,                            (1.3.1) 

           maSin  
s

ffd w −
≤

1
),(2

ε
,                               (1.3.2)     

sadac s-es aris W gamosaxulebis SekumSvis koeficienti, xolo fw 

misi uZravi wertili. rac niSnavs, rom Cven SegviZlia nebismieri g 

 sawyisi  
gamosaxuleba  

sxva sawyisi  
gamosaxuleba  

nax. 1.3.2 w kumSvadi asaxvisas miRebuli Sedegi ori sxvadasxva 
sawyisi gamosaxulebasaTvis 

W W W 

W WW 
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gamosaxulebisaTvis iteraciulad gamoviyenoT W gardaqmna miviRoT f 

gamosaxulebasTan miaxloebuli gamosaxuleba.  

fwfgW
n

≈→ )()(0 . 

),())(,(
))(),(())(,())(,(),(

22

2222

w

www

ffsdfwfd
fwfwdfwfdfwfdffd

+≤
≤+≤=
 

aq fw – uZravi wertilia (aRdgenili gamosaxuleba). 

amasTan ))(,())(),(( 22 ww fWfsdfwfwd ≤ . pirobis Tanxmad. SeiZleba 

miviCnioT, rogorc g gamosaxuleba gansxvavebulia f gamosaxulebisagan. 

s
ffd

sffd
fwfdffsdffd

w

w

ww

−
≤

≤−
≤−

1
),(

)1)(,(
))(,(),(),(

2

2

222

ε
ε  

ε - aris dasaSvebi cdomileba, romelic SeiZleba davuSvaT sawyis 

(domensa) da gardaqmnis Sedegad miRebul rangul bloks Soris. e.i. 

cdomileba gvaZlevs warmodgenas imis Sesaxeb, Tu ramdenad vpoulobT 

ranguli Ri  blokTan miaxloebas domenuri blokis afinuri gardaqmnis 

Catarebis Sedegad. 

amasTan erTad Teorema kumSvad asaxvaze uzrunvelyofs fraqtaluri 

kodirebis SesaZleblobas, kolaJis Teorema iZleva praqtikul saSualebas 

misi realizaciisaTvis. imis nacvlad, rom vifiqroT iteraciebis usasrulo 

raodenobaze, romelic mocemuli gamosaxulebisTvis gamoiyeneba, CvenTvis 

aucilebelia vipovoT mxolod iseTi W asaxva, romelic axlos iqneba 

sasurvel gamosaxulebasTan.   

 

1.4 kodirebis efeqturobis da aRdgenili gamosaxulebis 

xarisxis Sefasebis zogadi kriteriumebi 

 

warmodgenili naSromis ZiriTad mizans Seadgens, rogorc zemoT iyo 

aRniSnuli, gamosaxulebaTa kodirebis efeqturobis amaRleba. amisaTvis 

aucilebelia ganvsazRvroT ra igulisxmeba am SemTxvevaSi efeqturobis 

SefasebaSi. Cven avirCieT efeqturobis Sesafaseblad sazogadod 
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gamoyenebuli kriteriumi, SekumSvis koeficienti, romelic ganisazRvreba 

cnobili gamosaxulebiT: 

      

∑
=

⋅⋅

⋅⋅
= k

i
iii NMB

NMBK

1

 ,                                    (1.4.1) 

sadac mricxvelSi moTavsebulia sawyisi gamosaxulebis warmosadgenad 

saWiro bitebis raodenoba: B –erTi elementis intensivobis 

aRwarmoebisaTvis saWiro bitebis raodenobaa (sazogadod igi Seadgens 8 

bits), M  da N  sawyisi gamosaxulebis striqonebis da svetebis 

raodenobaa, xolo mniSvnelSi moTavsebulia kodirebis Sedegad miRebuli 

da gadasacemad gankuTvnili saWiro bitebis raodenoba: sadac k  – 

piramiduli kodirebis doneebis raodenobaa, iB  – erTi elementis inten-

siobis aRwarmoebisaTvis saWiro bitebis raodenoba. yoveli donisaTvis igi 

SeiZleba individualuri iyos, magram kavSirgabmulobis xazebSi 

gadacemisas maTi raodeboba ikribeba. iM  da iN  – piramidis doneebis 

Semadgeneli gamosaxulebebis striqonebis da svetebis saerTo raodenobaa. 

sazogadod, rac ufro didia SekumSvis koeficienti, miT ufro 

efeqturia realizebuli kodireba. xSirad iyeneben maxasiaTebels, romelic 

asaxavs orobiTi erTeulebis raodenobas, romelic esaWiroeba informaciis 

erTi elementis gadacemas piramiduli gardaqmnebis Sedegad miRebuli 

informaciis warmodgenisaTvis. aRniSnuli sidide raodenobrivad tolia 

warmodgenili gamosaxulebis Sebrunebuli sididis, romelic SeiZleba 

Semdegnairad warmovadginoT: 

               
H
Tr = ,                                    (1.4.2)   

sadac T  – bitebis raodenobaa, romelic aucilebelia optimalurad 

kodirebuli informaciis gadasacemad kavSirgabmulobis xazebSi, xolo H  

– aris simboloebis raodenoba, romelic saWiroa sawyisi gamosaxulebis 

warmodgenisaTvis. 

cxadia, rom nebismieri informaciis SekumSva iwvevs aRdgenil 

gamosaxulebaSi   cdomilebis  Setanas.   bunebaSi   arsebuli  nebismieri  
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nax. 1.4.1   

 

 

gamosaxuleba Seicavs Warb informacias, efeqturi kodireba saSualebas 

gvaZlevs aRniSnuli Warbi informaciis gamosaxulebidan CamoSorebis 

xarjze ganvaxorcieloT SekumSva. siWarbis Semcireba uSualod 

dakavSirebulia aRdgenili gamosaxulebis xarisxze. uazroa SekumSvis 

koeficientis Sefaseba miRebuli cdomilebis gaTvaliswinebis gareSe, vina-

idan nebismier SekumSvis meTods Tan sdevs aRdgenil gamosaxulebaSi 

cdomilebis Setana. efeqturi kodirebis amocana mdgomareobs imaSi, rom 

ganvsazRvroT “saukeTeso” varianti SekumSvis koeficientsa da aRdgenili 

gamosaxulebis sizustis maCveneblebs Soris. nebismieri SekumSva 

maTematikur enaze niSnavs sawyisi informaciis (signalis) miaxloebiT 

warmodgenas, romelic funqcionalur analizSi [56,57] funqciebis 

aproqsimaciis da interpolaciis operaciebis gamoyenebas. 

funqciaTa aproqsimaciis TeoriaSi [33] sizustis Sefaseba xdeba 

winaswar SerCeuli kriteriumis mixedviT. ufro xSirad gamoiyeneba 

saSualo kvadratuli an Tanabari miaxloebis kriteriumebi. miaxloebis 

saSualo-kvadratuli kriteriumi ganekuTvneba miaxloebis gasaSualoebuli 

tipis kriteriumebs. 

saSualo kvadratul miaxloebas aqvs Semdegi saxe: 

           ∫ −=
b

a
dxxxff 2)()(),( ϕϕδ                              (1.4.3) 

sadac )(xf –sawyisi funqciaa, xolo )(xϕ – aRdgenili e.i. maaproqsimebeli. 
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Tu sawyis )(xf  da maaproqsimebel )(xϕ  funqciebs Soris miaxloebis 

kriteriumad gamoviyenebT Tanabari miaxloebis kriteriums, maSin “manZili” 

)(xf  da )(xϕ  funqciebs Soris SeiZleba gamovsaxoT Semdegnairad: 

   )()(),( xxfSupxf ϕδ −=                                    (1.4.4)      

      axb ≤≤   

nax. 1.4.1 a da nax. 1.4.1 b_ze grafikebis saxiT warmodgenilia mia-

xloebis orive kriteriumis warmodgenis magaliTebi. nax. 1.4.1 a – skg, 

nax. 1.4.1 b – Tanabari. 

miaxloebis Tanabari kriteriumiT xdeba funqciis TiToeul x  

wertilSi )(xf  da )(xϕ  funqciis miaxloebis Sefaseba da es kriteriumi 

ufro “mkacria”, vidre saSualokvadratuli miaxloebis kriteriumi. 

umTavresad es aucilebelia iseT amocanebSi, sadac sasurvelia SenarCune-

buli iyos gamosakvlevi signalis saxe. 

cxadia, rom aRdgenili gamosaxulebis xarisxis Sefasebis 

gasaSualoebuli tipis maCvenebelebTan erTad (skg, nskg, sxf da sxpf,) 

sasurvelia gamoviyenoT miaxloebis Tanabari kriteriumi, romelic 

mocemul SemTxvevaSi niSnavs sawyissa da aRdgenil gamosaxulebebs Soris 

sxvaobis gamosaxulebis miRebas da Secdomebis intensiobaTa ganawilebis 

histogramebis miRebas.  

teqnikisaTvis ufro gamosayenebelia saSualo kvadratuli gadaxra 

(skg) (cdomileba) da normirebuli saSualo kvadratuli gadaxra, 

romlebic ganisazRvreba Semdegnairad: 

skg= [ ]∑∑
−

=

−

=

−
1

0

1

0

2),('),(
*
1 M

m

N

n

nmfnmf
NM

,                                                   (1.4.5)  

nskg=
[ ]

[ ]∑∑

∑∑

= =

= =

−

255

0

255

0

2

255

0

255

0

2

),(

),('),(

m n

m n

nmf

nmfnmf
,                                                             (1.4.6) 

teqnikaSi agreTve didi gamoyeneba aqvs sizustis maCveneblebs, 

romelTac uwodeben signal-xmauris fardobas da pikur signal-xmauris 

fardobas da romlebic ganisazRvreba Semdegnairad: 
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sxf=
[ ]
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,                                                   (1.4.7) 

 

sxpf=
[ ]

⎪
⎪
⎭
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⎬

⎫

⎪
⎪
⎩
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,                                     (1.4.8)  

 
sadac ),( nmf  – ),( nm  koordinatebze sawyisi gamosaxulebis anaTvlebis 

intensivobebia, =m 0…255, =n 0…255, ),(' nmf  – aRdgenili gamosaxulebis 

anaTvlebis intensivoba igive koordinatebze, M da N gamosaxulebaSi 

striqonebis da svetebis sruli raodenoba. maqsimaluri gadaxris 

kriteriumi, anu Tanabari miaxloebis kriteriumi ufro mkacria, imitom rom 

moiTxovs funqciis gansazRvras nebismier wertilSi. aproqsimaciis Sedegad 

miRebuli maaproqsimebeli da sawyisi funqciis gansxvaveba (cdomileba) ar 

unda aRematebodes mocemul mniSvnelobas, maSin rodesac skg_is 

kriteriumis mixedviT es ase mkacrad ar aris moTxovnili. aqve xazi unda 

gavusvaT imas, rom Tanamedrove kompiuteruli SesaZleblobani MathCad 

programis gamoyenebiT SesaZlebels qmnis ara mxolod analizurad miviRoT 

Sedegebi am mkacri kriteriumebiT, romelsac ewodeba Tanabari miaxloebis 

Sefaseba [30,42], aramed TvalsaCinoebisaTvis miviRoT sxvaobiTi 

gamosaxuleba aRdgenil da sawyis gamosaxulebebs Soris, romelic 

gviCvenebs maT Soris cdomilebebs gamosaxulebaTa yvela wertilSi. nax. 

1.4.2_ze moyvanilia sxvaobiTi gamosaxuleba aRdgenil da sawyis gamosaxu-

lebebs Soris. am kriteriumis mixedviT miRebuli “cdomilebaTa” 

gamosaxulebebi moyvanili iqneba gamosaxulebaTa fraqtaluri kodirebis 

dros. gamosaxulebaTa fraqtaluri kodirebis Sedegad miRebuli erT-erTi 

sxvaobiTi gamosaxuleba, romelic Seesabameba pirobebs, roca domenebis 

raodenoba svetsa da striqonSi aris Sesabamisad 16×16-ze mocemulia nax. 

1.4.3.  

 aqve SesaZlebloba gveZleva miviRoT “samganzomilebiani” 

histogramebi. nax. 1.4.4_ze warmodgenilia sawyis da aRdgenil gamosaxule-
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bebs Soris miRebuli cdomilebis samganzomilebiani histograma. 

TvalsaCinoebisaTvis gamoyofilia 50×50_ze masivi, romelic Seicavs 

konturebs da intensivobebis mkveTr cvlilebebs. 

 

L3k  

nax. 1.4.4 sawyis da aRdgenil gamosaxulebebis Soris miRebuli 

cdomilebis samganzomilebiani histograma 

 

orive es kriteriumi atarebs obieqtur da raodenobriv xasiaTs. Cven 

efeqturobis Sesafaseblad momavalSi gamoviyenebT saSualo Sefasebis 

kriteriums, vinaidan is ufro “eTanxmeba” adamianis mxedvelobis 

gasaSualoebul Tvisebas, maSin rodesac Tanabari miaxloebis kriteriumi 

gamoiyeneba avariul situaciebSi. Cven mizans agreTve Seadgens 

ganvsazRvroT rogor damokidebulebaSi imyofeba SekumSvis koeficienti da 

SXVA 
          nax. 1.4.2                              nax. 1.4.3 
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miRebuli cdomileba. kavSirgabmulobaSi ufro xSirad gamoiyeneba 

efeqturobis Sefaseba sxpf_iT. rac ufro maRalia sxpf_is mniSvneloba 

miT ufro ukeTesia aRdgenili gamosaxulebis xarisxi. 

 

1.5 gamosaxulebis fraqtaluri kodirebis efeqturobis  

damokidebuleba fraqtaluri gardaqmnis  

ganmsazRvrel maxasiaTeblebze 

 

1.5.1. gamosaxulebis fraqtaluri kodirebis arsi 

 

gamosaxulebis fraqtaluri kodirebisas Cven vcdilobT davadginoT 

kumSvadi gardaqmnis simravle. gamosaxulebaTa kodirebis nebismieri meTodi 

gulisxmobs gamosaxulebaSi domenuri da ranguli blokebis sistemis 

Seqmnas. f gamosaxuleba iyofa aragadamfarav ranguli blokebis winaswar 

mocemul raodenobad da amave dros ganisazRvreba domenuri blokebis 

simravle. TiToeuli ranguli blokisTvis kodirebis algoriTmi poulobs 

domenebis simravlidan iseT domens, romelic masze Catarebuli afinuri 

gardaqmnebis Sedegad, gadaiyvans mas ganxilul rangul blokSi maT Soris 

saukeTeso msgavsebis TvalsazrisiT. yvela ranguli blokisaTvis am 

proceduris Catarebis Sedegad f gamosaxuleba aisaxeba `kodebis~ 

struqturad.  ranguli blokebi SeiZleba iyos erTi da igive zomis, Tumca 

xSirad gamoiyeneba adapturi dayofa blokebis cvladi zomebiT. ranguli 

blokebi warmoadgens kvadroxis meTodiT dayofis Sedegs. 

disertaciaSi gamoyenebuli fraqtaluri kodirebis C++ programiT 

realizebuli sabazo algoriTmi sruldeba Semdegnairad.  

• f gamosaxuleba iyofa aragadamfarav Ri rangul blokebad. ranguli 

blokebi am SemTxvevaSi aris marTkuTxedebi, Tumca gamoiyeneba sxva 

formebic, magaliTad samkuTxedebi. Ri doneebi SeiZleba iyos toli, 

magram SeiZleba iyos gansxvavebulic, es iZleva gamosaxulebis mcire 

zomis rangul doneebad gadafarvis saSualebas. dayofis saxe–

kvadroxis siRrme aRweril iqna fiSeris mier; [25,37,69] 
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• gamosaxuleba ifareba domenuri areebis (blokebis) mimdevrobiT. 

domenebi SeiZleba iyos sxvadasxva saxis, Cveulebriv maTi raodenoba 

ganisazRvreba aseulobiT da aTasobiT; 

• TiToeuli ranguli blokisaTvis vpoulobT domens da Sesabamis 

gardaqmnas, romelic saukeTesod gadafaravs rangul bloks. 

Cveulebriv es aris afinuri gardaqmnis saxe. varegulirebT 

gardaqmnis iseT parametrebs, rogoric aris kontrasti, sikaSkaSe; 

• Tu sakmarisi Sesabamisoba ver miviReT, maSin ranguli doneebi iyofa 

mcire rangul doneebad. es procesi meordeba manam, sanam ar miviRebT 

misaReb Sesabamisobas, an ranguli done ar miaRwevs wanaswar 

gansazRvrul zRvars; 

arsebobs gamosaxulebis fraqtaluri kodirebis sxvadasxva 

realizaciebi. rogorc aRvniSneT dayofis sqemaSi SeiZleba gamoyenebul 

iqnas rogorc marTkuTxedebi, aseve samkuTxedebi.  samkuTxedebad dayofa 

xasiaTdeba naklebi gamosaxulebiTi artefeqtebiT. SemuSavebulia aseve 

araafinuri gardaqmnis variantebi [60,61,67].  afinuri gardaqmnis sivrculi 

mdgeneli nacrisferi gradaciis gamosaxulebisaTvis uzrunvelyofs 

sivrculi SekumSvis |det Ai|<1 pirobis Sesrulebas. 

Semdegi biji iTvaliswinebs gamoTvlebis did raodenobas. Ri yoveli 

ranguli donisaTvis algoriTmi eZebs Di domens, wi sivrcul gardaqmnas, si 

kontrasts da Qi sikaSkaSes, ise rom wi(f) axlos iyos f gamosaxulebasTan 

Ri blokSi. e.i Cven veZebT iseT wi-s, rom ∫ −
iR

i dxdyyxfyxfw 2),(),)((  

sidide iyos umciresi. cifruli gamosaxulebisaTvis es integrali icvleba 

piqselebis mixedviT jamiT. Tu wi sididis saukeTeso mniSvnelobis 

dadgenisas am gamosaxulebis mniSvneloba aRmoCndeba winaswar gansazRvruli 

cdomilebiT meti, maSin dayofis adapturi sqema dayofas awarmoebs ufro 

mcire ranguli blokebiT, Semdeg ki ukve am blokebisaTvis xdeba 

optimaluri gardaqmnis Zieba. es procesi gagrZeldeba manam, sanam 

gamosaxulebis mixedviT gamoTvlili sidide ar gaxdeba dasaSveb 

cdomilebaze naklebi. gamosaxulebis fraqtaluri kodirebis erT-erT 



35 

mniSvnelovan problemas warmoadgens is, rom domenuri da ranguli 

nawilebis raodenoba amcirebs kodirebis process. 

gamosaxulebis fraqtaluri meTodiT kodirebuli “kodi” – es aris 

CamonaTvali, romelic Seadgens amomwurav informacias TiToeuli ranguli 

blokis Sesaxeb. kerZod, ranguli blokis mdebareoba, domenis indeqsi, 

romelic migviTiTebs Tu romeli domeni isaxa am rangul blokSi da im 

parametrebis nusxa, romliTac aRiwereba afinuri gardaqmnis kerZo saxe, 

romliTac ganxorcielda domenuri blokis asaxva am rangul blokSi. 

maSasadame, SekumSvis koeficienti damokidebulia rogorc ranguli 

blokebis raodenobaze, aseve TiToeuli ranguli blokis Sesaxeb 

informaciis Senaxvis efeqturobaze (optimalurobaze). 

SekumSvis koeficienti damokidebulia ranguli blokebis raodenobaze, 

aseve TiToeuli ranguli blokis Sesaxeb informaciis Senaxvis 

efeqturobaze. ranguli blokebis didi raodenoba uzrunvelyofs 

gamosaxulebis dekodirebis maRal xarisxs, magram SekumSvis koeficientis 

xarisxis xarjze. 

 
1.5.2. kodirebis efeqturobis damokidebuleba determinirebul  

parametrebze 

 

 gamosaxulebis nebismieri SekumSvis da kodirebis mizans Seadgens 

gardaqmnis Sedegad miviRoT iseTi struqturebi, romlebic mogvcemen 

saSualebas movaxdinoT gamosaxulebaTa kodireba efeqturad da saukeTesod 

[61,67,69]. es ki bevrad aris damokidebuli gamoyenebul gardaqmnis 

parametrebze, romlebic SeiZleba iyos determinirebuli (Cvens mier 

winaswar SerCeuli) da statistikuri – romlebic saerTod ganisazRvrebian 

nebismieri kodirebis meTodis gamoyenebis dros. 

TiToeuli ranguli blokisaTvis saWiroa iseTi domenuri blokis 

povna, romelic efeqturad asaxavs rangul bloks, imisaTvis, rom asaxva 

iyos kumSvadi, domeni unda iyos rangul blokze didi. SekumSvis saukeTeso 

mniSvnelobis miReba damokidebulia domenur da rangul blokebs Soris 

saukeTeso Sesabamisobis povnaze damatebiTi dayofis aucileblobis gareSe. 
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Zalian mcire zomis blokebad dayofas mivyavarT blokebis did 

raodenobamde, rac amcirebs SekumSvis koeficients. 

domenebis sistemis aRsawerad saWiro algoriTmis Sesabamisi programa, 

gamoyenebuli disertaciaSi, iyenebs 5 parametrs. es parametrebia: domenis 

sveti da striqoni, domenebis done, horizontaluri gadafarva da 

vertikaluri gadarva. es parametrebi erTad gansazRvraven domenebis 

raodenobas da maqsimaluri gadafarvis dasaSveb mniSvnelobas. 

cxrilSi 1.5.2.1 mocemulia zemoT gansazRvruli parametrebis 

sxvadasxva mniSvnelobisaTvis domenebis ricxvi. 

 

cxrili 1.5.2.1 domenebis saerTo raodenobis gansazRvris Sedegebi 

striqonebisa da 

svetebis raodenoba 
8×8 8×8 8×8 8×8 8×8 8×8 

domenebis done 1 2 2 3 3 3 

horizontaluri 

gadafarva 
1 1 0,5 0,5 0,25 0,1 

vertikaluri 

gadafarva 
1 1 0,5 0,5 0,25 0,1 

domenebis saerTo 

raodenoba 
64 320 1186 5155 20187 125707 

 

gamosaxulebis rangul blokebad dayofis erTerT meTods warmoadgens 

kvadroxis meTodi [71,77]. Tavdapirvelad xdeba uxeSi dayofa. TiToeuli 

ranguli blokisaTvis algoriTmi cdilobs daadginos domeni da Sesabamisi 

kumSvadi asaxva, romelic saukeTesod gadafaravs rangul bloks. imisaTvis, 

rom uzrunvelvyoT SekumSva, is ranguli blokebi, romlebic aRmoCndeba 

domenur blokebs Soris udides blokze, iyofa mcire rangul blokebad. 

kontrasti da sikaSkaSe gamoiTvleba umcires kvadratTa meTodiT, romelic 

uzrunvelyofs maqsimalur Sesabamisobas. Semdeg, Tu gadafarva moxda 

dasaSvebi cdomilebis farglebSi, iTvleba, rom ranguli bloki 

gadafarulia da algoriTmi gadadis Semdeg rangul blokze. Tu gadafarva 

ar moxda dasaSvebi cdomilebis farglebSi, maSin algoriTmi amowmebs 

miRweuli iyo Tu ara kvadroxis maqsimaluri siRrme. Tu kvadroxis 

maqsimaluri siRrme ar iyo miRweuli, maSin algoriTmi bloks yofs oTx 

mcire rangul blokad da optimaluri domenis da gardaqmnebis Zieba iwyeba 
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isev Tavidan axali ranguli blokebisaTvis. procesi mTavrdeba maSin, roca 

yvela ranguli bloki iqneba gadafaruli.  

SevniSnoT, rom dasaSvebi cdomilebis sididis zrda da aseve 

kvadroxis siRrmis gazrda iwvevs ranguli blokebis ricxvis zrdas. 

nax. 1.5.2.1 da nax. 1.5.2.2-ze mocemulia gamosaxulebis rangul bloke-

bad dayofa kvadroxis meTodiT kvadroxis siRrmis da dasaSvebi cdomilebis 

sxvadasxva mniSvnelobebis SemTxvevaSi. 

 

                             

 

 

 

 

 

 

       nax. 1.5.2.1 gamosaxulebis rangul blokebad dayofa 

 

dasaSvebi cdomileba 0,05             dasaSvebi cdomileba 0,05   
  kvadroxis siRrme 6                   kvadroxis siRrme 7 
 

       

                    nax. 1.5.2.2  gamosaxulebis rangul blokebad dayofa 

 

dasaSvebi cdomileba 0,025            dasaSvebi cdomileba 0,025   
  kvadroxis siRrme 6                   kvadroxis siRrme 7 

 

fraqtalur kodirebaSi mTavaria domenuri da ranguli areebis 

Sedareba. yoveli ranguli blokisaTvis algoriTmi yvela gardaqmnis 

variants erTmaneTs adarebs. nax. 1.5.2.3. mocemulia domenursa da rangul 
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garemos Soris Sesabamisobis sqema. pirvel rigSi arCeuli domenisaTvis 

gamoiyeneba rvidan erT-erTi bazuri mobruneba/arekvla. Semdeg moZravi 

domenuri are ikumSeba imisaTvis, rom gaxdes ranguli garemos Sesabamisi. 

SevniSnoT, rom ranguli garemo unda iyos domenurze naklebi, raTa jamuri 

asaxva iyos kumSvadi. sabolood umcires kvadratTa meTodiT gamoiTvleba 

sikaSkaSis da kontrastis optimaluri parametrebi. 

 

domenuri bloki 

 

 

 

 

 

 

ranguli bloki 

 

optimaluri kontrastulobis da sikaSkaSis dasadgenad aucilebelia 

vipovoT iseTi s da o , rom gamosaxulebis mniSvneloba iyos minimaluri. 

∑ ∑ −+
i j ijroijsd 2)(                                           (1.5.2.1) 

sadac dij da rij domenuri da piqseluri areebis piqselebis Sesabamisi 

mniSvnelobebia, romlis amonaxsensac warmoadgens:   

∑∑
−

−= 2)( dd ijβ                                          (1.5.2.2) 

                                                                           

sadac ))((
−−

−−= ∑∑ rrdd ijijα  

fraqtaluri kodirebis erT-erTi uaryofiTi mxare es aris 

kodirebisaTvis didi drois daxarjva.  cnobilia, rom roca domenebis 

raodenoba aRemateba 100 000-s, maSin kodirebis process or dReze meti 

dro sWirdeba. cxrilSi 1.5.2.2 mocemulia kodireba sami sxvadasxva droiTi  

mniSvnelobisaTvis. kodirebisas gamoyenebulia gamosaxuleba ,,vardi”. 

1. Semobruneba 2. SekumSva

3. kontrastulobis da 
sikaSkaSis saukeTeso damTxvevis 

gamoTvla. Sedegis rangul 

blokTan  Sedareba 

nax. 1.5.2.3 
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rogorc cxrilidan Cans domenebis raodenobis zrdasTan erTad droiTi 

mniSvnelobebi mniSvnelovnad izrdeba. domenebis raodenobis zrda 

aumjobesebs SekumSvas, razec miuTiTebs ranguli blokebis raodenobac. 

Tu uaryofil iqneba saukeTeso domenis povnis operacia, maSin 

domenebisa da ranguli blokebis Sedarebis procesi SeCerebulia. mesame 

magaliTisTvis es operacia CarTulia, rac asaxulia swored saSualo 

kvadratul mniSvnelobebSi. meore da mesame magaliTebSi erTi da igive 

pirobebiT mimdinareobs kodireba, magram zemoT naxsenebi opciis CarTvis 

Sedegad  miRebuli ranguli blokebis raodenobac (916) erTi da igivea, e.i. 

SekumSvaSic upiratesoba ar gvaqvs. mcireodeni gansxvavebaa piqselebSi  

saSualo cdomilebis TvalsazrisiT. 

 
cxrili 1.5.2.2 

kvadroxis siRrme 6 6 6 

dasaSvebi cdomileba 0,05 0,05 0,05 

domenebis raodenoba striqonsa 

da svetSi  

8×8 8×8 8×8 

horizontaluri gadafarva 1,0 0,5 0,5 

vertikaluri gadafarva 1,0 0,5 0,5 

domenis done 2 2 2 

domenebis ricxvi 320 1186 1186 

vipovoT saukeTeso domeni? diax diax ara 

ranguli areebis saboloo ricxvi 1048 916 916 

saSualo cdomileba piqselebSi.  
(APE) (%) 

3,844% 3,839% 2,982% 

sxpf 24,17 db 24,32 db 26,061 db 

pentium-1  

200 mgh 

15wT 59wm 42wT 32 wm 2sT 19wT  

31 wm kodirebis 

saerTo dro pentium-4  

2000 mgh 

2wT 50 wm 5wT 8 wm 6wT 55wm 

 

fraqtaluri SekumSvis erT-erTi unikaluri Tavisebureba is aris, 

rom dekodireba ar aris damokidebuli garCevisunarianobaze. SevniSnoT, rom 

rangul failSi Cven arsad ar viTvaliswinebT sawyisi gamosaxulebis 

zomebs. dekodirebis dros Cven SegviZlia miviRoT nebismieri zomis 

gamosaxuleba, imisda miuxedavad Tu ra zomis gamosaxuleba iyo kodire-

buli. es Tviseba iZleva saSualebas mniSvnelovnad avamaRloT SekumSvis 

mwarmoebloba. davuSvaT, rom 256×256 zomis nacrisferi gradaciis 
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gamosaxuleba kodirebul iqna 4000 ranguli blokis daxmarebiT. Tu 

davuSvebT, rom TiToeuli ranguli blokis Sesanaxad saWiroa 4 baiti, 

maSin kodireba moiTxovs mexsierebaSi minimum  16 kbaiti. Tu sawyisi 

gamosaxulebis kodirebisaTvis dagvWirdeba 256×256×8 bitebis 

raodenoba≈64 kbaiti. 64 kbt-iani gamosaxulebisaTvis miviRebT SekumSvis 

koeficients daaxloebiT 1:4, Tu davuSvebT, rom dekodirebisas am 

gamosaxulebis zoma gaxda 1024×1024, maSin miviRebT SekumSvis koeficients 

256:1. 

ranguli blokebis parametrebis diskretizacia iwvevs garkveul 

cdomilebas gamosaxulebis dekodirebisas. kvadroxe TviTon Seicavs 

sakmaris informacias gamosaxulebis amosacnobad.  

sawyisi monacemebis nebismieri damaxinjeba, didi albaTobiT 

dekodirebul gamosaxulebaSi seriozul cdomilebebs iwvevs. Tumca maTi 

zoma arc ise didia, amitom es monacemebi SesaZlebelia dacul iqnas 

SesaZlo cvlilebebis an damaxinjebisagan. 

nax. 1.5.2.4-ze mocemulia dekodirebul gamosaxulebaSi miRebuli 

cdomilebis procentuli raodenobis damokidebuleba gadasacemi monacemebis 

damaxinjebis procentul raodenobaze. (1) mrudi Seesabameba gardaqmnebis 

indeqsis cdomilebas, (2) ki domenebis indeqsebis cdomilebas. Nnax. 1.5.2.4-

dan Cans, rom dekodireba ufro mgrZnobiarea domenebis indeqsis  damaxin-

jebis mimarT, vidre gardaqmnis indeqsis mimarT. Sedegebi miRebulia 
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gamosaxuleba “lena”-saTvis. gardaqmnis indeqsis damaxinjebis mimarT 

umniSvnelo mgrZnobiaroba adasturebs im mtkicebulebas [37,69], rom es 

gardaqmna SesaZlebelia gamoiricxos kodirebis procesidan. 

gamosaxulebis garCeviTunarianoba ganisazRvreba piqselebis 

raodenobiT striqonebisa da svetebis mixedviT, romelsac Seicavs 

gamosaxuleba. gamosaxulebaTa SekumSvis unikalur Taviseburebas 

warmoadgens is, rom dekodireba ar aris damokidebuli garCeviTuna-

rianobaze, vinaidan rangul failSi arsad ar aris Setanili sawyisi 

gamosaxulebis zomis Sesaxeb informacia [37]. dekodirebis procesSi Cven 

SegviZlia miviRoT nebismieri zomis aRdgenili gamosaxuleba, miuxedavad 

kodirebuli gamosaxulebis zomisa. es unikaluri Tviseba iZleva saSualebas 

SekumSvis mwarmoeblobis uZlieresi amaRlebis miRebas. amis 

ilustraciisaTvis, warmovidginoT, rom gvaqvs nacrisfergradaciebis mqone 

gamosaxuleba, romelic Seicavs 256×256 piqselebis raodenobas, romelsac 

gaaCnia 256 intensivobis SesaZlo gradacia. es gamosaxuleba kodirebulia 

4000 ranguli blokebis meSveobiT. Tu CavTvliT, rom TiToeuli ranguli 

blokis damaxsovrebas moeTxoveba 4 baiti, maSin kodirebisaTvis saWiro 

iqneba maxsovrobis 16 kbaiti. SekumSvis koeficienti iqneba 4-is toli, 

vinaidan fraqtaluri SekumSvis gareSe gamosaxulebas dasWirdeboda 64 

kbaiti. 

 ganvixiloT SemTxveva, roca dekodirebis Sedegad miviReT 

gamosaxuleba, romlis zomebi gaxda 1024×1024 piqseli. am SemTxvevaSi 

SekumSvis koeficienti miiReba 256-is tolad., vinaidan am zomis 

gamosaxuleba moiTxovs 1024×1024×256 anu 1024 kbaitis maxsovrobas. Cvens 

mier `lena~ gamosaxulebaze Catarebulma cdebma daadastura zemoT 

aRwerili es unikaluri Tviseba, im SemTxvevaSi roca aviReT gamosaxuleba, 

romelic Seicavda 512×512 piqselebs, magram unda aRiniSnos, rom 

disertaciaSi moyvanili eqsperimentebis Sedegebi ar iTvaliswinebdnen 

kodirebis efeqturobis amaRlebis aseT xelovnur xerxebs. 
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 garCeviTunarianobaze damokidebulebam ganapiroba fraqtaluri 

SekumSvis ganxorcieleba morfologiuri piramidis wverosaTvis, rac 

ganxiluli iqneba disertaciis mesame TavSi. 

 

1.5.3 gamosaxulebaTa fraqtaluri agebis statistikuri 

Tvisebebi 

 

rogorc avRniSneT kodirebis nebismieri meTodis gamoyenebis dros 

unda dadgindes fraqtaluri efeqturi kodirebisas miRebuli gardaqmnis 

Sedegis statistikuri maxasiaTeblebi. statistikuri maxasiaTeblebis 

CamonaTvalSi igulisxmeba: maTematikuri lodini, dispersia, entropia, 

saSualo gradienti, korelaciuri funqcia da histograma.  

kvlevis amocanebi, romelic safuZvlad udevs fraqtaluri gamosaxu-

lebebis statistikur analizs SeiZleba Semdegnairad CamovayaliboT: 

- gamovikvlioT sxvadasxva fraqtaluri gamosaxulebisaTvis gansxvavebuli 

dasaSvebi asaxvis cdomilebis ε pirobebSi statistikuri maxasiaTeble-

bis: maTematikuri lodinis, dispersiis, entropiis da saSualo 

gradientis mniSvnelobebi; 

- davadginoT ramdenadaa damokidebuli statistikuri maxasiTeblebis 

mniSvnelobebi dasaSveb cdomilebaze da raodenobaze; 

eqsperimenti Catarebuli iyo or gamosaxulebaze `lena~ da `vardi~. 

eqsperimenti gulisxmobda fiqsirebul pirobebSi, programis mixedviT 

fraqtaluri gardaqmnis Sedegis (kvadroxis) miRebas, rodesac savsebiT 

ganisazRvreba rangul da domenur blokebs Soris Sesabamisoba da TviT es 

maxasiaTeblebi. Sedegebi asaxulia cxrilSi 1.5.3.1, Sesabamisi grafikebi 

mocemulia nax. 1.5.3.1, 1.5.3.2, 1.5.3.3 1.5.3.4-ze. 
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nax. 1.5.3.4 

statistikuri maxasiaTeblebis damokidebuleba dasaSveb cdomilebaze 

gamosaxulebisaTvis `lena~ da `vardi~ 

 

cxrili 1.5.3.1 kumSvadi asaxvis cdomilebis statistikuri maxasiaTeblebze  

             damokidebulebis cxrili gamosaxulebisaTvis `lena~ da `vardi~ 
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lena 4×4 0,05 62,52 4450 66,72 33 5,42 

 8×8  65,1 4817 69,403 35,202 5,51 

 16×16  49,43 3889 62,36 40,28 4,74 

 4×4 0,06 65,49 4267 65,319 30,932 5,75 

 8×8  63,81 4058 63,701 32,146 5,805 

 16×16  51,996 4077 63,853 40,943 4,89 

 4×4 0,01 34,41 3104 55,712 40,411 3,506 

 8×8  35,64 3201 56,579 40,606 3,571 

 16×16  32,992 3021 54,962 41,581 3,417 

vardi 4×4 0,05 59,522 6392 79,95 52,07 4,146 

 8×8  59,67 6439 80,244 52,251 4,139 

 16×16  52,25 6009 77,515 56,4 3,746 

 4×4 0,01 36,753 4680 68,407 59,446 2,913 

 8×8  37,45 4794 69,23 59,27 2,932 

 16×16  28,74 2484 49,838 38,281 3,242 

 4×4 0,06 51,448 3022 54,977 29,52 5,22 

 8×8  52,039 3065 55,36 30,949 5,28 

 16×16  44,52 3051 55,236 36,018 4,625 
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mocemuli cxrilis analizi gviCvenebs, rom rac ufro naklebia 

kumSvadi asaxvis cdomileba, miT ufro naklebia maTematikuri lodini da 

saSualo kvadratuli gadaxra, magram ufro didia saSualo gradienti. 

magaliTad 0,01 cdomilebis pirobebSi maTematikuri lodini 43,41-is 

tolia, xolo, 0,05 mniSvnelobisaTvis es maCvenebeli utoldeba 62,52-s, 

e.i. gaizarda saSualod 1,9-jer, aseve 0,06 cdomilebis pirobebSi saSualo 

kvadratuli gadaxra 0,01-is Sesabamis mniSvnelobasTan SedarebiT gaizarda 

1,19-jer. 

aseve rac ufro metia doneebis raodenoba, miT ufro naklebia 

entropia, 4×4-is SemTxvevaSi entropiis mniSvneloba 5,42-is tolia, maSin 

roca igive pirobebSi 16×16 zomisaTvis entropiis mniSvneloba 4,74-is 

toli xdeba, maSasadame aqidan vaskvniT rom, entropia damokidebulia 

cdomilebaze. 

 
1.6. gamosaxulebaTa fraqtaluri kumSvadi asaxvis Teoremis 

eqsperimentuli interpretacia da realizacia 

 

maTematikur debulebas, romelic unda Semowmebuliyo eqsperimen-

tulad  nacrisferi gradaciis gamosaxulebisaTvis warmoadgens kolaJis 

Teorema. Cven SevecadeT, rom eqsperimentulad migveRo kolaJis Teoremis 

eqsperimentuli dadastureba. am paragrafSi Cven SevecadeT esperimentiT 

Segvemowmebina es Teoriuli Sedegi. maSasadame Cven gvinda eqsperimentulad 

SevamowmoT (1.4.2) gamosaxuleba misi praqtikuli realizaciis dros. 

pirveli eqsperimenti exeboda gamosaxulebis fraqtalur kodirebas, 

Catarebuls gamosaxuleba `lena~-sTvis. gamoviyeneT mza programa, dawerili 

C++ enaze, romliTac vsargeblobdiT gamosaxulebaTa fraqtaluri 

kodirebis kvlevis dros (ixile mesame Tavi). 

domenebis raodenoba gamosaxulebaTa striqonze da svetis mixedviT 

toli iyo 16×16. ε cdomileba, romlis Sinaarsi axsnilia 1.4. paragrafSi 

(rasac iTvaliswinebda programa), icvleboda 0,01-0,05-mde.  
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f sawyis da aRdgenil (fw) gamosaxulebas Soris `manZilad~ 

(cdomilebad) gamoviyeneT `saSualo absoluturi cdomileba~ APE, romelic 

gamoiTvleboda  gamosaxulebisTvis “vardi”, SekumSvis koeficienti k toli 

iyo 6, saidanac gamomdinareobda, rom kumSvadi asaxvis koeficienti toli 

iyo 1/6. 

miRebuli Sedegebia:    

⎟
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⎟
⎟
⎟
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⎠
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⎜
⎜
⎜
⎜

⎝
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:APE       

⎟
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⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛
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68.2
54.2
40.2
22.2
08.2

:ε  

nax. 1.6.1-ze mocemulia Sesabamisi grafiki, sadac ordinatTa RerZze 

gadazomilia eqsperimentiT miRebuli APE cdomileba, mocemuli %, xolo 

abcisTa RerZze ki – kumSvadi asaxvis dros dasaSvebi mniSvneloba ε. 

miRebuli Sedegebis analizi gviCvenebs, rom ε gazrda iwvevs aRdgenis 

cdomilebis gazrdas, rac logikurad savsebiT gasagebia. 

nax.1.6.1 

 

meore tipis eqsperimentis dros Cven Tavidanve vcvlidiT kumSvadi 

asaxvis koeficients. kerZod s=1/k,  s= 1/2, 1/3, 1/4, 1/5, 1/8. k- SekumSvis 

koeficientia. ε pirobiTad CavTvaleT 1-is tolad, xolo aRdgenis 

cdomileba ganisazRvreboda saSualo kvadratuli cdomilebiT. 
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sadac a -aRdgenili gamosaxulebaa, xolo n -sawyisi gamosaxuleba. miRebuli 

Sedegebi asaxulia cxrilSi (1.6.1.) da naxazze (1.6.2.) 

                                      
                                      cxrili 1.6.1 

 

 

 

 

  
 

 

                        

 

 

 

 

 

 

 

 

nax.1.6.2 

miRebuli Sedegebi isev adasturebs kolaJis Teoremis siswores, 

vinaidan rac ufro didia SekumSvis koeficienti, miT ufro naklebia 

saSualo kvadratuli cdomileba. unda aRiniSnos, rom SekumSvis 

koeficientis qveS igulisxmeba sidide, romelic kumSvadi asaxvis 

koeficientis ukuproporciulia da ara is SekumSvis koeficienti, romelic 

ganapirobebs kodirebis efeqturobas (ixile mesame Tavi). 

miRebuli Sedegebis safuZvelze SeiZleba davaskvnaT: 

1) pirveli eqsperimentis dros miRebuli Sedegebis analizi gviCvenebs, 

rom rac ufro didia ε, miT ufro didia Sesabamisi APE, rac kidev 

erTxel kolaJis Teoremis dadasturebas warmoadgens;  

2) rac ufro didia k, miT ufro mcirea aRdgenis cdomileba; 

3) dasturdeba kolaJis Teorema;  

k s.k.c 
2 26,577 
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(Sedegebi miRebulia testuri gamosaxulebisaTvis “vardi”) 

 

1.7 gamosaxulebaTa SekumSvis fraqtaluri meTodiT kodirebuli 

gamosaxulebis gadacemis saimedooba 

 

gamosaxulebaT fraqtaluri kodirebis nebismieri meTodi gulisxmobs 

gamosaxulebaSi domenuri da ranguli blokebis sistemis Seqmnas. f 

gamosaxuleba iyofa aragadamfarav ranguli blokebs winaswar mocemul 

raodenobad da amave dros ganisazRvreba domenuri blokebis simravle, 

TiToeuli ranguli blokisaTvis kodirebis algoriTmi poulobs domenebis 

simravlidan iseT domens, romelic masze Catarebuli afinuri gardaqmnebis 

Sedegad, gadaiyvans mas ganxilul rangul blokSi maT Soris saukeTeso 

msgavsebis TvalsazrisiT. yvela ranguli blokisaTvis am proceduris 

Catarebis Sedegad f gamosaxuleba aisaxeba `kodebis~ struqturad. kodi – 

es aris CamonaTvali, romelic Seicavs informacias TiToeul rangul 

blokze, saxeldobr: ranguli blokis mdebareobas, mocemuls im domenis 

indeqsiT, romelic aisaxa am rangul blokSi da afinuri gardaqmnis 

parametrebis mniSvnelobebs, romlebic aRweren domenuri blokis rangul 

blokad asaxvas. kodirebuli gamosaxulebis kavSiris arxiT gadacemisas 

Zalian mniSvnelovania, rom kodirebuli informacia gadaeces sworad, 

Secdomebis gareSe. realur kavSirgabmulobis arxSi yovelTvis arseboben 

Secdomebi, ama Tu im albaTobiT. nebismieri Secdoma daamaxinjebs 

dekodirebul informacias da maSasadame uaryofiTad imoqmedeben gadacemis 

procesis saimedoobaze. amasTan dakavSirebiT saWiro iyo kvleva, romlis 

Sedegad gavigebdiT, Tu rogor daecemoda signal xmauris pikuri 

mniSvneloba sxpf, roca adgili eqneboda Secdomebis garkveuli procentis 

zemoqmedebas gadasacem informaciaze kodirebuli gamosaxulebis Sesaxeb 

eqsperimenti gulisxmobda:  

1. domenebis indeqsebis ganzrax damaxinjebas garkveuli procentiT: 

5, 15, 20%;  
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2. domenis rangul blokad gardaqmnis indeqsis damaxinjebas igive 

procentiT; 

eqsperimenti Catarebuli iyo  gamosaxulebebze,  romlebic   

moyvanilia 1.7.1 da 1.7.2 cxrilebSi. 

 

cxrili 1.7.1 domenebis indeqsis damaxinjebisas miRebuli Sedegebi                             

suraTi 

Secdomebis 

procentuli 

raodenoba 

5% 10% 15% 20% 

Winter sxpf 17.929 16.856 16.023 15.348

Rose sxpf 22.358 21.835 21.530 20.871

Lena sxpf 21.198 18.308 17.611 16.793

Leaves sxpf 20.117 18.391 17.1605 16.746

       

G cxrili 1.7.2 gardaqmnis indeqsis damaxinjebisas miRebuli Sedegebi                       

suraTi 

Secdomebis 

procentuli 

raodenoba 

5% 10% 15% 20% 

Winter sxpf 20.010 19.807 19.491 19.343

Rose sxpf 23.803 23.603 23.314 23.241

Lena sxpf 24.553 23.776 23.686 23.191

Leaves sxpf 20.087 19.679 19.615 19.299

               

 zeda cxrili Seesabameba Sedegebs, miRebuls domenebis indeqsis 

damaxinjebiT, xolo meore ki roca maxinjdeboda gardaqmnis operaciis 

indeqsi. cxrilis mixedviT Sedegenilia grafiki, romelic asaxavs sxpf 

damokidebulebas damaxinjebaze rogorc domenebis indeqsSi, aseve gardaqmnis 

indeqsSi. 

 
 
  

 

 

es aris saimedoobis cxrilebis Sesabamisi grafikebi: 

 

V
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miRebuli grafikis analizis Sedegad SeiZleba davaskvnaT: 

1. sxpf mniSvneloba ufro mkveTrad mcirdeba domenis indeqsis damaxinjebis 

procentuli raodenobis gazrdisas, vidre maSin roca Secdomebis 

procentuli raodenoba moqmedebs gardaqmnis indeqsze; 

2. pirveli punqtis Sesabamisad pirvel rigSi unda daculi iyos 

monacemebi, romlebic dakavSirebulia domenis nomerTan; 

miRebuli Sedegebi SeiZleba miviCnioT, rogorc dadastureba imisa Tu 

rogor SemTxvevaSi SesaZlebelia rom afinuri gardaqmnebi (mobruneba, 

arekvla) saerTod gamoiricxos kodirebis procesidan [41,42,43,46].  

 Semdgomi eqsperimentebi Seexeboda dominuri indeqsebis damaxinjebis 

Sedegad mimRebSi miRebuli gamosaxulebis filtracias wrfivi da 

arawrfivi saxis filtrebis gamoyenebiT. disertaciaSi moyvanilia Sedegebi, 

romelic miekuTvneba veivlet-filtrebis da medianuri [37] filtrebis 

gamoyenebis Sedegebs.  

 miRebuli Sedegebi cxadyofs, rom miuxedavad veivlet da medianuri 

filtrebis gafiltvris unarisa am filtrebis gamoyenebam ver uzrunvelyo 

dazianebebis aRmofxvra da Semcirebac ki. Cvenis azriT es gamowveulia imiT, 

rom filtrebi axSoben impulsuri saxis SemTxveviT xmaurs (Secdomebs), 

xolo roca damaxinjeba ar atarebs impulsur xasiaTs da vrceldeba 

ranguli blokis zomaze filtraciis da gasaSualoebis unari daiyvaneba 

nulamde, rac Seexeba informaciis dacvas damaxinjebebisagan fraqtaluri 

kodirebis SemTxvevaSi, migvaCnia mizanSowonilad dabrkolebaTa mimarT 

mdgradi kodirebis gamoyeneba, kerZod ki hemingis kodis realizacia 

MathCad programaSi. am sakiTxs adgili daeTmoba me-4 TavSi, romelic 
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miZRvnilia JPEG tipis axali standartis Seqmnas, romelic dafuZnebulia 

gamosaxulebaTa SekumSvis fraqtalur meTodze. 

 nax. 1.7.1-ze mocemuli dekodirebuli gamosaxuleba Seesabameba 

SemTxvevas roca fraqtalurad kodirebuli gadasacemi informaciaSi 

damaxinjda domenebis nomeri 10%-is odenobiT. Cven vcadeT miRebuli 

damaxinjebebis aRmoxvra filtraciis ganxorcielebis meSveobiT. ganvixileT 

veivlet filtrebis, medianuri filtrebis da gasaSualoebiTi filtrebis 

gamoyeneba. qvemoT aris mocemuli Sedegebi:  

 
 
 

 
 
 
 

 
 

 
 

aq naCvenebia Tu rogor xdeba veivlet filtracia, damaxinjebuli 

gamosaxulebis filtracia. thresh – es aris is sazRvari, romelic gviCvenebs 

Tu ra mniSvnelobas unda aRematebodes transformantis koeficienti, rom 

is ar gautoldes nuls: 

 

M READ_IMAGE "bridge.bmp"( ):=  

i 0 rows M( ) 1−..:=  

j 0 cols M( ) 1−..:=  

noise i j, 150:=  

N M rnd noise( )+
→⎯⎯⎯⎯⎯

:=  

M

nax. 1.7.1 a 

scale N 0, 255, ( )

nax. 1.7.1 b 

Q wave2d N 7, ( ):=  thresh 40:=  
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MathCad programaSi es operacia Caiwereba veqtorizaciis operatoris 

saSualebiT. is miiRebs Semdeg saxes: 

 

 

Φ aris erTeulovani naxtomis funqcia. SemdegSi xdeba sawyisi 

gamosaxulebis aRdgena, romelic xorcieldeba iwave2d(temp,7) funqciis 

saSualebiT: 

veivlet filtraciis Semdeg miRebuli gamosaxuleba mocemulia nax. 1.7.2-ze:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

miRebuli gamosaxuleba `recons~ cxadyofs, rom veivlet gafiltvra 

ver filtravs im damaxinjebas, romelic gamowveulia domenis nomris 

damaxinjebisas. 

 Semdeg etapze Cven movaxdineT damaxinjebuli gamosaxulebis 

filtracia  `gasaSualoebis~ filtriT. Sedegi mocemulia 1.7.3 naxazze. 

η coeff thresh, ( ) sign coeff( ) min coeff thresh− 0, ( )⋅  

temp 2 Φ Q( )⋅ 1−( ) Q thresh−( )⋅ Q thresh>( )⋅
→⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

:=  

recons iwave2d temp 7, ( ):=  

scale recons 0, 255, ( )

nax. 1.7.2 

Ncons scale orthosmooth5 N( ) 0, 255, ( ):=  
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am SemTxvevaSi Cven ver miviReT sasurveli Sedegi damaxinjebis 

aRmofxvris TvalsazrisiT. SedarebisTvis Cven movaxdineT amave 

gamosaxulebis fil-tracia medianuri filtris saSualebiT. 

 

 

miRebuli Sedegebis safuZvelze SeiZleba davaskvnaT, rom domenebis 

nomriT SemTxveviTad miRebuli damaxinjebebi ar eqvemdebarebian nebismieri 

saxis filtracias. 

 

1.8 pirveli Tavis daskvnebi 

 

1. garkveulia, rom universalur fraqtalur meTodad SeiZleba 

CaiTvalos kumSvadi asaxvis specialuri meTodi iteraciul funqciaTaA 

sistema (IFS), romelic ganicdis transformirebas uban-uban iteraciul 

funqciaTa sistemad (PIFS), roca xorcieldeba gamosaxulebaTaA 

fraqtaluri kodireba. 

2. dadgenilia, rom gamosaxulebaTa fraqtaluri SekumSvis 

problemaSi da Sesabamisad  kompiuteruli algoriTmis SemuSavebis dros 

unda gamovyoT ori ZiriTadi gansxvavebuli mimarTuleba: fraqtalur 

Ncons

nax. 1.7.3 

Nmed

nax. 1.7.4 

Nmed scale medfilt N( ) 0, 255, ( ):=  
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gamosaxulebaTa generireba (sinTezi) da gamosaxulebaTa fraqtaluri 

kodireba. fraqtalur gamosaxulebaTa SeqmnisaTvis Sesabamisi kompiuteruli 

algoriTmis Sedgenis dros visargebleT fraqtalebis globaluri 

msgavsebis TvisebiT, maSin, rodesac gamosaxulebaTa fraqtaluri 

kodirebisaTvis vixelmZRvaneleT lokaluri msgavsebiT da ase SevimuSaveT 

Sesabamisi algoriTmebi.  

3. gamosaxulebaTa SekumSvis fraqtalur meTodebisagan yvelaze 

universalurs warmoadgens IFS meTodi, romelic gamoiyeneba fraqtalur 

gamosaxulebaTa atraqtoris generirebisaTvis da romlisTvisac 

samarTliania kolaJis Teorema. IFS sistemis atraqtori (fraqtaluri 

gamosaxuleba) miiReba IFS mravaljeradi iteraciiT, iteraciebis raodenoba 

aRwevs 1000-3000-s (>>1000-3000). 

IFS meTodi ganicdis transformacias PIFS sistemad, roca mas 

iyeneben gamosaxulebaTa fraqtaluri kodirebisaTvis. am SemTxvevaSi 

mravalricxovani iteraciebis nacvlad, romelic sruldeba mocemuli 

gamosaxulebisaTvis, unda moiZebnos iseTi asaxva – algoriTmi, romlis 

erTjeradi gamoyeneba uzrunvelyofs sasurvel gamosaxulebasTan 

miaxloebuli kopiis miRebas. 

4. miRebulia gamosaxulebis kumSvadi asaxvis Teoremis 

eqsperimentuli damtkiceba, romelic gulisxmobs ori ZiriTadi parametris 

cvlilebas. es parametrebia: asaxvis cdomilebisa (ε) da SekumSvis 

koeficienti (k). dadgenilia, rom:  

a) rac ufro naklebia gardaqmnis (asaxvis) cdomileba, miT ufro 

naklebia aRdgenili gamosaxulebis sizustis ricxviTi maCvenebeli APE 

(cdomilebis saSualo moduli).  

b) rac ufro didia asaxvis SekumSvis koeficienti, miT ufro didia 

aRdgenili gamosaxulebis cdomileba;  

orive Sedegi adasturebs kolaJis Teoremis samarTlianobas. 

Teoriulad da eqsperimentulad dasturdeba agreTve fraqtaluri meTodis 

gamoyenebis mizanSewoniloba, rogorc fraqtaluri gamosaxulebis 

sinTezisaTvis, aseve gamosaxulebaTa fraqtaluri kodirebisaTvis. 
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5. miRebulia, rom gamosaxulebaTa kodirebis efeqturoba 

ganisazRvreba SekumSvis koeficientis raodenobrivi maCveneblebis mixedviT, 

dekodirebuli gamosaxulebis xarisxis Sefasebis aucilebeli 

gaTvaliswinebiT. aRdgenili gamosaxulebis xarisxi fasdeba sizustis 

maCveneblebiT, romelic Seesabameba funqciaTa aproqsimaciis Teorias. es 

maCveneblebia saSualo kvadratuli gadaxra, saSualo kvadratuli gadaxris 

normirebuli mniSvneloba, gadaxris saSualo moduli da agreTve teqnikaSi 

gamoyenebuli signal-xmauris pikuri fardoba. 

6. gamokvleulia gamosaxulebaTaA fraqtaluri kodirebis 

efeqturobis damokidebuleba kodirebis ganmsazRvrel ZiriTad 

maxasiaTeblebze; kerZod sawyisi gamosaxulebis saxeobaze, domenuri 

blokebis raodenobaze, domenuri blokebis rangul blokebTan siaxlovis 

dasaSveb cdomilebaze, ranguli blokebis raodenobaze, kodis gadacemis 

saimedoobaze. eqsperimentulad dadasturebulia gamosaxulebaTa 

fraqtaluri SekumSvis universaluri Tavisebureba: aRdgenili 

gamosaxulebis xarisxi ar aris damokidebuli dekodirebisas pirveli 

iteraciis Sesasruleblad SerCeuli gamosaxulebis saxeze da mis zomaze 

(garCeviTunarianobaze). sastarto gamosaxulebis garCeviTunarianobaze 

damoukideblobis Tviseba gamoyenebulia fraqtaluri kodirebis 

morfologiur piramidul agebebTan Serwymis dros.  

7. fraqtaluri gardaqmnis Sedegad miRebuli gamosaxulebebis 

statistikuri maxasiaTeblebis gansazRvriT naCvenebia, rom rac ufro 

naklebia kumSvadi asaxvis dasaSvebi cdomileba (ε), gardaqmnil domenur 

bloksa da Sesabamis rangul bloks Soris, miT ufro naklebia 

gamosaxulebis piqselebis maTematikuri lodini da saSualo kvadratuli 

gadaxra, magram ufro didia saSualo gradienti, entropia ki mcirdeba 

cdomilebis SemcirebasTan erTad. magaliTad, 0,01 cdomilebis pirobebSi 

maTematikuri lodini 43,41-is tolia, xolo 0,05 dros ki is udris 62,55. 

aseve rac ufro metia domenebis raodenoba miT ufro did mniSvnelobas 

Rebulobs entropia. 
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gamosaxulebaTa fraqtaluri kodirebis eqsperimentulma gamokvlevam 

gviCvena: 

a) gamosaxulebaTa fraqtaluri kodirebis efeqturoba damokidebulia 

gamosaxulebis saxeobaze;  

b) gamosaxulebis aRdgenis sizustis maCveneblebi ar aris 

damokidebuli domenuri blokebis raodenobaze da maT formaze, magram 

mniSvnelovnad aris damokidebuli domenuri blokis ranguli blokis 

“msgavsebis” dasaSveb cdomilebaze; 

g) kodirebis efeqturobas ZiriTadad ganapirobebs  ranguli blokebis 

raodenoba sxva ganmsazRvreli parametrebis   mudmivobis pirobebSi; 

d) kodirebuli gamosaxulebis saimedooba, romelic mocemulia  

dekodirebis sxpf-is damokidebulebiT gardaqmnaTa   indeqsebis damaxinjebis 

procentul raodenobaze, gviCvenebs, rom Secdomebi gardaqmnaTa saxeobaze 

TiTqmis ar axdens gavlenas dekodirebis xarisxze, maSin rodesac 

cdomileba domenis indeqsSi iwvevs dekodirebuli gamosaxulebis xarisxis 

damaxinjebas; 

   e) SesaZlebelia dekodirebuli gamosaxulebis zomis gazrda (rac 

gamoiwvevs SekumSvis koeficientis gadidebas). vinaidan gamosaxulebaTa 

fraqtaluri SekumSvis unikaluri Tvisebaa, rom dekodireba ar aris 

damokidebuli garCevisunarianobaze; 

 

Tavi 2. gamosaxulebaTa kodirebis sxvadasxva teqnologiebis 

kvleva maTi fraqtalur SekumSvasTan kombinirebis mizniT 

 

2.1 kvlevis amocanebi 

 
gamosaxulebaTa SekumSvis uaxles meTodebs miekuTvneba fraqtaluri 

meTodebi, romlebic amJamad miCneulia rogorc uaRresad perspeqtiuli, 

ganviTarebadi da optimaluri meTodi SekumSvis maqsimaluri koeficientis 

miRebis TvalsazrisiT, aRdgenili gamosaxulebis sakmaod maRali xarisxis 

pirobebSi [34,44,37]. gamosaxulebaTa kodirebis efeqturobis amaRlebis 
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TvalsazrisiT, sainteresoa am meTodebis sxva aRiarebul algoriTmebTan 

kombinireba da erToblivi gamoyeneba. gamosaxulebaTa kodirebis cnobil 

meTodebs miekuTvnebian piramiduli kodirebis meTodebi morfologiuri da 

veivlet funqciebis agebebiT, diskretuli, furie da veivlet gardaqmnebi. 

diferencialuri kodur impulsuri modulacia anu gardaqmna 

winaswarmetyvelebiT, kadrTaSorisi droiTi interpolacia (roca kodirebas 

eqvemdebareba gamosaxulebaTa mimdevroba). disertaciis meore TavSi Cveni 

mizania davadginoT ramdenad SesaZlebelia yvela am algoriTmebis 

realizacia MathCad programul paketSi da maTi urTierT Sesabamisoba 

erToblivi gamoyenebis TvalsazrisiT. MathCad programa SevarCieT imis 

gamo, rom masSi SedarebiT martivad xdeba mravali samecniero da teqnikuri 

amocanebis gadawyveta. am programaSi SemoTavazebulia mza standartuli 

funqciebi, romlis meSveobiT SesaZlebelia feradi da nacrisfergradaciebis 

mqone gamosaxulebis kompiuteruli damuSaveba. zemoRniSnulis 

gaTvaliswinebiT meore Tavis kvlevis amocanebi SeiZleba CamovayaliboT 

Semdegnairad: aRvweroT maTematikuri morfologiis operaciebi da maTi 

realizaciebi MathCad programis gamoyenebiT da maTi meSveobiT movaxdinoT 

morfologiuri piramidis ageba; CavataroT gamosaxulebaTa SekumSvis 

veivlet teqnologiebis analizi, romelic moicavs veivlet 

organzomilebiani funqciebis Seqmnas, gamosaxulebaTa aproqsimacias veivlet 

funqciebis saSualebiT, mravalmasStabur veivlet-gardaqmnis algoriTmis 

damuSavebas piramiduli kodirebis Seqmnis mizniT SevasruloT Secdomebiani 

gamosaxulebis filtracia veivlet da sxva filtrebis safuZvelze, 

ganvixiloT dinamikur gamosaxulebaTa droiTi interpolaciis sakiTxebi 

ganxilva informaciis SekumSvis ganxorcielebis SesaZleblobebis mizniT, 

winaswarmetyvelebis meTodis realizacia wrfivi da arawrfivi 

winaswarmetyvelebis elementiT. 
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 2.2. maTematikuri morfologiis operaciebi 

da maTi SesaZlebloba piramiduli agebisaTvis 

 

ZiriTadi morfologiuri operaciebis gansazRvrisaTvis ganvixiloT 

organzomilebiani sivrce 2E , romelic nawilobriv dafarulia x simravliT 

( 2Ex ⊆ ). vTqvaT 2EB ⊆  romeliRac martivi formis, mcire sididis 

simravlea. B simravles vuwodoT mastruqturizebeli elementi. davuSvaT, 

rom { }Xxbxbx ∈±=+ | , sadac x_iT aRniSnulia X simravlis elementi, 

xolo b_Ti – B simravlis elementi.  
∧

B _Ti aRvniSnoT areklili 

mastruqturizebeli elementi, romelic Semdegnairad ganisazRvreba: 

       
∧

B ={ }Bbb ∈− | . 

maTematikuri morfologiiT simravleTa damuSavebis ZiriTadi 

operaciebia: “erosion”  da “dilation” ⊕. X_isa da B_s meSveobiT es 

operaciebi Cven SegviZlia ganvsazRvroT: 

X⊕B= { }BbXxbxbx
Bb

∈∈+=+
∈

,|U ,                                                           (2.2.1) 

X B= II
Bb

b
Bb

Xbx
∈

−
∈

=− ,                                                                             (2.2.2) 

am gansazRvrebidan gamomdinare, operacia “dilation” areklili elementis 

meSveobiT SeiZleba warmovadginoT Semdegi saxiT: 

X⊕B={z|( b +z) ≠XI  ∅} 
sadac ∅ carieli simravlea, Sesabamisad operacia “dilation”_is Semdeg 

miiReba aracarieli simravle, romelic Sedgeba X_isa da areklili 

mastruqturizebeli elementis erTobliobisagan. analogiurad operacia 

“erosion”_is Sedegi warmoadgens  elementebis iseT simravles, rogorebsac 

Seicavs mastruqturizebeli elementi 
∧

B , romelsac Seicavs X simravle. 

danarCeni ori operacia “opening” o  da “closing” •  SeiZleba warmodgenili 

iyos “dilation” da “erosion” operaciebis mimdevrobiT: 
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                  XoB=(X B)⊕B                                                                       (2.2.3) 

                    X• B=(X⊕B) B                                                                                (2.2.4) 

operaciebis moqmedebis TvalsaCinoebisaTvis ganvixiloT magaliTi: 

vTqvaT mocemulia X da B simravleebi: 

Х={(1,0),(1,1),(1,2),(1,3),(1,4),(1,5),(2,1),(3,1),(4,1),(5,1)};  В={(0,0),(0,1)}. 

ganvsazRvroT “dilation” operaciis Sedegi: radgan B elements gaaCnia 

ori mniSvneloba koordinatebiT (0,0) da (0,1), amitom ganvsazRvroT ori 

simravle )0,0(X  da )1,0(X  da maTi gaerTianeba: radgan Х⊕В= )1,0()0,0( XX U ; 

da XX ≡)0,0( ; 

)1,0(X ={(1,1),(1,2),(1,3),(1,4),(1,5),(1,6),(2,2),(3,2),(4,2),(5,2)} 

Х⊕В= )1,0()0,0( XX + = 

={(1,0),(1,1),(1,2),(1,3),(1,4),(1,5),(1,6),(2,1),(2,2),(3,1),(3,2),(4,1),(4,2),(5,1),(5,2)}; 

X simravlis B mastruqturizebeli elementiT gamoTvlisaTvis 

operacia “erizion”_is meSveobiT, gamoviyenoT (2.2.2) gamosaxuleba, saidanac 

gamomdinareobs, rom aucilebelia gamoviTvaloT )0,0(−X  da )1,0(−X , radgan 

Х В= )1,0()0,0( −− XX I ,  )0,0(−X =Х 

)1,0(−X ={(1,-1),(1,0),(1,1),(1,2),(1,3),(1,4),(2,0),(3,0),(4,0),(5,0)} 

Х В= )1,0()0,0( −− XX I ={(1,0),(1,1),(1,2),(1,3),(1,4)}                        (2.2.5) 

e.i. Х В – Seesabameba im elementebis koordinatebs, romlebic 

saerToa rogorc X simravlisaTvis aseve )1,0(−X  simravlisaTvis. moyvanili 

martivi magaliTebiT Cven SegviZlia davrwmundeT, rom operacia 

“erosion”_i amcirebs X simravlis elementebis raodenobas, xolo operacia 

“delation” – amcirebs igive simravlis elementebis raodenobas. 

exla ganvixiloT operacia “opening”_i igive B mastruqturizebeli 

elementis zemoqmedebisa X simravleze. (2.2.3) gamosaxulebis Tanaxmad: 

ХoВ=(Х В)⊕В=(Х В ∪)0,0() (Х В )1,0() =(Х В)⊕В 

(Х В )0,0() =Х В 

radgan Х В={(1,0),(1,1),(1,2),(1,3),(1,4)} 

(Х В )1,0() ={(1,1),(1,2),(1,3),(1,4),(1,5)} 
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(Х В )0,0() ={(1,0),(1,1),(1,2),(1,3),(1,4)} 

(Х В U)0,0() (Х В )1,0() ={(1,0),(1,1),(1,2),(1,3),(1,4)}U {(1,1),(1,2),(1,3),(1,4),(1,5)}= 

={(1,0),(1,1),(1,2),(1,3),(1,4),(1,5)}. 

da bolos, ganvixiloT operacia “closing”_i igive B mastruqturizebeli 

elementis zemoqmedebisa X simravleze. (1.3.4) gamosaxulebis Tanaxmad: 

Х⊕В={(1,0),(1,1),(1,2),(1,3),(1,4),(1,5),(1,6),(2,1),(2,2),(3,1),(3,2),(4,1),(4,2),(5,1),(5,2)} 

(Х⊕В )0,0() =Х⊕В 

(Х⊕В )1,0()− = 

={(1,1),(1,0),(1,1),(1,2),(1,3),(1,4),(1,5),(2,0),(2,1),(3,0),(3,1),(4,0),(4,1),(5,0),(5,1)} 

(Х⊕В) В=(Х⊕В I)0,0() (Х⊕В )1,0()− = 

={(1,0),(1,1),(1,2),(1,3),(1,4),(1,5),(2,1),(3,1),(4,1),(5,1)} 

2.2.1 naxazze mocemulia orobiT gamosaxulebaze B mastruqturizebeli 

elementis morfologiuri operaciebiT zemoqmedebis magaliTebi. nax. 

2.2.1.a_ze gamosaxulia sawyisi x simravle da mastruqturizebeli B 

elementi, nax. 2.2.1.b_ze – “erozion” operaciiT damuSavebis Sedegi, nax. 

2.2.1.g_ze – “dilation” operaciiT damuSavebis Sedegi, nax. 2.2.1.d_ze – 

“opening” operaciiT damuSavebis Sedegi, xolo nax. 2.2.1e_ze – “closing” 

operaciiT damuSavebis Sedegi. 

nax. 2.2.1_ze warmodgenilia orobiTi signali, romlis TeTri foni 

gamosaxulia 0_iT, xolo daStrixuli are 1_iT. daStrixuli are 

Seesabameba simravleebis erTobliobas, uwyveti xazi gardaqmnili 

simravleebis sazRvrebis maCvenebelia, xolo wyvetili xazi – sawyisi 

gamosaxulebis sazRvrebis maCvenebeli. rogorc naxazidan Cans, operacia 

“erosion” amcirebs “kunZulis” sawyis zomebs: “yureebis” magivrad 

warmoiqmneba “sruteebi”, anu mTliani simravle daiyofa nawilebad, xolo 

simravlis SigniT arsebuli are farTovdeba. operacia “dilation”_is 

SemTxvevaSi “yureebi” ivseba 1_is toli mniSvnelobebiT, xolo simravlis 

SigniT arsebuli sapirispiro mniSvnelobis are saerTod qreba.  

operacia “opening”_is gamoyenebis Semdeg, iseve rogorc wrfivi 

magaliTis SemTxvevaSi, viRebT operacia “erosion”_is gamoyenebis SemTxvevaSi 

miRebuli Sedegis msgavs Sedegs, anu “kunZulis” viwro “gadasasvlelebi” 
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qreba, magram axladwarmoqmnili “kunZulebis” zomebi gazrdilia, amasTan 

maTi kideebi “momrgvalebulia”. garda amisa daStrixuli ares SigniT 

arsebuli TeTri foni SenarCunebulia Tavis sawyis zomebSi, xolo 

“kunZulis” wawvetebuli adgilebi dagluvebulia. operacia “closing”_is 

gamoyenebis Sedegebi, kvlav wrfivi magaliTis msgavsad, operacia 

“dilation”_is gamoyenebis Semdeg miRebuli Sedegis msgavsia, magram 

“kunZulis” zomebis sazRvrebi ar icvleba im adgilebSi, sadac ar SeimCneva 

Rrma da viwro “yureebi”, xolo viwro “yureebi” amovsebulia da 

gagluvebuli, amasTan operacia “closing”_i “opening”_is msgavsad ver 

inarCunebs “kunZulis” SigniT arsebul gansxvavebul ares. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 2.2.1 a 

        nax. 2.2.1 b                 nax. 2.2.1 g  

            nax. 2.2.1 d                  nax. 2.2.1 e 

nax. 2.2.1 orobiT gamosaxulebaze mastruqturizebeli 

elementis morfologiuri operaciebiT zemoqmedebis magaliTebi 
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orobiTi maTematikuri morfologiis ganzogadeba SesaZlebelia 

mravaldoniani signalebisTvisac (gamosaxulebisTvisac). 

mastruqturizebeli elementi B gansazRvravs gamosaxulebis nawilis 

(fragmentis) zomas, romlis SigniTac ganisazRvreba morfologiuri 

operaciebi. mastruqturizebeli elementi Tanmimdevrulad gadaadgildema 

da moicavs mTel gamosaxulebas. 

mravaldonian gamosaxulebaSi gvaqvs )(xf  funqcia, romelic 

gamosaxulebaSi anaTvlebis intensivobaTa doneebs aRwers, sadac x  

gulisxmobs P areSi ganTavsebuli wertilebis simravles, risTvisac 

ganisazRvreba f  funqcia. am SemTxvevaSi operacia “dilation”_is Sedegi f  

funqciisaTvis B mastruqturizebeli elementiT Semdegnairad ganisazRvreba: 

(f⊕B)(x)= { })( ixfSup − .                                                                              (2.2.6) 
                              Bi ∈  

operacia “erosion” iZleva axal funqcias, romelic gamoiTvleba 

Semdegi gamosaxulebis mixedviT: 

(f B)(x)= { })( ixfInf +                                                                               (2.2.7) 
                       Bi ∈  

rogorc zemoT iyo aRniSnuli, maTematikuri morfologiis danarCeni 

ori operacia “opening” da “clozing”, SeiZleba warmovadginoT “erosion”_is 

da “dilation”_is Tanmimdevruli gamoyenebiT. 

               foB=(f B)⊕B                                                                            (2.2.8) 

f• B=(f⊕B) B                                                                                      (2.2.9) 

2.2.2 naxazze mocemulia “erosion”, “dilation”, “opening” da “closing” 

operaciebis moqmedebebis Sedegebi erTganzomolebian signalze. signali 

moicavs 80 anaTvals maqsimaluri amplitudiT 235. sawyisi signali 

damuSavebulia  mastruqturizebeli  elementiT,  romlis   koordinatebia  

B=(-2,-1,0,1,2). nax. 2.2.2 a Seesabameba sawyis signals, nax. 2.2.2 b – 

“erosion”_iT damuSavebul signals, nax. 2.2.2 g – “dilation”_iT damuSavebul 

signals, nax. 2.2.2 d – “opening”_iT damuSavebul signals, xolo nax 2.2.2e 

– “closing”_iT damuSavebul gamosaxulebas. daStrixuli areTi moniSnulia 

sawyisi signalis sidideebis mniSvnelobebi. gafiltruli signalebis 
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naxazebze wyvetili xazebiT gamosaxulia sawyisi signalis mniSvnelobebi, 

xolo uwyveti xaziT – miRebuli signalebis mniSvnelobebi.nax. 2.2.2_dan 

Cans, rom operacia “erosion” Slis wveroebs da amcirebs signalis 

amplitudis mniSvnelobebs, xolo operacia “dilation”-piriqiT, inarCunebs 

signalis pikur mniSvnelobebs da avsebs CaRrmavebul adgilebs. operacia 

“opening”_is moqmedebis Sedegi daaxloebiT hgavs operacia “erosion”_is 

moqmedebis Sedegs, oRond im gansxvavebiT, rom signalis amplituda 

SedarebiT naklebad mcirdeba da signali iRebs ufro gagluvebul formas 

misi wveroebis moSorebis gziT. rac Seexeba operacia “closing”_s, am 

SemTxvevaSic, iseve rogorc operaciebis “erosion” da “opening” SemTxvevaSi, 

“closing” operaciis ganxorcielebiT miRebuli Sedegi msgavsia “dilation” 

operaciisa, oRond im gansxvavebiT, rom “closing” operaciis Sedegi ufro 

metad imeorebs sawyisi signalis konturebs, kerZod; imeorebs miRebuli 

signalis pikur mniSvnelobebs, magram Rrmulebi amovsebulia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 2.2.2 a
 

nax. 2.2.2 b                     nax. 2.2.2 g 

 

        nax. 2.2.2 d                    nax. 2.2.2 e  

nax. 2.2.2 `erosion~, `ditation~, `opening~ da `closing~ operaciebis 
erTganzomilebian signalze moqmedebis Sedegi 
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maTematikuri morfologiis operaciebi SeiZleba ganvixiloT rogorc 

arawrfivi operaciebi, Sesabamisad, isini gamoiyeneba damxmare piramidis 

doneebis asagebad – rogorc arawrfivi filtracia, romelic “agluvebs” 

gafiltrul gamosaxulebas, rac gulisxmobs im detalebisa da obieqtebis 

nawilobriv an mTlianad gaqrobas (CaxSobas), romlebic zomiT ufro 

mcirea, vidre mastruqturizebeli elementi. mastruqturizebeli elementis 

forma, zoma da saxe gansazRvraven aseTi “gagluvebis” xarisxs. amasTan 

dakarguli detalebis Sesaxeb informacias Seicavs sxvaobiTi gamosaxuleba, 

romlis mixedviTac ganisazRvreba morfologiuri piramidis ZiriTadi 

doneebi. 

 
2.3. morfologiuri piramidis agebis principebi 

 

cnobilia [2], rom araorTogonaluri piramiduli agebebi 

iTvaliswineben damatebiTi (damxmare) piramidis Semotanas, romelic aigeba 

gamosaxulebis )( 0G _is dabalsixSiruli gafiltvriT, ris Sedegadac 

miiReba piramidis 4-jer Semcirebuli gamosaxuleba, vidre )( 0G  pirveli 

donea. laplasis piramidis SemTxvevaSi [2], damxmare piramidas warmoadgens 

gausis piramida. gausis filtris woniTi koefcientebi 

)(*)(),( nWmWnmW =  iReben Semdeg mniSvnelobebs: ,05.0)2()2( ==− WW  

25.0)1()1( ==− WW , ;4.0)0( =W  .2,1,0,1,2 −−=n  am piramidis doneebi 

warmoiqmneba rekurentuli algoriTmis mixedviT: 

∑ ∑
−= −=

+ +⋅+⋅⋅⋅=
2

2

2

2
1 )2,2()()(),(

m n
kk njmiGnwmwjiG 10 −≤≤ Nk ,     (2.3.1) 

sadac k  aRniSnavs piramidis donis nomers, xolo N  piramidis wveros 

nomers. 1...1.0 −== Mji , sadac i  aris 1+kG  gamosaxulebis striqonis 

nomeri, xolo j  – igive gamosaxulebaSi svetis nomeri. amrigad, damxmare 

piramidis k  doneze gveqneba 2)2( kM −⋅  anaTvali (piqseli), amitom 

samdoniani piramidis SemTxvevaSi piramidis wveroSi anaTvlebis raodenoba 

32x32)2( 3 =⋅ −M -is toli iqneba xolo yoveli k  donisTvis misi 

mniSvnelobaa – 128 −−k , e.i. 120 8 −≤≤ −ki , 120 8 −≤≤ −kj . gamosaxuleba 
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1+kG  gamoiyeneba kG  gamosaxulebis e.i. wina donis anaTvlebis 

winaswarmetyvelebisTvis. 

kodirebas eqvemdebareba erTidaigive koordinatebis mqone anaTvlebis 

winaswarmetyvelebis Secdoma. imis gamo, rom piramidis mezobel doneebs 

gaaCnia sxvadasxva zoma, e.i. anaTvlebis sxvadasxva raodenoba, saWiro 

xdeba interpolaciis gamoyeneba. amis Sedegad gamosaxulebaSi anaTvlebis 

raodenoba 1+kG  doneze izrdeba 2-jer rogorc striqonebis mixedviT, 

aseve striqonebis (svetebis) mixedviT (sul 4-jer). gausis piramidis 

SemTxvevaSi interpolaciis algoriTms eqneba Semdegi saxe: 

∑ ∑
−= −=

++
−−

⋅⋅=
2

2

2

2
11 )

2
,

2
()()(4),(

m n
kk

njmiGnwmwjiIG                 (2.3.2) 

amasTan interpolacia xorcieldeba argumentebis mTeli  
2

mi −
 da 

2
nj −
 

mniSvnelobebisaTvis. amis Semdeg gamoiTvleba winaswarmetyvelebis Secdoma 

anu sxvaobiTi gamosaxuleba: 

1+−= kkk IGGI ,                                            (2.3.3) 

sadac 10 −≤≤ Nk .   

gamosaxulebebi 110 ,..., −NLLL  sixSiruli speqtrebiT warmoqmnian 

laplasis piramidas. es maRalsixSiruli gamosaxulebebi SeiZleba iyos 

optimalurad gadakvantuli gacilebiT mcire bitebis raodenobiT, amasTan 

rac ufro dabalia done _ miT ufro uxeSad. am operaciebis Sesrulebis 

Sedegad miiReba SekumSva, sawyisi gamosaxulebis aRdgena xorcieldeba 

igive operaciebis ukuTanmimdevrobiTi SesrulebiT. SesaZlebelia amasTan 

sruliad aRvadginoT sawyisi gamosaxuleba, radganac piramiduli 

gamosaxuleba ukuSeqcevadia: 

1++= kkk IGIG  

⎥
⎦

⎤
⎢
⎣

⎡ −−
⋅⋅⋅= ∑ ∑

−= −=
++

2

2

2

2
11 )

2
,

2
()()(4),(

m n
kk

njmiGnwmwjiIG   ,          (2.3.4) 

11 −− = NN LG                                                                 

bolo etapze Cven gveqneba: 100 IGLG += , sadac 0G  sawyisi 

gamosaxulebaa. 
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morfologiuri piramida aigeba laplasis struqturuli sqemis 

mixedviT, im gansxvavebiT, rom damxmare piramidis doneebi formirdeba 

arawrfivi saxis filtris gamoyenebiT, romlis operaciebic aRiwereba 

maTematikuri morfologiis safuZvelze da ara (2.3.1) gamosaxulebis 

mixedviT. 

kavSiris arxebSi gadaicema piramidis wvero, romelic 3 donian 

piramidis SemTxvevaSi Seicavs 32×32 anaTvlebs nacvlad 256×256 zomis 

sawyisi gamosaxulebis da piramidis doneebi kI , romlebic gacilebiT 

naklebad mgrZnobiarea gadakvantvis mier warmoqmnili xmauris mimarT, 

romelic xorcieldeba informaciis SekumSvisaTvis optimaluri kodrebis 

gansaxorcieleblad. 

morfologiuri piramida aigeba laplasis piramidis msgavsad [8]. 

ZiriTadi piramidis agebas win uswrebs damxmare piramidis ageba. laplasis 

piramidis SemTxvevaSi es iyo gausis piramida (wrfivi filtriT) [11]. 

mocemul SemTxvevaSi morfologiuri damxmare piramida miiReba arawrfivi 

filtraciisa da decimaciis meSveobiT. magaliTisaTvis ganvixiloT 

operacia “opening”. damxmare piramidis doneebi aRvniSnoT NII ,...1 _iT; 0I  

Seesabameba sawyis gamosaxulebas. 

1+kI =MReduce[ kI ],          1,...,1,0 −= Nk  

IkI ,1+ =Expand[ 1+kI ]           

M morfologiuri operaciis simboloa, xolo IkI ,1+  – interpolaciis 

Sedegi, romelic aucilebelia sxvaobiTi gamosaxulebis ( kL ) misaRebad: 

Ikkk IIL ,11 ++ −=  

1+kI =Dowsample[ okI B].  

Dowsample aRniSnavs gamosaxulebis anaTvlebis decimacias 2_is toli 

koeficientiT orive sakoordinato RerZisaTvis.  

kL _Ti aRniSnulia ZiriTadi piramidis doneebi. piramidis doneebis 

agebis algoriTmi SeiZleba Semdegnairad Caiweros: 

1+kI =Dowsample[ okI B]; 

IkI ,1+ =Eexpand[ 1+kI ]; 



67 

Ikkk IIL ,1+−= ; 

,1+k  While Nk < ; 

kk LI = . 

amasTan okI B=( kI B)⊕B. 

),( yxJ _iT aRvniSnoT funqcia, romelic aRwers gamosaxulebis 

anaTvlebis intensivobebs p areSi. 

{ }−∞≠= ),(/),( yxJyxP ,                                                                           (2.3.5) 

{ }PyxyxJI k ∈= ),/(),( .                                      (2.3.6) 

mastruqturizebel elementad aviRoT kvadratuli formis 3×3 zomis 

filtri. am SemTxvevaSi “erosion”_is operacia mastruqturizebeli 

elementiT aRiwereba Semdegi formuliT: 

{ }BjijyixJyxErodedJ ∈++= ),/(),(inf),( , 

{ }BjijyixErodedJyxOpenedJ ∈−−= ),/(),(sup),( . 

rogorc zeviT aRvniSneT, morfologiuri piramida aigeba laplasis 

piramidis msgavsad, oRond im gansxvavebiT, rom masSi gamoiyeneba 

maTematikuri morfologiis erT-erTi operacia (filtri).  

cdebi tardeboda satesto gamosaxulebisaTvis “lena”, romelic 

gamoirCeva maRali detalurobiT da kontrastulobiT, amasTan aRniSnul 

gamosaxulebaze Catarebulia mravali sxva eqsperimenti da Sesabamisad Cven 

saSualeba gveZleva SevadaroT Cvens mier miRebuli Sedegebi aqamde 

arsebul SedegebTan. 

cxrili 2.3.1    operacia `erosion~-is meSveobiT agebuli piramidis doneebis            

               statistikuri maxasiaTeblebi 

    maTematikuri 

lodini 
dispersia entropia 

sawyisi gamosaxuleba 99.028 2792 7.604 

damx. piram. pirveli donis gafiltruli 82.443 2887 7.449 

damx. piram. pirveli donis gafiltru-

li, decimirebuli  
81.884 2920 7.479 

damx. piram. pirveli donis 

interpolirebuli 
82.396 2751 7.475 

piramidis pirveli done  16.632 523.5 5.639 

damx. piram. meore donis 

gafiltruli 
64.208 2664 7.085 

damx. piram. meore donis gafiltruli, 

decimirebuli  
64.352 2665 7.17 
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damx. piram. meore donis 

interpolirebuli 
65.229 2421 7.232 

piramidis meore done 16.655 605.4 5.744 

 

cxrili 2.3.2    operacia “dilation”_is meSveobiT agebuli piramidis doneebis    

               statistikuri maxasiaTeblebi. 

                 
maTematikuri 

lodini 
dispersia entropia

sawyisi gamosaxuleba 99.028 2792 7.604 

damx. piram. pirveli donis gafiltruli 115.339 2618 7.505 

damx. piram. pirveli donis gafiltru-

li, decimirebuli  
114.541 2698 7.532 

damx. piram. pirveli donis 

interpolirebuli 
115.197 244 7.529 

piramidis pirveli done  -16.169 595.3 5.824 

damx. piram. meore donis 

gafiltruli 
133.371 2532 7.343 

damx. piram. meore donis gafiltruli, 

decimirebuli  
131.556 2759 7.379 

damx. piram. meore donis 

interpolirebuli 
133.014 2269 7.458 

piramidis meore done -18.472 745.03 5.987 

 

cxrili 2.3.3   operacia “closing”_is meSveobiT agebuli piramidis doneebis   

               statistikuri maxasiaTeblebi. 

                
maTematikuri 

lodini 
dispersia entropia 

sawyisi gamosaxuleba 99.028 2792 7.604 

damx. piram. pirveli donis 

gafiltruli 
103.047 2712 7.462 

damx. piram. pirveli donis 

gafiltruli, decimirebuli  
102.994 2712 7.504 

damx. piram. pirveli donis 

interpolirebuli 
103.6 2713 7.501 

piramidis pirveli done  -4.571 319.2 5.398 

damx. piram. meore donis 

gafiltruli 
136.956 2494 7.288 

damx. piram. meore donis 

gafiltruli, decimirebuli  
134.974 2744 7.323 

damx. piram. meore donis 

interpolirebuli 
136.474 2266 7.422 

piramidis meore done -47.01 1544 6.792 

 

cxrili 2.3.4 operacia “opening”_is meSveobiT agebuli piramidis  

                 doneebis statistikuri maxasiaTeblebi. 

 
maTematikuri 

lodini 
dispersia entropia 

sawyisi gamosaxuleba 99.028 2792 7.604 

damx. piram. pirveli donis 

gafiltruli  
92.561 2872 7.5 
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damx. piram. pirveli donis 

gafiltruli, decimirebuli  
91.828 2927 7.532 

damx. piram. pirveli donis 

interpolirebuli 
92.387 2741 7.529 

piramidis pirveli done  6.641 324.4 5.34 

damx. piram. meore donis 

gafiltruli 
88.044 2887 7.327 

damx. piram. meore donis 

gafiltruli, decimirebuli  
86.791 2955 7.372 

damx. piram. meore donis 

interpolirebuli 
87.864 2635 7.433 

piramidis meore done 6.411 484.3 6.325 

 

rogorc miRebuli mniSvnelobebidan Cans, kodirebisaTvis yvelaze 

saukeTeso statistikuri maxasiaTeblebi da Sesabamisad yvelaze mcire 

entropia gaaCnia “opening” filtriT gafiltrul, pirveli donis 

“sxvaobiT” gamosaxulebas, romelic tolia 5.39_is, amitom SemdgomSi Cven 

cdebs CavatarebT ZiriTadad aRniSnuli filtris gamoyenebiT.  

rogorc zemoT iyo aRniSnuli, piramidis doneebis ageba xorcieldeba 

rekurentuli algoriTmiT da dafuZnebulia filtraciis, decimaciis da 

interpolaciis operaciebze. 

gafiltvra, e.i. operaciis saxe, romlis safuZvelzec xorcieldeba 

piramidis donis formireba, SeiZleba iyos wrfivi da arawrfivi saxis 

[8,14]. piramiduli gardaqmnebis Sedegad sawyisi gamosaxuleba warmodgeba 

gamosaxulebaTa mimdevrobiT (wyobiT), romelic xasiaTdeba Semcirebuli 

“garCeviTi” unariT (piramidis donis nomris zrdasTan erTad) da 

TiToeul sakoordinato RerZze elementebis raodenobis orjer 

SemcirebiT. sabolood piramidis yoveli done (dabalsixSiruli wveros 

garda) warmoadgens maRalsixSirul gamosaxulebas. piramidis nomris 

zrdasTan erTad yoveli Semdgomi donisaTvis am gamosaxulebis zoma 

mcirdeba 4_jer. 

imis gamo, rom Tvali sustad aRiqvavs gamosaxulebis maRalsixSirul 

mdgenelebs, es informacia SeiZleba ufro mcire raodenobis bitebiT 

davakodiroT, vidre sawyisi gamosaxuleba iyo warmodgenili. 

dabalsixSiruli gamosaxuleba, romelic ganlagebulia piramidis wveroSi 

da informaciis ZiriTadi matarebelia, gacilebiT mcire anaTvlebs Seicavs, 
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vidre sawyisi gamosaxuleba. zemoaRweril moqmedebaTa Sedegad xorcieldeba 

SekumSva. 

garCeviTi unarianobis Semcireba xorcieldeba decimaciiT, momdevno 

doneze miRebuli anaTvlebis raodenoba damokidebulia decimaciis 

koeficientze da rogorc ukve aRvniSneT, Semdgomi donis gamosaxuleba 

mcirdeba 4_jer, Tu decimaciis koeficienti udris 2_s. 

sainteresoa piramidis doneebis ageba decimaciis sxva koeficientiT, 

kerZod, roca decimaciis koeficienti 3_is tolia. 3_jer decimacia 

gamoiyeneboda sxva miznebisTvis [3] da Cven vcadeT gamogveyenebina aseTi 

decimacia da avageT morfologiuri piramida, romelsac Cven vuwodeT modi-

ficirebuli. determinirebuli maxasiaTeblebis gansazRvris dros 

upiratesoba mieniWa mastruqturizebel elements, romelsac hqonda 

kvadratiuli forma zomiT 3×3. swored amitom Cven SevecadeT iseTi modi-

ficirebuli piramidis Seqmna, romlis mastruqturizebeli elementis zoma 

“Seesabameboda” decimaciis dros “darCenili” elementebis raodenobas. 

3_is toli koeficientiT decimaciis dros sawyisi gamosaxulebis 

zoma mcirdeba 3_jer orive sakoordinato RerZis mimarTulebiT. 

Sesabamisad sawyisi gamosaxulebis zoma saerTo jamSi Semcirdeba 9_jer da 

miviRebT elementebis raodenobas  zomiT – 85×85.  

Tavdapirvelad xorcieldeba sawyisi gamosaxulebisaTvis erTi 

striqonisa da erTi svetis damateba, radgan morfologiuri filtriT 

gafiltvris SemTxvevaSi gamosaxulebis zomebi mcirdeba. gamosaxulebis 

zomis Semcireba damokidebulia mastruqturizebeli filtris zomaze. Cvens 

SemTxvevaSi, rogorc ukve iyo aRniSnuli, mastruqturizebeli elementis 

zomaa 3×3_ze. 

rogorc zemoT iyo aRniSnuli, morfologiuri piramidis operacia 

“opening”_i SeiZleba ganvaxorcieloT “erosion” da “dilation” operaciebis 

Tanmimdevruli SesrulebiT. (minimumiT xorcieldeba “erosion” operacia, 

xolo maqsimumiT – “dilation” operacia). striqonebisa da svetebis damateba 

aucilebelia “dilacion” operaciis Sesrulebis winac. yovelive am 

operaciebis Sesrulebis Semdeg Cven miviReT gafiltruli gamosaxuleba. 
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modificirebul piramidul agebaSi Semdeg operacias warmoadgens decimaciis 

operacia 3_is toli koeficientiT, romlis ganxorcielebis formulac 

moyvanilia qvemoT (2.3.7). 

m 0 84..:= n 0 84..:=

LENADm n, LENA3 m⋅ 3 n⋅,:=                                       (2.3.7) 

sadac LENA sawyisi gamosaxulebaa zomiT 256×256, xolo decimirebuli 

gamosaxulebis  zomaa 85×85. 

sxvaobiTi gamosaxulebis misaRebad, rogorc ukve iyo aRniSnuli, 

aucilebelia ganxorcieldes interpolaciis operacia. SemdegSi 

xorcieldeba wrfivi interpolacia. 

m 0 252..:= n 0 252..:=

LENAIm n,
1
9

0

2

c 0

2

v

LENAD
floor

m c+
3

⎛⎜⎝
⎞⎟⎠

floor
n v+
3

⎛⎜⎝
⎞⎟⎠

,
∑
=

∑
=

⋅:=

 ,                 (2.3.8) 

sadac I interpolirebuli gamosaxulebaa, xolo LENA rogorc wina 

SemTxvevaSi decimirebuli gamosaxulebaa. 

modificirebuli piramidis SemTxvevaSi Cven vagebdiT mxolod or 

donian piramidas, radgan 3_is toli koeficientiT decimaciis dros 

piramidis Semdgomi donis gamosaxulebis zoma mniSvnelovnad mcirdeba, 

(rogorc zeviT iyo aRniSnuli 9_jer), ris gamoc interpolaciis 

operacias interpolirebul gamosaxulebaSi Seaqvs ufro meti Secdomebi, 

vidre 2_is toli decimaciis SemTxvevaSi. 

garda amisa satatistikuri maxasiaTeblebis cvlileba xdeba 

imdagvarad, rom Semdgomi donis agebis ganxorcielebas azri ekargeba, rac 

naCvenebi iqneba 2.4 paragrafSi. modificirebuli morfologiuri piramidis 

doneebi naCvenebia nax. 2.3.1_ze. aRsaniSnavia isic, rom optimaluri 

daqvantvis gamoyenebis dros xdeboda agreTve maRalsixSiruli (sxvaobiTi) 

gamosaxulebis decimaciac, ramac mogvca saSualeba gagvezarda SekumSvis 

koeficienti 2,645_dan 7,257_mde. orive SemTxvevaSi maRalsixSiruli 

gamosaxulebis optimaluri daqvantva xdeboda 2 bitad, xolo Tu 

ganvaxorcielebT wveros 8 bitidan 6 bitamde Tanabar gadaqvantvas, rac 
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praqtikulad xorcieldeboda, maSin SekumSvis koeficienti kidev ufro 

gaizrdeba da gaxdeba 9,071_is toli. 

LENA J4

LS

LOQ

LSD

  nax. 2.3.1 gamosaxulebis gardaqmna morfologiuri piramidis agebis 

operaciebiT. a – sawyisi gamosaulebaa, b – interpolirebuli gamosaxuleba, g – 

piramidis pirveli done, d – piramidis wvero,  e – piramidis pirveli donis 

decimirebuli gamosaxuleba. 

 

cxril 2.3.5_Si moyvanilia tradiciuli da modificirebuli 

algoriTmebiT agebuli piramidebis Sedegad miRebuli aRdgenili 

gamosaxulebebis sizustis maCveneblebi da Sesabamisi SekumSvis 

koeficientebi. 

 

 

 

 

g 

d

e 

a 

b 
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cxrili 2.3.5    aRdgenili gamosaxulebebis sizustis maCveneblebi da   

                Sesabamisi SekumSvis koeficientebi 

 skg nskg sxpf sxpf 
Sek. 

koef. 

tradiciuli  12.598 0.112 18.997 26.158 2.645 

modificirebuli 20.16 0.18 14.913 22.075 9.071 

 

rogorc moyvanili cxrilidan Cans, SekumSvis koeficientis 

daaxloebiT 3,5 jer gazrdis SemTxvevaSi sxpf mcirdeba mxolod 4 db_iT, 

Sesabamisad dasturdeba zemoT moyvanili mosazreba, mastruqturizebeli 

elementisa da decimaciis koeficientis “SesabamisobiT” migveRwia 

garkveuli pozitiuri SedegebisTvis. miRebuli Sedegebidan gamomdinare 

SemdgomSi kvlevebs ganvaxorcielebT modificirebuli piramidis 

gamoyenebiT. 

 
2.4 gamosaxulebaTa SekumSvis veivlet gardaqmnis 

teqnologiebi 

 

2.4.1 veivlet funqciebis miReba 

 

veivlet gardaqmna warmoadgens axal meTods, romelic emsaxureba 

sainJinro amocanebis gadawyvetas uaRresad efeqturi SedegebiT [34,37,44]. 

f(t) signalis veivlet-gardaqmna gulisxmobs veivlet-funqciebis wrfiv 

kombinacias Sesabamisi koeficientebiT.  veivlet funqciebi sinusoiduri 

tipis funqciebisagan gansxvavebiT ganisazRvrebian garkveuli drois 

ganmavlobaSi. signalis veivlet-funqciebad daSlis dros sargebloben 

swrafi algoriTmiT. es algoriTmebi kargad gamoyenebadia, gansakuTrebiT, 

roca saqme exeba monacemTa SekumSvas da xmauris (SemTxveviTi 

cdomilebebis) aRmofxvras. sasargeblo signalisaTvis veivlet analizs aqvs 

farTo gamoyeneba, gansakuTrebiT iseT sferoebSi, sadac xdeba signalebisa 

da gamosaxulebebis damuSaveba: (samedicino amocanebSi, informaciis 

SekumSvaSi, saxeTa amocnobaSi, informaciis gadacemaSi da sxva.)   
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Cven gamoviyenebT organzomilebian veivlet funqciebs, imitom rom 

Cveni mizania gamoviyenoT veivlet-gardaqmna gamosaxulebaTa optimaluri 

warmodgenisaTvis. vinaidan organzomilebiani (2D) veivleti iqmneba  

erTganzomilebiani (1D) veivletebis namravliT, amitom gverds ver avuvliT 

erTganzomilebiani veivlet-funqciebis Seqmnis gansazRvras. unda aRvniSnoT, 

rom MathCad paketSi es funqciebi mocemulia da maTi Seqmna ar warmoadgens 

siZneles: 

 

sadac  x aris is koordinati, sadac unda ganisazRvros veivleti; j 

aris dadebiTi mudmiva; k aris mudmiva (gadatanis koeficienti), romelic 

gansazRvravs veivlet-pozicias; n aris mudmiva. 

 cnobilia, rom veivlet gardaqmnaSi SeiZleba monawileobdes bevri 

sxvadasxva orTogonaluri da araorTogonaluri funqciebi [13], yvelaze 

didi gamoyeneba aqvT haaris, dobeSis da sxva funqciebis [45, 48]. qvemoT 

aris moyvanili magaliTi, romelic exeba father da mother funqciebis Seqmnas 

dobeSis funqciebis safuZvelze. Tu veivlet funqciis argumenti nulis 

tolia (n=0), vRebulobT father veivlets, xolo roca n=1, maSin mother 

veivlets. rac Seexeba haaris funqciebis Seqmnas, sailustraciod 

ganvixiloT magaliTi, romelic exeba (2D) ganzomilebaSi miRebul 

funqciebs.  

organzomilebian (2D) veivlet funqcias aqvs Semdegi saxe: 

sadac Wn(x) aris (1D) veivlet funqcia, n funqciis nomeria, f aris funqciis 

dasaxeleba, j aris veivlet gardaqmnis (masStabirebis) donis nomeri. 

magaliTi: 

wavelet(x,j,k,n,f)  father(x,[j,k],s) mother(x,[j,k],s) 

wavelet2d x y, j, kx, ky, m, n, f, ( ) 2 j− Wm 2 j− x kx−( )⋅ Wn 2 j− y ky−( )⋅  
 

MDk l, 
mother2d xk yl, j, kx, ky, "d2", "D", ( ):=  

MVk l, 
mother2d xk yl, j, kx, ky, "d2", "V", ( ):=  

MHk l, 
mother2d xk yl, j, kx, ky, "d2", "H", ( ):=  

j 0:=  

yl
l

16
0.5−:=  

kx 0:=  
Fk l, father2d xk yl, j, kx, ky, "d2", ( ):=  

ky 0:=  
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moyvanili suraTebi asaxaven haaris funqciebs organzomilebian areSi.  

Father veivleti warmoadgens dadebiT funqcias, xolo MH aris 

funqcia, romelic horizontaluri  (x) RerZis mimarT Rebulobs rogorc 

dadebiT, aseve uaryofiT mniSvnelobebs. MV aris funqcia, romelic (y) RerZis 

mimarT icvlis niSans. MD aris funqcia, romelic Seicavs maRal sixSires 

diagonalis mimarT. 

xk
k

16
0.5−:=  k 0 N 1−..:=  N 32:=  

father veivleti horizontaluri mother veivleti 

F MH

 

vertikaluri mother veivleti diagonaluri father veivleti 

MV MD

 

l 0 N 1−..:=  



76 

 organzomilebiani veivlet-gardaqmnis gamoyenebiT moRebuli 

piramiduli agebis sqema, romelic asaxavs veivlet-gardaqmnas rogorc mis 

maRal sixSirul  (H) da dabalsixSirul (L) filtrebSi gatarebis 

mimdevrobas. LH- avRniSnav maRalsixSirul vertikalur filtracias, xolo 

HL ki dabalsixSirul vertikalur filtracias. LL3 – niSnavs orive 

mimarTulebiT dabalsixSirul samjer ganxorcielebul filtracias.  

Semdeg naxazebze  mocemulia am procesis piramiduli warmodgena.  
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2.4.2 gamosaxulebis transformantis miReba 

 

 gardaqmnis koeficientebis gamosaxuleba (transformanta) miiReba im 

funqciebis meSveobiT, romlebic miekuTvneba bioorTogonal veivlet 

funqciebs. 

 iwave – niSnavs Sebrunebul operacias an aRdgenis funqcias.  

 

   M=READRGB(“jupiter2.gif”) 

N nax. 2.4.2.1-ze mocemulia sawyisi gamosaxuleba. 

 

 

 

 

 

 

 

 

rodesac piramidis doneebis raodenoba udris 1, vRebulobT suraTs: 

 

 

 

 

 

 

 

 

 

 

Tu gamoviyenebT wavescale funqcias miviRebT igive suraTs, romelSic 

mkveTrad iqneba gamosaxuli yvela are: LL1, LH1, HL1, HH1. 

 

wave2d(M, j) iwave2d(M, j) wavescale(M, j, Min, Max) 

  wave2d(M, j) 

level 1:=  

N wave2d M level, ( ):=  

M 
                   nax. 2.4.2.1 

scale(N,0,255) 
                      nax. 2.4.2.2 
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gamosaxulebis aRdgena xorcieldeba iwave2d  funqciiT. miRebuli 

Sedegi mocemulia qveda naxazze: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

wavescale(M, j, m, n) 

indep wavescale N
→⎯

level, 0, 255, ( ):=  

iwave2d(M, j) 

Rec iwave2d N level, ( ):=  

Rabs Rec
→⎯ ⎯

:=  

scale(indep,0,255) 
                               nax. 2.4.2.3 

Rabs 
          nax. 2.4.2.4 
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2.4.3 gamosaxulebis veivlet-gardaqmniT SekumSvis magaliTi 
 

moviyvanoT magaliTi gamosaxulebis SekumSvaze veivlet-gardaqmnis 

safuZvelze, romelic xorcieldeba MathCad paketSi DWT funqciis 

safuZvelze.  

 

 

 

 

 

 

 

 

sawyisi gamosaxuleba 
 
 
 
 
 
 
 
 
 

 
 

 

 

gamosaxulebis DWT gamoTvla: 

 

 

 

veivlet koeficientebis klasifikacia zomis mixedviT: 
 
 
 

gamosaxulebis rekonstruqcia veivlet meTodiT: 
 

 

 

 

 gamosaxulebis rekonstruqcia mxolod yvelaze grZeli veivlet 

koeficientis 1%-is gamoyenebiT: 

L READBMP "lena.bmp"( ):=  

L
N rows L( ):=  

N 1 floor 0.1 N 2⋅( ):=  

filter symmlet 12( ):=  J 4:=  

N2 floor 0.01 N2⋅( ):=  

W L dwt L J, filter, ( ):=  

W s wavesort W L( ):=  

W' 1 shrink W s N 1, W L, ( ):=  

L1 idwt W' 1 J, filter, ( ):=  
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  aproqsimacia koeficientebis 10%-iT 

 

 

2.5 SemTxveviTi Secdomebis mqone gamosaxulebaTa filtracia  

veivlet da medianuri filtrebis saSualebiT 

 

 

W' 2 shrink W s N 2, W L, ( ):=  L2 idwt W' 2 J, filter, ( ):=  

scale L1( )

apromiqsacia koeficientebis 1%-iT 

scale L2( )
gamosaxulebis 

reproduqcia aris 

brwyinvale mxolod 

10%-iT 

koeficientis 1%-iT, gamosaxulebis 

xarisxi Semcirebulia, magram  

fotografia kvlavac icnoba  
(garCevadia) 

M READ_IMAGE "bridge.bmp"( ):=  

noisei j, 150:=  

j 0 cols M( ) 1−..:=  

i 0 rows M( ) 1−..:=  

N M rnd noise( )+
→⎯⎯⎯⎯⎯

:=  



81 

 

naxazebze 2.5.1 da 2.5.2 mocemulia sawyisi M da xmauriani N gamosaxuleba. 

 

 

 

 

am paragrafSi ganvixilavT veivlet-gardaqmnis unars CaaxSos is 

SemTxveviTi Secdomebi (xmauri), romelic dadebulia sawyis gamosaxulebaze. 

aq ganxiluli iqneba simetriuli anu araorTogonaluri veivlet-funqciebi. 

xmauri ganawilebulia Tanabari ganawilebis kanoniT. `xmauri~-s zeddeba 

gamosaxuleba `bridge~-ze xorcieldeba Semdegi operatorebiT: xmauri 

aRmofxvra (filtracia) am SemTxvevaSi xdeba Donoho da Johnstone-is 

meTodiT, romelic iTvaliswinebs veivlet-transformantaSi zRurblis 

`Soft-thresholding~ SemoRebas da transformantaSi koeficientebis ganulebas, 

romlebic akmayofileben garkveul pirobas. pirvel etapze xorcieldeba 

gamosaxulebis transformantis miReba (2.5.1). 

                                        )7,(2: NdwaveQ =                                            (2.5.1) 

meore etapze dgindeba ramdeni koeficienti iqneba SenarCunebuli 

zRurblis SemoRebiT: 

                         40:=thresh                        (2.5.2)            

M

           nax. 2.5.1 sawyisi gamosaxuleba  
scale N 0, 255, ( )

    nax. 2.5.2 dasamuSavebeli, xmauriani   

gamosaxuleba 
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Tu koeficientis mniSvneloba naklebia am zRurblze, igi gautoldeba 

nuls. Tu koeficienti metia am zRurblze, igi unda gamoakldes am 

zRurblis mniSvnelobas. MathCad programaSi es operacia sruldeba 

veqtorizaciis saSualebiT da gamoisaxeba Semdegi gamosaxulebiT: 

         )()()1)(2(: threshQthreshQQtemp >⋅−⋅−Φ⋅=               (2.5.3)             

veivlet-ukugardaqmnis Sedegad vRebulobT saboloo gamosaxulebas 

`recons~, romelic naCvenebia (2.5.4) formulis gamoyenebis Sedegad: 

                           (2.5.4) 

 

 

 

 

 

 

 

 

 

 

 

 

miRebuli Sedegi cxadyofs, rom ganxiluli meTodi anxorcielebs 

`xmauris~ filtracias da aumjobesebs `xmaurian~ gamosaxulebas. 

  

2.5.4 naxazze mocemulia gamosaxuleba, romelic miRebulia, rodesac 

`xmauris~ filtracia xdeboda filtriT, romelic xorcieldeboda sxva 

gasaSualoebis filtris mixedviT. 

Ncons scale orthosmooth5 N( ) 0, 255, ( ):=                                                       (2.5.5) 

recons iwave2d temp 7, ( ):=  

scale recons 0, 255, ( )

nax. 2.5.3 veivlet-ukugardaqmnis Sedegad  

miRebuli gamosaxuleba 
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Nmed

 

nax. 2.5.5 xmaurian gamosaxulebaze    

       medianuri filtriT zemoqmedebis  

       Sedegad miRebuli gamosaxuleba 

 

nax. 2.5.3 da nax. 2.5.4-ze mocemuli gamosaxulebebis Sedareba gvaZlevs 

saSualebas gavakeToT Semdegi daskvna: veivlet-simetriuli gardaqmna 

gacilebiT kargad inarCunebs gamosaxulebis konturebs vidre sxva wrfivi 

saxis filtracia. cnobilia, rom konturebis SenarCunebis mxriv arawrfivi 

filtracia, mag. morfologiuri an medianuri ufro karg Sedegebs iZleva. 

Semdeg etapze Cven vimoqmedeT xmaurian gamosaxulebaze medianuri filtriT.  

                                      (2.5.6) 

 
    am SemTxvevaSi nax. 2.5.3-is da nax. 2.5.5-is Sedareba cxadyofs, rom am 

gansakuTrebul SemTxvevaSi veivlet-simetriuli filtri, romelic Seicavs 

7 koeficients, iZleva ufro karg Sedegs vidre medianuri filtri, 

miuxedavad imisa, rom zogad SemTxvevaSi medianuri filtracia gamoirCeva 

ufro kargi SedegebiT konturebis SenarCunebis mxriv, vidre sxva wrfivi 

saxis filtrebi, romelsac miekiTvneba veivlet filtri. 

 

 

 

 

Ncons

nax. 2.5.4 gamosaxuleba, miRebuli 

xmauris gziT, gafiltvriT 

Nmed scale medfilt N( ) 0, 255, ( ):=  
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Tavi 2.6 diferencialuri impulsur-koduri modulacia 

wrfivi winaswarmetyvelebiT 

 
diferencialuri impulsur-koduri (dik) modulacia miekuTvneba 

uwyveti signalebis cifruli kodirebis meTodebis im jgufs, romelsac 

safuZvlad udevs signalis winaswarmetyvelebis procesi. dik modulaciis 

dros xdeba ara signalis mimdinare mniSvnelobis gadacema, aramed gadaicema 

nawinaswarmetyvelev mniSvnelobaTa Soris sxvaobis kodirebuli mniSvneloba, 

romelic gamoiTvleba adre gadacemuli signalebis erTobliobis mixedviT. 

sxvanairad, arxSi gadaicema e. w. sxvaobiTi signali, anu winaswarmetyve-

lebis Secdomis signali. 

gamosaxulebaTa signalebis cifruli kodirebis procesi dik 

modulaciis safuZvelze Sedgeba mTeli rigi etapebisgan, romelic moicavs 

uwyveti signalebis diskretizacias, winaswarmetyvelebis Secdomis signalis 

formirebas da dakvantvas, dakvantuli sxvaobiTi signalis cifrul 

kodirebas da sxva. yvela am etapis parametrebis optimaluri SerCeva, 

TiToeuli etapis mier Setanili Secdomis minimaciis mizniT, mTlianobaSi 

gansazRvravs gamosaxulebaTa damuSavebis sistemaSi dik modulaciis 

sizustis maxasiaTeblebsac. am maxasiaTeblebis parametrebze  arsebiT 

gavlenas axdens kodirebuli sigalebis statistika, agreTve signalebis 

mimRebis maxasiaTeblebi. 

signalebis nawinaswarmetyvelevi mniSvnelobebi SeiZleba adre 

gadacemuli anaTvlebis wrfivi, an arawrfivi funqcia iyos. Sesabamisad dik 

modulaciac arsebobs wrfivi da arawrfivi winaswarmetyvelebiT. 

dReisaTvis farTodaa gavrcelebuli dik modulacia wrfivi winaswarmet-

yvelebiT, rodesac nawinaswarmetyvelevi signali  xwin ganisazRvreba 

mosalodneli signalebis awonili jamiT: 

∑
=

−−−− =+++=
0

00
1

2211 ..
M

j
jijMiMiii

xaxaxaxaxwin       (2.6.1) 

sadac aj _ molodinis koeficientia, M0 ki im signalebis winaswari aTvlis 

ricxvia, romlebic monawileoben xwin..i-s formirebaSi. es ricxvi amave dros 
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gansazRvravs molodinis rigs, rodesac M0=1, gvaqvs I rigis 

winaswarmetyveleba, Tu  M0=2 _ meore rigis da a.S. cifruli signalebis 

dik modulaciiT damuSavebis struqturuli sqema warmodgenilia Semdeg 

sqemaze: 

 

Sesasvleli x(t) signalis diskretizacia xdeba fd sixSiriT, romelic 

ganisazRvreba gatarebis zolis signalis da am signalis speqtris 

Tvisebebis mixedviT. Sedegad miiReba anaTvlebis {xi} Tanamimdevroba 

erTdroulad winaswarmetyvelebis blokSi ganisazRvreba xwin-i 

mniSvnelobebi, romlebic gamoklebis blokSi (gm) gamoakldebidan x.i  

mniSvnelobebs. amrigad formirdeba sxvaobiTi signalebis mimdevroba, anu 

winaswarmetyvelebis Secdomis signalebi: 

i
xxe ii .win

−=                        (2.6.2) 

dakvantvis Secdomis nulTan tolobis pirobebSi gvaqvs: 

 
d. 

 
g.m. 

 
d.m. 

winaswar-
metyvelebis 

bloki 

Σ 

 
k.a. 

 
g.b. 

Σ 
 

winaswar-
metyvelebis 

bloki 

x(t) {xi} {ei} Si={ei+qi} 

+ xwin.i 

koderi

dekoderi 

+ 

{ri}={si+εi} 

{xwin. i}

)(ˆ tx  { }ix̂

dik modulatoris kodekis struqturuli sqema 
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∑
=

−−=
0

1

M

j
jijii xaxe .                   (2.6.3) 

 damkvantavi mowyobiloba (d.m), TiToeul ei sidides amrgvalebs 

dakvantvis uaxloes donemde. amasTan sxvaoba ei-sa da am dones Soris 

atarebs qi dakvantvis Secdomis saxelwodebas. amrigad dakvantvas 

gamosasvlelze formirdeba signali: 

     iii qes += .                        (2.6.4) 

amis Semdeg si signali ganicdis kodirebas da dakvantvis N 

donisaTvis gadaecema orobiTi erTeulis koduri kombinaciebiT romlis 

sigrZe gansazRvrulia formuliT: 

     [ ] 12 += Nogn l ,                                         (2.6.5) 

sadac [log2N] aris gamosaxulebis mTeli nawili. am koduri kombinaciebis 

mixedviT, damuSavebis sistemaSi xelSeSlebis ararsebobis SemTxvevaSi dik 

modulaciis sistemis mimReb mxares aRdgeba dakvantvis doneebi, xolo 

Semdeg ki sawyisi signali, romelic arxSi xmauris ararsebobis SemTxvevaSi 

gadacemuli signalebisagan gansxvavdeba dakvantvis  qi  Secdomis 

mniSvnelobiT. 

 MathCad paketis meSveobiT Cven miviReT wrfivi winaswarmetyvele-

bebiT signalis mniSvnelobis miReba momaval momentebisaTvis. 

ganvixiloT magaliTi: 

X  signalisaTvis, romelic moicavs n=101 anaTvals da warmoadgens 

harmoniul signals da maszed dadebul xmaurs rnd(4).  

 

MathCad programaSi mocemulia winaswarmetyvelebis miRebis funqcia, 

romelic anxorcielebs winaswarmetyvelebas veivlet-volkeris meTodis 

gamoyenebiT:  

 

 

 

n 0 100..:=  X n cos
2 π⋅ n⋅

12
⎛⎜
⎝

⎞⎟
⎠

rnd .4( )+ .2−:=  

sample m X m:=  M 20:=  m 0 M 1−..:=  

N 6:=  
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sadac sample aris veqtori, romelic Seicavs M anaTvals, romlis 

meSveobiT xdeba X funqciis mniSvnelobebis gansazRvra N momaval 

momentebisaTvis, N – uwodeben winaswarmetyvelebis rigs. 

 

 

 

 

 

 

c – warmoadgens momavali momentebisaTvis miRebul koeficientebs. 

 aRvniSnoT yn–is mniSvnelobebi, romlebic miiReba 

winaswarmetyvelebis Sedegad. 

 

Semdeg naxazze SedarebisaTvis agebulia Xy signali, romlis mniSvnelobebis 

safuZvelze miviReT c0, c1,… c6, koeficientebi da Sesabamisad yn 

nawinaswarmetyvelebi mniSvnelobebi. grafikidan vxedavT, rom miRebulia 

kargi Sesabamisoba x da y Soris. 

 

 

 

 

 

 

 

 

 

Cven aRvniSneT, rom dikm-is SemTxvevaSi kavSiris arxSi gadaicema 

nawinaswarmetyvelebi Secdoma. Semdeg grafikze mocemulia am Secdomebis 

c yulew sample N, ( ):=  

c

1

0.925−

0.249

0.092−

0.475

0.158−

0.114

⎛⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎝

⎞⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎠

=  

k 1 N..:=  y0 0:=  yn
k

if n k− 0≥ ck Xn k−⋅, 0, ( )∑⎛
⎜
⎝

⎞
⎟
⎠

−:=  

0 20 40 60 80 100
2−

1−

0

1

2

yn

Xn

M

n
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damokidebuleba anaTvlebis raodenobaze, romelic moRebulia 

response(x,c,100) funqciis safuZvelze. 

 

 

 

 

 

 

 

 

 

 

2.7 gamosaxulebaTa mimdevrobis droiTi wrfivi interpolacia 

 

gamosaxulebaTa mimdevrobebSi kodirebis interpolaciis problema 

warmoiqmneba im SemTxvevaSi, Tu signalis cifrul arxebSi gadacemis 

siCqaris Sesamcireblad gadamcem mxareSi xorcieldeba garkveuli 

raodenobis kadrebis gamotoveba gamosaxulebaTa mimdevrobidan. am 

SemTxvevaSi interpolaciis mizans Seadgens gamotovebuli kadrebis aRdgena 

mocemul drois intervalSi miRebuli kadrebis meSveobiT. dasaxuli 

amocanis gadawyvetas miZRvnilia mravali namuSevari [20,22,23]. magaliTad 

[22]_e namuSevarSi SemoTavazebulia ubralo gameoreba uaxloes mimRebSi 

miRebuli kadrisa, nacvlad gamotovebuli kadrebisa. magram, radganac 

sikaSkaSis droiTi cvlileba xSirad gamowveulia moZravi obieqtebis mier, 

kadrebis ubralo gameorebis meTodi iwvevs moZravi obieqtebis wyvetad 

gadaadgilebas. kidev erT midgomas am amocanis gadawyvetisa warmoadgens 

kadrebs Soris droiTi filtraciiT wrfivi interpolaciis meTodi [20], 

romelic daiyvaneba woniT gasaSualoebaze.  

sivrciT-droiTi interpolacia SeiZleba iyenebdes interpolaciis 

arawrfiv meTodebs, romelic xorcieldeba volteris samganzomilebiani 

filtris meSveobiT [27]. Sadac naCvenebia, rom aRniSnuli kadrTaSorisi 

PE response X c, 100, ( ):=  

0 20 40 60 80 100
0.5−

0

0.5

1

1.5

PEn

n

point 20:=  
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interpolaciis meTodi zrdis kodirebis efeqturobas, roca adili aqvs 

obieqtebis nel gadaadgilebas. magram gamoyenebuli kvadratuli filtri 

moiTxovs rTuli gamoTvlebis Zalian did raodenobas (4 koeficients 

wrfiv nawilSi da aT koeficients arawrfiv nawiliSi), Sesabamisad misi 

gamoyeneba SeiZleba mxolod maSin, rodesac interpolacia warmoadgens 

erTaderT operacias sivrciT-droiTi adapturi interpolaciis amocanebSi, 

xolo gamosaxulebis mimdevrobis kodirebis dros, roca kadrTaSorisi 

interpolacia piramiduli morfologiuri kodirebis efeqturobis 

amaRlebis damaTebiTi saSualebaa, Cven vTvliT, rom SeiZleba 

SemovifargloT wrfivi interpolaciiT, radgan misi teqnikuri Sesrulebis 

simartive (gamoTvlebisaTvis naklebi droiTi danaxarji) TamaSobs 

pirvelxarisxovan rols, miTumetes, rom wrfiv meTodebTan SedarebiT 

pikuri signal-xmauris fardoba (sxpf) izrdeba araumetes 1 db_iT (umetes 

SemTxvevebSi ramdenime meaTedi db_iT) maSin, rodesac kadrTaSorisi 

interpolacia warmoadgens kombinirebuli meTodis erT-erT operacias. 

cxadia, rom kadrTaSorisi wrfivi interpolaciis meTodi SeiZleba 

gaumjobesdes, Tu SesaZlebeli gaxdeba interpolacia Seusabamdes kadrSi 

moZraobas. AmisaTvis SeiZleba gamoviyenoT adaptur-wrfivi meTodi [64], 

romelsac mivusadagebT Cvens amocanas. Semdeg naxazze mocemulia im 

elementebis sqematuri ganlageba, romlebic gamoiyenebian adaptur-wrfivi 

interpolaciis dros. 

A

D

G

B

E

H

C

F

J

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

X
⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠

A'

D'

G'

B'

E'

H'

C'

F'

J'

⎛⎜
⎜
⎜⎝

⎞⎟
⎟
⎟⎠ 

sur. 2.7.1 

 

wrfivi interpolaciis gamoyenebisas gamotovebul kadrebSi elementis 

aRsadgenad (interpolaciisaTvis), elementi ),( yxI  (sadac I  - 

intensivobaa ),( yx  koordinatebis mqone elementisa), gamoiyeneba E  
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poziciis mqone elementis intensiviba )1( −k  kadrSi da Sesabamisad `E  

(imave) poziciaze mdebare elementis intensivoba )1( +k  kadrSi. es iZleva 

karg Sedegs, Tu E  elementi ar gadaadgilda )1( −k  kadridan )1( +k _Si 

kadris cvlilebis ganmavlobaSi im SemTxvevaSi, Tu davuSvebT, rom misi 

intensivobis cvlileba gamowveulia mxolod gadaadgilebiT. Tu adgili 

aqvs elementis gadaadgilebas, maSin mizanSewonilia )(k  kadrSi elementis 

intensivoba aRvadginoT im elementis intensivobiT )1( +k , romelic )1( −k  

kadris elementTan ufro korelizebulia. metad korelizebuli elementis 

Zebna xorcieldeba garkveul areSi intensivobebis sxvaobis gansazRvriT, 

nax. 2.7.1_ze warmodgenili are Seicavs 9 elements formiT 3×3. aRdgenaSi 

monawileobs is elementi, romlis sxvaobac mocemul elementTan )1( −k  

kadrSi umciresia. MathCad sistema iZleva saSualebas Zebnis aris farTi 

icvlebodes 3×3, 5×5 da 7×7 elementebiT. 

Zebnis algoriTms gaaCnia Semdegi saxe: vTqvaT mimRebSi miRebulia 

morfologiuri piramiduli agebis Sedegad )1( −k  da )1( +k  kadrebi da 

unda moxdes )(k _uri kadris aRdgena. davuSvaT, rom )1( −k  – warmoadgens 

1B  gamosaxulebas, )1( +k  – 2B  gamosaxulebas, xolo maTi sxvaoba 

warmoadgens M  gamosaxulebas. 

          12 BBM −=                                     (2.7.1) 

wrfivi interpolaciis gamoyenebisas, wrfivi interpolaciis Sedegad 

miRebuli i,j koordinatebis mqone elementi aRvniSnoT jiI , _iT, maSin: 

2
1

2
11

2
12 ,

,
,,,,,

,
ji

ji
jijijijiji

ji

M
B

BMBBB
I +=

++
=

−
=                (2.7.2) 

es samarTliania im SemTxvevaSi, roca jiji BB ,, 12 −  naklebia Cvens mier 

aRebul zRurblze, Tu (2.7.1) sxvaoba aRemateba am zRurbls, maSin 

aRdgenaSi monawileoba unda miiRos winaswar mocemul areSi im mezobelma 

elementma, romlis sxvaoba jiB ,1 _sa da mas Soris minimaluria, aRvniSnoT 

igi  
∧

jiM ,  =min(c), c –Ti aRvniSnoT bloki, romelic Seicavs 3×3, 5×5 da 

7×7 elements. am SemTxvevaSi (1.8.3.2) gamosaxulebaSi jiM , _s nacvlad unda 
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CavsvaT. es SeiZleba MathCad sistemis gamoyenebiT daiweros Semdegnairad, 

Tu am xerxiT aRdgenil gamosaxulebas aRvniSnavT KI _T: 

2
1,

2
21

,(1 ,
,

,,
,

ji
ji

jiji
ji

MB
BB

MifK
∧

∧

+
+

<= δ                                               (2.7.3) 

(2.7.3) gamosaxulebaSi δ  – aris winaswar aRebuli zRurbli, 

romelic SeiZleba iRebdes Semdeg mniSvnelobebs 8,6,4,2=δ  

eqsperimentebi tardeboda 4 mimdevrobaze. miRebuli Sedegebi 

moyvanilia 3.4 paragrafSi. 

 
2.8 meore Tavis daskvnebi 

 

gamosaxulebaTa SekumSvis zemoT ganxiluli teqnologiebis analizma 

maTi fraqtalebTan erToblivi gamoyenebisa da kodirebisefeqturobis 

amaRlebis mizniT gviCvena: 

1.  maTematikuri morfologiis operaciebis safuZvelze SesaZlebelia 

piramiduli agebis ganxorcieleba, amasTan maTematikuri morfologiis 

operaciebs Soris saukeTeso Sedegs iZleva “opening” operacia; 

2. dadasturebulia, rom piramidis formireba, sadac arawrfiv fil-

tracias asrulebs morfologiuri da medianuri filtrebi, SeiZleba gan-

xorcieldes Caketili saxis struqturuli sqemis safuZvelze, romelic ga-

moiyeneba araorTogonaluri tipis piramidul agebebSi. morfologiuri pi-

ramidis ageba ganxorcielebulia “opening” operaciis gamoyenebiT 2×2, 3×3, 

4×4, 5×5, 6×6, 7×7 zomis, kvadratuli, jvarisebri da rombisebri formis  

mastruqturizebeli elementebiT, romelTagan ukeTesi statistikuri maxa-

siaTeblebi miiReba kvadratuli formis 3×3 zomis mastruqturizebeli 

elementiT; 

3. gaanalizebulia veivlet-gardaqmnebi gamosaxulebaTa SekumSvis mizniT 

da realizabulia am funqciebis Seqmna da veivlet funqciebis safuZvelze 

samdoniani piramidis ageba MathCad programaSi mocemuli mza funqciebis 

meSveobiT; 
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4. ganxorcielebulia testuri gamosaxulebebis SekumSvis procesi 

transformantaSi 10% da 1% koeficientebis SenarCunebiT. aRdgenili 

gamosaxulebis xarisxis pirobebSi sxpf; 

5. arawrfivi filtrebi, ukeTesad axSoben gamosaxulebaze dadebul 

xmaurs vidre wrfivi, ase magaliTad P=0,15 albaTobisaTvis sxpf morfo-

logiuri filtriT gafiltvris SemTxvevaSi toli iyo 23.77db_is, 

medianuri filtriT gafiltvris SemTxvevaSi – 23.313 db_is, xolo wrfivi 

saxis filtris, gausis filtriT gafiltvris SemTxvevaSi – 17,612 db_is. 

aRsaniSnavia isic, rom xmauris albaTobis mniSvnelovnad gazrdis 

SemTxvevaSi morfologiuri filtris xmaurCamxSobi Tvisebebi umniSvnelod 

icvleba,  P=0,15_is dros sxpf=23.77 db_dan P=0,4_is dros sxpf =22.817 

db_mde, im dros roca medianuri filtris SemTxvevaSi xmauris dadebis 

albaTobebis cvlilebis igive SualedSi sxpf  icvleba 23.313 db_dan – 

12.489 db_mde;  

6. realizebulia Mathcad programaSi kadrTaSorisi diferencialuri-

impulsuri koduri modulacia wrfivi winaswarmetyvelis elementis 

gamoyenebiT da agreTve arawrfivi (morfologiuri) tipis elementiT. 

naCvenebia, rom modificirebuli morfologiuri piramida SeiZleba 

gamoyenebuli iqnes kadrTaSorisi diferencialur impulsur koduri modu-

laciis (dikm) Seqmnis dros wimaswarmetyvelebis mniSvnelobis miRebisas da 

miCneul iyos, rogorc gamosaxulebaTa efeqturi kodirebis erTerTi meTo-

dis, dikm_is Semdgomi ganviTareba – dikm arawrfivi winaswarmetyvelebiT. 

rac Seexeba xmauriani gamosaxulebis veivlet-filtracias, unda aRiniSnos 

rom rodesac gamoiyeneba veivlet simetriuli funqcia impulsuri saxis 

normalurad ganawilebuli xmauris pirobebSi. veivlet-gafiltvra ufro 

karg Sedegs iZleva, vidre medianuri filtracia; 

7. interpolaciis sxvdasxva algoriTmis gamokvlevam gviCvena, rom 

organzomilebiani interpolaciis (sivrciTi) SemTxvevaSi Cveni 

amocanebisaTvis, rodesac interpolaciis algoriTmi gamoiyeneba piramidis 

momdevno donisaTvis, ufro kargi Sedegi moRebuli iyo wrfivi 

interpolaciis algoriTmis gamoyenebis dros splainurTan SedarebiT, 
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ricxviTi maCveneblebi moyvanili iqneba paragrafSi 3.5. rac Seexeba droiT 

interpolacias, romelsac gamoviyeneT kadrTaSorisi interpolaciisaTvis 

(gamotovebuli kadrebis aRsadgenad), ukeTesi Sedegebi miiReba im 

SemTxvevaSi, rodesac interpolaciaSi monawileoben erTnairi koordinate-

bis mqone anaTvlebi k  da 1+k  kadrebis Sesabamisad. SemoTavazebulia 

wrfivi droiTi interpolaciis modificirebuli algoriTmi, romlis 

drosac interpolacia Seusabamdeba kadrSi moZraobas; 

8. gamosaxulebaTa kodirebis zemoT moyvanili teqnologiebi SeiZleba 

martivad realizebuli iqnan Mathcad programaSi da mizanSewonilia 

gamoyenebuli iqnan gamosaxulebaTa fraqtalur meTodebTan kombinirebis 

SemTxvevaSi; 

 

Tavi 3. gamosaxulebaTa kodirebis efeqturobis  amaRleba 

fraqtaluri algoriTmebis SerwymiT sxva algoriTmebTan 

 

3.1  kvlevis amocanebi 

 

 sadisertacio samuSaos erT-erTi ZiriTadi mizania gamosaxulebaTa 

kodirebis efeqturobis amaRleba kombinirebuli meTodebis gamoyenebiT. am 

sferoSi arsebuli literaturis analizic adasturebs kombinirebuli 

meTodebis gamoyenebis mizanSewonilobas [1,2,3] mniSvnelovani yuradRebaa 

gadatanili hibridul gardaqmnebze, rodesac gamosaxuleba iyofa 

vertikalur zolebad, romlTa mimarT sruldeba kosinus gardaqmna, xolo 

Semdgom xdeba miRebuli koeficientebis kodireba winaswarmetyvelebis 

meTodis gamoyenebiT [13,20,22]. hibriduli gardaqmna xorcieldeba moZravi 

gamosaxulebebis kodirebis dros, roca organzomilebiani kosinus gardaqmna 

erwymis kadrTaSoris winaswarmetyvelebas. nayofier Sedegs iZleva 

piramiduli kodirebis Serwyma kadrTa-Soris interpolaciasTan [14,79]  

 SeiZleba davasaxeloT iseTi avtorebis namuSevrebi rogorebic arian 

devisi [9,42,58] da heberti [82] avtorebi xazs usvamen imas, rom vinaidan 

TviTmsgavseba nebismier masStabSi - aris fraqtalebis ganmsazRvreli 
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Tviseba, xolo veivlet gardaqmnas gaaCnia unari gamoyos informacia, 

romelic damokidebulia masStaburobaze (garCeviTunarianobaze). amitom 

veivlet gardaqmna SeiZleba miviCnioT, rogorc fraqtalebis analizis 

bunebrivi instrumenti [13,28], ris safuZvelzec avtorebma veivlet-

fraqtalur kodirebas uwodes Sereuli kodireba. cnobilia [14,72], rom 

kodirebis efeqturoba izrdeba aranakleb 10-15-jer, Tu gamosaxulebaTa 

mimdevrobis kodirebis kvlevis dros xdeba modifi-cirebuli 

morfologiuri agebebis Serwyma kadrTa Soris interpolaciasTan. 

 mesame Tavi eZRvneba kodirebis kombinirebuli meTodebis gamoyenebas 

kodirebis efeqturobis gazrdis mizniT. kerZod fraqtaluri SekumSvis 

meTodis Serwymas kodirebis diferencialur impulsur-kodur 

modulaciasTan anu kadrTaSoris winaswarmetyvelebis meTodTan da 

interpolaciasTan. amis gamo mizanSewonilad CavTvaleT Cagvetarebina 

kvleva, imis Taobaze, Tu ramdeni kadris gamotoveba SeiZleboda da agreTve 

ra tipis albaTobis ganawilebas eqvemdebareboda kadrTa sxvaoba. saqme 

imaSia, rom dik modulaciis gamoyenebas azri aqvs maSin, rodesac 

ganawileba miekuTvneba laplasis ganawilebis kanons [8,24], xolo 

kadrTaSorisi interpolaciis gamoyenebis dros im kadrebis amogdeba 

SeiZleba, romlebs Sorisac arsebobs korelaciuri kavSiri [20,22]. 

disertaciis mesame Tavi ZiriTadad Seicavs Sedegebs, romlebic exeboda 

kadrTamimdevrobis 1-2, 1-3, 1-4 ...…1-13 kadrebs Soris korelaciis 

gamoTvlas. kadrTaSorisi dikm-is gamoyenebis mizanSewonilobis gasarkvevad 

CavatareT eqsperimenti, romelic emsaxureboda momdevno kadrsa da 

fraqtaluri SekumSvis Semdeg dekodirebuli gamosaxulebis sxvaobis 

histogramis agebas. am kvlevis Sedegebi mocemulia paragrafSi, romelsac 

vuwodeT gamosaxulebaTa mimdevrobis zogierTi statistikuri 

maxasiaTeblebis gansazRvra, sadac dadgenilia, rom swored albaTobis 

ganawilebis kanonis saxe da korelaciis koeficientis ricxobrivi 

mniSvnelobis mixedviT SeiZleba Sefasdes kadrTaSorisi dikm-isa da 

interpolaciis meTodebis gamoyenebis mizanSewoniloba da maTi 

gamosaxulebaTa SekumSvis sxva meTodebTan kombinirebis efeqturoba. 
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3.2  gamosaxulebaTa fraqtaluri SekumSvis sxva meTodebTan  

Serwymis operatoruli aRwera 

 

ganvixiloT kombinirebuli kodirebisadmi operatoruli midgoma 

veivlet-fraqtaluri kodirebis magaliTze. sxvadasxva meTodebis Serwymis 

dros Seicvleba mxolod gardaqmnis aRniSvna. davuSvaT mocemulia 

gamosaxuleba F ∈ JN, sadac JN aRniSnavs cifrul gamosaxulebaTa sivrces, 

romlis zomaa N×N da yovel piqsels gaaCnia nacrisferi gradaciis 

romelime mniSvneloba. avRniSnoT W(F)-iT F gamosaxulebis veivlet- 

gardaqmnis operatori. Tu fraqtalur gardaqmnas aRvniSnavT G operatoriT, 

maSin es gardaqmna SeiZleba Semdegi saxiT CavweroT:  

                                                    ))(( FWG                                                 (3.2.1) 

)()(~ HGIWF 11 −− −=                                  (3.2.2) 

dasmuli amocanis aucilebeli moTxovnaa 1<G , vinaidan igi unda 

akmayofilebdes fraqtaluri SekumSvis pirobas [37,38,43]. 

kodirebis kombinirebuli algoriTmi sityvierad SeiZleba Camovayali-

boT Semdegnairad: 

1. mocemuli F gamosaxulebisaTvis vawarmoebT veivlet-gardaqmnas 

F→W(F). vaxdenT gardaqmnis Sedegad miiRebul veivlet-koeficientis 

daxarisxebas: vtovebT mxolod koeficientebs, romlebic akmayofileben 

garkveul pirobas. kerZod, koeficientis mniSvneloba unda aRematebodebs 

winaswar dafiqsirebul zRvars, winaarmdeg SemTxvevaSi es koeficienti 

utoldeba fraqtaluri SekumSvis operacias; 

2. vaxdenT fraqtalur SekumSvas gamosaxulebisaTvis, romelic 

warmoadgens darCenil veivlet-koeficientebis erTobliobas. es operacia 

aRniSnulia G(W(F)); 

3. 3.2.2 formulis mixedviT vaxdenT F gamosaxulebis dekodirebas ; 

gamosaxulebaTa fraqtaluri SekumSvis PIFS meTodis gaTvaliswinebiT 

gamosaxulebaTa aRdgena-dekodireba xdeba iteraciuli procesis ganxorci-

elebiT, romelic iTvaliswinebs nebismieri gamosaxulebas, kerZod winaswar 
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aRebuli zomis nacrisfer gamosaxulebas, romelsac )(oY  aRvniSnavT. Semdeg 

viyenebT G operators, romelic iTvaliswinebs domenebis miRebul 

operaciebs, romelic sruldeba imisaTvis, rom iteraculi procesis 

meSveobiT miviRoT veivlet-koeficientebis gamosaxulebebi: 

HYGY nn += − )( )()( 1                             (3.2.3) 

 Semdeg etapze vawarmoebT veivlet-Sebrunebul gardaqmnas )(nY -ze, 

rac gvaZlevs saSualebas aRvadginoT sawyisi gamosaxuleba: 

)(~ nYWF =                                                                          (3.2.4) 

cxadia, rom F~  da F gamosaxulebebi iqnebian erTmaneTisgan gansxvavebuli, 

vinaidan Cven movaxdineT fraqtaluri da veivlet-SekumSva. 

 fraqtaluri SekumSvis algoriTmis gamoyeneba veivlet-gardaqmnil 

areebze da ara sawyisi gamosaxulebisaTvis anxorcielebs damaxinjebis 

aRmofxvras dekodirebuli gamosaxulebisagan. es iZleva saSualebas 

gavzardoT fraqtaluri kodirebis efeqturoba fardobiT 65:1, 

gamosaxulebisaTvis `lena~ zomiT 512×512. 

 arsebobs amocanis gadaWris meore gza: jer CavataroT veivlet-

gardaqmna, xolo Semdeg movaxdinoT fraqtaluri SekumSva aRdgenili 

gamosaxulebisaTvis. es meTodi mniSvnelovnad amcirebs mTliani kodirebis 

siCqares. aRniSnuli Sereuli meTodebis realizacia ganxorcielebulia  

programiT, romelic dawerilia C ++ programul enaze. 

 
3.3 kodirebis efeqturobis gazrda fraqtaluri kodirebis 

SerwymiT morfologiur agebebTan 

 
kodirebis efeqturobis gazrdisaTvis gamoviyeneT gamosaxulebis 

fraqtaluri kodirebis kombinireba gamosaxulebaTa morfologiur agebebTan. 

eqsperimentebi, romlebic exeba gamosaxulebaTa fraqtaluri 

kodirebis Serwymas morfologiur agebebTan, Sesdgeba ori nawilisagan:  

- pirveli mdgomareobs imaSi, rom fraqtaluri kodirebis win sawyisi 

gamosaxuleba eqvemdebareboda winaswar gafiltvras morfologiuri 

filtriT. rogorc cnobilia [12,29], morfologiuri filtracia 



97 

miekuTvneba gardaqmnas arawrfivi operaciebs. Cvens SemTxvevaSi viyenebdiT 

operacias `opening~ (gaxsna) kvadratuli formis struqturuli elementiT, 

romelic Seicavda 3×3 piqsels. cnobilia, rom morfologiuri filtriT 

damuSavebuli gamosaxuleba ar Seicavs detalebs, romlis zomac mcirea 

struqturuli elementis zomaze. amis gamo sainteresoa vaCvenoT, Tu 

rogor imoqmedebs aseTi winaswari damuSaveba fraqtalur kodirebaze.  

eqsperimenti CavatareT gamosaxulebisaTvis `lena~. miRebuli Sedegebi 

warmodgenilia cxrilSi 3.3.1. vadarebdiT sawyis da aRdgenil 

gamosaxulebas. miRebuli Sedegebis analizi cxadyofs, rom gamosaxulebaTa 

winaswari filtracia Catarebuli morfologiuri operaciiT aumjobesebs 

miRebul Sedegebs: kerZod gamosaxulebis winaswari gafiltvra 

morfologiuri filtriT zrdis SekumSvis koeficients da amave dros 

aumjobesebs s.x.p.f. ≈1.2 db-iT. 

cxrili 3.3.1 gamosaxuleba `lena~-ze Catarebuli eqsperimentis Sedegebi  

 

miRebulma Sedegebma gviCvena, rom ufro efeqturia gamosaxulebis 

fraqtaluri agebis kombinireba winaswar gafiltrul morfologiur 

filtrTan, radganac Sk=10,4, gamosaxulebis aRdgenis sizustis 

maxasiaTebeli fasdeba 27,1 db-is toli s.x.p.f. koeficientiT. 

amrigad, gamosakvlevi gamosaxulebis winaswari filtracia 

morfologiuri filtriT zrdis SekumSvis koeficients da erTdroulad 

aumjobesebs aRdgenili gamosaxulebis sizustis maxasiaTeblebs. Sesabamisad, 

efeqturobis amaRlebis mizniT mizanSewonilia winaswar ganxorcieldes 
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morfologiuri filtracia, ramdenadac arawrfivi tipis es operacia 

gamosaxulebaSi ganacalkevebs ZiriTadisagan mcire detalebs da amasTan 

erTad ar kumSavs konturs.  

eqsperimentebis meore nawili exeboda piramidis agebas [24], romelic 

dafuZnebulia morfologiuri operaciebis gamoyenebaze. am SemTxvevaSi 

fraqtaluri kodireba xorcieldeba piramidis wveroze [14,27], romelic 

Seicavda 64×64 piqsels. cxadia, rom am SemTxvevaSi fraqtaluri meTodiT 

damuSavebuli gamosaxulebis kodi, romelic gadacemul unda iqnes xazSi, 

moiTxovs 16-jer nakleb informaciis raodenobas. garda amisa disertaciis 

III TavSi (paragrafi 3.4.4), Cven aRvniSneT, rom fraqtaluri kodirebis 

Sedegebis damoukideblobam dekodirebuli gamosaxulebis zomaze, 

SesaZlebeli gaxada fraqtaluri kodirebis ganxorcieleba ordoniani 

morfologiuri piramidis wveroze (64×64 piqseliT) da dekodireba 

sastarto gamosaxulebaze (zomiT 256×256 piqseli). 

amrigad `umtkivneulod~ dekodirebis dros fraqtaluri meTodiT 

damuSavebuli da aRdgenili wveros zoma gavzardeT 4×4-jer da Semdgom ki 

misTvis CavatareT yvela is operacia, romelic aucilebelia piramiduli 

kodirebis dros. Sedegebi mocemulia cxrilSi 3.3.2. 

 
cxrili 3.3.2 piramiduli kodirebis Sedegebi aRdgenili wveros zomiscvlilebisas 

 

miRebuli Sedegebis analizi cxadyofs, rom kodirebis efeqturoba 

(SekumSvis koeficienti) amaRlda 16-jer, gamosaxulebis s.x.p.f.-is  

SemcirebiT  27,32-25,97=1.35 db-iT. 
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3.4. fraqtaluri algoriTmis Serwyma veivlet-gardaqmnasTan da 

piramdasTan  

 
 cifruli gamosaxulebebi Tanamedrove informaciuli samyaros 

mniSvnelovani Semadgeneli nawilia. gamosaxulebaTa efeqturi kodirebis 

problemis gadaWra uaRresad aqtualuri amocanaa, romelic stimuls 

aniWebs mecnierebisa da teqnikis mravali dargis Semdgom ganviTarebas. 

 rogorc cnobilia, efeqturi kodireba gulisxmobs SekumSvis 

koeficientis gazrdas dekodirebuli gamosaxulebis misaRebi xarisxis 

SenarCunebis pirobebSi. gamosaxulebaTa SekumSvis Tanamedrove meTodebis 

[1,2,3] analizi gviCvenebs, rom SekumSvis algoriTmebs Soris yvelaze 

sainteresoa SekumSvis fraqtaluri meTodebisa da veivlet-gardaqmnebis 

gamokvleva. 

 kodirebis efeqturobis gazrdis mizniT SevexoT gamosaxulebaTa 

oretapian SekumSvis problemas da oretapiani kodirebisaTvis CavataroT 

gamosaxulebis veivlet-fraqtaluri da fraqtalur-veivletur kodirebaTa 

Serwymis eqsperimentuli kvleva. eqsperimentuli kvlevebi SeiZleba 

ganvixiloT rogorc dadastureba Teoriuli Sedegebisa, romelic exeba 

fraqtalur da veivletur kodirebaTa efeqtur Serwymas. 

 SekumSvis algoriTmebis SeTavsebis dros SekumSvis koeficienti 

ganisazRvreba rogorc calkeul gardaqmnaTa koeficientebis namravli. 

Sesabamisad, oretapiani SekumSvis Sedegad SekumSvis koeficientis saboloo 

mniSvneloba gamoUTvleba Semdegi saxiT: 

Ksab.= Kfr.· Kveiv. 

 veivlet-gardaqmna realizebuli iyo MathCad programuli paketis sa-

SualebiT, xolo fraqtaluri kodireba ganxorcielda C++ programul enaze. 

 arsebobs principuli gansxvaveba imaSi, Tu rogor SeiZleba 

fraqtaluri da veivleturi algoriTmebisaTvis vmarToT gamosaxulebaTa 

xarisxisa da SekumSvis koeficientis Tanafardoba. fraqtaluri meTodebi 

iyeneben kvadro-xis sqemebs, romlebic imarTeba garkveuli dasaSvebi 

cdomilebiT. rac ufro mcirea dasaSvebi cdomileba, miT ukeTesia 
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dekodirebuli gamosaxulebis xarisxi, magram cdomilebis SemcirebasTan 

erTad izrdeba ranguli blokebis ricxvi da Sesabamisad uaresdeba 

SekumSvis efeqturobis maCveneblebi. amrigad, momxmarebeli winaswar 

gansazRvravs gamosaxulebis xarisxs da Semdeg anxorcielebs SekumSvas. 

veivlet meTodebi momxmarebls saSualebas aZleven marTon SekumSvis 

procesi datovebuli koeficientebiT da iZulebulia dakmayofildes 

aRdgenili gamosaxulebis xarisxiT. 

 naSromSi moyvanilia Sedegebi, romelic miRebulia gamosaxule-

bisaTvis `lena~ (nax. 3.4.1), sadac mcire detalebis ricxvi didia, da 

gamosaxulebisaTvis `skola~, sadac mcire detalebis raodenoba naklebia. 

veivlet-gardaqmnebi ganxorcielda erTdoniani piramidebis agebis 

gamoyenebiT [1] da zRvruli principis mixedviT SerCeuli 10%-iani 

gardaqmnis koeficientiT.  

 fraqtoruli SekumSvis ZiriTadi maxasiaTeblebi, moyvanilia 3.4.1 da 

3.4.2 cxrilebSi, xolo 3.4.1 a da 3.4.2 a naxazebze warmodgenilia veivlet-

fraqtaluri garadqmnebi. 

cxrili 3.4.1   faqtobrivi SekumSvis ZiriTadi maxasiaTeblebi gamosaxulebisaTvis  
`lena~ da `skola~ 

erTodoniani veivlet-piramidis gardaqmna + fraqtaluri SekumSva 

gamosaxu-

lebis 

dasaxele-

ba 

doneebis 

ricxvi 

striqonebsa 

da  svetebSi 

dome-

nebis 

ricxvi 

ranguli 

blokebis 

ricxvi 

signal-

xmauris 

fardoba 

(db) 

signal-

xmauris 

pikuri 

fardoba 

(db) 

KCf KCw KC 

16 × 16 1280 4882 19.27 26.48 3.4 2.5 8.5 
lena 

8 × 8 320 5524 19.08 26.28 3 2.5 7.5 

16 × 16 1280 3952 23.09 30.3 4 2.5 10 
skola 

8 × 8 320 5467 22.62 29.83 3 2.5 7.5 
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cxrili 3.4.2 faqtobrivi SekumSvis ZiriTadi maxasiaTeblebi gamosaxulebisaTvis 

`lena~ da `skola~ 

fraqtaluri SekumSva erTodonian veivlet-piramidaze 

gamosaxu-

lebis 

dasaxele-

ba 

doneebis 

ricxvi 

striqonebsa 

da  svetebSi 

dome-

nbis 

ricxvi 

ranguli 

blokebis 

ricxvi 

signal-

xmauris 

fardoba 

(db) 

signal-

xmauris 

pikuri 

fardoba 

(db) 

KCf KCw KC 

16 × 16 1280 4936 16.8 24.03 3.3 2.5 8.3 
lena 

8 × 8 320 5665 18.87 26.07 3 2.5 7.5 

16 × 16 1280 4411 22.29 29.5 3.7 2.5 9 
skola 

8 × 8 320 5467 20.93 28.14 3 2.5 7.5 

 

unda aRvniSnoT, rom KCw aRebulia 2.5-is tolad. amasTan gaviTvaliswinoT, 

rom veivlet-transformantis koeficientis mniSvnelobis garda gadacemas 

eqvemdebareba am koeficientis mdebareobis Sesaxeb informaciis gadacema, 

razedac ixarjeba 4 biti, magram Tu gadacemas davakavSirebT transforma-

ciis zeda marcxniv myof koeficientebTan, maSin SekumSva gaizrdeba 

oTxjer, aRdgenili gamosaxulebis xarisxis damakmayofilebeli maCveneblis 

pirobebSi.  

cxrilSi moyvanili Sedegebis safuZvelze SeiZleba gavakeToT Semdegi 

daskvnebi: 

1. kodirebis efeqti damokidebulia gamosaxulebis saxeobaze: rac ufro 

mcirea mkveTri gadasvlebi, miT ukeTesia kodirebis Sedegebi; 

2. oretapiani kodireba fasdeba efeqturi kodirebis koeficientiT: 

gamosaxuleba `lenasaTvis~ K=Kf ·Kw=8,5; aRdgenis xarisxi s.x.p.f 

=26,48 (db). gamosaxuleba `skola~-saTvis K=10; s.x.p.f=30,3 (db); 

nax. 3.4.1            nax. 3.4.2            nax. 3.4.1 a        nax. 3.4.2 a

veivlet-fraqtaluri garadqmnebi 
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3. kodirebis pirvel etapze veivlet-gardaqmnis realizacia Semdgomi 

fraqtaluri SekumSviT uzrunvelyofs ukeTes Sedegebs rogorc 

vizualurad, aseve s.x.p.f (db) SefasebiT; 

 

3.5 fraqtaluri algoriTmis Serwyma droiT interpolaciasTan 

 
imisaTvis, rom gavzardoT fraqtaluri kodirebis efeqturoba, 

SesaZlebelia ganvaxorcieloT fraqtaluri kodirebis Serwyma kadrTaSoris 

interpolaciasTan. Serwyma xorcieldeba Semdegi TanmimdevrobiT: jer 

xorcieldeba fraqtaluri kodireba, Semdeg xdeba ramodenime kadris 

gamotoveba. Cvens SemTxvevaSi sami kadris. mimReb mxareSi gadaicema 1,5... 

gamosaxulebis fraqtaluri kodirebis Sedegebi, vinaidan vaxorcielebT sami 

kadris gamotovebas, am SemTxvevaSi gadacemas eqvemdebarebian 1,5,9,13... 

kadrebi. yvela gadasacem kadrze xdeba fraqtaluri kodirebis 

ganxorcieleba. 

mimRebSi xdeba gamotovebuli kadrebis aRdgena wrfivi droiTi 

interpolaciis meSveobiT [71].  

Cvens SemTxvevaSi, anu rodesac xdeba yoveli meoTxe kadris 

kavSirgabmulobis xazebSi gadacema, gamotovebuli kadrebis interpolacia 

xorcieldeba woniTi koeficientebis mixedviT. nax. 3.5.1_ze warmodgenilia 

mimRebSi miRebuli da aRsadgeni kadrebis Tanmimdevroba: 

 

                    

 

nax. 3.5.1 miRebuli da aRsadgeni kadrebis Tanmimdevroba 

 

3.5.1 naxazze gamuqebulad aris  gamoyofili kadrebi, romlebic gadai-

cema kavSirgabmulobis arxebSi. woniTi koeficientis sidide ganisazRvreba 

aRsadgeni kadris rigiTobis siaxloviT aRdgenaSi monawile kadrTan [20,21]. 

naxazze moyvanili mimdevrobis monakveTis 2B  kadrisaTvis, 1B  kadri 

monawileobas miiRebs 
4
3  woniTi koeficientiT, xolo 5B  kadri – 

4
1
-is toli 

woniTi koeficientiT: 3B  kadrisaTvis – orive 1B  da 5B  kadrebi monawileoben  

1B  2B  3B  4B  5B  
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2
1
-is toli woniTi koeficientiT, xolo 4B  kadrisaTvis 1B  kadri 

monawileobas miiRebs 
4
1  woniTi koeficientiT, xolo 5B  kadri – 

4
3
-is toli 

woniTi koeficientiT. Sesabamisad, Cven SegviZlia miviRoT damokidebulebebi: 

),(5),(1),(2 4
1

4
3

jijiji BBB +=                                                                              (3.5.1) 

),(5),(1),(3 2
1

2
1

jijiji BBB +=                                                                              (3.5.2) 

),(5),(1),(4 4
3

4
1

jijiji BBB +=                                                                              (3.5.3) 

gamokvlevebi CavatareT 3 sxvadasxva mimdevrobisaTvis, romelic 

Sedgeba 13 kadrisagan: “lomi”, “buneba”, “xelosnebi” (nax. 3.5.2). samive 

mimdevroba Seicavs sxvadasxva raodenobis detalebs, konturebs da moZrav 

fragmentebs. miRebuli Sedegebis analizis Sedegad gadawyvetil iqna 

fraqtaluri kodireba Cagvetarebina 1, 5, 9 kadrebisaTvis.  

 

cxrili 3.5.1 fraqtaluri kodirebisas miRebuli Sedegebi 

gamosaxuleba kadris nomeri s.x.p.f. 

1 22,758 

2 20,653 

3 19,563 

buneba 

4 18,44 

1 29,312 

2 28,049 

3 27,108 

lomi 

4 25,754 
1 26,149 

2 25,048 

3 23,478 

xelosnebi 

4 21,560 

nax. 3.5.2 
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miRebuli Sedgebidan Cans, rom aRdgenili gamosaxulebis sizustis 

maCvenebeli s.x.p.f damokidebulia sawyisi gamosaxulebis saxeobaze: iq sadac 

metia detalebis da konturebis raodenoba s.x.p.f-is maCvenebeli ufro 

dabalia, mag.: gamosaxuleba “buneba”-saTvis s.x.p.f-s mniSvneloba meore 

kadrisaTvis 20,653-is tolia, xolo gamosaxuleba “lomi”-saTvis 

Sesabamisad 28,049-is. SekumSvis koeficienti daaxloebiT 100-is tolia, 

imitom rom pirveli kadrisTvis k miaxloebiT udris 25-s, im pirobebSi, 

roca Cven gamovtoveT 4 kadri. 

amrigad, eqsperimentis Sedegad dadasturda, gamosaxulebaTa 

fraqtaluri kodirebis efeqturoba kodirebis fraqtaluri da 

kadrTaSorisi wrfivi interpolaciis meTodebis  Serwymis SemTxvevaSi, ris 

Sedegac miviReT SekumSvis koeficientis gaumjobeseba 5-10-jerб rac 

miuTiTebs fraqtaluri kodirebis kadrTaSoris interpolaciis meTodTan 

Serwymis Sedegad kodirebis efeqturobis zrdaze. 

 
3.6 fraqtalebis, veivletebis da kadrTaSorisi 

dikm kombinireba 

 

3.6.1. gamosaxulebaTa mimdevrobis statistikuri  

    maxasiaTeblebis ageba 

 

 gamosaxulebaTa mimdevrobis kodirebis efeqturobis amaRleba 

mosalodnelia im SemTxvevaSi, rodesac am mimdevrobis statistikuri 

maxasiaTeblebi akmayofileben garkveul pirobas [2,8]. gamosaxulebaTa 

mimdevrobis kodirebis efeqturobis Seswavlis mizniT ganvixiloT 

informaciis SekumSvis iseTi meTodebi romlebic samarTliania mxolod 

mimdevrobisaTvis. aseT meTodebs miekuTvneba kodireba kadrebsSorisi 

winaswarmetyvelebiT da kadrTaSorisi interpolaciiT. am meTodebis zogadi 

Tvisebebis analizi mocemuli iyo meore TavSi. iq ganxiluli iyo 

winaswarmetyvelebis arsi wrfivi winaswarmetyvelebis elementiT, magram 

winaswarmetyvelebis roli SeiZleba Seasrulos arawrfivma elementebis 
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agebamac. arawrfiv elementad SeiZleba gamoviyenoT wina kadris 

fraqtaluri SekumSvis dekodirebuli gamosaxulebac. droiTi 

diferencialuri impulsuri koduri modulacia da sxva saxis gardaqmna 

ganxorcieldeba am winaswarmetyvelebis Secdomaze [20,22]. literaturidan 

cnobilia, rom kadrTaSorisi dikm-is gamoyeneba SesaZlebelia maSin, Tu 

kadrebs Soris sxvaobiTi gamosaxulebis intensivobis ganawilebis 

histograma iRebs laplasis ganawilebis saxes. swored am sakiTxis 

garkvevas eZRvneba Catarebuli eqsperimenti. Cven ganvixileT ori 

mimdevroba: `buneba~ da `xelosnebi~. movaxdineT pirveli kadris 

fraqtaluri kodireba, Semdeg misi aRdgena, ris Sedegad ganxorcielda me-2 

kadrisaTvis nawinaswarmetyveli gamosaxulebis ageba. Semdeg etapze es 

segmenti gamovakeliT meore kadris gamosaxulebas da miviReT 

winaswarmetyvelebis Secdoma. am sxvaobiT gamosaxulebisaTvis avageT 

histograma da misi Sesabamisi grafiki, rac qvemoTaa mocemuli. 

 miRebuli Sedegebi cxadyofs, rom winaswarmetyvelebis Secdoma, 

romelic eqvemdebareba gadacemas marTlac aRiwereba laplasis ganawilebiT. 

eqsperimenti ganmeorda sxva nomrebis kadrebisTvisac da mimdevroba 

`bunebisTvis~. eqsperimentma daadastura kadrTaSorisi dikm-is gamoyenebis 

samarTlianoba. garda amisa, am eqsperimentma daamtkica rom fraqtaluri 

kodirebis gamoyenebiT nawinaswarmetyvelebi gamosaxulebis miReba SeiZleba 

miviCnioT, rogorc dikm-is Semdgomi ganviTareba – dikm sistema arawrfivi 

(fraqtaluri) winaswarmetyvelebiT, rac ar iyo aqamde cnobili.  

Semdegi cda exeboda kadrTaSoris interpolaciis gamoyenebas da 

gamosaxulebaTa mimdevrobaSi kadrebs Soris statistikuri urTierTda-

mokidebulebis gansazRvras. kadrebs Soris urTierTkavSiris erTerTi 

ZiriTadi maxasiaTebelia korelaciis koeficienti. cdebi tardeboda oTxi 

sxvadasxva saxis mimdevrobebze: `lomi~, `buneba~, `xelosnebi~ da `qarxana~. 

korelacia gamoiTvleboda 1-2, 1-3, 1-4 .....1-13 kadrebs Soris. eqsperimentis 

Sedegebi moyvanilia mimdevroba `bunebisaTvis~ [14,72]. 

miRebuli Sedegebidan gamomdinare, Cven gadavwyviteT droiTi 

interpolaciis gamoyenebiT efeqturi kodireba gangvexorcielebina yoveli 
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meoTxe kadrisTvis (1,5,9...), radgan oTxive mimdevrobisaTvis pirvelsa da 

mexuTe kadrebs Soris korelaciis sidide ar aris ufro mcire vidre 0,6. 

Cven ar gvaqvs moyvanili sxva statistikuri maxasiaTeblebis 

gansazRvris Sedegebi, vinaidan mxolod zemoT moyvanili maxasiaTeblebi 

ganapirobeben kadrTaSorisi dikm-isa da wrfivi interpolaciis gamoyenebis 

samarTlianobas. 

gamosaxulebaTa `lomi~-s mimdevrobisTvis CavatareT cdebi, romelic 

exeboda kodirebas kadrTaSorisi interpolaciis, fraqtalebisa da veivlet 

piramidis SerwymiT. rogorc cnobilia [8,38], piramidis ageba xorcieldeba 

gafiltvris, decimaciisa da interpolaciis TanmimdevrobiTi ganxor-

cielebiT. imisaTvis, rom ganxorcieldes SekumSvis koeficientis miReba, 

aucilebelia, rogorc zemoT iyo aRniSnuli, movaxdinoT gamosaxulebis 

piramiduli ageba optimaluri dakvantviT an kosinus-gardaqmnebis 

gamoyenebiT. 

imisaTvis, rom kidev ufro gavzardoT fraqtaluri kodirebis 

efeqturoba, SesaZlebelia ganvaxorcieloT fraqtalebis da kodirebis 

Serwyma kadrTaSoris interpolaciasTan. Serwyma xorcieldeba Semdegi 

TanmimdevrobiT: jer aigeba samdoniani veivlet piramida pirveli 

gamosaxulebisaTvis, romlis Sedegad miiReba gamosaxuleba, romlis yvela 

are LL, LH, HL da HH Seicavs 64×64 piqsels. vaxdenT LL wveros SekumSvas 

da Semdeg aRdgenas fraqtalur gardaqmns mimRebis mxares. fraqtalebis 

unikaluri Tvisebis (garCeviTunarianobaze damoukidebloba) safuZvelze 

vaxdenT fraqtalur dekodirebas zomiT 256×256, romelsac vumatebT 

optimalurad dakvantul LH, HL ubnebis aRdgenil intensiobebs. Semdeg 

xdeba ramodenime kadris gamotoveba, Cvens SemTxvevaSi sami kadris 

gamotoveba, mimReb mxares gadaicema 1, 5, 9... gamosaxulebebis aRmweri 

operaciebi, e. i. gadacemas eqvemdebarebian 1, 5, 9, 13... kadrebi. yvela 

gadasacem kadrze xdeba fraqtaluri veivlet kodirebis ganxorcieleba.  

mimRebSi xdeba gamotovebuli kadrebis aRdgena wrfivi droiTi 

interpolaciis meSveobiT. kadrebis dasaxeleba iyo: 1321 ...,, −NBBBB , mimReb 

mxareSi yoveli yoveli me-5 kadris gadacemis SemTxvevaSi miiReboda ..., 51 BB  
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kadri. gamotovebuli ...,, 432 BBB , kadrebis aRsadgenad, rogorc zemoT 

aRvwereT viyenebdiT wrfiv interpolacias. 

SekumSvis Sedegad wveros transformaciaSi Tu SevinarCunebT 10%-ani 

koeficientebis raodenobas, maSin miviRebT damatebiT 2,5-jer SekumSvas. am 

dros s.x.p.f fardoba Semcirdeba yvela aRdgenili kadrisaTvis ≈5-6dB-iT. 

cdebis Sedegebi metyveleben imaze, rom droiTi wrfivi interpolacia 

iZleva saSualebas mkveTrad avamaRloT kombinirebuli meTodebis 

efeqturoba. 

cdebi tardeboda 4 sxvadasxva mimdevrobis gamosaxulebebze: “lomi”, 

“buneba”, “xelosnebi” da “qrxana”. 

 

LOMI1          LOMI1  

 

 

LOMI1          LOMI1  

 

 

      nax. 3.6.1.1 a                           nax. 3.6.1.1 b 

          nax. 3.6.1.1 g                          nax. 3.6.1.1 d 

nax. 3.6.1.1
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gansazRvras eqvemdebareboda Semdegi statistikuri maxasiaTeblebi: 

maTematikuri lodini (sikaSkaSis saSualo intensivoba), dispersia, 

saSualo kvadratuli gadaxra, entropia, saSualo gradienti (mkveTr 

cvlilebaTa, anu konturebis raodenoba), anaTvlebis intensivobaTa 

ganawilebis histogramebi da korelaciuri funqciebi. imis gamo, TiTqmis 

yvela statistikuri maxasiaTebeli sayovelTaod cnobilia, Cven warmova-

dgenT mxolod saSualo gradientis amsaxvel formulas: 

{ }∑∑
−

=

−

=

−−−−⋅
∗

=
1

0

1

0
)1,(),(,),1(),(max1 M

x

N

y

yxIyxIyxIyxI
NM

q        (3.6.1.1) 

sadac ),( yxI -iT aris aRniSnuli ),( yx  koordinatebis mqone anaTvlebis 

intensivoba, xolo M da N gamosaxulebaSi anaTvalTa raodenoba 

horizontaluri da vertikaluri mimarTulebiT. 

kadrebs Soris urTierTdamokidebulebis erTerTi ZiriTadi 

maxasiaTebelia korelacia. sur. 3.6.1.2_ze moyvanilia gamosaxulebaTa 

mimdevrobebSi, kadrebs Soris korelacia. korelacia gamoiTvleboda 1-2, 1-

3, 1-4, . . . 1-13 kadrebs Soris. 

2 4 6 8 10 12 140.2

0.4

0.6

0.8

0.961

0.241

L

B

X

Q

132 C  

nax. 3.6.1.2  korelaciis sidideTa mrudi, gamosaxulebaTa mimdevrobisaTvis: 

`lomi~, `buneba~, `xelosnebi~, `qarxana~ 
 

nax. 3.6.1.2_ze mrudi (1) Seesabameba gamosaxulebaTa mimdevrobis 

“lomi” momdevno 12 kadris korelaciis sidides, Tavisive pirvel kadrTan 

mimarTebaSi, mrudi (2) – gamosaxulebaTa mimdevrobis - “buneba” momdevno 

1

2

3 

4

 
  K 

                                                                                 x 
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12 kadris korelaciis sidides pirvel kadrTan SedarebiT, mrudi (3)  –  

Seesabameba gamosaxulebaTa  mimdevrobis - “xelosnebi” momdevno 12 kadris 

korelaciis sidides pirvel kadrTan SedarebiT, xolo mrudi (4) – gamosa-

xulebaTa mimdevrobis - “qarxana” momdevno 12 kadris korelaciis sidides 

pirvel kadrTan SedarebiT.  

rogorc naxazidan Cans, pirveli, mesame da meoTxe gamosaxulebaTa 

mimdevrobebisaTvis pirvelsa da mecamete kadrebs Soris korelacia 

mniSvnelovnad ar mcirdeba, kerZod: mimdevrobisaTvis “lomi” igi mcirdeba 

0.948_dan 0.839_mde. mimdevrobisTvis “xelosnebi” – 0.929_dan 0.815_mde, 

amasTan aRsaniSnavia isic, rom am mimdevrobisaTvis korelaciis sidide 

izrdeba mexuTe kadridan merve kadramde 0.861_dan 0.952, anu pirvelsa da 

merve kadrs Soris korelacia ufro didia, vidre pirvelsa da meore 

kadrebs Soris, xolo mecxre kadridan korelacia kvlav mcirdeba, rac 

gamowveulia mocemul mimdevrobaSi moZraobaTa gameorebiT. mimdevrobisaTvis 

“qarxana” – korelacia mcirdeba 0.961_dan 0.702_mde. xolo gamosaxule-

baTa mimdevroba “buneba”_sTvis korelacia mcirdeba 0.779_dan 0.241_mde, 

rac gamowveulia kadrSi ara marto konkretuli obieqtis moZraobiT, 

aramed mTliani kadris gadaadgilebiT. miRebuli Sedegebidan gamomdinare, 

Cven gadavwyviteT efeqturi kodireba dikm_isa da droiTi interpolaciis 

gamoyenebiT, gangvexorcielebina yoveli meoTxe kadris gamoyenebiT (1,5,9...), 

radgan moyvanili oTxive mimdevrobisaTvis pirvelsa da mexuTe kadrebs 

Soris korelaciis sidide ar aris 0.3-ze ufro mcire. 

dikm_is gansaxorcieleblad gaviTvaliswineT mezobel kadrebs Soris 

sxvaobis statistikuri maxasiaTeblebi, romelTa sidideebi Cven gamo-

vTvaleT 5 kadriani mimdevrobisTvis. cxril 3.6.1.1 a,b,g,d_Si moyvanilia 

miRebuli kadrTaSorisi sxvaobiTi gamosaxulebebis statistikuri 

maxasiaTeblebi. 
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cxrili 3.6.1.1 a 

sxvaobiTi 2-1 3-2 4-3 5-4 

maT. lod. 0.247 0.389 -0.412 0.389 

dispersia 119.4 103.7 50.8 103.7 

saS. kv. gad. 10.9 10.2 7.1 10.2 

entropia 4.076 4.052 4.033 4.052 

saS. grad. 5.225 5.123 4.328 5.123 
 

cxrili 3.6.1.1 b 

sxvaobiTi 2-1 3-2 4-3 5-4 

maT. lod. 1.272 0.677 4.98 -4.302 

dispersia 1206 1145 1105 1085 

SaS. kv. gad. 34.7 33.8 33.2 32.93 

entropia 6.782 6.706 6.689 6.67 

saS. grad. 20.764 20.8 20.539 20.142 
 

cxrili 3.6.1.1 g 

sxvaobiTi 2-1 3-2 4-3 5-4 

maT. lod. -0.68 -1.193 0.397 0.943 

dispersia 212.7 402.9 311.4 244.7 

saS. kv. gad. 14.6 20.0 17.6 12.6 

entropia 4.227 4.399 4.284 4.046 

saS. grad. 5.220 5.682 5.704 5.326 

 

cxrili 3.6.1.1 d 

sxvaiboTi 2-1 3-2 4-3 5-4 

maT. lod. 0.612 0.509 -2.431 2.8 

dispersia 268.4 188.7 124.2 63.8 

saS. kv. gad. 16.4 13.7 11.9 8.1 

entropia 5.229 5.051 4.9 4.5 

saS. grad. 12.09 10.4 9.1 7.3 
 

cxrili 3.6.1.1a - gamosaxulebaTa mimdevroba “lomi”_s kadrTaSorisi sxvaobi-

Ti gamosaxulebebis statistikur maxasiaTeblebi. 3.6.1.1 b–gamosaxulebaTa 

mimdevroba “buneb”_is kadrTaSorisi sxvaobiTi gamosaxulebebis statistikur 

maxasiaTeblebi. 3.6.1.1 g – gamosaxulebaTa mimdevroba “xelosnebi”_s kadrTaSo-

risi sxvaobiTi gamosaxulebebis statistikur maxasiaTeblebi. 3.6.1.1 d – gamosa-

xulebaTa mimdevroba “qarxn”_is kadrTaSorisi sxvaobiTi gamosaxulebebis 

statistikuri maxasiaTeblebi. 
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rogorc moyvanili cxrilebidan Cans, yvela gamosaxulebisaTvis 

maTematikuri lodini mcirea da icvleba – 4.3_dan 5 mde, xolo entropia 

ar aRemateba 6.8_s. 

miRebulia agreTve kadrTaSorisi sxvaobiTi gamosaxulebebis anaTvalTa 

intensivobebis ganawilebis histogramebi, romlebic moyvanilia nax. 

3.6.1.3_ze. 
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0
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f
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0
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nax. 3.6.1.3 a warmoadgens gamosaxulebaTa kadrTaSorisi sxvaobiTi 

gamosaxulebebis meore da pirvel kadrebs Soris miRebuli gamosaxulebis 

anaTvalTa intensivobebis ganawilebis histogramas mimdevrobisTvis 

“lomi”. nax. 3.6.1.3 b-ze mocemulia gamosaxulebaTa kadrTaSorisi 

sxvaobiTi gamosaxulebebis, meore da pirvel kadrebs Soris miRebuli 

gamosaxulebis anaTvalTa intensivobebis ganawilebis histograma  mimdev-

robisTvis “buneba”. nax. 3.6.1.3 g da nax. 3.6.1.3 d-ze mocemulia igive 

Sinaarsis histogramebi gamosaxulebebisaTvis `xelosnebi~ da `buneba~. 

amasTan cnobilia, rom kadrTaSorisi sxvaobiTi gamosaxulebis anaTvalTa 

intensivobebis ganawilebis histograma roca laplasis ganawilebis saxes, 

  P 

         nax. 3.6.1.3 a       x                  nax. 3.6.1.3 b       x 

 P 

  P 

             nax. 3.6.1.3 g    x                    nax. 3.6.1.3 d      x 

nax. 3.6.1.3 

 P 
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maSin kadrTaSorisi dikm_is gamoyeneba mizanSewonilia yvela 

gamosaxulebisTvis. 

histogramebi moyvanilia mxolod erTi mimdevrobisaTvis, radgan 

danarCen SemTxvevaSic aRniSnuli histogramebi mniSvnelovnad ar 

gansxvavdebian moyvanili histogramebisgan. 

rogorc moyvanili naxazebidan Cans, kadrTaSorisi sxvaobiTi 

gamosaxulebebis anaTvalTa intensivobebis ganawilebebis histogramebi 

iReben laplasis ganawilebis saxes, magram gansxvavdebian nulovani 

mniSvnelobebis mosvlis albaTobebiT. kerZod: gamosaxulebaTa mimdevroba 

“lomi”_saTvis 0_ni mniSvnelobebis mqone intensivobebis mosvlis albaToba, 

meore da pirvel kadrebs Soris miRebuli gamosaxulebisaTvis tolia 

P=0.197 gamosaxulebaTa mimdevroba “buneba”_Si nulovani mniSvnelobebis 

mqone intensivobebis mosvlis albaToba, meore da pirvel kadrebs Soris 

miRebuli gamosaxulebebisaTvis tolia 0.038-is.  igive albaTobebi 

gamoTvlili gamosaxulebebisaTvis `xelosnebi~ da `lomi~ Sesabamisad 

Seadgens 0,151 da 0,092-s. 

  

3.6.2 fraqtalebis, veivletebis da kadrTaSorisi 

dikm kombinireba 

 

 zemoT aRvniSneT, rom signalebis winaswarmetyvelebis elementi 

SeiZleba Seiqmnas rogorc wrfivi, aseve arawrfivi saxis funqciiT da 

ganvixileT misi morfologiuri agebis SemTxveva. Aam paragrafSi 

ganvixiloT SemTxveva, rodesac winaswarmetyvelebis elementad 

gamoyenebuli iqneba gamosaxulebis fraqtaluri kodirebis mier Seqmnili 

gamosaxuleba. Aamave dros Cvens mier ganxiluli iyo fraqtaluri 

kodirebis meTodis Serwyma veivlet-gardaqmnasTan. naCvenebi iyo, rom am 

meTodis gamoyeneba efeqturia maSin, rodesac pirvelad xdeba veivlet-

gardasaxva, xolo Semdgom fraqtaluri kodireba. Ees advilad aixsneba 

imiT, rom veivlet-gardaqmna anxorcielebs gamosaxulebis filtracias da 

amiT igi xels uwyobs fraqtalebis efeqturobis amaRlebas.  rodesac 
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kombnirebuli meTodis SeqmnaSi monawileobs kadrTaSorisi dik modulacia 

da winaswarmetyvelebis rols asrulebs fraqtalebiT damuSavebuli 

gamosaxuleba, maSin bunebrivi iqneba am gamosaxulebis gaasacemi sxvaoba 

davamuSaviT veivlet-gardaqmniT. Eqsperimentebi Catarda gamosaxulebaTa 

mimdevrobisaTvis `xelosani~, `buneba~. qvemoT moyvanilia Sedegebi, romelic 

miRebulia gamosaxulebisaTvis `xelosnebi~. Eeqsperimentis Catarebis 

mimdevroba Semdegia: pirvel etapze Cven vayalibebT fraqtalur kodirebas 

sawyis gamosaxulebaze Cvens mier arCeuli parametrebiT da vRebulobT 

ranguli blokebis raodenobas, romelic ganapirobebs SekumSvis 

koeficientis mniSvnelobas. Mmeore etapze vaxorcielebT dekodirebas. 

Ddekodirebuli gamosaxuleba Photoshop programis gamoyenebiT gardaiqmneba 

.bmp formatSi. mocemul gamosaxulebaSi da gadayvanili iqneba Matcad 

programaSi. am programaSi miiReba gamosaxulebis Semdgomi kadris da 

fraqtalurad damuSavebuli gamosaxulebis sxvaoba (rac gaTvaliswinebulia 

dik modulaciiT). miRebuli sxvaobiTi gamosaxuleba eqvemdebareba veivlet-

gardaqmnas SekumSviT. Cvens SemTxvevaSi veivlet-transformantaSi 

SenarCunebuli iqneba 28×28 piqselebis 10%. es informacia gadaicema arxSi 

an damaxsovrebuli iqneba mimRebSi, sadac mas gaukeTdeba veivlet-

Sebrunebuli operacia anu sxvaobiTi gamosaxulebis aRdgena. am operaciis 

Sedegad aRdgenili sxvaobiTi gamosaxuleba ajamdeba fraqtalurad 

dekodirebul gamosaxulebasTan. es iqneba meore kadris aRdgenili 

mniSvneloba, romelic warmoadgens nawinaswarmetyveleb elements Semdgomi 

anu mesame kadrisaTvis. es procedura Catarda kadrTa mimdevrobisaTvis, 

romelTa raodenoba Seadgenda 5 kadrs. gamosaxulebaTa mimdevrobisaTvis 

`xelosnebi~ damuSavebis Sedegebi mocemulia cxrilSi 3.6.2.1. 

 unda avRniSnoT, rom Cven agreTve CavatareT cda, romelic exeboda 

dekodirebuli gamosaxulebisa da sawyisi gamosaxulebis sxvaobisaTvis 

veivlet-gardaqmnis gamoyenebas (gansxvavebiT am gardaqmnas gamosaxulebaTa 

TanmimdevrobisaTvis). es gardaqmna dafuZnebuli iyo veivlet simetriuli 

filtris gamoyenebaze, rodesac aRdgenil sxvaobiT gamosaxulebas 

vumatebdiT fraqtalurad kodirebul gamosaxulebas, vRebulobdiT 
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aRdgenili gamosaxulebis xarisxis mniSvnelovan gaumjobesebas, romelic 

ricxobrivad Seesabameboda sxpf koeficientis gazrdas ≈5 db-iT. amasTan 

vizualurad sruliad SeumCneveli xdeboda originalur da aRdgenil 

gamosaxulebebs Soris gansxvaveba. am eqsperimentis Sedegi gviCvenebs, rom 

fraqtaluri meTodis gamoyenebis Sedegad aRdgenili gamosaxulebis 

xarisxis gasaumjobeseblad SeiZleba rekomendirebuli iqnas veivlet-

gardaqmnis gamoyeneba. 

   qvemoT mocemuli gvaqvs Mathcad programaSi ganxorcielebuli 

momdevno kadris (M2) da wina kadris fraqtalurad kodirebuli da 

aRdgenili M gamosaxulebis sxvaobiTi MD gamosaxulebis miReba. 

 
M:=READBMP(‘’D:\kadrebi\KADR3frf’’) 

 
 
 

 

 
 
 
 
 
 
  
 
 

MD M2 M−:=  

M2 READBMP "D:\kadrebi\KADR4"( ):=  
 

M2

nax. 3.6.2.1 a mimdevrobis sawyisi kadri 

M

nax. 3.6.2.1 b mimdevrobis wina kadris 

fraqtalurad kodirebuli da 

aRdgenili gamosaxuleba 
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L MD:=  

 
 
 
 
 

 

 

 

MD

nax. 3.6.2.1 g mimdevrobis M2 kadrisa da 
misi wina kadris fraqtalurad 

kodirebuli da aRdgenili 

gamosaxulebebis sxvaoba 

wavesort W( ) q 0←

WSq 0, Wr c, ←

WSq 1, r←

WSq 2, c←

q q 1+←

c 0 cols W( ) 1−..∈for

r 0 rows W( ) 1−..∈for

WS reverse csort WS 0, ( )( )←

submatrix WS 0, rows WS( ) 1−, 1, 2, ( )

:=  

shrink WS n, W, ( ) Mrows W( ) 1− cols W( ) 1−, 0←

q 0←

M WSq 0, ( ) WSq 1, ( ), W WSq 0, ( ) WSq 1, ( ), ←

q q 1+←

q n<while

M

:=  

J 4:=  
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cxrili 3.6.2.1 kadrebis sxvaobaze veivlet gardaqmnis ganxorcielebisas 

transformantaSi 10% da 1% koeficientebis raodenobis SenarCunebisas s.x.p.f.-is 

Sesabamisi mniSvnelobebi 

KADkadrebis nomeri transformantaSi 

koeficientebis 

raodenoba 1% 

transformantaSi 

koeficientebis 

raodenoba 10% 

2-1 sxpf=23.466 sxpf =24.955 

3-1 sxpf=21.567 sxpf =22.729 

4-3 sxpf =22.459 sxpf =24.203 

5-4 sxpf =23.135             sxpf =24.68 

 

 

scale M( ) myMax max M( )←

myMin min M( )←

M myMin−

myMax myMin−
255⋅

→⎯⎯⎯⎯⎯⎯⎯⎯

:=  

filter symmlet 12( ):=  N rows L( ):=  

N2 floor 0.01 N 2
⋅( ):=  

Ws wavesort WL( ):=  

W'1 shrink Ws N1, WL, ( ):=  

L

nax. 3.6.2.2 

L1 idwt W'1 J, filter, ( ):=  

W'2 shrink Ws N2, WL, ( ):=  

L2 idwt W'2 J, filter, ( ):=  

N1 floor 0.1 N 2
⋅( ):=  

WL dwt L J, filter, ( ):=  
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Kkoeficientis 10%-iT SenarCunebis dros miviRebT: 
MDECOD L1 M+:=  

MDECOD2 L2 M+:=  

L1

nax. 3.6.2.3 

MSCAL scale MDECOD( ):=  

MDECOD

nax. 3.6.2.4 

A max MDECOD( ):=  

immse M MDECOD, ( ) 374.226=  

A1 255:=  

PSNR1 10 log
A2

immse M MDECOD, ( )

⎛
⎜
⎝

⎞
⎟
⎠

⋅:=  

PSNR1 22.459=  
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zemoT aRwerili sami meTodis kombinirebiT miRebuli Sedegis 

SekumSvis koeficienti gamoiTvleba calkeuli operaciis dros miRebuli 

SekumSvis koeficientebis gamravlebiT. 

 

veivdikmfr KKKC ⋅⋅=  

2>dikmK  

5,2>veivK  
8>frK  

 

 

 

MDECOD

nax. 3.6.2.5 

A max MDECOD2( ):=  

immse M MDECOD2, ( ) 280.603=  

PSNR2 10 log
A2

immse M MDECOD2, ( )

⎛
⎜
⎝

⎞
⎟
⎠

⋅:=  

A 271.76=  

PSNR2 24.203=   
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3.7 mesame Tavis daskvnebi 

1. mocemulia gamosaxulebaTa kodirebis fraqtaluri algoriTmebis 

sxva algoriTmebTan veivlet-gardaqmnis Serwymis operatoruli aRwera, 

romelmac Teoriulad daadastra kodirebis kombinirebuli meTodebis 

gamoyenebis samarTlianoba da efeqturoba. 

2. kodirebis efeqturobis gazrda SesaZlebelia fraqtaluri kodirebis 

SerwymiT morfologiur agebebTan. gamosaxulebis winaswari gafiltvra 

morfologiuri filtriT zrdis SekumSvis koeficients da amave dros 

aumjobesebs sxpf≈1,2db-iT. fraqtaluri kodirebis Sedegebis 

damoukideblobam dekodirebuli gamosaxulebis zomaze SesaZlebeli gaxada 

fraqtaluri kodirebis ganxorcieleba ordoniani morfologiuri piramidis 

wveroze (64×64 piqseliT) da dekodireba sastarto gamosaxulebaze, 

256×256 piqselebis zomiT. aman ganapiroba SekumSvis koeficientis amaRleba 

≈34,24-mde, aRdgenili gamosaxulebis sxpf-s 1,35-iT Semcirebisas. 

3. fraqtaluri algoriTmebis Serwyma veivlet-gardaqmnasTan 

iTvaliswinebs veivlet-fraqtalur da fraqtalur-veivlet meTodebis 

kombinirebas. veivlet gardaqmnis realizaciam kodirebis pirvel etapze, 

xolo Semdgom etapze fraqtaluri SekumSvis gamoyenebam aCvena ufro kargi 

Sedegebi vidre sapirispirom: sxpf-is mniSvneloba gaizarda 2,5 dB-iT.  

4. gamosaxulebaTa mimdevrobis kodirebis SemTxvevaSi fraqtaluri 

algoriTmis Serwymam wrfiv droiT interpolaciasTan mkveTrad aamaRla 

kodirebis efeqturoba saSualod 5-10-jer aRdgenili gamosaxulebis 

xarisxis 1-2 dB-iT Semcirebis pirobebSi. SekumSvis koeficientis 

mniSvneloba damokidebulia gamosaxulebaSi myofi moZravi elementebis 

raodenobaze da maTi cvlilebis siCqareze kadrebis mixedviT. kodirebis 

efeqturoba gaizrdeba kidev 2,5-3-jer, Tu yovel gadasacem kadris 

kodirebas winaswar warmovadgenT veivlet-samdoniani piramidiT. 

5. naCvenebia, rom fraqtalebis, veivletis da kadrTaSorisi dikm-is 

kombinireba gamosaxulebaTa mimdevrobis kodirebis dros 

urTierTTavsebadia, zrdis SekumSvis koeficients daaxloebiT 90-95-is 

toli mniSvnelobamde sxpf 27,5-28 dB xarisxis aRdgenis pirobebSi. 
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6. gamosaxulebaTa da maTi mimdevrobis kodirebis kombinirebuli 

meTodebis efeqturobis Sedarebam aCvena, rom yvelaze maRali maCvenebeli 

(110-120 farglebSi) miiReba droiT interpolaciis SekumSvis meTodis 

gamoyenebis dros. 

 

Tavi 4. gamosaxulebaTa SekumSvis JPEG standartis axali 

variantis SemuSaveba 

 

4.1 kvlevis amocanebi 

 

gamosaxulebis cifruli damuSavebis sferoSi farTod gamoiyeneba 

videosignalebis SekumSvis standartebi, romlebic dadgenilia 

saerTaSoriso eqspertTa jgufis mier (JPEG, MPEG). 1990-2000 wlebSi am 

standartebiT gaTvaliswinebulia diskretuli kosinusuri gardaqmnis, 

kadrebs Soris winaswarmetyvelebis da entropiuli kodirebis meTodebis 

erToblivi gamoyeneba signalebis dasamuSaveblad. dReisaTvis damuSavebulia 

gamosaxulebis cifruli kodirebis mravali efeqturi meTodi [2,8,11,28,71]. 

informaciis SekumSvis algoriTmebis mniSvნelovani roli Tanamedrove 

teqnikaSi adasturebs imas, rom momxmareblis moTxovnebis 

dasakmayofileblad  10 wlis win SemuSavebuli JPEG da MPEG standartebi  

unda ganaxldes. am TvalsazrisiT erT-erTi saukeTesoa SedarebiT axali 

standarti JPEG-2000, romelic dafuZnebulia veivlet-funqciebis 

gamoyenebaze. am konteqstSi fraqtalurma meTodebma, romlebic ganixilaven 

gamosaxulebaTa fundamenturi struqturis modelirebas sruliad axali 

poziciebidan, SeiZleba mniSvnelovani wvlili Seitanos axali standartebis 

SeqmnaSi da SekumSvis meTodebis mwarmoeblobis amaRlebaSi. 

gamosaxulebaTa fraqtaluri kodirebis C++ enaze Sedgenili 

programis gamoyenebiT detalurma gamokvlevam gviCvena, rom sasargeblo 

iqneba JPEG-2000 standartis ganxorcielebisas, veivlet teqnologia 

Secvlili iqnas gamosaxulebaTa SekumSvis fraqtaluri meTodiT. amitom 
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Cven davisaxeT miznad JPEG jgufis standartis axali variantis 

SesamuSaveblad CavataroT Semdegi samuSaoebi: 

• JPEG-2000 standartis, rogorc axali standartis Sesaqmnelad sabazo 

nimuSis aRwera; 

• arsebuli JPEG jgufis standartebis ZiriTadi moTxovnebis da 

maxsiaTeblebis Camoyalibeba da veivlet da fraqtaluri algoriTmebis 

SedarebiTi analizi; 

•  xelSeSlaTa mimarT mdgradi kodirebis gamoyeneba fraqtalurad 

kodirebuli gamosaxulebis gadacemis saimedoobis amaRlebis mizniT; 

• JPEG axali tipis standartisaTvis gamosaxulebaTa fraqtaluri 

SekumSvis samuSao programis Sedgena; 

• ferad gamosaxulebaTa fraqtalur SekumSvaze agebuli standartis 

SemuSaveba; 

 

4.2 JPEG 2000 standartis, rogorc axali standartis 

Sesaqmnelad sabazo nimuSis aRwera 

 

 JPEG-2000 warmoadgens gamosaxulebis SekumSvis saerTaSoriso 

standarts, romelic damuSavda Joint Photographic eqspertTa jgufis 

komitetis mier 2000 wels, 1991 wels damuSavebuli JPEG standartis 

gaumjobesebis mizniT [71]. JPEG-2000 warmoadgens grafikul formats, 

romelic diskretuli kosinus-gardaqmnis nacvlad iyenebs veivlet-

gardaqmnas, romelic efuZneba signalis warmodgenas garkveuli bazuri 

funqciebis superpoziciis saxiT. 

 JPEG-2000 standartis gamoyenebiT SekumSuli gamosaxuleba 

gamoirCeva meti sigluviTa da simkvriviT. amasTan es standarti dazRveulia 

misi winamorbedi standartis ZiriTadi naklovanebisagan, rac mdgomareobs 

imaSi, rom formati veivletebis gamoyenebis wyalobiT ar Seicavs cnobil 

`cxauras~ 8 piqseliani blokebidan. axal formatSi, iseve rogorc mis 

winamorbedSi uzrunvelyofilia e. w. `progresuli SekumSva~, romelic 

saSualebas iZleva CatvirTvis zomis Sesabamisad vixiloT jer 
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gamosaxulebis dabali xarisxis versia, xolo Semdeg gaumjobesebuli 

xarisxis gamosaxuleba. 

 JPEG-2000 standarts gaaCnia rigi upiratesobiT winamorbed 

standartTan SedarebiT, romelTagan umTavresia: 

1. SekumSvis maRali xarisxi: kerZod Tu artefeqtebi (artefect) 

umniSvneloa, JPEG-2000-s aqvs SekumSvis saSualod 20%-iT ufro meti 

SekumSvis xarisxi, vidre Cveulebriv JPEG-s. SekumSvis maRali xarisxi 

miiRweva diskretuli veivlet-gardaqmnis gamoyenebiT da entropiuli 

kodirebis meti sirTuliT. 

2. gamosaxulebis fragmentebis masStabirebis SesaZlebloba: JPEG-2000 

uzrunvelyofs gamosaxulebis sxvadasxva komponentebis unawiburo 

SekumSvas. amasTan blokebad dayofis wyalobiT SesaZlebelia sxvadasxva 

gadawyvetis gamosaxulebebi movaTavsoT erT kodur nakadSi. 

3. progresuli dekodireba da signal/xmauris Tanafardobis masStabis 

cvlilebis SesaZlebloba. JPEG-2000 uzrunvelyofs koduri paketis 

efeqtur organizacias, romelic saSualebas iZleva davaTvalieroT 

failebi dabali garCevisunarianobiT da dabali xarisxiT. 

4. SekumSvis SesaZlebloba, rogorc danakargebiT aseve danakargebis gareSe. 

udanakargo SekumSva xorcieldeba mTelricxva veivlet-gardaqmnis 

gamoyenebis Sedegad. 

5. mdgradoba Secdomebis mimarT: JPEG-2000 mdgradia bituri Secdomebis 

mimarT, romelic Semoaqvs kavSiris arxebs. igi miiRweva 

resinqronizaciis markerebis CadgmiT, monacemTa kodirebiT mcire 

damoukidebel blokebad da TiToeuli blokis SigniT Secdomis 

aRmoCenisa da lokalizaciis meqanizmis uzrunvelyofiT. 

 

JPEG-2000 standartis gamoyenebis ZiriTadi sferoebi: 

• multimediuri mowyobilobebi (cifruli kamerebi, cifruli 

faqsebi, printerebi, skanerebi, mobiluri kavSirgabmulobis 

saSualebebi da sxva) ; 
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• momxmarebel/serveruli urTierTobebi (gamosaxulebaTa monacemebis 

bazebi, interneti, videoserverebi da sxva) ; 

• sensoruli mowyobilobebi, cifruli mowyobilobebi/arqivi ; 

• samedicino gamosaxulebebi ; 

• samxedro (Tanamgzavruli gamosaxulebebi, moZraobaTa aRmoCena, 

ganawilebuli qselebi da sacavebi) ; 

• videomasalis Senaxva. 

JPEG-2000-is msgavseba SekumSvis sxva formatebTan: 

JPEG-2000 standarts aqvs bevri msgavseba ICER SekumSvis 

formatTan, romelic gamoiyeneba NASA-s mier: aRniSnuli formati 

damuSavda Ria kosmosSi momuSave mowyobilobebSi gamosaxulebaTa SekumSvis 

mizniT. 

ICER standarti, iseve rogorc JPEG-2000 dafuZnebulia 

veivletebze da uzrunvelyofs: 

• progresul SekumSvas; 

• SekumSvas danakargebis gareSe; 

• SekumSvas danakargebiT; 

• im SecdomaTa koreqcias, romlebic amcireben kosmosur arxSi 

monacemTa gadacemis efeqts; 

mniSvnelovania agreTve JPEG-2000 da ICER standartebis funqciuri 

SesaZleblobebis Tanxvdena, rac gamoixateba SemdegSi: 

• orive standarti uzrunvelyofs gamosaxulebis blokebad dayofas 

SekumSvis efeqturobis amaRlebisa da kavSiris arxis ekonomiurad 

gamoyenebis mizniT; 

• SekumSvis orive standarti iZleva SekumSvis xarisxis cvlilebis 

SesaZleblobas gamosaxulebis zomebisagan (baitebisagan) 

damokidebulebiT. 

• JPEG-2000 iyenebs ariTmetikas mcocavi mZimiT, xolo ICER 

standarti iyenebs mxolod mTelricxva ariTmetikas. 

• JPEG-2000 da ICER iyeneben ferTa sxvadasxva sivrces. 
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• ICER ukeTesad kumSavs monoqromatul gamosaxulebebs, xolo 

JPEG-2000 - ferad gamosaxulebebs 

 

4.3  JPEG-2000 standartebis ZiriTadi  

moTxovnebisa da maxasiaTeblebis Camoyalibeba da veivlet-

fraqtaluri algoriTmebis SedarebiTi analizi 

 

 gamosaxulebaTa SekumSvisaTvis Tanamedrove da perspeqtiul meTodebs 

miekuTvneba gamosaxulebis SekumSvis fraqtaluri meTodi, romelic 

gamosaxulebas ganixilavs, rogorc urTierTdamokidebulebas mis calkeul 

fragmentebs Soris [37,38,41]. 

 Cveni mizania Catardes SedarebiTi analizi veivlet-gardaqmnisa da 

gamosaxulebis fraqtalur SekumSvas Soris maTi mwarmoeblobis 

TvalsazrisiT. agreTve fraqtaluri teqnologiis gamoyeneba SekumSvis 

axali standartis SesamuSaveblad, romelic JPEG 2000 standartis msgavsia 

da efuZneba gamosaxulebis damuSavebis fraqtalur meTods. 

 fraqtaluri kodirebis meTodebi da veivlet-gardaqmnebi mocemul 

gamosaxulebaSi struqturis gasarkvevad iyeneben or sxvadasxva midgomas. 

veivlet-SekumSva gardaqmnis meTodebis klass miekuTvneba, maSin rodesac 

fraqtaluri meTodebi Senaxuli informaciis moculobis Semcirebis mizniT 

iyeneben TviTmsgavsebas nebismieri masStabiT [37,83]. mwarmoebluroba 

fasdeba sami parametriT. esenia SekumSvis koeficienti, gamosaxulebis 

xarisxi da damuSavebis dro. xarisxis Sefaseba xdeba signal-xmauris pikuri 

fardobiT. SekumSvis koeficienti gamoiTvleba sawyisi gamosaxulebis 

warmodgenisaTvis saWiro bitebis raodenobis SefardebiT bitebis im 

raodenobasTan, romelic gardaqmnis Sedegis damaxsovrebisTvisaa saWiro 

[38,43].  

 eqsperimenti Catarda sxvadasxva gamosaxulebisaTvis. naSromSi 

moyvanilia Sedegebi ori gamosaxulebisaTvis: esaa testuri gamosaxulebebi 

`lena~ da `zamTari-1~, romelTagan meore gamosaxuleba Seicavs maRali 
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sixSiris detalur informacias. programuli uzrunvelyofis damuSavebis 

safuZvels warmoadgens obieqt-orientirebuli biblioTeka C++ klasidan.  

 nax. 4.3.1-ze mocemulia sawyisi gamosaxulebebi `lena~ da `zamTari~, 

xolo 4.3.2 naxazze mocemulia damokidebuleba sxpf-s damokidebuleba 

SekumSvis koeficientze. (·) tipis mrudi fraqtaluri SekumSvis Sedegebia, 

xolo `(×)~ tipis mrudi veivlet-gardaqmnisa. gamosaxulebisaTvis `lena~. 

4.3.2 b-naxazze moyvanilia Sedegebi `zamTari-1~ gamosaxulebisaTvis. 

 

sxpf (db)  

                             

                          nax.  4.3.1 a                                                                   nax.  4.3.1 b 

       

 

                          nax.  4.3.2 a `lena~                                                 nax.  4.3.2 b `zamTari~     
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Sedegebis Sedareba adasturebs fraqtaluri SekumSvis did 

efeqturobas: SekumSvis koeficientisa da gamosaxulebis xarisxis garda 

arsebobs mesame parametric – kodirebis siCqare. eqsperimentma gviCvena, rom 

veivlet-gardaqmnebi am SemTxvevaSi naklebad momgebiania, magram fraqtalur 

algoriTmebs aqvs kodirebis daCqarebis SesaZlebloba paraleluri 

damuSavebis xarjze, agreTve TviTorganizebadi neironuli qselebis 

gamoyenebis saSualeba, romelic axasiaTebs programiT gaTvaliswinebuli 

procesebis Taviseburebebs [1,44]. unda aRvniSnoT, rom didi moculobis 

gamosaxulebisTvis zomiT 512×512 piqseli, SekumSvis koeficienti 

fraqtaluri SekumSvisas izrdeba TiTqmis 4-jer.  

fraqtaluri meTodis zemoTmoyvanili Sedareba veivlet gardaqmnasTan 

miuTiTebs fraqtaluri meTodis upiratesobaze. amrigad SeiZleba 

CavTvaloT mizanSewonilad `JPEG-2000~ tipis axali standartis 

dasamuSaveblad safuZvlad aviRoT gamosaxulebis fraqtaluri SekumSva 

veivlet-garadaqmnis nacvlad.                          

 
4.4 xelSeSlaTa mimarT mdgradi kodirebis (hemingis kodis)  

gamoyeneba fraqtalurad kodirebuli  

gamosaxulebis gadacemis saimedoobis amaRlebis mizniT 

 
signalebis gadacemis xarisxis maCveneblebis gaumjobesebis mizniT 

farTod gamoiyeneba Secdomebis aRmoCenisa da Sesworebis meTodebi, 

romlebic emyarebian gadasacem SetyobinebaSi damatebiTi (Warbi) 

informaciis xelovnurad Setanas. teqnikaSi amJamad farTodaa 

gavrcelebuli xelSeSlebis mimarT mdgradi kodirebis meTodebi [20,22]. 

makoreqtirebuli kodi – es aris kodi, romelic emsaxureba im 

Secdomebis aRmoCenas da aRmofxvras, romlebic warmoiSvebian informaciis 

gadacemis procesSi xelSeSlebis Sedegad. rogorc aRvniSneT, am mizniT 

gadamcem sasargeblo informacias mizandasaxulad umateben specialurad 
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SerCeul Warb informacias, romlis mimRebze amokiTxvis Sedegad 

SesaZlebeli xdeba SecdomaTa Sesworeba. 

makoreqtirebeli kodebidan erT-erTi yvelaze cnobili da praqtikaSi 

gavrcelebulia hemingis kodi. 

hemingis kodSi mniSvnelovania d  koduri manZilis cneba (manZili or 

kods Soris), romelic udris gansxvavebuli Tanrigebis ricxvs. Secdomis 

gasworebis SesaZlebloba dakavSirebulia minimalur 0d  kodur manZilTan. 

Sesworeba xdeba im Secdomebis, romlebic jeradia 2/)1( 0 −= dentq  

ricxvisa da aRmoCena xdeba im Secdomebisa, romelTa jeradoba 10 −d , sadac 

ent  mianiSnebs gamosaxulebis mTel nawilze. 

hemingis kodi 20 =d  minimaluri koduri manZiliT aRmoaCens yvela 

calkeul Secdomas. kodi minimaluri manZiliT 30 =d  uzrunvelyofs yvela 

calkeuli da orjerad Secdomebis aRmoCenas. 

gadasacem informaciaze Secdomebis zeddeba xdeba SemTxveviTi 

ricxvebis generatoris )(xrnd  funqciis saSualebiT da radganac Cven 

vmuSaobT orobiT monacemebSi, am funqciam SeiZleba mogvces ricxvebi 

0,0001-dan 0,9999-mde. 

qvemoT moyvanilia programis amonabeWdi, romelic Sesrulebulia 

MathCad  garemoSi, sadac detalurad, komentarebis saxiT aRwerilia 

eqsperimentis etapebi. 

miRebuli Sedegebi saSualebas iZleva: 

a) avagoT nebismieri Tanrigianobis hemingis kodi 20 >d  minimaluri 

manZiliT (koduri kombinaciebis ufro meti sigrZe araa rekomendebuli 

programuli damuSavebis xangrZlivobis gaz-rdis gamo); 

b) movaxdinoT Secdomebis zeddeba da koreqtireba gadasacem kodze 

( 001,001,0 ÷<P ); 

g) movaxdinoT miRebuli kodis xarisxis Sefaseba mis luwobaze       

Semowmebisa da koreqtirebis Semdeg, Secdomis aRmoCenis SemTxvevaSi 

algoriTmis praqtikuli realizaciis magaliTis mizniT gamokvleuli 

iqna hemingis CamokveTili (9;5) kodi, sadac koduri sityvis Tanrigia 9 
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( 9=n ); informaciuli nawili 5 Tanrigi ( 5=k ), mamowmebeli Tanrigebi 

.4=r  

programa realizdeba Semdegi TanmimdevrobiT: 

1) vpoulobT kodis maqsimalur 1n  sigrZes, xolo Semdeg virCevT 

CamoWrili kodis sigrZes ( 9=n ) da koduri kombinaciebis ricxvs 

1N -s. 

2) Semogvyavs gamosaxuleba `Lena.bmp~ zomiT 256×256 da vpoulobT mis 

histogramas. 

3) vagebT orjeradi kodis matricas numb-bitebis ricxviT da 

kombinaciebis full ricxviT funqciisaTvis KODN (FULL; NUMB). 

sainformacio kodi Sedgeba 5 svetisagan da 32 striqonisagan (koduri 

kombinaciebis ricxvi). 

4) mamowmebeli kodebis matrica Sedgeba 4 svetisagan da 9 striqone-

bisagan (kodis sigrZe). 

5) ganvsazRvravT damatebiTi bitebis pozicias hemingis (9;5) kodSi 

transponirebis funqciis meSveobiT. 

6) vaxdenT gamokvlevas: Tu Semoklebuli kodis maqsimaluri pozicia 

ukanaskneli mamowmebeli bitis poziciaze naklebia, maSin saqme gvaqvs 

SecdomasTan (ERROR). 

7) vagebT hemingis kods ise, rom mamowmebeli kodebis pozicia iyos 7 da 

vadgenT am kodebis matricis transponirebas. 

8) vagebT cxrils, romelic gviCvenebs agebis wrfiv kombinacias: a) 

damatebiTi Tanrigebi kodis agebis dros da b) makontrolebeli – 

Semowmebis dros. magaliTad: vertikalSi Tanrigis nomeria 01r , 

horizontalSi Tanrigebis nomerebi, romlebic monawileoben damatebiTi 

Tanrigis, e.i. 975301 rrrrr +++=  da sakontrolo Tanrigis, e.i. 

975310 ′′+′′+′′+′′=′′ rrrrr  formirebaSi. am cxrilis mixedviT vagebT 

hemingis kods mamowmebeli TanrigebiT, sadac 10 sveti da 256 

striqonia. 

9) hemingis kodis sruli agebis Semdeg matricaSi calke gamovyofT 

damatebiT Tanrigebs. 
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10) SemovitanoT xmauri 01,0=P  albaTobiT da movaxdinoT misi zeddeba 

agebul kombinaciaze. 

11) gardavqmnaT hemingis kodi, risTvisac avagoT damatebiTi Tanrigebi 

xmauris zeddebis Semdeg luwobaze Semowmebis gaTvaliswinebiT da 

matricaSi calke gamovyoT damatebiTi Tanrigebi kodis rekomendaciis 

Semdeg 

12) avagoT cxrili, romlis daxmarebiT ganvsazRvravT matricis im 

striqonebs, romlebic damaxinjdnen da vaxdenT maT transponirebas. 

13) ganvsazRvroT mcdari Tanrigebis raodenoba 10-obiT sistemaSi 0-dan 

1)1( −KONcols -mde da movaxdinoT am Tanrigebis koreqtireba 

monacemebis mimReb mxares me-11 punqtSi miRebuli informaciis 

safuZvelze.  

     zemoT CamoTvlili punqtebis mixedviT MathCad paketSi 

ganxorcielebuli iyo hemingis kodis Seqmna romlis minimaluri koduri 

Sualedi d=3-s. 

 

4.5. JPEG tipis axali standartisaTvis gamosaxulebaTa 

fraqtaluri SekumSvis samuSao programis Sedgena da gamocda 

 

  U ukanasknel periodSi internetis qselisa da sxva multimediuri 

saSualebebis swrafma ganviTarebam ganasakuTrebiT gazarda interesi 

informaciis SekumSvis mimarT. amJamad farTod gamoiyeneba SekumSvis 

standartuli meTodebi, romelTa Soris SeiZleba davasaxeloT JPEG 

jgufis mier Seqmnili standarti, romelic iseve rogorc gamosaxulebis 

SekumSvis sxva meTodebi viTardeba misi srulyofis mimarTulebiT. 

magaliTad JPEG standarti, romelic emyareba SekumSvis diskreto-

kosinusur meTods, da rogorc aRvniSneT, es standarti ganviTarda JPEG 

2000 saxiT, romelsac safuZvlad udevs veivlet-gardaqmnebi [37,71]. 

  N nebismieri axali standarti unda akmayofilebdes garkveul 

moTxovnebs. [71]  literaturaSi  Camoyalibebulia is moTxovnebi, romlebic 

waeyeneba yvela standarts, romelic emsaxureba gamosaxulebaTa SekumSvas. 
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erT-erT mniSvnelovan moTxovnas Seadgens SekumSvis Sedegad aRdgenili 

gamosaxulebis xarisxis damokidebuleba SekumSvis koeficientis 

cvlilebaze farTo diapazonSi. qvemoT aRwerili samuSao eZRvneba swored 

am sakiTxis gadawyvetas eqsperimentuli kvlevebis safuZvelze.  

SemoTavazebuli standarti efuZneba gamosaxulebis fraqtaluri 

SekumSvis meTods da programul realizacias. eqsperimenti Catarda 

sxvadasxva saxis 10 gamosaxulebaze, romlebsac gaaCniaT gansxvavebuli 

konturebis raodenoba da siuJetis mniSvneloba. G4 gamosaxuleba 

moyvanilia nax. 4.5.1 a, b, g, d.  

   
                 a                  b            A g               dA   

nax. 4.5.1 a, b, g, d gansxvavebuli konturebis mqone sawyisi gamosaxulebebi 

 

    TiToeul maTganze Catarda fraqtaluri kodireba da dekodireba 

romelic Sedgenilia C++ enaze. dekodirebuli gamosaxulebis xarisxi 

fasdeboda sayovelTaod miRebuli parametriT signal xmauris pikuri 

mniSvnelobiT (sxpf). 

2

2

log10:
immse

APSNR ⋅⋅=                                (4.5.1) 

sadac immse-aris saSualo kvadratuli cdomileba, xolo A aris signalis 

maqsimaluri mniSvneloba.  

   E eqsperimentis msvleloba da algoriTmis Sesruleba SemoTavazebuli 

fraqtaluri kodirebis programis mixedviT Semdegia: 

   SekumSvis Semdeg gamosaxulebis aRdgenis procesSi, maqsimaluri 

sasargeblo informaciis da Secdomebis minimumamde Semcirebis mizniT, 

gadavwyviteT kodirebis parametrebis Secvla Sesabamis programaSi. daviwyeT 

domenebis svetebisa da mwkrivebis raodenobis Secvla. parametrebis Secvlas 

vawarmoebdiT Semdegi gziT: SevdivarT folderSi Fw_code, xolo Semdeg 
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brZanebaSi Exe. Exe-dan vxsniT programis gafarToebis fails Img32.exe. Img  

sistemaSi Sesvlisas File direqtoriaSi Open Encode Window ofciaze 

dawkapunebiT gavxsnaT kodirebis fanjaras, rac gvaZlevs saSualebas 

miviRoT CvenTvis sasurveli suraTi (gamosaxuleba), romelic aucileblad 

unda iyos Bmp (bitmap) formatSi, Cven SemTxvevaSi zomiT 256×256. gaxsnis 

Semdeg ekranze fanjris marcxena zeda kuTxeSi gamotanili Setup Image 

Encoding (suraTis kodirebis parametrebis dayeneba) funqciaSi SesvliT 

gveZleva saSualeba SevcvaloT parametrebi Cvens SemTxvevaSi, Domain Rows 

da  Domain cols parametrebi.  

    Tavad kodirebis procesi sruldeba Semdegi TanmimdevrobiT. 

CamovSliT funqcias Run  da SevdivarT brZanebaSi Gray Image (ruxi 

suraTi). Semdeg igive Run dan vaZlevT funqcias Encode Image (suraTis 

kodireba). Gprograma gamogvitans sakontaqto fanjaras, sadac miTiTebuli 

iqneba domenebis Domain raodenoba da Ok Rilakze dawkapunebiT procesi 

iwyeba. Pprocesis dasrulebis Semdeg gamova fanjara Encoding Data 

(kodirebis monacemebi) sadac miTiTebulia kodirebis Sedegad miRebuli 

monacemebi, maT Soris CvenTvis sayuradRebo da mniSvnelovani Rectangles 

(ranguli blokebis raodenoba), romelic icvleba sawyis etapze  Domain 

cols da  Domain rows cvlilebis Sesabamisad. Sedegad miRebul rangul 

gamosaxulebas vinaxavT cnobili gziT File (faili) save as (Senaxva) da 

vuTiTebT CvenTvis saWiro direqtorias. Semdeg SevdivarT isev File-Si da 

vaZlevT  Open Range File (gaxseni ranguli faili) da vxsniT wina 

operaciiT Senaxul fails. vxsniT isev Run da vaZlevT brZanebas Gray Image 

da vasrulebT iteraciul process, xolo Semdeg Run da Itetate Decoding 

(kodirebis iteracia) funqciebis gamoyenebiT gamogvaqvs fanjara Iterations 

(iteraciebi), romlis Semdeg brZaneba Ok mogvcems iteraciebis Sesabamis 

raodenobas. 

   A am procesis dasrulebis Semdeg vxsniT funqcias File da vaZlevT 

brZanebas Open Subtraction Window, romelic gaxsnis im fanjaras, romelSic 

Run image subtraction brZaneba gvaZlevs saboloo monacemebis fanjaras, 
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kerZod monacemebs Everage Pixel Erorr (fiqselis saSualo Secdoma) da PSNR 

(sxpf). 

       Aa, b, g, d gamosaxulebebze Catarebuli cdebis safuZvelze SevCerdiT 

optimalur variantze 16×16,  anu  Domain Rows:=16 da Domain Cols:=16.  

    sxpf-s damokidebuleba SekumSvis koeficientis mniSvnelobaze miiReboda 

9 SemTxvevisaTvis. Aam parametrebis cvlileba moiTxovda ranguli blokebis 

sxvadasxva raodnobas. ranguli blokebis raodenoba ganapirobebda SekumSvis 

koeficientis cvlilebas. SekumSvis koeficienti ganisazRvreba 

gamosaxulebiT: 

                                                               
4

22:
88

⋅
⋅

=
rang

C                                                      (4.5.2) 

        am gamosaxulebis mricxveli Seicavs sawyisi gamosaxulebis 

Ppiqselebis raodenobis zomas romelic Cven SemTxvevaSi toli iyo 

256×256. unda aRiniSnos, rom sawyisi gamosaxulebis zomis gadideba 

ganapirobebda SekumSvis koeficientis gazrdas, rang es aris ranguli 

blokebis raodenoba. 

      eqperimentis Sedegad miRebuli sxpf funqciis damokidebuleba 

SekumSvis koeficientze asaxulia nax. 4.5.2-ze mocemuli grafikis saxiT:  

 

 

 

 

 

 

       

 

 

    

 

 

 

      nax.4.5.2 s.x.p.f. funqciis SekumSvis koeficientze 

                damokidebulebis grafiki 
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y1 Seesabameba gamosaxulebas ,,Leaves’’, y2 Seesabameba gamosaxulebas ,,Lena’’, 

y3 gamosaxulebas ,,Beries’’, xolo y4 gamosaxulebas ,,Winter’’. es Sedegebi 

miRebulia Mathcad programuli paketis gamoyenebiT. 

    eqsperimentis meore etapze Cven gvainteresebda eqsperimentuli 

monacemebis statikuri analizis gamoyenebiT [83], gagvego eqsperimentSi 

ganxiluli aTi gamosaxulebisaTvis miRebuli saSualo mniSvneloba 

(maTematikuri lodinis Sefaseba), misi saSualo kvadratuli gadaxris 

Sefaseba da intervaluri cvlileba sando albaTobis cvlilebis mixedviT. 

sando albaToba icvleboda 0.9-dan 0.99-mde intervalSi. Cven gamoviyeneT 

stiudentis ganawileba zemoT mocemuli parametrebis gansasazRvravad, 

vinaidan gamosaxulebaTa raodenoba iyo aTis toli [83]. 

E  eqsperimenti sruldeboda Mathcad programaSi qvemoT mocemuli 

algoriTmebiT. 

   X Seesabameba sxpf mniSvnelobebs aTi sxvadasxva gamosaxulebisTvis, 

roca parametrebis mniSvnelobebi iyo saukeTeso: 

 

 

 

n-aris gamosaxulebaTa raodenoba. P-sando albaTobaa, mocemuli procentebSi. 

 
   
 

 
 

  saSualo kvadratuli gadaxris wertilovani Sefaseba: 
 

 
 
   

   intervalis zeda U da L qveda zRvrebi ganvsazRvreT stiuartis 

ganawilebis kvantilis funqciis mixedviT:    

  

 saSualo mniSvneloba 
 

 
 

 
 
 

X 30.6196 32.7697 31.9146 25.9431 31.9146 31.5668 27.9494 29.4216 28.0385( ):=  

n length X( ):=  n 10=  

α 0.1:=  

sando albaToba  1 α− 90 %⋅=  

P 1 α−:=  

s
n

n 1−
var X( )⋅:=  

mean X( ) 29.709=  

n 1− 9=  

t10 qt 1
α

2
− df, ⎛⎜

⎝
⎞⎟
⎠

:=  t10 1.833=  

intervalis zeda zRvari 
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zemoT miRebuli Sedegebi gvaZlevs saSualebas gavakeToT Semdegi daskvnebi: 

   1. aRdgenili gamosaxulebis xarisxis Sefasebis raodenobrivi 

maCvenebeli sxpf MSemcirda SekumSvis koeficientis gazrdisas(2-16). 

   2. statistikuri damuSavebis Sedegad gamoTvlili sxpf maCvenebelis 

intervaluri Sefasebis U-L sigane gaizardaA sando albaTobis P–s  

gazrdisas.     

 
 
4.6. ferad gamosaxulebaTa fraqtaluri SekumSvis standartis 

SemuSaveba JPEG standartebis Sesabamisad 

 
   mocemuli paragrafi eZRvneba gamosaxulebaTa SekumSvis axali 

standartis SemuSavebis sakiTxebs da mis programul realizacias. 

U mean X( ) t10
s

n
⋅+:=  L 28.473=  U 30.944=  

                   intervalis qveda zRvri  

M

4.380

3.618

3.049

2.471

⎛⎜
⎜
⎜
⎜⎝

⎞⎟
⎟
⎟
⎟⎠

:=  
P

0.99

0.975

0.95

0.90

⎛⎜
⎜
⎜
⎜⎝

⎞⎟
⎟
⎟
⎟⎠

:=  
L mean X( ) t10

s

n
⋅−:=  

intervali aRiniSveba 

M U L−:=  

0.9 0.92 0.94 0.96 0.98 1
2

2.5

3

3.5

4

4.5

M

P

nax. 4.5.3 intervalis zeda da 

qveda zRvrebis 

damokidebulebis grafiki 
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SemoTavazebuli standarti efuZneba gamosaxulebaTa SekumSvis fraqtaluri 

meTodis gamoyenebas. igi akmayofilebs yvela moTxovnas, romelic 

wayenebulia gamosaxulebaTa SekumSvis JPEG-2000 standartis mimarT da 

warmoadgens am standartis Semdgom ganviTarebas.  

   JPEG standarti iTvaliswinebs mTeli rigi moTxovnebis 

dakmayofilebas, romelTac miekuTvneba: 

1. SekumSvisa da aRdgenili gamosaxulebis xarisxis urTierTdamo-

kidebulebis parametrebis SerCevis SesaZleblobas maTi Secvlis 

farTo diapazonSi. 

2. gamosaxulebis damuSavebis proceduris universaloba, rac 

gulisxmobs imas, rom igi ar unda iyos damokidebuli gamosaxule-

bis zomaze, feradobis gamaze, siuJetis sirTuleze, statistikur 

maxasiaTeblebze da sxva. 

3. gamoTvlebis sirTule unda iyos dasaSvebi (misaRebi). 

4. gamosaxuleba unda damuSavdes marcxnidan marjvniv da zemodan 

qvemoT. 

5. koderze miwodebis win, yoveli elementis warmodgenis Tanrigebis 

raodenoba unda iyos erTidaigive n bitis toli. 

6. yoveli elementis (fiqselis) intensivobis sidide mocemuli unda 

iyos mTeli dadebiTi ricxvis saxiT SualedSi (0,2n-1sadac n≤8). 

  standarti, romelic warmodgenilia am TavSi akmayofilebs yvela 

zemoT CamoTvlil moTxovnebs da realizebulia programul garemoSi C++. es 

programa mocemulia IMG sistemis saxiT da anorcielebs gamosaxulebaTa 

SekumSvas nacrisferi gradaciebis mqone  gamosaxulebebisaTvis fraqtaluri 

kvadro-xis dayofis meTodis gamoyenebiT. masSi gaTvaliswinebulia 

gamosaxulebis damaxsovreba, kodirebuli gamosaxulebis aRdgena 

(dekodireba) da sawyis da aRdgenil gamosaxulebaTa Soris sxvaobiTi 

suraTis miReba. 

   gamosaxuleba mocemuli unda iyos BMP formatSi.programas 

SeuZlia gamoiyenos feradi gamosaxulebebi, magram programaSi 
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gaTvaliswinebulia kodirebis win feradi gamosaxuleba gardaiqmna 

nacrisferi gradaciebis mqone gamosaxulebaSi. 

SekumSvis koeficienti gamoiTvleba Semdegi gamosaxulebis mixedviT: 

                         

                     

sadacNN    ranguli blokebis raodenobaa; mniSvnelSi 4 – es aris 3,5-4 

baiti (4×8 biti), romelic aucilebelia TiToeul rangul blokze 

informaciis Sesanaxad: 256×256 –  aris gamosaxulebis zoma, mricxvelSi 8 

aris piqelis intensivobis aRsawerad saWiro bitebis raodenoba. 

A am formulebSi N striqonia, N sveti. es aris Sesabamisad 

striqonebisa da svetebis raodenoba gamosaxulebaSi, 255 – nacrisferi 

gradaciis maqsimaluri mniSvneloba. 

 G gamosaxulebis fraqtaluri kodirebis bazuri algoriTmi sruldeba 

Semdegnairad: 

1. f gamosaxuleba davyoT aragadafarul blokebad.ranguli blokebi 

marTkuTxa formisaa. R blokebi SeiZleba iyos Tanabari, Tumca xSirad 

iyeneben cvladi zomis blokebs adapturi dayofiT. aseTi dayofa 

saSualebas iZleva mWidrod SevavsoT mcire zomis blokebiT 

gamosaxulebis nawilebi, romlebic mcire detalebs Seicaven. adapturi 

dayofis sqemis erT-erTi gavrcelebuli tipia kvadro-xis meTodi, 

romelic aRwerilia fiSeris mier. 

2. gamosaxulebas vfaravT domenuri blokebis TanmimdevrobiT, dasaSvebia 

urTierTgadamfaravi dafarvac. domenebs SeiZleba hqondeT gansxvavebuli 

zomebi da maTi raodenoba ramodenime aseuli an aTaseulia. 

3. TiToeuli ranguli blokisaTvis vpoulobT domens da Sesabamisad 

gardaqmnas, romelic yvelaze saukeTesod gadafaravs rangul bloks. 

Cveulebriv es afinuri gardasaxvaa romelic blok-sqemazea mocemuli. 

saukeTeso Sesatyvisobis misaRebad vaxdenT gardaqmnis parametrebis 

awyobas, magaliTad kontrastulobis da sikaSkaSis. 

4. Tu ver miviReT sakmarisad zusti Sesabamisoba, maSin ranguli blokebs 

vyofT ufro mcire rangul blokebad. es procesi gagrZeldeba manamde, 

4⋅8 biti 
256⋅ 8 biti 256
⋅

⋅=
rbN

CSk
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sanam ar mivaRwevT misaReb Sesatyvisobas, an sanam ranguli blokebi ar 

miaRweven romeliRac winaswar gansazRvrul zRvars. 

  naxazze mocemulia fraqtaluri kodirebis blok-sqema, romelic 

realizdeba damuSavebuli programis Sesabamisad.  unda aRniSnoT, rom igi 

Seicavs saukeTeso domenis Zebnis ofcias.Tu SerCeulia es ofcia, maSin 

Zebna gagrZeldeba im SemTxvevaSic ki rodesac Sesatyvisoba domenur  da 

rangul areebs Soris imyofeba dasaSveb sazRvrebSi. am ofciis SerCevis 

gareSe kodireba mimdinareobs ufro swrafad, dekodirebuli gamosaxulebis 

xarisxis umniSvnelo danakargebiT. 
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    imisaTvis, rom realizebul iqnas dekodirebis iteraciuli sqema 

SemoTavazebuli programis mixedviT, saWiroa ganisazRvros gamosaxulebaTa 

ori masivi: Old image da New image. am masivebis damaxsovreba xdeba 

calcalke. dekodirebis procesi mimdinareobs avtomaturad, winaswar ar 

gansazRvruli iteraciebis raodenoba. unda aRiniSnos, rom aRdgenisaTvis, 

sawyis gamosaxulebad SeiZleba avirCioT nebismieri gamosaxuleba. Cvens mier 

SemoTavazebulia nacrisferi gamosaxuleba zomiT 256×256. 

 

 

 

     zemoaRniSnulidan gamomdinare, SeiZleba gakeTdes daskvna, rom 

gamosaxulebaTa fraqtaluri SekumSvis meTodze dafuZnebuli standartis 

Semdgomi gaumjobeseba dakavSirebulia kodirebis siCqaris amaRlebasTan, 

romlis ganxorcieleba SeiZleba ori mimarTulebiT:   

I. moxdes domenebis iseTi klasifikacia, romelic daaCqarebs kodirebas im 

doneebis raodenobis Semcirebis xarjze, romelTa Soris mimdinareobs 

saukeTeso Zieba. 

II. gamoTvlebis raodenobis SemcirebiT domenuli daranguli areebis 

Sedarebis dros, romlis realizeba SeiZleba blokebis damaxasiaTebeli 

Taviseburebebis gamoyofiT. 

III. uswrafesi meTodebi warmoadgenen am ori ZiriTadi standartis Serwymas 

da gamoyenebas domenuri blokebis klasifikaciisaTvis. 

rac Seexeba standartis gamoyenebas feradi gamosaxulebis 

dasamuSaveblad,  unda aRi niSnos, rom amasTan dakavSirebiT Catarda 

kvleva, romelmac am sakiTxs gasca damajerebeli pasuxi. 

   rogorc cnobilia kompiuteruli warmodgena gamosaxulebis fers 

aRwers, rogorc sami wiTeli (Red), mwvane (Green) da cisferi (Blue) ferebis 

nax.4.6.2. 

a) nacrisferi gamosaxuleba, b) kvadroxe, g) I iteracia, d) VI iteracia.

           a)                    b)                       g)                     d) 
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kombinacias da Sesabamisad feradi gamosaxulebis piqselebis feri 

ganisazRvreba RBG-s sami mniSvnelobiT. Ffraqtaluri kodirebis 

algoriTmi, romeliTac vsargeblobdiT gamosaxulebisaTvis nacrisferi 

gradaciiT [37,83], gamoyenebuli iyo feradi gamosaxulebis TiToeuli 

komponentisaTvis. sruli feradi gamosaxulebis daSla RBG-s mdgenelebad  

Mathhcad programul garemoSi xorcieldeba ubralod CaSenebuli Red RBG 

funqciis gamoyenebiT. unda aRiniSnos, rom feradi gamosaxulebis damuSaveba 

am funqciis gamoyenebiT SeiZleba moxdes rogorc TiToeuli ferisaTvis  

256×256 piqseliT, aseve erTdroulad yvela ferisaTvis, e.i. mxedvelobaSi 

gvaqvs feradi gamosaxulebis matrica. 

  E eqsperimentma EaCvena, rom upiratesoba unda mieniWos meore variants. 

Tu visargeblebT adamianis mier feris aRqmis TvisebebiT, romlis 

Tanaxmadac RBG–is mniSvnelobebi gardaiqmneba YIQ  mniSvnelobebSi, sadac Y 

–Seesabameba sikaSkaSes (Luminance), I-fers (hue), Q- gajerebas (satuzation), 

maSin miviRebT SekumSvis maRal dones, radganac ZiriTadi mdgeneli 

gamosaxulebis xarisxisaTvis iqneba Y mdgeneli. 

G gamartivebuli gadasvlebi RBG feradi sivrcidan YIQ sivrceSi 

xorcieldeba gadasvlis matricis saSualebiT, romelsac aqvs Semdegi saxe: 

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−−
−−=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

B
G
R

Q
I
Y

312,0523,0211,0
322,0274,0596,0

114.5870.2990.0
 

sadac tolobis marcxena mxareSi gvaqvs gardaqmnili veqtori, xolo 

(RGB)T- sawyisi veqtoria, romelic gardaqmnis matricaze mravldeba. 

inversiul gardasaxvas aqvs saxe: 

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
−−=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

Q
I
Y

B
G
R

701,1041,1000,1
647,0273,0000,1

621,9560,0000,1
 

   rogorc eqsperimenti adasturebs ZiriTadi mdgeneli, romelic 

gansazRvravs xarisxs, aris Y mdgeneli, xolo I da Q mdgenelebi 

eqvemdebarebian ,,did“ SekumSvas. 
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4.7 meoTxe Tavis daskvnebi 

 

 me-4 TavSi miRebuli Sedegebi iZleva saSualebas gavakeToT Semdegi 

daskvnebi: 

1. gamosaxulebaTa fraqtaluri kodirebis efeqturobis gamokvlevam 

gviCvena, rom fraqtaluri SekumSvis teqnologia SeiZleba warmatebulad 

gamoyenebuli iqnas axali standartis Seqmnis dros, romelic SeiZleba 

ganvixiloT rogorc JPEG-2000 standartis Semdgomi ganviTareba. 

2. Catarebulia veivlet da fraqtaluri algoriTmebis SedarebiTi 

analizi, romelmac aCvena fraqtaluri SekumSvis meTodis upiratesoba 

veivlet-gardaqmnis meTodTan SedarebiT, amrigad SeiZleba CavTvaloT 

mizanSewonilad axali standartis SemuSaveba, romlic safuZvlad daedeba 

gamosaxulebaTa fraqtaluri SekumSva veivlet gardaqmnis nacvlad. 

3. fraqtalurad kodirebuligamosaxulebis gadasacemi informaciis 

saimedoobis gamokvlevis Sedegebma cxadyo, rom pirvel rigSi daculi unda 

iyos monacemebi dakavSirebuli domenuri blokis nomerTan. amisaTvis 

mizanSewonilad CavTvaloT xelSeSlaTa mimarT mdgradi kodirebis 

gamoyeneba, hemingis kodis realizaciiT Mathcad programaSi.  

4. mocemulia fraqtaluri kodirebis sisitemis blok-sqema da 

kodirebis siCqaris amaRlebis saSualebebi. SemoTavazebulia SemuSavebul 

standartSi gamosaxulebaTa fraqtaluri SekumSvis programa, Sesrulebuli 

C++ enaze da aRwerilia programis sargeblobis msvleloba. mocemulia 

miRebuli eqsperimentuli Sedegebis statistikuri damuSavebis martivi 

realizacia  Mathcad  programaSi mocemuli algoriTmebis mixedviT. 

5. SemoTavazebuli programa gamodgeba rogorc nacrisfer gradaciebis 

mqone, aseve feradi gamosaxulebis kodirebisaTvis, vinaidan programa 

anxorcielebs kodirebas feradi gamosaxulebis ferTa ZiriTadi RBG 

komponentebisaTvis, xolo Mathcad paketSi ferebad gaSla da sinTezi 

xdeba sakmaod martivad, ukve arsebuli funqciebis gamoyenebis safuZvelze. 
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daskvna 

 

1. garkveulia, rom gamosaxulebaTa fraqtaluri SekumSvis universalur 

meTodad SeiZleba CaiTvalos kumSvadi asaxvis specialuri meTodi 

dasaxelebiT iteraciuli funqciaTa sistema (IFS), romelic ganicdis 

transformirebas uban-uban iteraciul funqciaTa sistemad (PIFS), roca 

xorcieldeba gamosaxulebaTa fraqtaluri kodireba. 

2. mocemulia gamosaxulebaTa kumSvadi asaxvis ZiriTadi Teoremis 

eqsperimentuli interpretacia da dastureba misi siswore praqtikuli 

gamoyenebis dros. 

3. gamokvleulia gamosaxulebaTa fraqtaluri kodirebis efeqturobis 

damokidebuleba kodirebis ganmsazRvrel ZiriTad maxasiaTeblebze, maT 

Soris kodirebuli gamosaxulebis  kavSiris arxSi gadacemis 

saimedoobaze. eqsperimentma aCvena, rom cdomileba domenis indeqsSi 

iwvevs dekodirebuli gamosaxulebis iseT damaxinjebas, romelic ar 

eqvemdebareba nebismieri saxis filtracias da amitom damaxinjebis 

Tavidan asacileblad unda gamoyenebul iqnas xelSeSlaTa mimarT 

mdgradi kodireba (hemingis kodi). 

4. eqsperimentulad dadasturebulia gamosaxulebaTa fraqtaluri 

SekumSvis universaluri Tviseba: aRdgenili gamosaxulebis xarisxis 

damoukidebloba dekodirebisas pirveli iteraciis Sesasruleblad 

SerCeuli gamosaxulebis saxeze da mis zomaze. ukanaskneli ganapirobebs 

SekumSvis koeficientis gazrdas. 

5. gamosaxulebaTa kodirebis sxvadasxva teqnologiebis kvlevam daamtkica, 

rom: 

a. maTematikuri morfologiis operaciebis safuZvelze SesaZlebelia 

piramiduli agebis ganxorcieleba. ukeTesi Sedegi miiReba 

`opening~ operaciis gamoyenebiT kvadratuli formis 3×3 zomis 

mastruqturizebeli elementiT. piramidis statistikuri 

Tvisebebis kvlevam cxadyo gamosaxulebaTa SekumSvis 
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morfologiuri piramiduli agebis fraqtalur kodirebasTan 

Serwymis SesaZlebloba kodirebis efeqturobis amaRlebisaTvis. 

b. veivlet-gardaqmnebis Mathcad paketSi gamosaxulebaTa SekumSvis 

da filtraciis procesis realizaciam aCvena veivlet-

teqnologiebis gamoyenebis mizanSewoniloba gamosaxulebaTa 

kodirebaSi da filtraciaSi. 

g. gamosaxulebaTa mimdevrobis kodirebisaTvis SeiZleba gamoyenebul 

iqnas droiTi winaswarmetyvelebis meTodi da kadrTaSorisi 

wrfivi interpolacia. 

d. zemoT CamoTvlili gamosaxulebaTa SekumSvis teqnologiebi        

SeiZleba martivad iqnes modulirebuli Mathcad programaSi da    

gamoyenebul iqnas gamosaxulebaTa fraqtalur meTodebTan   

kombinirebaSi. 

6. gamosaxulebaTa kodirebis efeqturobis gazrda SesaZlebelia 

fraqtaluri  kodirebis SerwymiT: a) morfologiur agebebTan, rodesac 

SekumSvis koeficienti izrdeba 3-4-jer da uaxlovdeba 30-s aRdgenili 

gamosaxulebis sxpf-s Semcirebis 1,4dB pirobebSi. es Sedegi miiReba 

maSin, roca fraqtaluri kodireba xorcieldeba morfologiuri 

piramidis wveroze zomiT 64×64 piqseliT. b) veivlet-gardaqmnis 

fraqtalebTan da fraqtaluri kodirebis veivletTan meTodebis 

kombinirebam aCvena, rom veivlet-gardaqmnis realizaciam kodirebis 

pirvel etapze ganapiroba ufro kargi Sedegebis miReba, vidre 

sapirispirom: sxpf-is mniSvneloba gaizarda 2,5 dB-iT SekumSvis 

koeficientis daaxloebiT erTnairi mniSvnelobis pirobebSi. 

7. gamosaxulebaTa mimdevrobis kodirebis dros fraqtaluri kodireba 

ganixileboda kadrTaSoris dikm-isTan, wrfiv interpolaciasTan da 

veivlet-piramidul agebasTan SerwymiT. am kombinirebuli meTodebis 

efeqturobis Sedarebam cxadyo, rom yvelaze maRali maCvenebeli (110-120 

farglebSi) miiReba interpolaciis SekumSvis meTodTan SeTavsebis dros. 

8. gamosaxulebaTa da maTi mimdevrobis efeqturobis gamokvlevam gviCvena 

rogorc fraqtaluri meTodebis sxva SekumSvis meTodebTan Serwymis 
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gamarTlebuli gamoyeneba, aseve fraqtaluri SekumSvis teqnologiebze 

agebuli axali JPEG standartis Seqmnis SesaZlebloba. 

9. naSromi moicavs saWiro monacemebs, meTodikas da rekomendaciebs. JPEG-

2000 tipis axali standartis Sesaqmnelad. standarti dafuZnebuli 

iqneba gamosaxulebaTa fraqtalur kodirebaze veivlet-teqnologiebis 

nacvlad. 

10. SemoTavazebulia gamosaxulebaTa fraqtaluri kodirebis axali 

standartis programa da aRwerilia misi Sesrulebis msvleloba. 

programa gankuTvnilia rogorc nacrisfer gradaciebis mqone aseve 

feradi gamosaxulebis fraqtaluri kodirebisaTvis.  
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	X(B= ,                                                           (2.2.1) 
	X(B= ,                                                                             (2.2.2) 
	X(B={z|( b +z)  (} 
	                  X B=(X(B)(B                                                                       (2.2.3) 
	                    X B=(X(B)(B                                                                                (2.2.4) 
	rogorc zemoT iyo aRniSnuli, maTematikuri morfologiis danarCeni ori operacia “opening” da “clozing”, SeiZleba warmova dginoT “erosion”_is da “dilation”_is Tanmimdevruli gamoyenebiT. 


	               f B=(f(B)(B                                                                            (2.2.8) 
	f B=(f(B)(B                                                                                      (2.2.9) 



