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reziume 

       

 amJamad xdeba usadeno kavSiris Taobebis evoluciuri 

cvla, romlis damaxasiaTebeli niSania mzardi moTxovna 

monacemTa da videos gadacemisadmi. Sedegad xdeba monacemTa 

gadacemis axali koncefciebis SemuSaveba usadeno qselebSi. 

yvela axali midgomis safuZvels warmoadgens  IP-teqnologia. 

informaciis gadacemis siCqareebi Tanamedrove 

satelekomunikacio qselebSi, maT Soris, usadenoSic maRalia    

(1 mgbit/wm meti), amitomac am ukanasknelebs farTozolovan 

usadeno qselebs uwodeben (Broadband Wireless Network – BWN). 

dResdReobiT BWN organizebulia standartebiT IEEE 802.11 (Wi-Fi), 

IEEE 802.16 (WiMAX) da LTE (Long-Term Evolution).  aRniSnuli 

standartebis bolo versiebi iyeneben  IP-teqnologiebs. 

amasTanave, Tuki IP-teqnologiebi monacemTa gadacemisTvis 

Seswavlilia maRal mecnierul doneze, salaparako da 

videosignalis gadacemisTvis, gansakuTrebiT interaqtiur 

reJimSi, bevri Seuswavleli sakiTxia darCenili. Aaseve, 

signalebis cifruli damuSavebis specialuri meTodebis 

gamoyeneba, romlebic amcirebs informaciis siWarbes, iZleva 

arsebuli satelekomunikacio arxebis gamtarunarianobis 

gamoyenebis   efeqturobis gazrdas.  

  ukabelo komunikaciebis momxmareblisaTvis TandaTan 

upiratesoba eniWeba multipleqsirebas sixSiris orTogonaluri 

dayofis safuZvelze (OFDM). OFDM-s SeuZlia uzrunvelyos 

monacemTa gadacema didi sixSiriT. momxmarebelTa mzardi 

raodenobis gamo specialistebis mravali jgufi da kvleviTi 

centrebi muSaoben  (OFDM)-is optimizaciisaTvis. naSromSi 

warmodgenilia disertaciis Temis “infosatelekomunikacio 

qselebiT signalebis gadacemis xarisxobrivi maCveneblebis 

amaRlebis meqanizmis damuSaveba da gamokvleva kodirebis 
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adapturi meTodebis gamoyenebiT” irgvliv Catarebuli Teoriuli 

da eqsperimentuli kvlevis Sedegebi.  

sadisertacio naSromis SesavalSi Camoyalibebulia 

naSromis aqtualoba, moyvanilia sakvlevi sakiTxebis mokle 

mimoxilva, formulirebulia miznebi da amocanebi da 

warmodgenilia ZiriTadi debulebebi. 

    pirvel TavSi mocemulia mesame Taobis kavSiris sistemebis 

aRwera, Sesabamisi qselis arqiteqtura da misi agebis ZiriTadi 

principebi. 

    meore TavSi konkretuli sqemis mixedviT detaluradaa 

aRwerili OFDM signalis  gadacemis Taviseburebebi. 

    mesame TavSi modelirebuli kompiteruli programa Matlab-is 

saSualebiT aRwerilia OFDM-is miRebis procesi. OFDM signalis 

mimRebis Tavisufali dizainis gaTvaliswinebiT, gamokvlevebis 

Sedegebisa da siaxleebis umetesoba gamoiyeneba swored mimRebSi. 

    meoTxe TavSi aRwerilia standartebi, maTi moqmedebis 

principebi da samomavlo tendenciebi, romlebsac iyeneben 

videoservisebi UMTS-Si. 

    mexuTe da meeqvse TavebSi Catarebulia kvleva, saidanac Cans, 

rom Zalzed xelsayrelia LDPC kodebis gamoyeneba, romelic 

karg Sedegs iZleva kodirebis sxva meTodebTan SedarebiT. 

    zemoTaRniSnuli kvlevebi saWiroa imisaTvis, raTa ganxiluli 

iyos rogorc telekomunikaciis samomavlo ganviTarebis gzaze 

wamoWrili yvela problema, aseve is berketebi, romelTa 

saSualebiTac moxdeba arsebuli Tu samomavlo problemis 

aRmofxvra. es yvelaferi telekomunikaciis ganviTarebis 

safuZvels warmoadgens. 
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Abstract 

 

      At the present time there is an evolutionary change of generations of wireless 

communication, which is characterized by change to transfer of data and video. 

Consequently,   new concepts of information transmission are developed in wireless 

networks. The core of any new approaches in communications is IP-technology. 

Speeds of information transfer in modern telecommunication networks, including 

wireless, are high (above 1 Mbit/s), so they are known as broadband wireless 

networks (Broadband Wireless Network - BWN). Today BWN are organized by the 

family of standards - IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX) and LTE (Long-

Term Evolution). All of these standards (their latest versions) use IP-based 

technologies. However, if IP-based technologies for data transfer were studied at a 

high scientific level, for voice and video, especially online mode, there are many 

unexplored is sues. 

    Orthogonal frequency division multiplexing (OFDM) gradually prevail  wireless 

communications customers. OFDM can provide data transfer with great frequency. 

Many specialized research centers working in a team and for OFDM optimization 

becouse of the growing number of consumers. This paper presents the thesis topic 

"Signal transmission by Infotelecommunication network handling and investigation of 

the mechanism improvement of quality indicators and using adaptive coding methods" 

around the theoretical and experimental research results. The urgency of the work 

outlined in the introduction to the thesis , a brief overview of some of the issues under 

study , formulated goals and objectives , key provisions. 

    In the first chapter is given the third generation communication systems, network 

architecture and the basic principles of their construction. 

    In the second chapter according to the scheme described details of the OFDM 

signal transmission. 

    In the third chapter described OFDM receiver and simulated in computer software 

Matlab. OFDM receiver design is free, that’s why researches and innovations are used 

in the receiver. 

    The fourth section describes the standards, their operation principles and future 

trends which are used by videocervices in UMTS. 
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    The fifth and sixth chapters of the studies that show that the LDPC codes are very 

convenient to use and gives good results when compared to other coding methods. 

  Discussing all problems raised during future development of the 

telecommunication as well as for discussing of those means which enable us to 

eliminate existing or further problems raised in connection with reviewed in  

indicators. All these are bases for telecommunication’s development.   
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Sesavali 

Temis aqtualoba: istoriulad yovelTvis sirTules 

warmoadgenda informaciis swrafad da realur droSi gadacema, 

rasac xSirad warumatebeli Sedegebi mohqonda da radikalurad 

cvlida mimdinare procesebs. telekomunikaciis ganviTarebam 

daniSnulebis adgilamde informaciis uswrafesi da zusti 

gadacema gamoiwvia. prioriteti mieniWa mimarTulebebs, romlebic 

gacilebiT nakleb danaxarjebs moiTxovdnen da momxmareblis 

irgvliv sakmaris informaciul sivrces warmoSobdnen, ramac 

momxmareblebs fexis awyobis saSualeba misca msoflioSi 

mimdinare procesebze. zemoTqmulma ganapiroba telekomunikaciis 

saerTaSoriso institutebis Seqmna, romlebic sTavazoben da 

qmnian axal-axal standartebs telekomunikaciis sxvadasxva 

mimarTulebebSi.  

warmodgenil naSromSi ganxilulia signalebis damuSavebisa 

da gadacemisas arxebis kodirebis sakiTxebi. ganxilulia midgoma 

sxvadasxva teqnikur-problemur sakiTxTan mimarTebaSi. aseve 

asaxulia is etapebi da sirTuleebi, romlebic dResac  

aqtualurad dgas telekomunikaciis sferos winaSe, da 

ganxilulia samomavlo perspeqtivebi, romlebzec amJamadac 

intensiuri muSaoba mimdinareobs signalebis damuSavebisa da 

gadacemis meTodebis daxvewisa da srulyofis mizniT. 

 signalebis cifruli damuSavebis specialuri meTodebis 

gamoyeneba, romlebic amcirebs informaciis siWarbes, iZleva 

arsebuli satelekomunikacio arxebis gamtarunarianobis 

gamoyenebis   efeqturobis gazrdis saSualebas. mauwyeblobis 

moralurad da fizikurad moZvelebuli teqnikuri saSualebebis 

Secvla dakavSirebulia axali kompleqsebisa da sistemebis 

damuSavebisa da danergvis aucileblobasTan. aseT pirobebSi 

ufro mizanSewonilia da ekonomiurs warmoadgens vizualuri da 

sxva saxis informaciis damuSavebisa da gadacemis cifrul 

meTodebze gadasvla. aseTi tipis samuSaoebis efeqturobaze 
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metyvelebs Tundac is faqti, rom aSS-is kongresis 

gadawyvetilebis Tanaxmad ukve daiwyo gadasvla cifrul 

mauwyeblobaze, rac momavalSi gamoaTavisuflebs mraval 

sixSirul arxs (cifruli dividendi) da saxelmwifo xazinas 

Sematebs milionobiT dolars.  

cnobilia, rom Tanamedrove sazogadoebis politikuri, 

kulturuli da ekonomikuri aqtiuroba mniSvnelovnadaa 

damokidebuli saimedo satelekomunikacio da gamoTvliTi 

teqnikis saSualebebze, romlebic uzrunvelyofen bgeriTi da 

gamosaxulebaTa signalebis damuSavebasa da gadacemas. 

msoflioSi informaciis sul ufro mzardi nakadis gadacemisa 

da misi Senaxvis (damaxsovrebis) aucileblobasTan 

dakavSirebuli telekomunikaciis cifruli arxebis 

gamtarunarianobisa da cifruli signalebis maxsovrobis 

mowyobilobebis tevadobis ekonomiurad gamoyenebis problema 

moiTxovs cifruli signalebis ekonomiurad warmodgenis 

maqsimalurad srulyofili meTodebis damuSavebasa da 

gamokvlevas, ris gamoc aRniSnuli problemis gadawyveta  

telekomunikaciis sferos erT-erT aqtualur amocanas 

warmoadgens.   

sadisertacio  naSromis  ZiriTad  mizans warmoadgens 

mesame Taobis qselebSi farTod gavrcelebuli OFDM 

modulaciis Rrma analizi da programuli modelirebis 

saSualebiT misi upiratesobis naTlad warmoCena da, agreTve, im 

Sedegebis analizi, romlebic miiRweva LDPC-kodebis 

gamoyenebisas. 

kvlevis meTodebi: naSromSi dasmuli amocanebis 

gadasawyvetad gamoyenebulia: furies swrafi gardaqmna; 

albaTobis Teoriis meTodebi; kvadraturuli multipleqsuri 

orzoliani amplituduri modulacia; taneris grafi. 

ZiriTadi  Sedegebi  da  mecnieruli  siaxle.  naSromSi 

miRebuli ZiriTadi Sedegebi da maTi samecniero siaxle Semdegia: 
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1. naCvenebia UMTS qselis agebis principebi, masSi 

gamoyenebuli arxebis koduri dayofis meTodi – CDMA, 

monacemTa gadacemisa da momsaxurebaTa miwodebis modeli 

3G qselebSi da warmodgenilia maTi xarisxisxobrivi 

Sefaseba. 

2. aRwerilia evropuli DVB-T standartis cifruli 

telemauwyeblobis gadamcemSi da mimRebSi signalis 

formirebis procesi kompiuteruli programis gamoyenebiT.  

3. ganxilulia UMTS-is videoservisebSi gamoyenebuli 

kodirebis sxvadasxva standartebi da maTi moqmedebis 

principebi. Catarebulia kodirebis siCqareebis analizi. 

gaanalizebulia standartebis srulyofis samomavlo 

tendenciebi.  

4. dadgenilia dabali simkvrivis mqone kodebis upiratesoba, 

Catarebuli kvlevis Sedegad naCvenebia, rom ara marto 

SesaZlebelia, aramed Zalzed xelsayrelicaa  LDPC 

kodebis optimizireba diferencialur dekoderTan 

SesabamisobaSi mosayvanad.  

    kvlevis Sedegebis gamoyeneba. sadisertacio naSromSi 

aRwerili modulaciis modelirebis algoriTmi SeiZleba 

gamoyenebul iqnes saswavlo procesSi studentebisTvis meti 

TvalsaCinoebisaTvis. 

    naSromSi miRebuli LDPC kodebTan dakavSirebuli Sedegebi 

SeiZleba gamoyenebuli iqnes LTE qselebis dagegmarebisa da 

agebisas ufro maRali siCqareebis misaRwevis mizniT. 

    publikaciebi da naSromis aprobacia. naSromis ZiriTadi 

Sedegebi wardgenili da ganxilulia sxvadasxva dros gamarTul 

seminarebze da konferenciebze: 

1.  pirvel da meore Tematur seminarze (Tbilisi, stu, 2011-2012); 

2. Winrock International Georgia-sa da aSS-s saerTaSoriso 

ganviTarebis saagentos (USAID) mxardaWeriT organizebul 

me-2 saerTaSoriso samecniero konferenciaze: “energetika: 
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regionuli problemebi da ganviTarebis perspeqtivebi”, 

quTaisi, 2013 w. 

moxeneba Temaze: mesame Taobis mobiluri kavSiris sistema 

UMTS da misi funqciebi. 

3. Winrock International Georgia-sa da aSS-s saerTaSoriso 

ganviTarebis saagentos (USAID) mxardaWeriT organizebul 

me-2 saerTaSoriso samecniero konferenciaze: “energetika: 

regionuli problemebi da ganviTarebis perspeqtivebi”, 

quTaisi, 2013 w. moxeneba Temaze: LTE teqnologia. 

     publikaciebi. disertaciis Sedegebi asaxulia saerTaSoriso 

samecniero JurnalebSi gamoqveynebul 3 naSromSi. 

naSromis struqtura. sadisertacio naSromi moicavs 110     

gverds da Sedgeba Sesavlis, eqvsi Tavis, daskvnis, gamoyenebuli 

literaturis siisa da danarTisgan. 
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Tavi I. literaturis mimoxilva 

mesame Taobis kavSiris sistemebi da maTi agebis                    

ZiriTadi principebi 

1.1.  mesame Taobis mobiluri sistema 3G 

    mesame Taobis mobiluri  radiokavSiris sistema 3G                        

(winamorbedi dasaxelebebi: PLMTS  _ saerTo sargeblobis 

mobiluri kavSiris sistema; IMT-2000 _ mobiluri 

telekomunikaciis saerTaSoriso sistema) moicavs ramdenime 

saerTaSoriso regionalur da  nacionalur sistemebs msoflio 

masStabis roumingiT. 

mesame Taobis sistemebi uzrunvelyofen:  

  - momsaxurebis iseTive farTo speqtrs, romelsac 

uzrunvelyofs telekomunikaciis fiqsirebuli qselebi (saerTo 

sargeblobis satelefono qselebi, cifruli qselebi 

momsaxurebis integraciiT da a.S.);   

 - momsaxurebebs, romlebic specifikuria mobiluri 

abonentebisaTvis. 

IMT-2000-is saabonento damaboloebeli (terminaluri) 

mowyobilobebi uzrunvelyofen SeRwevas qselis rogorc 

miwiszeda, aseve Tanamgzavrul segmentTan. 

   IMT-2000-is  SemuSavebisa da danergvis aspeeqtebis ganxilva 

ITU-s farglebSi daiwyo 1985 wlidan. evropaSi mesame Taobis 

sistemebis standartis SemuSaveba daiwyo 1990 wlidan ETSI-is 

egidiT. ETSI-is farglebSi mesame Taobis sistemebma miiRes 

dasaxeleba UMTS. 

     1999 wlidan dawyebuli mTeli msoflios ZiriTadma 

regionalurma da nacionalurma standartizaciis  

organizaciebma globaluri harmonizaciis mizniT gaaerTianes 

TavianTi Zalisxmeva standartizaciis erTian organoSi – 

partnioruli proeqti mesame Taobis (3G) sistemebisTvis.  
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  M mobiluri radiokavSiris me-3 Taobis sistemebs gaaCniaT 

Semdegi ganmasxvavebuli Taviseburebani: 

     - globalur masStabSi gamoyenebuli aparaturis unifikaciis 

maRali xarisxi; 

     - IMT-2000-is farglebSi arsebuli momsaxurebebis 

stacionaruli  qselebis momsaxurebebTan Tavsebadoba; 

     - msoflio masStabiT sargeblobisTvis gankuTvnili 

mosaxerxebeli portatuli saabonento mowyobilobebis 

gamoyeneba; 

Q   - qselebis moqnilobis maRali xarisxi, axlad warmoqmnili 

momsaxurebebis  uzrunvelyofis SesaZlebloba. 

     - multimediis momsaxurebebis uzrunvelyofis SesaZlebloba. 

  ZiriTadi faqtorebi, romlebic ganapirobeben me-2 Taobis 

sistemebidan me-3 Taobis sistemebze gadasvlas, Semdegia: 

    - moTxovnaTaA zrda monacemTa maRalsiCqarul gadacemebze; 

    - radiosixSiruli speqtris gamoyenebis efeqturobis 

amaRlebis aucilebloba. 

U ukanasknel periodamde laparakis gadacema miwiszeda 

mobiluri radiokavSiris sistemebSi warmoadgenda momsaxurebis 

ZiriTad saxeobas da Seadgenda sistemuri CatvirTvis upirates 

nawils. 

vinaidan dReisaTvis daCqarebuli teqnologiuri progresi 

iZleva telekomunikaciis damatebiTi saxeobebis realizaciis 

saSualebas stacionaluri qselSi, logikuria is faqtic, rom 

izrdeba abonentTa moTxovnebi analogiuri momsaxurebebis 

saxeobebze mobiluri telekomunikaciis qselebSic. rogorc 

zemoT aRiniSna, me-3 Taobis mobiluri telekomunikaciis 

qselebSi uzrunvelyofili unda iqnes: 

-  monacemebis maRalsiCqariani gadacemis farTo speqtri; 

-  multimedia; 

-  SeRweva Internet-is qselSi; 

-  videogamosaxulebebis gadacema; 

-  videokonferenckavSiris signalebis gadacema da sxva. 
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dasmuli amocanidan gamomdinare, dReisaTvis me-3 Taobis 

mobiluri radiokavSiris sistemebSi informaciis gadacemis 

siCqare aris 2,048 mbiti/wm [1]. 

informaciis gadacemis siCqarisadmi aseTi moTxovnebi 

Camoyalibda B-ISDN qselisadmi wayebuli moTxovnebis bazaze. 

ISDN-Si gadacemis siCqare 144 kbiti/wm (2x64 kbiti/wm monacemTa 

gadacemisaTvis da 16 kbiti/wm signalizaciisaTvis) gamoiyeneba 

2B+D arxebis organizaciisTvis. IMT-2000-is qselebSi im 

abonentebisaTvis, romlebic moZraoben maRali siCqariT (250 

km/sT-mde), uzrunvelyofilia momsaxurebis 100%-iani gadafarva. 

gadacemis siCqare 384 kbiti/wm  (6x64  kbiti/wm _ monacemTa 

gadacemis arxi) B-ISDN-Si gankuTvnilia ISDN arxebis 

organizaciisTvis, xolo IMT-2000-Si _ im mikrofiWebisaTvis, 

sadac moTxovna datvirTvaze maRalia da romlebic emsaxureba 

mcire da saSualo siCqariT (10 km/sT da meti) moZrav abonentebs, 

siCqare 2,048 mbiti/wm B-ISDN-Si gankuTvnilia  ISDN arxebis (30x64 

kbiti/wm _ monacemTa gadacemis arxi) organizaciisaTvis, xolo 

IMT-2000-is qselebSi _ pikofiWebis donisaTvis Senobebis SigniT 

calkeuli nawilebis dafarvisaTvis da aseve im momsaxurebebis 

uzrunvelyofisaTvis, romlebic gankuTvnilia stacionaluri an 

Senobis SigniT moZravi abonentebisaTvis.  

me-2 Taobis arsebul qselebSi gaTvaliswinebulia 

evoluciuri gadasvla monacemTa gadacemis maRali 

siCqareebisaken. ase magaliTad,  GSM qselebSi siCqaris gazrda 

efuZneba: monacemTaA gadacemis teqnologias arxebis komutaciiT  

_ HSCSD (57,6 kbiti/wm-mde); monacemTa paketur gadacemas GPRS (115 

kbiti/wm-mde) da monacemTaA gadacemis gaumjobesebuli 

teqnologiis gamoyenebas _ EDGE (384 kbiti/wm-mde). IS-95 

standartis  CDMA-s qselebSi xdeba IS-95B standartze gadasvla 

siCqariT 115,2kbiti/wm. 
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1.2. UMTS qselSi gamoyenebuli SeRwevis meTodi. 

mravaljeradi SeRweva koduri dayofiT _ CDMA 

mobiluri kavSiris 3G sistemaSi gamoiyeneba arxebis 

koduri dayofis meTodi CDMA (Code Division Multiple Access). am dros 

sxvadasxva signalis gadacema xdeba erTdroulad erTsa da imave 

sixSirul zolSi, anu am SemTxvevaSi ar xdeba arxebis arc 

sixSiruli da arc droiTi dayofa. am dros salaparako  arxebis 

organizeba xdeba arxebis koduri dayofiT. es ki imas niSnavs, 

rom TiToeul abonents mieniWeba kodi da gadasacemi informaciis 

modulireba xdeba am kodis saSualebiT. sabazo sadgurSi xdeba 

misi demodulireba da imave algoriTmiT informaciis amoReba.  

miRebuli jamuri signali  s(t)=Σdi(t)ci(t) mravldeba kodur cj(t)  

signalebze  dj(t) = s(t) cj(t) = cj(t) Σdi(t)ci(t), sadac ci(t) kodebi isea 

SerCeuli, rom ci(t)cj(t) = { 

teqnologia CDMA  gamoiyeneba ramdenime abonentis 

Sesabamisi signalis erTdroulad erT arxSi gadasacemad, rac 

amaRlebs arsebuli sixSiruli zolis gamoyenebis efeqturobas. 

es standarti iTvaliswinebs mimRebisaken monacemebis paketur 

gadacemas cifrul arxSi yoveli gzavnilis kodirebiT. am 

standartis gamoyenebisas momxmarebeli iyenebs arxis farTo 

speqtrs  (nax.1.1.).   

 

 

nax. 1.1. CDMA arxebis diagrama da muSaobis principi 

 

0 , i≠j 
 

 j  

 

1 , i=j  
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1.3. UMTS qselis sistemuri arqiteqtura 

 

funqcionaluri TvalsazrisiT qselis elementebi 

erTiandebian radioSeRwevadobis (an RAN-RADIO Access Network an  

UMTS RAN-UTRAN) qselSi, romelic asrulebs yvela aucilebel 

radiofunqcias, da sabazo qselSi (core Network), romelic 

asrulebs gamoZaxebis gadarTvas da marSrutizacias da, agreTve, 

monacemTa mierTebas gare qselebTan. Ggarda amisa, qselebis 

SemadgenlobaSi Sedis momxmareblis mowyobilobani (nax. 1.2).  

 

 

 

nax. 1.2.  UMTS  qselis sistemuri arqiteqtura 
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specifikaciisa da standartizaciis TvalsazrisiT UE da 

UTRAN Sedgebian sruliad axali protokolebisagan, romlebic 

dafuZnebulia axal WCDMA radioteqnologiaze. sabazo qseli 

(CN),  garkveuli xarisxiT, GSM-is qselis arqiteqturaSic 

arsebobs. es garemoeba axali radioteqnologiis bazaze agebul 

sistemas aZlevs  kargad cnobili da farTod gavrcelebuli CN 

teqnologiis gamoyenebis saSualebas, rac aCqarebs da xels 

uwyobs aRniSnuli teqnologiis danergvas da rac iZleva 

roumingis gamoyenebis saSualebas. 

ufro dawvrilebiT ganvixiloT qselis ZiriTadi 

struqturuli elementebis funqcionaluri daniSnuleba.  

NodeB-s sabazo sadgurebi axorcieleben radioarxebis 

organizacias mobiluri abonentebis gamoZaxebiT an TavianTi 

iniciativiT gare gamoZaxebis miRebas. 

NodeB-s ZiriTadi funqciaa radiointerfeisebis 

(radiosignalis damuSaveba da signalis speqtris 

modulacia/demodulacia, gafarToeba/Seviwroveba, 

kodireba/dekodireba da sxva) realizacia da zogierTi operaciis 

Sesruleba qselis radioresursebis ganawilebisaTvis 

(gamosxivebis simZlavris marTva, hendoveris ganxorcieleba) [2]. 

radioSeRwevadobis RNC qselis makontrolebeli 

axorcielebs sabazo sadgurebis marTvas, romlebTanac is qmnis 

qvesistemas (RNC) da urTierTqmedebs qselis komutaciis 3G-

MSCNLR centrTan. 

RNC-is ZiriTadi funqciebia: radioarxis ganawilebis marTva, 

SeerTebebis kontroli, maTi rigiTobis regulireba, daSorebuli 

dinamiuri komutacia da, agreTve, saabonento datvirTvis 

ganawilebaze kontroli [3]. 

telesakomunikacio mowyobilobebis msoflio wamyvani 

mwarmoeblebis  mier Seqmnili e.w. kontrolerebi, rogorc wesi, 

awyobilia  ATM/IP komutatorebis bazaze, romelTa 
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SesaZleblobebi gazrdilia radioarxebis marTvis blokebis 

gamoyenebiT. 

mobiluri kavSiris 3G-MSCNLR qselis komutaciis centri 

qselis centraluri elementia. Mmisi daniSnulebaa:  moemsaxuros 

NodeB-ebis didi jgufis momsaxureba da yvela im saWiro 

SeerTebebis uzrunvelyofa, romlebic moZrav saabonento 

sadgurs Wirdeba muSaobis procesSi;  informaciis gacvla UMTS 

qselis SigniT sxvadasxva qselis sxvadasxva elementebis (kerZod 

ki qvesistemis RNC-is elementebis) erTmaneTTan SeerTebiT; 

mobiluri kavSiris imave qselis sxva komutaciis centrTan (MSC), 

kerZod zonalur GMSC-sTan da sxva kvanZebTan SeerTebis 

uzrunvelyofa. A abonentebis gadaadgilebis monacemTa baza 

(VLR) Seicavs siis asls vizitori abonentebis kavSiris 

momsaxurebis saxeobebisa da, agreTve, zust informacias 

saabonento sadguris adgilsamyofelis Sesaxeb……momsaxure 

sistemis farglebSi.  Kkomutaciis zonaluri centri (GMSC) 

axorcielebs komutacias UMTS qselsa da gare CS-qselebs 

Soris.…          

abonentebis adgilsamyofelis monacemTa baza (HLR) 

warmoadgens monacemTa sacnobaro bazas qselSi mudmivad 

Cawerili abonentebis Sesaxeb. masSi Sedis amosacnobi nomrebi, 

misamarTebi da, agreTve, abonentebis saidentifikacio 

parametrebi, kavSiris momsaxurebis saxeobebi, specialuri 

informacia marSrutizaciisa da abonentis roumingis monacemebis 

Sesaxeb.  

momsaxure sayrdeni kvanZi (SGSN) xsnis abonentis 

identifikaciisa da mobilurobis marTvis amocanebs, 

axorcielebs IP qselis protokolebis konvertirebas sxva 

protokolebSi, romlebic gamoyenebulia NodeB-sa da UE-Si, 

axdens monacemTa Segrovebas abonentis gadasaxadebis, trafikisa 

da sxva gare qselebTan  monacemTa marSrutizaciis Sesaxeb [4]. 
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GGSN-is rabiseburi sayrdeni kvanZi, TamaSobs ra 

qvesistemebis marSrutizatoris rols, interfeisia GPRS-is 

sabazo qselsa da gare qselebs Soris. im SemTxvevaSi, Tu es 

monacemebi igzavneba specialur momxmareblebTan, maSin 

xorcieldeba maTi Semowmeba da adresatis moZebna. GGSN 

axorcielebs mobiluri abonentebis monacemTa paketebis 

gadanawilebas da akontrolebs gare qselebis funqcionirebis 

siswores. 

unda aRiniSnos, rom UMTS qselis arqiteqturis aRniSnuli 

varianti sabazo qseluri arqiteqturaa, romelic 

standartizirebulia 3GPP-is mier Release’ 99 (Semdeg R’99) 

standartiT. igi aris sakmaod moqnili da universaluri, rac 

iZleva operatoris mier qselis konfiguraciis arCevis 

SesaZleblobas. 
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1.4. UMTS qselSi  monacemTa  gadacemis saxeebi da maTi 

miwodebis  modelebi 

 

1-l cxrilSi warmodgenilia xmovani da multimediuri 

servisebi da maTi ZiriTadi saxeebi.  

 
cxrili 1. xmovani da multimediuri servisebi da maTi ZiriTadi 

saxeebi 

infor- 
macia 

ganaT- 
leba 

garToba sazoga- 
doeba 

Bbiznesi 
da 

finansebi 

Kkomuni- 
kacia 

brauzeri virtua- 
luri 
skola 

Aaudio 
moTxov- 

niT 

saswrafo  
momsaxu-
rebebi 

virtua- 
luri 
sabanko 

operaciebi 

video- 
telefonia 

interaq- 
tiuri 
vaWroba 

On-line 
bibli-
oTeka  

TamaSebi 
moTxov 
niT 

samTav- 
robo 
proce- 
durebi 

On-line 
bilingi 

video 
konfe- 
rencia 

 swavleba 
(momzadeba) 

video- 
nakadi 

 Uuniver- 
saluri 
SIM da 
sakre- 
dito 

baraTebi 

xmovani 
mopasuxe  

da 
amomcnobi 

 

    momsaxurebebis xarisxis Sesaxeb sakiTxebis ganxilva da, 

kerZod, sxvadasxva faqtorebis moqmedeba kavSiris miwodebis 

sxvadasxva etapze, mosaxerxebelia gakeTdes raime modelze. aseT 

modelad SeiZleba gamodges monacemTa gadacemis momsaxurebis 

miwodebis modeli 3G qselebSi, romelic asaxavs mocemuli 

procesis Taviseburebebs. gansakuTrebuli Taviseburebaa  

Sesabamisi kontentis Seqmnis aucilebloba, romelic moicavs 

monacemTa gadacemis umetes momsaxurebebs [5]. Aam momsaxurebebis 

miwodebas axorcielebs kavSiris operatori (momsaxurebis 

kompania) im mimwodebelTan erTad, romelic specializdeba ama 

Tu im kontentis (kontent-provaideris) SemuSavebisa da 

agregaciis sferoSi. 
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momsaxurebis (Qos-is maCveneblebi) xarisxisadmi wayenebuli 

moTxovnebi emyareba Semdeg garemoebebs:   

  Qos-is maCveneblebi axasiaTeben abonentebisaTvis 

miwodebuli momsaxurebebis mimarT wayenebul moTxovnilebaTa 

dakmayofilebis xarisxs;   

  Qos-is maCveneblebi gansazRvraven teqnikur 

parametrebs, romlebzedac SeiZleba gavlena iqonion qselis an 

saabonento terminalis saeqspluatacio maxasiaTeblebma;   

  Qos-is maCveneblebi SeiZleba gazomil iqnas teqnikuri 

saSualebebis daxmarebiT;     

  Mmobiluri kavSiris 3G qselebSi warmodgenili Qos-is 

maCveneblebi unda iyos gansazRvruli (SemuSavebuli) 

momsaxurebis TiToeuli saxisaTvis.  

amJamad momsaxurebis xarisxisadmi moTxovnilebis 

gansazRvrisaTvis fiWuri kavSiris qselebSi rigi evropuli 

operatorebis mier gamoyenebulia modeli, romelsac aqvs 3 done. 

isini mTlianad gansazRvraven momxmareblis kavSiris qselTan  

momsaxurebis urTierTqmedebis  yvela ZiriTad aspeqts. mocemuli 

modelis 1-li done ZiriTadia da igi gansazRvravs momsaxurebis 

xarisxs momxmareblis qselSi SeRwevis etapze da xasiaTdeba Qos-

is iseTi parametriT, rogoricaa qselSi SeRwevadoba. Mmodelis 

meore done gansazRvravs Qos-is 3 Semadgenels: momsaxurebis 

miwodebis siswrafe, momsaxurebis mTlianoba da momsaxurebis 

ganuwyvetloba. Mmesame done moicavs konkretuli momsaxurebebis 

erTobliobas, romlebic miwodebulia qselis operatoris mier, 

da am doneze ganisazRvreba Qos-is Sesabamisi parametrebi 

TiToeuli maTganisaTvis [6].  
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Tavi 2. Sedegebi da maTi gansja 

OFDM- modulacia 

OFDM-modulaciis  sqemaSi, didi raodenobiT paralelurad 

gadacemuli orTogonaluri, sixSirulad gadafaruli 

viwrozolovani arxebi daiyofa (gancalkevdeba) gadamtanebis 

mier. Ggadamtanebis sixSireebi SeirCeva optimalurad, iseve 

rogorc arxebis speqtraluri (sixSiruli) dayofis gamoyenebisas. 

OFDM modulacia yuradRebas iqcevs umTavresad imis gamo,  rom 

sistemas amuSavebs ise, rom xelSeSlebi ver axdens did 

zemoqmedebas. 

Aam SemTxvevaSi warmoiqmneba ori efeqti: SerCeuli sixSiris 

TandaTanobiTi Sesusteba;  Sida simboluri interferencia  (ISI). 

am dros warmoqmnili Secdomebis koreqtirebisaTvis gamoiyeneba 

kodirebis SedarebiT srulyofili meTodebi (turbokodireba, 

rid-solomonis kodebi da sxva) [7]. 

OFDM-modulacias gaaCnia ori ZiriTadi xarvezi: signalis 

didi dinamiuri diapazoni; signal/xmauris pikuri Tanafardobis 

saSualo done [PAR]; mgrZnobeloba sixSiruli Secdomebis 

mimarT. Ees sakiTxebi, Tavis mxriv, warmoadgenen kvlevis Temebs 

specialistebisTvis. 

ganvixiloT signalebis gadacemis regulaciebi DVB-T 

standartSi. 

      evropuli DVB standartis cifruli telemauwyeblobis 

gadamcemis sqema naCvenebia nax. 2.1-ze, romelzec warmodgenilia 

gadamcemSi mimdinare TiTqmis yvela aucilebeli procesi. 

miuxedavad amisa, zemoTaRniSnuli naklovanebebi mainc gaaCnia  

miRebul signals, rac ganpirobebulia fizikuri arxis 

Semadgeneli nawilebis araidealurobiTa da signalze momqmedi 

xelSeSlebiT. aqedan gamomdinare, winamdebare naSromis mizania  

signalis formirebis procesis TiToeuli etapis TvalsaCino 

aRwera kompiuteruli programis gamoyenebiT, rac sasargeblo 

iqneba aRniSnuli procesebis srulyofili aRqmisaTvis [8].  
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naxazi 2.1. DVB –T-s gadamcemi (cifruli telemauwyebloba) 

 

 

 

2.1. OFDM-signalis gadacema cifruli 

telemauwyeblobis DVB-T sistemis magaliTze 

 

OFDM-modulacia aRiwereba Semdegi gamosaxulebiT. 

 

sadac        aris kompleqsuri modulaciis simboloebi,         

gadamtanebis raodenobaa, T simbolos xangrZlivobaa,            

ki gadamtani sixSirea. kerZod versia (2.1.1) mocemulia DVB-T 

standartSi rogorc emitirebuli signali, romelic gamoisaxeba 

ase:  

 

 Tu 

  

  

 (2.1.2) 
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sadac: 

        k -  gadamtanis nomeri; 

        i-  OFDM- simbolos nomeri; 

       m -  gadacemuli freimis (kadris) nomeri; 

       K - gadamcemi gadamtanebis raodenoba; 

       Ts - simbolos xangrZlivoba; 

       Tu - Sualeduri gadamtanis inversia; 

 - dacvis intervalis xangrZlivoba; 

f c    -   centraluri radiosixSiris (RF) signali; 

k′  - gadamtanis indeqsi; 

              cm 0, k – kompleqsuri simbolo gadamtanisTvis k=1; 

   k - informaciuli simbolos nomeri;  

      m – freimis (kadris) nomeri; 

        -  kompleqsuri simbolo gadamtanisTvis k=2; nomeri m; 

 …… 

- kompleqsuri simbolo gadamtanisTvis k=67.  

mniSvnelovania imis gaazreba, rom aRniSnuli gamosaxulebebi 

aRwers samuSao sistemas, e.i. sistemas, romelic gamoiyeneboda da 

gamocdilia 1997 wlis martidan.  

naSromSi ganxorcielebuli modelireba iqneba 

fokusirebuli DVB-T standartis 2k reJimze. es konkretuli 

reJimi gankuTvnilia standartuli  garCevadobis DTV-s 

(cifruli televiziis) mobiluri miRebisaTvis. transmitirebuli 

(gadacemuli) OFDM-signali (multipleqsireba orTogonaluri 

sixSiruli dayofiT) Casmulia CarCoebSi (freimebSi). TiToeul 

CarCos aqvs TF xangrZlivoba da igi Sedgeba 68 OFDM-

simbolosagan. oTxi CarCo adgens erT super-CarCos. TiToeuli 

simbolo Sedgeba K=1705 gadamtanis nakrebisgan 2k reJimSi da 

gadaicema TS drois ganmavlobaSi. TU xangrZlivobis sasargeblo 

nawili da Δ xangrZlivobis damcavi intervali qmnian TS-s. 2k-
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reJimSi OFDM-is parametrebis konkretuli ricxobrivi sidideebi 

moyvanilia me-2 cxrilSi. 

  cxrili 2. OFDM- parametrebis ricxobrivi sidideebi 2k-reJimSi 

 

parametrebi  2k reJimi 

ZiriTadi periodi, T 7/64 mkwm 

gadamtanTa raodenoba, K 1705 

gadamtanTa minimaluri 

raodenoba, Kmin 

0 

gadamtanTa maqsimaluri 

raodenoba, Kmax 

1704 

xangrZlivoba, TU 224 mkwm 

gadamtanTa gadafarva, 1/TU 4,464 hc 

gadafarva gadamtan Kmin-sa da  

Kmax(K-1)/TU-s Soris 

7.61 mhc 

daSvebuli damcavi intervali,  

Δ/TU 

1/4   1/8   1/16   1/32 

simboloTa nawilis  

xangrZlivoba, TU 

2048xT 

224 mkwm 

damcavi intervalis  

xangrZlivoba, Δ 

512xT 

56 mkwm 

256xT 

28  mkwm 

128xT 

14 mkwm 

64xT 

7 mkwm 

simboloTa xangrZlivoba,  

TS = Δ + TU 

2,560xT 

280 mkwm 

2,304xT 

252 mkwm 

2,176xT  

238 mkwm 

2,112xT 

231 mkwm 

 

Semdegi saWirboroto sakiTxi (2.1.2)-is praqtikuli 

realizaciaa. OFDM-is praqtikuli Sesruleba realobad 1990-ian 

wlebSi iqca DSP-sadmi (signalis cifruli damuSaveba) 

xelmisawvdomobis gamo furies swrafi gardaqmnis algoriTmis 

(FFT) damuSavebis gamo [9].  

winamdebare naSromis  danarCeni nawili fokusirebulia 

OFDM-is praqtikul realizaciaze DVB-T sistemisaTvis.  Tu 
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gaviTvaliswinebT formula (2.1.2)-s drois  t=0–dan t=TS–mde 

intervalSi, maSin miviRebT:                                                         

 

      (2.1.3) 

 

   

arsebobs aSkara msgavseba (2.1.3)-sa da furies Sebrunebul 

diskretul gardaqmnas (IDFT) Soris 

 

                    (2.1.4) 

            

 

vinaidan arsebobs furies swrafi gardaqmnis (FFT) sxvadasxva 

efeqturi algoriTmi  furies diskretul gardaqmnisa (DFT) da 

misi Sebrunebuli gardaqmnis Sesasruleblad, mosaxerxebelia N-

raodenobis xn gamosadegi nimuSis generireba, romlis TiToeuli 

simbolos xangrZlivobaa TU. damcavi intervali winidan daemateba 

am nimuSebis ukanasknel  NΔ/TU–is aslebs. Mmomdevno operacia, 

anu gardaqmna sixSiris momatebiT (Up-conversion) iZleva namdvil 

signals s(t), romlis centri fc sixSirezea [10]. 

 

 

 

2.2. FFT-s realizacia 

 

pirveli gansaxilveli amocana isaa, rom OFDM-s speqtris 

centria  fc sixSire, e.i. pirveli damxmare gadamtanis 

(qvegadamtanis)  sixSire mdebareobs 7,61/2 mhc ZiriTadi 

gadamtanisgan marcxniv, xolo meore damxmare gadamtanis sixSire 

_ aseve 7,61/2 mhc ZiriTadi gadamtanisgan marjvniv. centrirebis 

miRwevis erTi martivi gzaa furies ukugardaqmnisa (2N_IFFT-sa) 

da T/2-is, rogorc ZiriTadi periodis, gamoyeneba. rogorc me-2 

sadac 
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cxrilidan Cans, OFDM-simbolos xangrZlivoba TU dadgenilia 

2048-IFFT  (N=2048)-is gaTvaliswinebiT. Sesabamisad, SegviZlia 

gamoviyenoT 4096-IFFT. erTi OFDM-simbolos generirebis 

(warmoqmnis) blok-diagrama naCvenebia nax. 2.2-ze, sadac 

aRniSnulia Matlab
®
 code-Si gamoyenebuli cvladebi. Semdegi 

gansaxilveli amocanaa Sesaferisi simulaciis (modelirebis) 

periodi T. igi gansazRvrulia rogorc ZiriTadi periodi sawyisi 

(mamodulirebeli) signalisTvis, magram radgan xdeba 

zemoaRniSnuli sixSiruli zolis signalis modelireba, amitom 

is unda SevadaroT drois 1/Rs periods, romelic, rogorc 

minimum, gadamtani sixSiris ormagi sididis tolia. 

simartivisaTvis viyenebT mTelricxovan Sefardebas Rs=40/T. es 

Sefardeba iZleva 90 mhc-Tan axlos arsebul gadamtan sixSires, 

romelic imyofeba VHF (metruli talRebis) arxis (mexuTe arxis) 

diapazonSi. igi Cveulebrivi satelevizio arxia nebismier 

qalaqSi. Aamis Semdeg SesaZlebelia im TiToueli etapis aRwera, 

romelic nax. 2.2-ze naCvenebia wreSi moniSnuli asoebiT.  

 

 

 

  

 

 

 

nax. 2.2. OFDM-simboloTa generaciis modelireba 

1705 

simbo-
loebi 

in
f
o
 

g
ad

am
t
an
eb
i 

4096 
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nax. 2.3. signalis gadamtanTa droiTi maxasiaTebeli (B)-ze 
 

 
 

nax. 2.4. signalis gadamtanTa sixSiruli maxasiaTebeli (B)-ze 

 

rogorc zemoaRniSnulidan Cans, e.w. 2X over-semplingis   

(diskretizacia bijis SemcirebiT) miRwevis mizniT nulovan 

sixSire (hc) 

am
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u
d
a 
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sainformacio signals da speqtris centrs (A) etapze  daemata 

4096-1705=2391 gadamtani [11].  

nax. 2.3 da nax. 2.4-ze SegviZlia davakvirdeT am operaciis 

Sedegs da imas, rom signalis gadamtani iyenebda T/2-s, rogorc 

drois periods.  SevniSnoT, rom gadamtani sixSire warmoadgens 

droSi diskretul sawyis (mamodulirebel) signals. igi SeiZleba 

gamoyenebuli iyos sixSireTa ZiriTadi zolis diskretuli 

drois domenis (aris) simulaciisTvis (modelirebisaTvis), magram 

unda gavixsenoT, rom OFDM-modulaciisas ZiriTadi dabrko-

lebebi (cdomilebebi) xdeba uwyveti drois areSi. Sesabamisad, 

saWiroa am ukanasknelis simulaciis (modelirebis) saSualebebiT 

uzrunvelyofa. droSi uwyveti signalis warmoqmnis pirveli 

etapia transmisiis (gadacemis) filtris gamoyeneba g(t) signalis 

kompleqsuri gadamtanisaTvis. g(t)-s impulsuri maxasiaTebeli, anu 

impulsis forma, naCvenebia nax. 2.5-ze.  

 

nax. 2.5. impulsis forma g(t) 

 

gadacemis filtris gamomavali signalis  droiTi 

maxasiaTebeli drois intervalSi (domenSi) naCvenebia nax. 2.6-ze, 
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xolo sixSiris intervalSi (domenSi) _ nax. 2.7-ze. Ees 

ukanaskneli periodulia, rogorc es moeTxoveba diskretuli 

drois sistemis sixSirul maxasiaTebels.  

 

nax. 2.6. U-signalis droiTi maxasiaTebeli (C)-ze 

 

nax. 2.7. U-signalis sixSiruli maxasiaTebeli (C)-ze 
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U(t)-s sixSiruli periodia 2/T=18,286 mhc, ris gamoc 

gadasvlis gatarebis zoli aRmdgeni filtrisTvis 18,286-7,61=10,675 

mhc-ia [12].  

N-IFFT-s gamoyenebis SemTxvevaSi gadasvlis gatarebis zoli 

iqneboda mxolod 9,143-7,61=1,533  mhc, ris gamoc warmoiqmneboda 

didi sirTuleebi aRmdgen filtrSi informaciis damaxinjebisgan 

Tavis aridebis TvalsazrisiT [13].  

bateruorTis mier SemoTavazebuli D/A filtris 

maxasiaTebeli  naCvenebia nax. 2.8-ze. Aam SemTxvevaSi zRvruli 

sixSirea daaxloebiT 1/T-s toli. 

 

nax. 2.8. D/A filtris maxasiaTebeli 

 

 filtris gamomavali signalis forma naCvenebia nax. 2.9-ze 

da nax. 2.10-ze. Uupirveles yovlisa, unda aRiniSnos, rom signalis 

dayovnebaa daaxloebiT 2x10
-7 mkwm, romelic gafiltvris 

procesiTaa gamowveuli. Aamis miuxedavad, gafiltvra 

ganxorcielda ise, rogorc mosalodneli iyo, vinaidan aRdga 

mxolod sawyisi (modulirebis) signalis speqtri. unda 

gavixsenoT, rom damxmare gadamtani sixSireebi 853-dan 1705-mde 

lokalizebulia 0 hc-dan marjvniv, xolo damxmare gadamtani 

sixSireebi 1-dan 852-mde – 4fc hc-sgan marcxniv. 

sixSire (hc) 
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nax. 2.9. UOFT-signalis droiTi maxasiaTebeli (D)-ze 

 

nax. 2.10. UOFT-signalis sixSiruli maxasiaTebeli (D)-ze 

 

filtrSi gatarebis Semdeg sruldeba kvadraturuli 

multipleqsuri orzoliani amplituduri modulacia (uoft(t)). am 

modulaciaSi sinfazuri signali mI(t) da kvadraturuli signali 

mQ(t) modulirdeba Semdegi formulis gamoyenebiT [14]. 

 

    (2.2.1) 

UOFT fazuri 
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SevniSnoT, rom (2.1.3) gantoleba SeiZleba Caiweros 

Semdegnairad:  

  

 

(2.2.2) 

 

 

 

sadac sinfazuri da kvadraturuli signalebis gansazRvra 

SesaZlebelia rogorc cm,l,k-s namdvili da warmosaxviTi nawilisa.  

Ffuries ukugardaqmnis (IFFT) Sesabamisi operacia Caiwereba 

Semdegi saxiT: 

                                                            (2.2.3) 

 

(2.2.3)-is TiToeuli nawilis sixSiruli maxasiaTeblebi 

naCvenebia nax. 2.11 da nax. 2.12-ze Sesabamisad. sruli 

(dasrulebuli) s(t) signalis droiTi da sixSiruli 

maxasiaTeblebi ki naCvenebia nax. 2.13 da nax. 2.14-ze.  

 

nax. 2.11. uoftI(t) cos (2πfc(t) sixSiruli maxasiaTebeli 
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nax. 2.12. uoftQ(t) sin (2πfc(t) sixSiruli maxasiaTebeli 

 

nax. 2.13. s(t)-signalis droiTi maxasiaTebeli (E)-ze 
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nax. 2.14. s(t)-signalis sixSiruli maxasiaTebeli (E)-ze 

 

rogorc nax. 2.13-dan Cans, saSualo pikuri fardoba 

signali/xmauri (PAR) didia [15]. 

 sabolood, pirdapiri simulaciis (modelirebis) 

gamoyenebisas formula (2.1.3)-is safuZvelze agebuli droiTi 

maxasiaTebeli naCvenebia nax. 2.15-ze, xolo Sesabamisi sixSiruli 

maxasiaTebeli _ nax. 2.16-ze. pirdapiri simulacia (modelireba) 

moiTxovs sakmao dros (daaxloebiT 10 wuTs). Sesabamisad, 

praqtikaSi gamoyenebuli unda iyos IFFT/FFT midgoma. nax. 2.13 da 

nax. 2.15-is uSualo Sedareba gviCvenebs gansxvavebebs  rogorc 

amplitudis, aseve drois mixedviT. nax. 2.16-ze naCvenebi 

sixSiruli maxasiaTeblebidan Cans  amplitudis cvlilebebi 

(variaciebi)  mxolod mWidrod dakavSirebuli speqtrebisaTvis. es 

bunebrivicaa, vinaidan erTi da imave  sawyisi monacemebisaTvis 

(1705-IFFT)-isa da  (4096-IFFT)-is gamoTvlebisas miviReT sxvadasxva 

Sedegebi.  
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nax. 2.15. (2.1.4)-is pirdapiri modelirebis droiTi maxasiaTebeli 

 

nax. 2.16. (2.1.4)-is pirdapiri simulaciis (modelirebis) da 

IFFT-s sixSiruli maxasiaTebeli. 
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Tavi 3. OFDM-is mimRebi 

 
rogorc cnobilia, OFDM-is mimRebis dizaini 

arastandartizirebulia (Tavisufalia, SeuzRudavia), e.i. 

arsebobs mxolod gadacemis standartebi. mimRebis Tavisufali 

dizainis gaTvaliswinebiT, gamokvlevebisa da siaxleebis 

umetesoba gamoiyeneba mimRebSi. magaliTad, sixSiruli 

mgrZnobelobis cdomileba ZiriTadad gamowveulia transmisiis 

signalis raRacnairi varaudiT (prognozirebiT) mimRebSi [16]. 

 zemoaRniSnulidan gamomdinare, naSromis mocemul TavSi 

SeiZleba ganvixiloT  mxolod mimRebis ZiriTadi struqtura 

(nax. 3.1).  

 

 

 

 

 

 

nax. 3.1. OFDM-is miRebis modelireba 

 

OFDM-modulacia Zalian mgrZnobiarea drois cvlilebisa da 

sixSiris gadafarvebis mimarT. TviT idealuri simulaciis 

SemTxvevaSic ki gasaTvaliswinebelia filtris mier gamowveuli 

dayovneba [17].   

Mmodelirebisas sistemaSi CarTuli filtrebiT gamowveuli 

dayovnebaa daaxloebiT td=64/Rs, rac sruliad sakmarisia imis 

saCveneblad, Tu ramdenad damaxinjda signali. esaa mizezi im 

mcireodeni sxvaobisa, romelic SegviZlia davinaxoT gadacemul 

da miRebul signals Soris, rac naTlad Cans gadacemis B  (nax. 

2.2) da miRebis H (nax. 3.1) etapebze signalis maxasiaTeblebis 

urTierTSedarebidan (ix. nax. 2.4 da nax. 3.7).  

garda signalis dayovnebisa, misi miRebis procesis danarCeni 

nawili iseve martivia, rogorc gadacemis SemTxvevaSi.  
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modelirebis Sedegebi nax. 3.1-ze warmodgenili mimdevrobiT 

naCvenebia 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8 da 3.9 naxazebze.  

 

nax. 3.2. r_tilde signalis droiTi maxasiaTebeli (F)-ze 

 

nax. 3.3. r_tilde signalis sixSiruli maxasiaTebeli (F)-ze 
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nax. 3.4. r_info signalis droiTi maxasiaTebeli (G)-ze 

 

nax. 3.5. r_info signalis sixSiruli maxasiaTebeli (G)-ze 
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nax. 3.6. r_data signalis droiTi maxasiaTebeli (H)-ze 

 

nax. 3.7. r_data signalis sixSiruli maxasiaTebeli (H)-ze 
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nax. 3.8. info_h –is konstelacia (kombinacia) 

 

nax. 3.9. a_hat –is konstelacia (kombinacia) 

 

 

 

 

 

 

 

namdvili RerZi 

w
ar

mo
s
ax

vi
T
i 
R
er

Zi
 

namdvili RerZi 

w
ar

mo
s
ax

vi
T
i 
R
er

Zi
 



51 

Tavi 4.  UMTS-is videoservisebSi gamoyenebuli 

standartebi, maTi moqmedebis principebi da samomavlo 

tendenciebi  

 

U rogorc cnobilia, U UMTS servisi iZleva gamosaxulebaTa 

gadacemis saSualebas realur droSi, rac  ganpirobebulia 

mTeli rigi Teoriuli kvlevebiTa da Sesabamisi aparaturuli 

realizaciiT, romlebic droTa ganmavlobaSi standartebad 

iqcnen. cifrul teqnologiebSi miRweulma progresma 

uzrunvelyo cifruli videosignalis SekumSvis (kompresiis) 

sxvadasxva meTodebis danergva. Tumca TiToeuli am meTodis 

CamoyalibebaSi garkveul rols asrulebs standartizacia, rasac 

udidesi mniSvneloba aqvs Cveulebrivi SekumSvis meTodebis 

ganviTarebaSi. videosignalis SekumSvis nebismieri  standarti, 

iseve rogorc MPEG   da H    jgufebis standarti, gansazRvrulia 

standartizaciis saerTaSoriso organizaciis (ISO- International 

Organization for Standardization) mier [18]. 

   MPEG (Motion Picture Experts Group _ moZravi gamosaxulebis 

eqspertTa jgufi) pirvelad dafuZnda 1988 wels,  gamoeyvnen ra 

H.261 standartis  Seqmnaze momuSave jgufs, romelic iyo  ISO/IEC 

organizaciis (International Organization for Standardization/ International 

Electrotechnical Comission_ standartizaciis saerTaSoriso 

organizacia/saerTaSoriso eleqtroteqnikuri komisia) 

saerTaSoriso eqspertTa jgufis wevri. maT mizans warmoadgenda 

cifruli audio, video da monacemTa signalebis SekumSvis 

standartis damuSaveba maTi sul ufro mzardi raodenobis 

gadacemisaTvis arsebuli resursebis gamoyenebiT. 

   dResdReobiT MPEG aerTianebs 200 organizaciasa da asobiT 

specialists. mizani dResac igivea – gamosaxulebis, xmisa da 

maTi kombinaciis kompresia, damuSaveba da koduri warmodgena. 

aseve aRsaniSnavia eqspertTa meore jgufi, romlebic aseve qmnian 
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da aumjobeseben miRweul Sedegs da romlebic muSaoben 1986 

wels Seqmnili H  jgufis standartebze.  

     MPEG_is pirveli proeqtia  MPEG-1 standarti, romlis 

Sesabamisi analogia  H.261. igi gamoqveynebul iqna 1993 wels 

rogorc  ISO/IEC 11172. es aris samnawiliani standarti, sadac 

gansazRvrulia  audio da videosignalebis SekumSvis, kodirebisa 

da multipleqsirebis sistema, audio da video monacemebis 

interlivingi (monacvleoba), romelic SeiZleba ganxorcieldes 

erTdroulad [19]. 

     MPEG-1 ZiriTadad uzrunvelyofs videokodirebas 1,5 

mgbt/wm siCqareebisTvis da iZleva VHS (Video Home Systems-saojaxo 

video sistema) da 192 bt/wm audio stereo sistemebis msgavs 

xarisxs.  es standarti gamoiyeneba CD-i da Video-CD sistemebSi 

imisaTvis, rom audio-video monacemebis Cawera da wakiTxva 

moxdes CD-ROM-Si. TavisTavad es standarti aRmoCnda 

warmatebuli da igi dResac farTod gamoiyeneba mTel 

msoflioSi.  

   mzardma teqnologiurma procesebma da sazogadoebrivma 

moTxovnilebebma Seqmna audio-video monacemebis gamoyenebis 

aucilebloba da saWiroeba ara marto CD-i sistemebSi, aramed 

didi raodenobisa da maRali gadacemis siCqaris mqone 

sistemebisaTvisac, romlebic uzrunvelyofda ara marto Caweras 

da wakiTxvas CD-ROM-Si, aramed didi raodenobis informaciis 

gadacemas maRali siCqariT. swored amitom 1990 wlis Semdgom 

MPEG–is mesveurebma Seqmnes ufro daxvewili da MPEG-1 

standartis monaTesave da msgavsi videokodirebis standarti 

MPEG-2 samauwyeblo da didi raodenobis monacemTa signalebis 

gadacemisTvis. 

   MPEG-2 (H.262)  standartis sruli gansazRvra da 

Camoyalibeba dasrulebul iqna 1993 wlis noebmerSi, xolo am 

standartis damtkiceba moxda erTi wlis Semdeg 1994 wlis 

noemberSi ISO/IEC organizaciis mier [20].          
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MPEG-is Semdegi standartia MPEG-4, xolo misi Sesabamisi 

morigi H.263 versia (SemdegSi H.264 (ISO/IEC 14496)-ad wodebuli) 

uzrunvelyofs audiovizualuri obieqtebis kodirebas. garda 

amisa, MPEG jgufis mier damuSavebulia standarti MPEG-7 

(ISO/IEC 15938) multimediis obieqtebis aRwerisTvis  da  MPEG-21 

(ISO/IEC TR 21000-1).  am standartebis sruli gansazRvra da 

srulyofa ar momxdara, ris gamoc es standarti jerjerobiT ar 

aris damtkicebuli ISO-s mier. 

       rogorc ukve iyo aRniSnuli, MPEG-2 warmoadgens, 

faqtobrivad, cifruli audio-video signalebis SemWidrovebis 

MPEG-1 saerTaSoriso standartis gafarTovebas (gagrZelebas). 

standartSi gamoiyofa sami ZiriTadi specifikacia. Eesenia 

Semdegi specifikaciebi: 13818-1 systems,  13818-2 video da 13818-3 audio. 

    specifikacia 13818-1 systems gansazRvravs video da xmovani 

monacemebis erTian nakadSi gaerTianebis wess. specifikacia 13818-

2 video  gvTavazobs videomonacemebis nakadis SekumSvas anu, ufro 

zustad, SekumSuli satelevizio gamosaxulebis koduri 

warmodgenisa da dekodirebis process [21]. specifikacia 13818-3 

audio uzrunvelyofs xmovani signalis koduri warmodgenis 

meTods. Nnax. 4.1-ze naCvenebia sxvadasxva kodirebis standartebis 

damuSavebis TariRebi da kodirebis siCqareebi.  

 

nax. 4.1. kodirebis standartebis damuSavebis TariRebi da 
kodirebis siCqareebi 
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4.1. videomonacemebis elementaruli nakadis struqtura 

 

video kadri (progresuli) 

 

 

 

            

 

                   

   

 

 

 

 

 

 

 

 

 

 

  

 

nax. 4.2. videokadrebis struqtura 
 

 

I P B 

kadri 

P B I 

veli kadri 

P B I 

  video kadri  (striqon monacvleobiTi) 
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kadris gamosaxuleba formirdeba luwi da kenti velebis 

monacvleobiT. Semdgom xdeba am kadris kompresia (SekumSva). 

makroblokis sikaSkaSis komponenti naCvenebia nax.4.3-ze. 

 

nax. 4.3. makroblokis sikaSkaSis komponenti 

     velis gamosaxuleba Sedgeba kenti da luwi velebisagan, 

romlebic ekuTvnian mTel kadrs. veli ganixileba rogorc 

damoukidebeli gamosaxuleba (anu velis gamosaxuleba). velis 

gamosaxulebaSi makrobloki Seicavs sikaSkaSisa da masSi 

ganawilebuli feradovnebis signalebis 16x16 piqsels. 

    velis gamosaxuleba SeiZleba wyvil-wyvilad daiSifros, 

romlis Semdeg isini gadaicemian imis mixedviT, Tu romeli 

maTgani gamoCndeba [22]. 

  Tu garkveuli kadris pirveli veli ari P (B) gamosaxuleba, 

Semdegi veli aseve SeiZleba iyos P (B) gamosaxuleba. 
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Tu pirveli veli aris I gamosaxuleba, Semdegi veli 

SeiZleba iyos, aseve I an P gamosaxuleba 

 

nax. 4.4. mimdevrobis magaliTi, romelic Seicavs kadrisa da 
velis gamosaxulebas 
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4.2. moZraobis kompensacia 

 

    moZraobis Sefaseba da kompensacia video kompresiis 

umravlesi algoriTmis ZiriTadi bazisia. moZraobis kompensaciis 

algoriTmi emyareba im faqts, rom mimdinare kadri umniSvnelod 

gansxvavdeba wina kadrisagan, rac qmnis winaswarmetyvelebisa da 

interpolaciis gamoyenebis SesaZleblobas [23].  

davuSvaT, rom momdevno kadri mcired gansxvavdeba wina 

kadrisagan obieqtis  an kameris moZraobis Sedegad, rogorc es 

nax. 4.5-zea naCvenebi. imisaTvis, rom advili gavxadoT kadrebis 

Sedareba, kadri ar daiSifreba rogorc mTliani. umjobesia isini 

gaixliCos, daiSalos blokebad da blokebi daiSifros 

damoukideblad [24]. 

 

 

 

Nnax. 4.5. interpolacia 

 

kadris yoveli blokis kodirebisTvis (es aris mimdinare 

kadris damisamarTeba) saukeTeso Sesadarebeli bloki iZebneba 

wina kadrSi e.w. kandidat blokebs Soris. yoveli blokisTvis 

formirdeba  moZraobis veqtori, romelic aris sxvaoba 
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aRniSnuli blokisa da wina kadridan misi saukeTeso Sedarebis 

blokis mdebareobebs Soris, rac  SeiZleba ganisazRvros sruli 

da amomwuravi ZebniT. 

    interpolaciis algoriTmis mixedviT moZraobis veqtorebi 

formirdeba ori wina kadris urTierTqmedebiT. erTi wina kadriT 

da meore Semdgomi kadriT. idealuri blokebis wyvili orive 

kadrSi iZebneba da Semdeg ori blokidan Rebuloben saSualo 

sidides. 

   moZraobis kompensacia aris erT-erTi yvelaze rTuli 

procesi videokoderSi. is iyenebs Zebnis fanjaras (Cveulebriv 4 

makroblokis zomis) imisaTvis, rom aRmoaCinos moZraobis 

veqtoris mdebareoba wina videokadris makroblokis saukeTeso 

SedarebiT mimdinare makroblokTan (nax 4.6 da 4.7). swrafi 

Sedegis miRebis mizniT Zebna xdeba mxolod ramdenime poziciebze 

Zebnis fanjris SigniT. blokuri Sedarebis algoriTmis Sefaseba 

moicavs sxvaobas Sefasebul moZraobis veqtorsa da e.w. namdvil 

veqtors Soris, Zebnis bijis raodenobas da algoriTmis Tvisebas 

Tavidan aicilos lokalur minimumSi moxvedra Zebnis gzaze [25]. 

A aRniSnuli proeqtis mizania sxvadasxva moZraobis 

kompensaciis algoriTmis Sedareba: 

   •    swrafi Zebna 

   •    2-D logariTmuli Zebna 

   •    zusti zrdadi Zebna 

   •    centrze dafuZnebuli Zebna cvladi Zebnis bijiT 

saWiroa, agreTve, aRniSnuli algoriTmis Sefaseba 

programul koderSi.  
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Nnax. 4.6. moZraobis kompensacia 

 

 

 

 

nax. 4.7. blokuri Sedareba 
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4.3. moZraobis Sefaseba piqselebis 8x8 zomis blokebiT 

  

  davuSvaT, rom yoveli nB  bloki kf  kadrSi Seesabameba 

bloks 1kf  kadrSi nD  gadaadgilebiT, e.i.   )()( 1 nknk DxfBxf   , 

sadac  nD  aris nB -is moZraobis veqtori. nD -is Sefaseba 

SeiZleba miRweul iqnes winaswarmetyvelebis Secdomis 

minimizaciiT, rogorc saSualokvadratuli, aseve absoluturi 

Secdomis jamis saxiT [26].  

saSualo kvadratuli Secdoma ganisazRvreba Semdegi 

gamosaxulebiT:  

            


 
nBx

nkkn DxfxfDPE
2

1 )()()(               (4.3.1) 

xolo saSualo absoluturi sxvaoba: 

           


 
nBx

nkkn DxfxfDPE )()()( 1             (4.3.2) 

blokebis Sedarebis algoriTmi sruli Zebnis algoriTmia, 

romelic maqsimalurad iyenebs Zebnis proceduras imisaTvis, rom 

aRmoaCinos umciresi gadaxra blokebs Soris. ufro detalurad, 

is adarebs mocemul blokebs yvela SesaZlo blokis variants 

winaswargansazRvruli ares SigniT mimdinare poziciaSi. yoveli 

e.w. kandidati blokisTvis is iTvlis winaswarmetyvelebis 

Secdomas. mas Semdeg, rac yvela SesaZlo kombinaciebi iqneba 

gamokvleuli, erT-erTi yvelaze mcire cdomilebiT gamorCeuli 

bloki CaiTvleba idealuri Sedarebis blokad. 

   realurad or video kadrs Sorisblokebis gadadgileba, 

Cveulebriv,  ar xdeba. Aamgvarad, blokebis Sedarebis algoriTmi 

moZraobis Sefasebisa da kompensaciisTvis yovelTvis iZleva 

zusti winaswarmetyvelebis saSualebas im SemTxvevebSic, 

rodesac realurad moZraoba TiToeul blokSi ar aris martivi 

gadaadgileba. algoriTmi cdilobs ipovos bloki,  romelic 

mogvcems umcires cdomilebas. Nnax. 4.8-ze naCvenebia moZraobis 
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kompensaciis magaliTi blokebis Sedarebis algoriTmis 

gamoyenebiT. 

 

  

 

 

 

 

 

 

 

 

 

 

nax. 4.8. moZraobis kompensacia blokebis Sedarebis algoriTmis safuZvelze 
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Nnax. 4.8-ze marcxena zeda suraTi  sawyisi kadria, marjvena 

zeda ki _ mimdinare kadri.  marjvena qveda moZraobis Sefasebis 

velia (am suraTze naCvenebia Sefasebuli moZraobis veqtori 

yoveli blokis centrSi), xolo marcxena qveda 

winaswarmetyvelebis Sedegad miRebuli kadria, romelic 

Sefasebulia moZraobis velis gamoyenebiT. naxazze naTlad Cans, 

rom algoriTmi zustad gansazRvravs nulovan moZraobas (anu 

SemTxvevas, rodesac ar xdeba gadaadgileba blokis SigniT).  

   Tu mosazRvre makroblokis kadrebi msgavsia, xelaxla ar 

gadaicema blokebi, anu, ufro konkretulad, xdeba TiToeuli 

blokis Sesaxeb imis Sefaseba, Seicavs Tu ara mimdinare bloki 

wina blokis elementebs. Tu es elementebi gansxvavdeba wina 

blokisgan, maSin gadaicema mxolod moZravi obieqtis 

koordinatebi anu moZraobis veqtorebi. kodirebis aseTi 

algoriTmi mniSvnelovnad amcirebs gadasacemi informaciis 

siWarbes (miiRweva mniSvnelovani kompresia). 

 

 

 

4.4.  blokis moZraobis Sefasebis Secdoma 

 

  Cveulebriv blokis moZraobis Sefasebis Secdomebi 

SeiZleba gamoisaxos blokis sazRvrebze perioduli formis 

saxiT, vinaidan aseT sazRvrebze suraTis mudmivi cvlileba, 

xSiri naxtomebi da gluvi nawiburebi iZlevian araerTgvarovan 

suraTs. dakvantvis Secdomebs adgili aqvs maSin, rodesac 

mosazRvre makroblokebi k kadrSi warmoiqmneba mniSvnelovnad 

gansxvavebuli makroblokebidan k-1 kadrSi, rac gamowveulia 

imiT, rom SezRudulia Zebnis algoriTmi da Zebnis fanjara. 

yvela es efeqti metwilad zustadaa integrirebuli cifrul 

videoSi, xolo analogur video sistemebSi _ piriqiT, sadac 

Secdomebis umravlesoba gamowveulia analoguri filtrebiT da 
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gadacemiT. gamokvleulia da dadgenilia, rom statistikuri 

meTodebi misaRebs xdis am damaxinjebuli nawilebis arsebobas.  

am Secdomis sazomis gamoyeneba mTeli kodirebisa da 

dekodirebis Sesaxeb iZleva imis Sefasebas, rom am Zebnis 

algoriTms aqvs didi mniSvneloba mTeli kompresia/dekompresiis 

procesis gansazRvrisaTvis. 

    pirveli magaliTi metrikisa SeiZleba ganisazRvros 

erTidaigive video mimdevrobis kompresiisa da dekompresiis 

SedarebiT ori sxvadasxva moZraobis kompensaciis algoriTmis 

gamoyenebisas. vTqvaT, F da G aris ori video mimdevroba 

erTidaigive n kadrebiT da kadris gafarTovebiT NxM. vTqvaT ƒi  , 

gi  ( )1...0(  ni )  blokebia Sesabamis F da G  mimdevrul kadrebSi. 

maSin gadaadgilebis veqtori 

  

2

1 1

),(),(1),( yxgyxf
NxM

gfd i

N

x

M

y
iii   

 
             (4.4.1) 

aRniSnavs saSualo kvadratul Secdomas i kadrisTvis. SevniSnoT, 

rom aq ),( yxfi  da ),( yxgi   RGB ferTa mniSvnelobebia  da amgvarad 

),(),( yxgiyxfi   aris saSualo manZili or veqtors Soris 3D 

sivrceSi. SevniSnoT, rom  2

3

1
ba   )( ,, GBR aaaa   da ),( , GBR bbbb  . 

vTqvaT, F aris namdvili mimdevroba da BA GG ,  F-is ori 

kompresirebuli/arakompresirebuli mimdevrobebi, romelic 

iyenebs sxvadasxva A da B moZraobis kompensaciis algoriTms.  

  algoriTmis Sefaseba Secdomis sazomiT i kadrSi SeiZleba 

Caiweros Semdegi saxiT: 

),(),(),()( B

ii

A

ii

B

i

A

i

F gfdgfdggd     

nax. 4.9 gviCvenebs swrafi da sruli Zebnis algoriTmis 

sazoms da, maT Soris, uCvenebs kodirebas  I kadrebis gareSe [27]. 
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nax. 4.9. kadrebis swrafi da sruli Zebnis grafiki 
 

 

 

sazomi )(

0

FD    

                





1

0

)()(

0 ),(
1

),(
n

i

B

i

A

i

FBAF ggd
n

GGD                    (4.4.2) 

iZleva moZraobis kompensaciis xarisxis Sefasebas mTeli 

gamosaxulebis mimdevrobebSi [28].  

   Semdeg etapze unda vipovoT e.w. sazomTa jgufi, romelic 

Sedardeba sxva moZraobis kompensaciis SecdomebTan. sxva 

Secdomebis gazomva damokidebulia moZraobis kompensaciaze, 

moZraobis kompensaciis xarisxze wina kadrSi da kadrTa 

fanjrebSi mn ff ...  da igi ganisazRvreba Semdegnairad: 

 



m

ni

iii

mn

mnmn gfdna
C

GFD ),(*
1

),(
,

,,     sadac  0nm  da  







nm

i

imn aC
0

,  

1)(

1




inm
ai           nmi  ....0                             (4.4.3) 
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aRniSnuli gamosaxulebebi Seesabameba im fanjrebs, 

romlebic gamoirCevian swrafi da uecari cvlilebebiT. 

video mimdevrobebis zusti gansazRvrisaTvis aucilebelia 

gamokvleul iqnes Zebnis sxvadasxva algoriTmebi, vinaidan 

TiToeuli gamosaxuleba moicavs sxvadasxva ferTa variaciebs, 

obieqtis calkeuli elementebi moZraoben sruliad SemTxveviTi 

da cvladi siCqariT. am SemTxvevaSi Zebnis da moZraobis 

kompensaciis algoriTmis gaumjobeseba mogvcems tipiuri 

Secdomebis Semcirebis saSualebas [29]. 
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Tavi 5. arxebis kodireba 

 

Mmesame Taobis 3G-sistemebis msgavsad arsebuli HSPA-

sistema iyenebs turbokodirebas, rogorc arxebis kodirebis 

sqemas. LTE-sistema uzrunvelyofs monacemTa gadacemis pikur 

(maqsimalur) siCqares, romelic aRemateba 3G-sistemebis Sesabamis 

siCqares. Sesabamisad, marTebulia im sakiTxebis garkveva,   

SesaZlebelia Tu ara turbokodirebis sistemis gamoyeneba LTE 

sistemaSi da ramdenad daakmayofilebs aRniSnuli sistemis mier 

uzrunvelyofil monacemTa gadacemis siCqarisadmi (>100 mb/wm) 

moTxovnil pirobebs. es sakiTxi gansakuTrebiT mniSvnelovania, 

vinaidan kodirebis sxva sqemebi, romlebSic gamoiyeneba 

paralelizmis principi (paralelurad CarTuli procesorebi),  

uzrunvelyofen dekodirebis Zalian maRal siCqareebs, iseve 

rogorc bolo xanebSi xelmisawvdomi luwobaze Semowmebis 

dabali simkvrivis kodi (LDPC)  [30].  

mTavari argumenti turbokodirebis sqemebis winaaRmdeg 

isaa, rom isini ar eqvemdebarebian paralelizmis  princips, 

riTac izRudeba dekodirebis misaRwevi siCqare. faqtiurad 

problema mdgomareobs turbokodis Sida Senacvlebis 

mowyobilobaSi, romelic gamoiyeneba arsebul HSPA-sistemebSi, 

rac qmnis konfliqts paralelur reJimSi momuSave procesorebis 

mexsierebaTa Soris. Sesabamisad, Tu turbokodis Sida 

Senacvlebis mowyobiloba ramenairad SeZlebs aRnisnuli 

konfliqtisagan Tavis daRwevas, maSin misTvis SesaZlebeli 

gaxdeba im upiratesobebis realizacia, romlebic gaaCnia 

monacemTa paralelur damuSavebas da, Sedegad, dekodirebis 

maRali siCqareebis miRweva.  
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5.1. LDPC-kodebi 

 

turbokodebis msgavsad, LDPC-kodebic (Secdomebis 

koreqtirebis kodebi) warmoadgenen Senonis mier dadgenil 

limitTan (informaciis gadacemis maqsimaluri siCqare) 

miaxloebul kodebs. sul axlaxans, LDPC-kodebi adaptirebuli 

iqna Semdeg standartebTan: usadeno IEEE802.16e MAN,  usadeno 

IEEE802.11n LAN-s (lokaluri gamoTvliTi qseli) da cifruli 

telemauwyeblobis DVB sistema [21].  

LDPC-kodebi iZleva maqsimalurad moqnili iseTi kodis 

Seqmnis saSualebas, romelic SeiZleba specialurad miesadagos 

efeqturi kodirebisa da dekodirebis procesebs. LDPC-

kodebisadmi arsebuli interesi ganpirobebulia misi Zalian 

maRali warmadobis (informaciis damuSavebis maRali siCqaris)  

uzrunvelyofiT, rac, Tavis mxriv,  gamowveulia dekodirebis 

algoriTmis paralelizmis principiT. aRsaniSnavia, rom amave 

dros uzrunvelyofilia Secdomebis kargi koreqtireba da 

dekodirebis dabali sirTule [30].  

LDPC-kodebi pirvelad SemoRebuli iqna galageris mier. 

magram, aseTi kodebi, koderisa da dekoderis muSaobisas 

gamoTvlebze mniSvnelovani droiTi danaxarjebis gamo rid-

solomonis kodebTan SedarebiT, metwilad ignorirebuli iqna 

daaxloebiT aTi wlis win. erT-erTi SesamCnevi gamonaklisi iyo 

taneri, romelmac mniSvnelovani statia gamoaqveyna 1981 wels, 

sadac aRwerilia  LDPC-kodebis generirebisa da maTi grafikuli 

suraTi. amJamad maT taneris grafikebs uwodeben. galageris 

naSromisgan damoukideblad, LDPC-kodebi xelaxla iqna Seqmnili 

1990-ian wlebSi makeis, lubis da sxvaTa mier.  

ZiriTadad arsebobs  LDPC-kodebis warmodgenis ori 

sxvadasxva SesaZlebloba.  

pirveli maTganis mixedviT, yvela wrfivi blok-kodis 

msgavsad, isini SeiZleba aRiweros matricebis saSualebiT [31, 32]. 
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 ganvixiloT luwobaze Semowmebis dabali simkvrivis 8x4 

zomis matrica H.  

                              (5.1.1) 

SegviZlia ganvsazRvroT ori ricxvi, romlebic aRweren am 

matricas. 1-ianebis raodenoba TiToeul striqonSi avRniSnoT wr-

iT, xolo 1-ianebis raodenoba TiToeul svetSi _ wc-Ti. imisaTvis, 

rom matricas ewodos dabali simkvrivis matrica, unda 

dakmayofildes Semdegi ori piroba wr << n da wc << m, sadac n da 

m luwobaze Semowmebis H matricis svetebis da striqonebis 

raodenobebia Sesabamisad. (5.1.1) matricaSi n=8 da m=4. dabali 

simkvrivis miRwevis mizniT, luwobaze Semowmebis H matricis 

zoma zogadad Zalian didi unda iyos. amitom matrica (5.1.1) 

SeuZlebelia mivakuTvnoT dabali simkvrivis matricebis jgufs 

[30].  

LDPC kodebis warmodgenis meore SesaZleblobaa taneris 

grafebis gamoyeneba. taneris grafebi ara marto uzrunvelyofen 

kodis srul warmodgenas, aramed aRweren dekodirebis 

algoriTmsac. taneris grafebi ori nawilisgan Semdgari 

grafebia, rac imas niSnavs, rom grafebis wveroebi dayofilia or 

sxvadasxva jgufad (tipad) da wiboebi mxolod akavSireben ori 

sxvadasxva tipis wveroebs. wveroebis or tips taneris grafSi 

erT-erTs ewodeba cvladi wveroebi (v-wveroebi), xolo meores _ 

Semowmebis wveroebi (c-wveroebi). taneris grafs aqvs Semowmebis m 

raodenobis c-wvero da n raodenobis v-wvero, romelTagan 

TiToeuli maTgani Seesabameba H-is yovel striqons (luwi 

bitebis raodenoba) da yovel svets (bitebis raodenoba 

kodirebul sityvaSi) Sesabamisad,  rogorc  naCvenebia nax. 5.1-ze. 

im SemTxvevaSi, rodesac H-is elementi hij=1, Semowmebis wvero ci 

SeerTebulia cvlad wverosTan vj [30, 31]. 
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nax. 5.1. taneris grafi LDPC-kodisTvis H matriciT (5.1) 

gantolebidan 

 

LDPC-kods ewodeba regularuli (swori), Tu wc mudmivia 

TiToeuli svetisTvis da TiToeuli striqonisTvis. 

                                                (5.1.2) 

  unda aRiniSnos, rom (5.1.1) matrica regularulia, rac 

gamomdinareobs, agreTve, nax. 5.1-dan,  da wc = 2, xolo wr = 4. nax. 

5.1-dan Cans, rom TiToeuli v-wverosa da TiToeuli c-wverosTvis 

Semavali wiboebis raodenoba erTi da igivea. Tu H-s dabali 

simkvrive aqvs da masSi 1-ianebis raodenoba TiToeul striqonSi 

an TiToeul svetSi ar aris mudmivi, maSin kodi ganekuTvneba 

araregularul LDPC-kodebs.  

rogorc aRvniSneT, LDPC-kodebi mimzidvelia gamoTvlis 

efeqturobis TvalsazrisiT, vinaidan isini gvTavazoben 

gamoTvlis procesis paralelizmis maRal dones. es xdeba 

imitom, rom isini Sedgeba luwobaze Semowmebis gantolebebisgan, 

romlebic SeiZleba damoukideblad iqnes ganaxlebuli. radgan 

erTmaneTTan SeerTebis sirTule maRalia, yvela Semowmebis 

wvero SeiZleba ganaxlebul iqnes erTdroulad da mTeli gareSe 

informacia erTdroulad gadaeces cvalebad wveroebs. msgavsad 

amisa, yvela cvalebadi wvero SeiZleba erTdroulad ganaxldes 

turbo kodebisagan gansxvavebiT, sadac Semadgeneli kodis 

farglebSi mTeli informaciis bitebi dakavSirebulia erTi 

mesriT (sakoordinato badeze gakeTebuli grafiki) da arsebiTad 
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TiToeuli mesris ujreds Wirdeba informaciis miReba mezobeli 

mesris ujredebisagan [33].  

struqturuli LDPC-kodebis H matrica ageba iwyeba mcire  

mb x nb zomis orobiTi matriciT. matricaSi 1-ebi yvelgan icvleba 

nulebiT an z x z zomis gadanacvlebulo erTeuli matricebiT. 

struqturuli LDPC-kodebis gamoyenebiT kodirebisa da 

dekodirebis orive matrica SeiZleba aigos gacilebiT mcire 

zomis matricisa da bitebis LLRs veqtorebis safuZvelze, sadac 

TiToeul veqtors z zoma aqvs. struqturuli LDPC-kodebi 

SeiZleba ganisazRvros im mizniT, rom SesaZlebeli iyos 

informaciis damuSavebis maRali siCqaris mqone dabali 

sirTulis kodirebisa da dekodirebis algoriTmebis gamoyeneba.  

rogorc iyo aRniSnuli, LDPC-kodebi uzrunvelyofen 

gamoTvlebis paralelizmis princips, romelic aadvilebs 

dekodirebis ganxorcielebas maRali gamtarunarianobiT. 

turbokodebi SeiZleba aseve gamoyenebuli iyos paraleluri 

gamoTvlebisaTvis im SemTxvevebSi, rodesac Sida Senacvlebis 

mowyobilobebis mexsierebebi iqneba ukonfliqto. sakamaToa is 

mosazreba, rom LDPC-kodebi ar gamoirCevian raime aSkara 

upiratesobiT turbokodebTan SedarebiT, vinaidan Secdomebis 

arsebobis SesaZlebloba kodirebis orive sistemaSi erTmaneTis 

erTnairia. LTE-sistemaSi turbokodis gamoyenebis sasargeblod 

metyvelebs is, rom UMTS-is produqti 6HSPA aseve iyenebs 

turbokods. unda aRniniSnos, agreTve, rom winamorbed versiebTan 

Tavsebadobis gamo, turbokodebis ganxorcielebisaTvis saWiro 

iqneba orreJimiani LTE-terminalebisa da, Sesabamisad, winamorbed 

versiebSi arsebuli dekodirebis mowyobilobis gamoyeneba [34, 35].  

meores mxriv, Tu iqna SemoRebuli absoluturad 

gansxvavebuli kodirebis axali sqema, romelic agebulia  LDPC-

kodis bazaze, maSin garTuldeba gamoTvlebis sirTule, vinaidan 

terminalebma unda uzrunvelyon ori sxvadasxva kodirebis sqemis 

amuSaveba. aRniSnul argumentebze da, agreTve, im faqtze 
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dayrdnobiT, rom 3GPP-sistemebSi gamoyenebul kodirebis sqemas 

ar Wirdeba Zlieri procesori (rogoric saWiroa LDPC-kodis 

SemTxvevaSi), LTE-sistemaSi mizanSewonilia turbokodis 

gamoyeneba  LDPC-kodis nacvlad.  

naSromis mocemul TavSi gamokvleulia diferencialurad 

kodirebuli  luwobaze Semowmebis dabali simkvrivis mqone 

kodebis (DE-LDPC) Teoriisa da praqtikuli realizaciis 

sakiTxebi arakoherentuli deteqtirebis konteqstSi.  Tavis 

pirvel nawilSi naCvenebia, rom DE-LDPC kodebis specialuri 

klasi, anu namravlTa akumulirebis (dagrovebis) kodebi kargad 

muSaobs rogorc koherentuli, ise arakoherentuli 

deteqtirebisas [36].  

aRniSnul naSromSi Catarebuli kvlevis Sedegebis analizma 

gamoavlina, rom standartuli LDPC-kodi ar aris wyvetili 

diferencialuri kodirebisas da zogadad ar iZleva sasurvel 

samuSao maxasiaTeblebs arakoherentuli deteqtirebisas. 

naSromSi damuSavebuli  informaciis gadacemisa da 

modificirebuli e.w. „daaxloebis (konvergenciis) SezRudvis“ 

simkvrivis cvalebadobis meTodis analizis safuZvelze Cvens 

mier warmodgenilia diferencialuri deteqtirebisas 

harmoniulad momuSave LDPC-kodis xarisxobrivi maCveneblebis  

daxasiaTeba, romelic gviCvenebs imas, Tu rogor unda moxdes 

LDPC kodebis optimizireba. aRniSnuli meTodi gvaZlevs 

arsebuli standartuli meTodis gaumjobesebis saSualebas. mas 

SeuZlia Seusabamos gareTa LDPC-kodi nebismier mocemul Sida 

kods Sida dekoderis arasrulyofilebis gaTvaliswinebiT.  

Teoriuli TvalsazrisiT kodirebis teqnologiis sul 

ufro da ufro gaumjobesebis, misi kargad aprobirebuli 

praqtikuli gamoyenebis Zalzed farTod gavrcelebuli 

masStabebis da programuli radios farTomasStabiani 

misawvdomobis gaTvaliswinebiT luwobaze Semowmebis dabali 

simkvrivis mqone kodebi (LDPC) gaxda da kvlav rCeba kodirebis 
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saukeTeso da moxerxebul strategiad mkvlevarTa da 

praqtikosebisaTvis. aRniSnuli kodebis SesaniSnavi samuSao 

maxasiaTeblebi sxvadasxva arxebis modelebSi arsebul 

literaturaSia aRwerili [30, 31].  

miuxedavad imisa, rom arsebuli literatura kargad 

aSuqebs LDPC-kodebis Teoriasa da praqtikas, unda aRiniSnos, 

rom gamokvlevebi, ZiriTadad, tardeboda mxolod kodirebis 

poziciebidan gamomdinare, sadac Warbobs varaudi imisa, rom 

sinqronizaciasa da arxebis analizs Cinebulad umklavdeba 

monacemTa winaswari damuSavebis mimRebi.  

usadeno telekomunikaciaSi fazebis zusti Sefaseba 

SeiZleba bevr SemTxvevaSi rTuli an ganuxorcielebelic ki 

iyos, rac arakoherentul deteqtirebas moiTxovs. praqtikaSi 

arakoherentuli deteqtireba ZiriTadad ori xerxidan erT-erTis 

mixedviT sruldeba. pirveli xerxis mixedviT xdeba sapilote 

simboloebis CarTva uSualod kodirebul da modulirebul 

TanmimdevrobaSi arxis miyolis xelSewyobis mizniT 

(SesaZlebelia an sapilote (sakontrolo) signalebis an 

sapilote simboloebis CarTva). mocemul  SemTxvevaSi saubaria 

diferencialuri kodirebis gamoyenebaze.  meore xerxi 

iTvaliswinebs im garemoebas, rom pirveli xerxis Sedegi 

SeiZleba gaxdes sixSireTa zolis aratrivialuri gafarToeba, 

rac gansakuTrebiT damaxasiaTebelia  swrafad cvalebadi 

arxebisaTvis. amitom   bevrma usadeno, maT Soris sateliturma 

da radiosareleo satelekomunikacio, sistemam aiTvisa meore 

xerxi.  

gamosakvlevi problemis arsi mdgomareobs SemdegSi: LDPC-

kodebi SesamCnevad kargad muSaobs koherentuli deteqtirebisas, 

magram sainteresoa imis garkveva, Tu rogor imuSavebs is 

arakoherentuli deteqtirebisas.  naSromis erT-erTi mizania  

aRniSnul problemaSi garkveva da Sesabamisi teqnologiuri 

procesis damuSaveba.  
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 warmoadgens  PA kodis gareTa ubralo, 

struqturirebul LDPC kods, romlis marcxena (cvalebadi) 

xarisxis profilia  , xolo marjvena xarisxis 

profilia .  Sida kodis diferencialuri koderia  .  

garkvevas saWiroebs sakiTxi imis Sesaxeb, Tu rogor muSaobs 

LDPC kodebi diferencialuri kodirebisas, rac pirdapiraa  

dakavSirebuli sxva saintereso problemebTan. magaliTad, 

imasTan, Tu rogoria arakoherentuli deteqtirebisas LDPC 

kodebis gamoyenebis saukeTeso strategia: gamoyenebuli iqneba Tu 

ara diferencialuri kodireba; aqvT Tu ara erTnairi realizeba 

rekursul da ararekursul formebSi modulaciis iseT sqemebs, 

rogoricaa minimaluri fazuri manipulacia (MPSK); aris Tu ara 

erTi forma meoreze ukeTesi LDPC kodirebis TvalsazrisiT; DE-

LDPC-is romeli sxva konfiguraciebia kargi diferencialuri 

kodirebisaTvis da rogor SeiZleba maTi ageba.  

vinaidan standartuli (Cveulebrivi) diferencialuri 

deteqtori (CDD), romelic ori simbolos intervalze muSaobs, 

amitom is ganicdis mwarmoeblurobis aratrivialur danakargebs. 

garda amisa, vinaidan mravaljeradi simboloebis  

diferencialuri deteqtorebi (MSDD) miT ufro met sirTules 

qmnian, rac ufro metad izrdeba fanjris zoma, amitom IDDD 

mimRebi (resiveri) Seicavs CDD-s ori (mimdinare da winamorbedi) 

simbolos  intervalze  dakvirvebis fanjriT, fazebis mimyol 

vineris filtrs, SetyobinebaTa gadasacem  dekoders 

akumulatorisTvis da SetyobinebaTa gadasacem dekoders, 

romelic konfigurirebulia gareTa LDPC kodisaTvis. fazebis 

mimyol danadgarTan  da  dekoderTan Sewyvilebuli CDD 

moqmedebs rogorc monacemebis winaswari damuSavebis 

(interfeisuli) seriulad Tanmimdevrulad dakavSirebuli 

sistemis gare dekoderi.  momdevno LDPC dekoderi moqmedebs 

rogorc gare dekoderi. gamoTvlebis uSecdomod Catarebis 

mizniT Sida da gareTa dekoderebs Soris xdeba programuli 
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uzrunvelyofis saimedoobis informaciis damajereblobis 

Sesaxeb informaciis gacvla logariTmuli Tanafardobis (LLR) 

formiT [30, 31].   

DE-LDPC kodebis ganxilvisas IDDD resivers ganvixilavT 

rogorc gansazRvrul arakoherentul resivers.  

aRmoCda, rom zogadi DE-LDPC kodi ver iZleva sasurvel 

maxasiaTeblebs arakoherentuli diferencialuri deteqtirebisas 

maSin, rodesac maRalsiCqariani kodi axerxebs amas. es mizezi, 

Cveni TvalsazrisiT, miewereba standartul LDPC-kodsa da 

diferencialur dekoders Soris Sekrebadobis qcevaSi arsebul 

Seusabamobas. es garemoeba miuTiTebs imaze, rom miuxedavad imisa, 

rom standartuli LDPC-kodebi SesaniSnavi arCevania koherentuli 

deteqtirebisas, isini araa imdenad sasurveli arakoherentuli 

deteqtirebisas. es aseve badebs kiTxvas imis Sesaxeb, rom 

romelia is specialuri LDPC-kodebi, romlebic SesaZloa 

aradamakmayofileblad muSaoben standartul situaciaSi, magram 

SeiZleba aRmoCndes gamosadegi diferencialuri modulirebisa 

da deteqtirebisas.  

LDPC-kodebis erTi mniSvnelovani Tvisebaa maTi xarisxis 

profilebis agebis SesaZlebloba simkvrivis cvlilebis 

(evoluciis) meSveobiT, rac uzrunvelyofs maTs Sesabamisobas 

konkretul arxTan an konkretul Sida kodTan. imisaTvis, rom 

LDPC-kodebma harmoniulad imuSaon arakoherentul 

diferencialur dekoderTan, naSromSi gamoyenebulia  

Sekrebadobis SezRudvis simkvrivis evoluciisa da standartuli 

zRurblis (barieris) SezRudvis meTodebi. es ukanaskneli ki  

miesadageba saukeTeso asimptotur zRurbls. naSromSi 

damuSavebuli meTodi ki efeqtianad umklavdeba Sida da gareTa 

mrudebs Soris arsebuli farTobis (is gviCvenebs kodirebis 

siCqares) simcires da Sekrebis wertilebis meSveobiT 

Sekrebadobis problemas. amis gamo, aRniSnuli meTodebi Sida 

dekoderis/demodulatoris arasrulyofilebis mxedvelobaSi 

miRebis xarjze uzrunvelyofs LDPC-kodebis optimizaciis 
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SesaZleblobas  nebismieri kodur modulaciasTan SesabamisobaSi 

mosayvanis mizniT. kvlevebisas aRmoCnda, rom LDPC-kodebi 

SeiZleba or jgufad daiyos. minimaluri ≥ marcxena me-2 xarisxis 

(xarisxi-2) mqone kodebi zogadad vargisia ararekursuli Sida 

koderisa da modulatorisTvis, magram igi uvargisia 

diferencialuri deteqtorisTvis an raime rekursuli Sida 

kodisTvis. meore mxriv, im LDPC-kodebs, romlebic kargad 

muSaoben rekursiul resiverTan, yovelTvis aqvT 1-li xarisxi 

(xarisxi-1) da me-2 xarisxis (xarisxis-2) cvalebadi kvanZebi. 

amasTanave, im SemTxvevaSi,  rodesac kodis siCqare maRalia, 

dominirebadi xdeba rogorc xarisxi-1, aseve xarisxi-2 [37]. es 

aseve xsnis im faqts, Tu ratom muSaobs arakoherentuli 

diferencialuri deteqtirebisas maRalsiCqariani PA kodebi 

Cinebulad, romelTa gareTa kodebs mxolod xarisxi-1-sa da 

xarisxi-2-is mqone kvanZebi aqvs.  

arxebis saintereso modelia gausis TeTri xmauris (AWGN) 

mqone brtyeli releis modeli. davuSvaT, rom   xmauris signalia 

mimRebSi,  orobiTi fazuri Zvris (modulaciis) mqone 

modulirebuli signalia gadamcemSi (transmiterSi). brtyeli 

releis modelSi damoukidebeli da Tanabrad ganawilebuli (i.i.d.) 

kompleqsuri AWGN-ia nulovani saSualo mniSvnelobiT da 

 dispersiis variaciiT TiToeul ganzomilebaSi,   

milevis koeficientiT, releiseburad ganawilebuli  

amplitudiT  da araTanabrad ganawilebuli  faziT. aRniSnulis 

gaTvaliswinebiT miviRebT, rom .  

ganxilul iqna korelireburi arxis milevis koeficientebi 

(ise, rom arakoherentuli deteqtireba iyos SesaZlebeli). jeikis 

izotropuli ganbnevis mqone miwiszeda mobiluri releis arxebis 

modelis gamoyenebisas  avtokorelacia xasiaTdeba pirveli 

gvaris nulovani rigis beselis funqciiT:   

                                                                             (5.1.3) 
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simZlavris speqtraluri simkvrive (PSD) mocemulia Semdegi 

formuliT: 

                                                  (5.1.4) 

sadac    normalizebuli dopleruli gavrcelebaa,  sixSireTa 

zolia,  dayovnebis parametria da  mudmivaa, romelic 

damokidebulia konkretuli antenaze gadacemul da miRebul 

saSualo simZlavreebze da Semavali simZlavris kuTxeebis 

ganawilebaze.  

Sefasebulia standartuli LDPC-kodis maxasiaTeblebi 

arakoherentuli deteqtirebisas da ganxorcielebulia misi 

Sedareba PA kodebis imave maCveneblebTan [30, 31, 38].  

SemoTavazebulia Sekrebadobis SezRudvis meTodi LDPC- 

kodebis optimizaciisTvis, raTa isini SesabamisobaSi iqnas 

moyvanili mocemul Sida kodTan,  kerZod ki diferencialur 

deteqtorTan.  

 

5.2. diferencialuri kodirebis Sesabamisi kodebi 

  

Sekrebadobis Tviseba metyvelebs imaze, rom iteraciuli 

(cikluri) dekoderSi kodebis warmatebuli SekrebadobisaTvis 

(miaxloebisaTvis) gareTa mrudi unda imyofebodes zustad Sida 

mrudis qvemoT, tovebdes ra Ria sivrces maT Soris. mrudis qveS 

arsebuli farTobi    Seesabameba kodis siCqares, sadac  

da  aRniSnavs konkretuli subdekoderSi Semaval (apriorul) da 

misgan gamomaval (gare) urTierTinformaciebs. Sesabamisad, Tu 

damxmare arxi wamSleli arxia da subdekoderi optimaluria, 

kavSiri zustia. sxva SemTxvevaSi gveqneba kargi aproqsimacia. am 

TvisebaTa  uSualo arsi imaSi mdomareobs, rom Sida 

(arakoherentuli) diferencialuri dekoderis mier 

uzrunvelyofili simZlavris (misaRwevi siCqaris) sruli 

aTvisebisTvis gare kods unda hqondes iseTi mrudi, romelic 
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formiTa da poziciiT (mdebareobiT) Zalian uaxlovdeba Sida 

kodis imave mruds. 

ganvixiloT Sida kodis ori konfiguracia:  

1. diferencialuri dekoderi -sTvis; 

2. pirdapiri deteqtori, anu BPSK deteqtori 

ganvixiloT, agreTve, gare kodis sami konfiguracia: 

1. PA kodis gare kodi, romelsac aqvs xarisxis profili:  

                                                  (5.1.5) 

2. 3x12 zomis regularuli LDPC-kodi da (5.1.5)-iT naCvenebi 

optimizirebuli araregularuli LDPC-kodi, romlis zRvaria  

0,6726 db. igi daaxloebiT  0,0576 db-iT Sorsaa AWGN 

simZlavrisgan da misi xarisxis profili Semdegia   

                      (5.1.6) 

samive gare kods aqvs 3/4 siCqare da arxi releis milevis 

korelirebuli arxia AWGN-iT da normalizebuli dopleris 

siCqariT  .  

mrudebi,  romlebic  datanilia  nax. 5.2-ze,  gviCenebs, rom 

PA-kodis gare kodi da diferencialuri dekoderi kargad 

Seesatyviseba erTmaneTs, magram standartuli regularuli an 

araregularuli LDPC-kodis Sesabamisi mrudi an gadakveTs 

diferencialur dekoderis Sesabamis mruds, rac iwvevs 

Secdomebis gazrdas dekoderSi, an datovebs uzarmazar farTobs 

(adgils)  mrudebs Soris, rac gamoiwvevs simZlavris danakargs. 

meore mxriv, LDPC kodebi, gansakuTrebiT araregularuli 

(optimizirebuli) kodebi, kargad Seesabameba pirdapir 

deteqtirebas. es miuTiTebs imaze, rom standartuli LDPC-kodebi 

ukeTesad muSaobs rogorc erTiani kodi da ara rogorc im 

SemTxvevaSi, rodesac igi muSaobs rekursiul Sida kodTan 

erTad. sxva sityvebiT rom vTqvaT, LDPC-kodi, romelic 
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optimaluria  Cveulebrivi gagebiT, magaliTad, BPSK 

modulaciisa da maxsovrobis (damaxsovrebis) armqone arxebisas, 

SeiZleba gaxdes  naklebad an nawilobriv optimaluri, rodesac 

muSaobs rekursiul Sida kodTan an rekursiul modulaciasTan 

erTad, rogorc es damaxasiaTebelia diferencialuri 

dekoderisaTvis [31].   

 

Nnax. 5.2. LDPC kodebi. PA kodis gare kodi da 

diferencialuri dekodireba 

meores mxriv, diferencialuri kodirebis gamouyenebloba  

zogadad moiTxovs ufro meti piloturi simboloebis CarTvas 

arxis maxasiaTeblebisadmi ukeTesi Tavsebadobis mizniT, 

gansakuTrebiT ki gavrcelebis swrafad milevadi areebis 

SemTxvevaSi. Sesabamisad, samarTliani iqneba imis aRniSvna, rom 

diferencialuri kodi 1/(1+D) regularuli LDPC kodi  

araregularuli LDPC kodi 
LDPC 

relies arxi 

diferencialuri kodi 

 PA kodis gare kodi  

regularuli LDPC 

araregularuli LDPC 

 PA (gare) 

 milevis arxi  
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standartuli LDPC-kodebi, romlebic gamoirCevian SesaniSnavi 

maxasiaTeblebiT koherentuli deteqtirebisas, SeiZleba ar iyos 

iseTive xelsayreli da efeqturi arakoherentuli 

deteqtirebisas, vinaidan isini an zaraldebian mwarmoeblurobis 

dakargvis gamo (diferencialuri kodirebisas) an  ganicdian 

sixSireTa diapazonis sagrZnob  gafarToebas (diferencialuri 

kodirebis gamouyeneblobisas). LDPC-kodebisgan gansxvavebiT PA-

kodebma SeiZleba gamoiyenon Cveulebrivi diferencialuri kodi 

arakoherentuli deteqtirebisaTvis, rac ukeTesi arCevania 

SezRuduli siganis mqone sixSireTa zolis Sesabamisi usadeno 

sistemebisaTvis.   

 

N      nax. 5.3. BER-maxasiaTeblis mrudebi 

 
nax. 5.3-ze datanilia BER-maxasiaTebeli mrudi imave sami 

kodisa, romlebic gansazRvrulia nax. 5.1-ze arakoherentuli 

deteqtirebis mqone releis arxebisaTvis. am SemTxvevaSi: samive 

kodis monacemTa blokis zoma K = 1;  siCqare 3/4-ia; msubuqi 

ukukavSiria gamoyenebuli IDDD-Si; normalizebuli dopleris 

efeqti 0,01; sapilote simboloebis 2% da 4%-ia CarTuli arxis 

Sesabamisi maxasiaTeblebis uzrunvelyofisaTvis; Sefasebulia 

ori LDPC-kodi diferencialur Sida kodTan erTad an mis gareSe. 

PA, 2% 

PA, 4% 

(db) 

cikli 

araregularuli LDPC, 4%  araregularuli LDPC, 4%, dif. dekod 

regularuli LDPC, 4% 

araregularuli LDPC, 2% 
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rogorc nax. 5.2-ze warmodgenili mrudebi gviCvenebs, 

energoefeqturobis klebadobis TvalsazrisiT  kodebi 

ganlagebulia Semdegi TanmimdevrobiT: 1.  PA-kodi sapilote 

simboloebis 4%-iT; 2. PA- kodi sapilote simboloebis 2%-iT; 3. 

araregularuli LDPC-kodi sapilote simboloebis 4%-iT BPSK-

modulaciisas;  4. regularuli LDPC-kodi sapilote 

simboloebis 4%-iT BPSK-modulaciisas; 5. araregularuli LDPC- 

kodi sapilote simboloebis 2%-iT BPSK-modulaciisas; 6. 

diferencialurad kodirebuli araregularuli LDPC-kodi 

sapilote simboloebis 4%-iT. aSkaraa, rom standartuli LDPC- 

kodebi mniSvnelovnad ziandeba diferencialuri Sida kodebisgan 

sixSireTa zolis 4%-iani gafarToebisas. araregularuli da 

regularuli LDPC-kodebi BPSK-modulaciisas muSaoben, 

Sesabamisad,  daaxloebiT  0,5 db  da  1 db-iT  uaresad,  vidre 

kodebi 10-4 BER-is dros, xolo diferencialurad kodirebul 

araregularul LDPC-kodebs 2,2 db-ze metic ki akldebaT. garda 

amisa, im SemTxvevaSi, rodesac araregularuli  LDPC-kodi (ara 

diferencialurad kodirebuli) zomieradaa (0,5 db) moqceuli 4%-

iani piloturi simboloebis mqone PA-kodis ukan, sxvaoba 

gacilebiT mniSvnelovani xdeba maSin, rodesac sapilote 

simboloebis raodenoba orjer mcirdeba. PA-kodebisTvis 2%-iani 

sapilote simboloebi mainc misaRebia sasurveli samuSao 

maxasiaTeblebis uzrunvelsayofad, magram isini arasakmarisi 

xdeba aradiferencialurad kodirebuli LDPC-kodebisTvis arxis 

maxasiaTeblebTan Tavsebadobis TvalsazrisiT, rac iwvevs arxis 

mwarmoeblurobis sagrZnob danakargebs da Secdomebis iseT 

maRal minimalur dones, rogoricaa 10-3 BER-Si. amrigad, PA- 

kodebis upiratesoba standartul LDPC-kodebTan mimarTebaSi 

savsebiT aSkaraa, rac  gansakuTrebiT TvalsaCinoa im 

SemTxvevebSi, rodesac arakoherentuli deteqtirebaa saWiro da 

rodesac mxolod sixSireTa zolis SezRuduli gafarToebaa 

daSvebuli.  



81 

Tavi 6. kodebis sistemis proeqtireba Sekrebadobis 

Tvisebidan gamomdinare 

6.1. problemis formulireba 

winamdebare naSromis  me-5 TavSi Catarebulma analizma da 

kompiuterulma saimitacio modelirebam gviCvena, rom 

standartuli  LDPC-kodebi ar miesadageba diferencialur 

kodirebas garda specialuri SemTxvevisa, rodesac masTan erTad 

gamoiyeneba PA-kodis gareTa kodi. es garemoeba badebs 

saintereso kiTxvebs: 1. romeli sxva specialuri LDPC-kodebia 

aseve harmoniaSi diferencialur kodirebasTan? 2. xarisxis ra 

profili aqvT maT? 3. aris Tu ara SesaZlebeli xarisxis 

profilebis daxasiaTeba da optimizireba da rogor?  

aRniSnuli sakiTxebis gadaWris fundamenturi instrumenti 

e.w. amozneqili optimizaciis meTodis gamoyenebaa. Tumca is 

problema, romelsac ganvixilavT naSromis mocemul TavSi, 

erTob gansxvavebulia.  

amjerad Cvens mizans warmoadgens iseTi kodebis ageba, 

romlebic srulad uzrunvelyofen mocemuli Sida mimRebiT 

(resiveriT), kerZod ki, arakoherentuli diferencialuri 

dekoderiT, miRweul simZlavres. imis gaTvaliswinebiT, rom Sida 

resiveri, arxis Sesaxeb monacemTa codnis ukmarisobisa an sxva 

praqtikuli SezRudvebis gamo, SeiZleba ar iyos optimaluri, 

upirvelesi mniSvneloba eniWeba Sida da gareTa kodebs Soris 

Sekrebadobis maxasiaTeblebis kontrols, rac gulisxmobs 

Sesabamisi mrudebis formisa da mdebareobis SesabamisobaSi 

moyvanas. am mizniT naSromSi gamoyenebul iqna simkvrivis 

cvlilebis (e.w. zRurblis SezRudvis) standartuli meTodi, 

romlis ganviTarebasac warmoadgens Sekrebadobis SezRudvis 

meTodi.  

Sekrebadobis SezRudvis  meTodis mTavari arsi 

mdgomareobs Sida mrudis SerCevaSi (gamocdaSi) da im (gareTa) 

mrudis agebaSi, romelic miesadageba sakontrolo (e.w. amokrebis) 
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wertilebs.  davuSvaT, rom sibrtyeze SevarCieT sakontrolo 

wertilebis nakrebi, romelic aRniSnulia -Ta da 

 -iT. vTqvaT,     aris  gare LDPC-kodis Semaval-

gamomavali informaciis gacvlis funqcia. maSin optimizaciis 

problema Semdegnairad iqneba formulirebuli:    

                      (6.1.1) 

sadac R aRniSnavs gareTa LDPC-kodis kodur siCqares, xolo   da 

pj  aRniSnaven im kideebis nawils, romelic ukavSirdeba i xarisxis 

cvalebad da sakontrolo kvanZebs Sesabamisad.     

me-5 TavSi navaraudevia, rom LLR-is (damajereblobis 

logariTmuli Tanafardoba) Setyobinebebi Sida da gareTa 

dekoderis SesasvlelebSi gausuradaa ganawilebuli da rom 

araregularuli LDPC-kodis gamomavali gareTa MI 

urTierTinformacia Seesabameba regularuli kodebis nakrebisgan 

miRebul gareTa MI-is wrfiv kombinacias. rogorc arsebuli 

literaturidanaa cnobili, LLR Setyobinebebis gausuri 

normalurobis Sesaxeb daSveba AWGN arxebisaTvis naklebadaa 

Sors realobisgan, Tumca igi, amave dros, naklebad zustia 

releis milevadi arxebisaTvis. miuxedavad amisa, gausuri 

normalurobis Sesaxeb daSveba gamoiyeneba ramdenime mizezis 

gamo [30, 39]. 

 pirveli mizezia simartive. Setyobinebebis pdf paketis 

zusti optimizireba moiTxovs  didi moculobis gaangariSebis 

Catarebas, romelic kidev ufro rTuldeba imis gamo, rom 

SemoTavazebuli axali meTodi regulirdeba sakontrolo 

wertilebis nakrebiT da ara erTi sakontrolo wertiliT, 

rogorc es xdeba standartuli meTodisas. meore mizezi aixsneba 

im garemoebiT, rom mrudebis gasaangariSeblad aucileblad 

gamoiyeneba gausuri miaxloeba. amitom misaRebia amave miaxloebis 

gamoyeneba mrudis formirebisa da poziciis gansazRvrisas. 
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sabolood, mrudebis daxasiaTeba da warmodgena 

urTierTinformaciis gamoyenebis bazaze xels uwyobs procesis 

stabilizebas da im uzustobebis Semcirebas, romlebic gausuri 

miaxloebiTa da sxva faqtorebiTaa gamowveuli. maSasadame, 

optimizacia Zalian karg Sedegebs iZleva gausuri miaxloebis 

gamoyenebisgan gansxvavebiT, rac, rogorc mocemul naSromSi, 

aseve mraval arsebul literaturaSicaa dadasturebuli. 

 

6.2. optimizaciis meTodi 

 

davuSvaT, rom   da  kodis xarisxis 

maCveneblebia Sesabamisi mrudebis kiduri wertilebisaTvis,   da 

 cvalebadi kvanZis da sakontrolo  kvanZis maqsimaluri 

xarisxebia, xolo  da kideebis nawilebia, romlebic i xarisxis 

cvalebadi kvanZebisa da sakontrolo kvanZebisTvisaa 

damaxasiaTebeli.  davuSvaT, agreTve, rom  da 

 xarisxis maCveneblebia grafis kvanZis mxridan. 

maSin samarTliania Semdegi Tanafardobebi: 

                           (6.2.1.) 

sadac R kodebis siCqarea. SevniSnoT,  rom indeqsi  miuTiTebs 

LDPC dekodirebis  i-iur iteracias, xolo indeqsebi   da  

aRniSnaven iseT sidideebs, romlebic exeba cvalebad da 

sakontrolo kvanZebs Sesabamisad. SeiZleba ganisazRvros ori 

funqcia, romlebic gamosadegi iqneba momavali msjelobisas:  

                                      (6.2.2) 

                                  (6.2.3) 

normalurobis Sesaxeb zemoaRniSnuli daSvebisas  

funqcia gardaqmnis Setyobinebis saSualo mniSvnelobas Sesabamis 
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urTierTinformaciaSi.  xels uwyobs Setyobinebis saSualo 

  mniSvnelobis cvlilebis  aRweras. igi gviCvenebs imas, 

Tu ra cvlilebas ganicdis saSualo mniSvneloba im operaciis 

ganxorcielebisas, rodesac    emorCileba gausis ganawilebas, 

romlis saSualo mniSvnelobaa  da disperrsiaa .  

kodis agebis (proeqtirebis) mTeli procesi safuZvlad 

iRebs ormagad SezRuduli optimizaciis process, romelic 

progresulad axdens erTimeoreze damokidebuli cvalebadi 

sakontrolo kvanZebis xarisxis  da  maCveneblebis 

(profilebis)  optimizirebas. miuxedavad formulirebaSi da 

etapebSi arsebuli dualizmisa (orazrovnebisa), -is 

optimizacia gacilebiT ufro gadamwyvetia kodebis 

maxasiaTeblebisaTvis, vidre -is optimizacia, rac metwilad 

imiTaa ganpirobebuli, rom optimaluri sakontrolo kvanZis 

xarisxis maCveneblebi emorCilebian koncentraciis Semdeg wess. 

                                              (6.2.4) 

Sesabamisad, miRebul praqtikas warmoadgens  -is winaswari 

gansazRvra (6.2.4) formulisa  da  kodis R siCqaris Sesabamisad da, 

agreTve,  mxolod -is optimizacia. am mizezis gamo, naSromis 

Semdeg nawilSi yuradReba iqneba gamaxvilebuli  -is 

optimizaciaze  mocemuli -sTvis. SevniSnoT, rom 

dainteresebul pirebs SeuZliaT -is optimizaciis amocanis 

Camoyalibeba analogiuri xerxiT.   
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6.2.1. zRurblis (barieris) SezRudvis meTodi  

 
Tu davuSvebT, rom yvela kideze gamavali Setyobinebebi 

warmoadgenen brtyeli releis modelSi damoukidebel da 

Tanabrad, gausurad ganawilebul (i.i.d.) Setyobinebebs, maSin 

saSualo Setyobinebebis cvalebadi kvanZebi Tavisi samezoblodan 

Rebuloben sakontrolo kvanZebs Sereuli gausuri ganawilebis 

mixedviT. LDPC-dekoderSi --iuri iteraciidan  -iur 

lokalur iteraciamde cvalebad kvanZebTan dakavSirebuli 

Setyobinebebis saSualo mniSneloba    icvleba Semdegnairad:  

                                           (6.2.5) 

            (6.2.6) 

sadac   aRniSnavs Sida kodisgan (an arxisgan) miRebuli sawyisi 

Setyobinebebis saSualo mniSvnelobas. ganvsazRvroT 

                   (6.2.7) 

maSin (6.2.6) SeiZleba gadavweroT Semdegi saxiT   

                              (6.2.8) 

standartuli zRurblis SezRudvis simkvrivis cvlilebis 

meTodi iZleva imis garantias, rom xarisxis profili 

asimptoturad miuaxlovdeba nulis toli Secdomis mdgomareobas 

mocemuli sawyisi Setyobinebebis saSualo   mniSvnelobisaTvis, 

rac miiRweva iZulebiTi xerxiT. 

                                   (6.2.9) 

Sesabamisi diagramis analizis safuZvelze SeiZleba iTqvas, 

rom zRurblis SezRudvis meTodi iribad iyenebs sakontrolo 

  wertils ise, rom Sedegad miRebuli mrudi darCeba 

am wertilis qvemoT.  
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6.2.2. Sekrebadobis (daaxloebis) SezRudvis meTodi  

 
SemoTavazebuli Sekrebadobis (daaxloebis) SezRudvis 

meTodi, realizaciis gamartivebis TvalsazrisiT, aumjobesebs  

standartuli zRurblis SezRudvis meTods sakontrolo 

wertilebis nakrebis SemoRebiT, romlebic SeiZleba ganTavsdes 

sibrtyis nebismier poziciaze mrudis formisa da mdebareobis 

kontrolis mizniT. TiToeuli sakontrolo wertili  

imis garantiaa, rom mrudi Seesabameba -ze ufro met gare 

urTierTinformacias,  romelic, amave dros, warmoadgens Semaval  

 urTierTinformacias. es gamoixateba optimizaciis procesSi 

(6.2.9) formulis Semdegi cvlilebiT 

 

                                                          (6.2.10)  

sadac  zRurblis sididea, romelic akmayofilebs 

pirobas.  

aRniSnulidan gamomdinare, SesaZlebelia problemis 

xelaxali Camoyalibeba Semdegi saxiT: mocemuli sakontrolo 

kvanZis xarisxis  maCveneblisaTvis  da sakontrolo ( ) 

wertilisaTvis im diagramaze, sadac , samarTliania 

Semdegi gamosaxuleba 

                       (6.2.11) 

gamosaxulebaSi (6.2.11)    da   akmayofileben pirobas 

                                        (6.2.12) 

aSkaraa, rom rodesac , maSin  . amitom es SemTxveva 

daiyvaneba standartuli zRurblis SezRudvis modelamde. 

amrigad, saboloo  mrudis formisa da mdebareobis 

(1) 

(2) 
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gakontrolebis mizniT SesaZlebelia rogorc im SezRudvebis 

dajgufeba, romlebic dakavSirebulia TiToeul individualur 

sakontrolo wertilTan, aseve erToblivi optimizaciis Catareba, 

rac xorcieldeba sakontrolo M raodenobis wertilebis , 

  nakrebis gaTvaliswinebiT, sadac 

 da  . konkretulad ki, rodesac sakontrolo 

wertilebis nakrebi sworadaa ganlagebuli Sida EXIT mrudze, 

maSin saboloo EXIT mrudi Seesabameba optimizirebul LDPC-

jgufs, romelic warmoadgens Sida kods [40].        

 

6.2.3. wrfivi programireba 

 
rogorc adre iyo naCvenebi, Sekrebadobis (daaxloebis) 

SezRudvis modelis ZiriTadi arsi sakmaod martivia. sirTuleebi 

dakavSirebulia mxolod imasTan, rom SezRudva (2) (6.2.11)-Si 

warmoadgens  -is arawrfiv funqcias.  garda amisa, SevniSnoT, 

rom optimizaciis diapazonis gansazRvra an  -is gamoTvla 

(6.2.12)-is safuZvelze moiTxovs  -is codnas, romelsac jer 

kidev sWirdeba optimizacia. am qaTmisa da kvercxis dilemis 

gadalaxvis erT-erTi SesaZlo midgomaa aproqsimirebuli -is 

gamoyeneba (6.2.12)-Si -s gamosaTvlelad. konkretulad ki, 

naSromSi  SemoTavazebulia ori udablesi xarisxis mqone 

cvalebadi kvanZis  -sa  da -is gaTvaliswineba da xarisxis 

profilis aproqsimireba iseve, rogorc es xdeba (6.2.12)-Si. 

 

             (6.2.13) 

jer erTi, es aproqsimirebuli    gamoiyeneba mxolod 

(6.2.12)-Si -is miaxloebiTi gansazRvris mizniT ise, rom 

optimizaciis procesis dawyeba gaxdes SesaZlebeli. (6.2.11)-Si   

unda optimizirdes (1) da (2) pirobebis gaTvaliswinebiT. meore,  

da  (an ) sidideebi aproqsimirebul -Si iangariSeba ori 

Semdgom naCvenebi xerxidan (SemTxvevidan) erT-erTis meSveobiT.    
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SemTxveva 1. 

standartul LDPC-jgufisaTvis  , romelic ar 

Seesabameba pirveli xarisxis cvalebad kvanZebs. es imitom xdeba, 

rom pirveli xarisxis cvalebadi kvanZebisgan gamomavali 

Setyobinebebi ar umjobesdeba SetyobinebaTa cvlis procesis 

msvlelobisas. aseT SemTxvevaSi ganvixilavT mxolod meore da 

me-3 xarisxis kvanZebs (   da  ), meore xarisxis kvanZebis 

maqsimalur procentul  mniSvnelobas    da danarCenebs 

vamuSavebT ise, rogorc mesame xarisxis kvanZebs. stabilurobis 

piroba miuTiTebs imaze, rom arsebobs iseTi  sidide, 

romlisTvisac sawyisi simetriuli Setyobinebis simkvrive  

 akmayofilebs   pirobas, xolo simkvrivis cvlilebis 

nulis toli Secdomis mdgomareobamde dayvanis aucilebeli da 

sakmarisi pirobaa , sadac . 

vusadagebT ra sawyisi saSualo  sididis mqone gausur 

Setyobinebebs stabilurobis pirobas, vRebulobT:   da 

 , romlis safuZvelze vwerT Semdeg 

gamosaxulebas. 

                                                 (6.2.14) 

unda aRiniSnos, rom winaswar SerCeuli sakontrolo  

wertilebidan yvela  sidide araa gamosadegi  gamoTvlisas 

(6.2.14)-is bazaze. vinaidan stabilurobis pirobebi uzrunvelyofs 

mocemuli Semavali SetyobinebebisTvis asimptotur miaxloebas 

nulis toli Secdomis mdgomareobasTan, amitom  

gamosadegi da saWiroa mxolod maSin, rodesac gamomavali 

urTierTinformacia uaxlovdeba 1-s Semavali 

urTierTinformaciis -s dros. Sida EXIT mrudisTvis amokrefis 

gamoyenebisas es imis maniSnebelia, rom erTi sakontrolo 

wertili mainc, vTqvaT, yvelaze marjvena  wertili, 
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daaxloebiT unda akmayofilebdes am moTxovnas: .    -

is es mniSvneloba Semdeg gamoiyeneba (6.2.14)-Si -is 

gamosaTvlelad, romelic, Tavis mxriv,  gamoiyeneba (6.2.12) 

formulaSi -is gamoTvlis mizniT. amis Semdeg  gamosadegari 

iqneba yvela sakontrolo wertilisTvis 1-dan M-mde. 

aRsaniSnavia, agreTve, rom, im SemTxvevaSi,  rodesac 

SetyobinebaTa pdf paketisaTvis gamoiyeneba gausuri aproqsimacia 

(miaxloeba), stabilurobis piroba daiyvaneba gamosaxulebaze: 

                                            (6.2.15) 

rac ufro susti pirobaa (6.2.14)-Tan SedarebiT. Cvens SemTxvevaSi 

sirTulis Semcirebis mizniT gausuri aproqsimaciis gamoyenebis 

gamo Tavidan iqneba acilebuli zedmeti programisa da 

algoriTmebis gamoyeneba [40, 41, 42].  

amrigad, kodis agebis (daproeqtebis) SemoTavazebul 

variantSi (6.2.14) gamosaxuleba ufro gamoyenebadia, vidre (6.2.15).  

SemTxveva 2. 

ganvixiloT iseTi SemTxveva, rodesac LDPC-kodi 

iteraciuladaa (ramdenjermea) dekodirebuli diferencialur 

dekoderebamde, an dekodirebulia sxva rekursiul Sida kodTan, 

an kidev  mexsierebis modulTan erTad. vinaidan Sida kods 

iZulebiT Semoaqvs Semowmebis sxva done yvela cvalebad kvanZze, 

gareTa LDPC-kodis pirveli xarisxis cvalebadi kvanZebi miiReben 

gare informacias Sidakodisgan da maTi Sefaseba gaumjobesdeba 

dekodirebis iteraciebTan (gameorebebTan) erTad.  

amrigad, ganzogadoebis dakargvis gareSe SegviZlia 

davuSvaT, rom  -is pirveli da meore aranulovani 

mniSvnelobebia   da  . arsebul literaturaSi araferia 

warmodgenili  -isa da  -is analizuri sazRvrebis Sesaxeb. 

amitom winamdebare naSromSi SemoTavazebulia -is SemosazRvra 

im pirobiT, rom , sadac R koduri siCqarea (zusti koduri 

siCqare optimizaciis Sedegzea damokidebuli da SeiZleba odnav 
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gansxvavdebodes samizne koduri siCqarisgan). racionaluria is 

faqti, rom Tu , maSin arsebobs, rogorc minimum, ori 

pirveli xarisxis cvalebadi kvanZi, magaliTad p-uri da q-uri 

Semowmebis kvanZebi. rodesac LDPC-kodi marto muSaobs, es ori 

cvalebadi kvanZi aSkarad gamousadegaria, xolo rodesac LDPC-

kodi gaerTianebulia Sida rekursiul kodTan, rogorc es nax. 

6.1-zea naCvenebi, maSin es ori pirveli xarisxis cvalebadi kvanZi 

mTliani koduri sityvisTvis, miuxedavad kodis sigrZisa, 

gamoiwvevs 4-is tol minimalur distancias. am empiriuli 

SezRudvis gamo -sTvis (6.2.12)-Si SegviZlia gamoviyenoT 

 aproqsimacia, rasac mivyavarT -is (qveda sazRvris) 

gaangariSebamde. amrigad, kodis optimizaciis problema, rogorc 

es Camoyalibebulia Sekrebadobis SezRudvis meTodSi, SeiZleba 

gadawydes wrfivi programirebis meSveobiT.   

 

nax. 6.1. defeqti -sTvis 

 

ufro mosalodnelia, rom sakontrolo wertilebis SerCeva 

pirdapir axdens gavlenas optimizaciis Sedegebze. sakontrolo 

wertilebis nakrebi ar unda iyos didi, vinaidan sakontrolo 

Semowmebis 
kvanZebi 

bitebi Semowmebis 
kvanZebi 

bitebi 

Secdoma 

Secdoma 

LDPC           diferencialuri koderi 
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wertilebis Warbi raodenoba aSkarad anelebs optimizaciis 

procesis Sekrebadobas, romelic zogjer uaresdeba kidec. 

savaraudoa, rom sakontrolo wertilebis raodenoba unda 

SeirCes 3-dan 5-is farglebSi, rac savsebiT sakmarisia Sida EXIT 

mrudis formis dasaxasiaTeblad. Catarebuli eqsperimentebi 

cxadyofen, rom SemoTavazebuli meTodi qmnis iseT EXIT mrudebs, 

romelTa forma Zalian kargad Seesabameba sasurvels, Tumca is 

mdebareobs odnav qvemoT, rac  imis maniSnebelia, rom saboloo 

koduri siCqare sasurvelze cotaTi naklebia. es garemoeba 

SeiZleba kompensirdes sakontrolo wertilebis sasurveli 

mdebareobidan odnav maRla aweviT.  

 

 

6.3. optimizaciis Sedegebi  

 
ormagi optimizaciis realizaciis sirTulis gamo mis 

nacvlad naSromSi gamoyenebulia optimaluri sakontrolo 

kvanZis xarisxis maCveneblebis koncentraciis wesi (ix. formula 

6.2.4) da winaswaraa SerCeuli , rac svetis saSualo simaRles 

xdis daaxloebiT 3-is tols. xarisxis marcxena maCvenebeli 

(profili)  optimizirebulia wina paragrafSi ganxiluli 

Sekrebadobis (daaxloebis) SezRudvis meTodis meSveobiT.  

gavaanalizoT winamdebare naSromis farglebSi Catarebuli 

LDPC-kodis optimizaciasTan dakavSirebuli eqsperimentebis 

Sedegebi.  

jer erTi, diferencialuri kodirebisaTvis kodebis 

optimaluri  LDPC jgufi yovelTvis Seicavs pirveli da meore 

xarisxis cvalebad kvanZebs.  maRalsiCqariani kodebisaTvis (0,75-

ze meti) es kvanZebi dominirebadia da, zogierT SemTxvevaSi, 

warmoadgens cvalebadi kvanZebis erTaderT saxeobas nebismieri 

xarisxis maCveneblisaTvis. saSualo siCqareebisaTvis 

(daaxloebiT 0,5-is toli) aseve arsebobs maRali xarisxis 
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cvalebadi kvanZebis didi raodenoba. imis gaTvaliswinebiT, rom 

PA-kodis gareTa kods aqvs mxolod pirveli da meore xarisxis 

cvalebadi kvanZebi , sadac  kodis 

siCqarea, samarTliani iqneba imis Tqma, rom PA (TiTqmis) 

optimaluria maRal siCqareebze, magram naklebad optimaluria 

saSualo siCqareeebze. optimizirebuli LDPC jgufi Seicavs 

xarisxis sxvagvar ganawilebas PA-kodTan SedarebiT. es sxvaoba 

Zalian mcirea asimptotur zRurblebSi an sasruli sigrZis 

saimitacio modelebSi, rac kargad aisaxeba diagramebze. Tu 

siCqare 3/4-is tolia (ix. nax. 5.2), maSin PA-kodis gareTa kodsa da 

Sida diferencialur kods Soris moqceuli are Zalian pataraa, 

rac ar iZleva siCqaris gaumjobesebis SesaZleblobas. 

SedarebisaTvis, Tu siCqare daaxloebiT 0,5-ia (nax. 6.2), maSin are 

gacilebiT didi xdeba, rac mianiSnebs imaze, rom optimizirebul 

gareTa kods SeuZlia miaRwios informaciis gadacemis ufro did 

siCqares imave SNR zRurblisTvis.  

 

nax. 6.2. 0,5-is toli siCqaris optimizaciis Sedegi 

 

kodis struqtura 

1.26 db, 10% sapilote simboloebi 

0.25 db, 10% sapilote simboloebi 

R=0.5037, optimizirebuli LDPC 

R=0.5, PA kodebis gare kodi 
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ganxilulia Sida diferencialuri kodi, romelic muSaobs 

0,25 db-ze  releis milevad arxSi da romelic 

dekodirebulia arakoherentuli IDDD mimRebis (resiveris) 

meSveobiT  sapilote simboloebis 10%-is gamoyenebisas. 

optimizirebul LDPC jgufs aqvs koduri siCqare  da 

xarisxis maCvenebeli 

 

                          (6.2.16) 

 
rogorc Cans, ori EXIT mrudi Zalian kargad Seesatyviseba 

erTmaneTs. aq Sida EXIT mrudi gaangariSebulia monte-karlos 

imitaciuri modelirebis meSveobiT, sadac Tanmimdevrobebi 

aRebulia  raodenobis bitebis blokSi da sadac 

kompensirebulia sapilote simboloebiT gamowveuli simZlavris 

gauareseba.  

iteraciuli procesis konvergenciis warmatebiT 

Sesasruleblad optimizirebul LDPC jgufs asimptoturad 

Wirdeba  db 0,5 siCqaris mqone PA- kodTan 

SedarebiT, romelic saWiroebs  db-s (ix. nax. 

6.2.). optimizirebuli kodebis LDPC jgufi 1,04 db-iT ukeTesia 

asimptoturad. Tumca, im SemTxvevaSi, rodesac Sida da gareTa 

mrudebs Soris sivrce sul ufro viwro xdeba, maSin 

Setyobinebebis gadamcemi dekoderi nulis toli Secdomis 

mdgomareobis misaRwevad moiTxovs ufro meti raodenobis 

iteraciebs. siCqaris maqsimaluri zRvaris miRweva xdeba 

gaangariSebebis gazrdili sirTulisa da damuSavebis  drois 

zrdis fasad.  

optimizirebuli kodebis LDPC jgufi kargia asimptoturi 

gagebiT, anu, sxva sityvebiT rom vTqvaT, kodebis usasrulo an 

Zalian didi sigrZisas. koncentraciis wesis Tanaxmad, didi 
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sigrZeebis SemTxvevaSi, kodebis yvela realizacia Tavisi 

maxasiaTeblebiT axlosaa erTmaneTTan da uklebliv yvela 

uaxlovdeba erTmaneTs asimptotur zRurblSi maSin, rodesac 

sigrZe izrdeba SezRudvasTan erTad. Tumca, mokle sigrZeebisas 

koncentraciis wesi irRveva da maxasiaTeblebi SeiZleba 

gacilebiT SesamCnevad icvlebodes erTi kodis realizaciidan 

meore kodis realizaciamde. kargi realizacia iZleva ufro did 

garSemowerilobas (kveTis perimetrs), rac miiRweva an mokle 

ciklebis naklebi raodenobiT an ufro mcirericxovani wyvetebis 

nakrebis kidis progresuli zrdis algoriTmis meSveobiT.  

nax. 6.3-ze imitirebulia optimizirebuli 0,5037 siCqaris 

mqone LDPC-kodi rogorc diferencialuri, aseve arakoherentuli 

diferencialuri kodirebis SemTxvevaSi. releis arxi da Sida 

diferencialuri dekoderi (IDDD resiveri) igivea, rac 

ganxilulia nax. 6.2-ze. SerCeulia didi   000 sigrZis koduri 

sityva, raTa naTeli yofiliyo is faqti, Tu ramdenad kargad 

Seesabameba imitaciuri modelireba analizur zRurbls. rogorc 

cnobilia, iteraciebis didi raodenoba (magaliTad, 100 iteracia) 

umjobesia kodis sargeblis sruli gamoyenebisaTvis, magram, 

sirTulisa da praqtikul sistemebSi SesaZlebeli Seferxebebis 

gaTvaliswinebiT, winamdebare naSromSi mxolod 15 iteraciis 

modelirebaa aRwerili. nax. 6.3-ze yvelaze marcxniv arsebuli 

mrudi Seesabameba optimizirebul DE-LDPC kods idealuri 

deteqtirebisas sapilote simboloebis 10%-is SemTxvevaSi. 

swored am sapilote simboloebs moicavs ganxiluli 

koherentuli deteqtirebis SemTxveva, raTa gadaanacvlos 

(daabalansos) mrudi da SesaZlebeli iyos swori Sedareba yvela 

sxva arakoherentulad deteqtirebul mrudTan, romlebic 

moicaven  sapilote simboloebis 10%-s. idealuri deteqtirebis 

mrudis marjvena nawilSi arsebuli sami wriuli mrudi 

Seesabameba iteraciuli diferencialuri deteqtirebis 

arakoherentul maxasiaTeblebs me-5, me-10, da me-15 iteraciebze 

dekodirebis gamoyenebisas. nax. 6.3-dan Cans, rom optimizirebuli 
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diferencialurad kodirebuli LDPC-kodis maxasiaTeblebi 

mxolod 0,3 db-iT naklebia kodirebul deteqtirebasTan 

SedarebiT, rac sakmaod kargi Sedegia. garda amisa, imitirebuli 

maxasiaTeblebi mxolod 0,75 db-iTaa Sors 3,23 db-is Sesabamis  

zemoT ganxiluli asimptoturi zRurblisagan, rac gviCvenebs 

Teoriuli kvlevis masalis Sedegebis praqtikul SedegebTan 

Tanxvedras. 

 

nax. 6.3. simulacia optimizirebuli 0,5037 siCqaris mqone 

LDPC- kodis diferencialuri da arakoherentuli 

diferencialuri kodirebiT. 

 

optimiz. 

0.75 db 1,4 db 

(db) 

analizuri 
zRvari 

1,5 db 

optimizirebuli LDPC, diferencialuri dekoderi, srulyofili, 10% 15 cikli 

optimizirebuli LDPC, diferencialuri dekoderi, 10%, 5, 10, 15 cikli 

PA , 10%, 15 cikli 

konv. LDPC, aradiferencialuri dekoderi, 10%, 15 cikli 
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Sedarebis mizniT, nax. 6.3-ze datanilia PA-kodisa da 

diferencialuri kodirebis gareSe standartuli LDPC-kodis 

maxasiaTeblebic. orives daaxloebiT 0,5-is toli koduri siCqare 

aqvs da orive arakoherentuladaa deteqtirebuli. rogorc 

naxazidan Cans, PA-kodi 15 db-iT ukeTes maxasiaTeblebs gvaZlevs, 

Tumca optimizirebuli DE-LDPC kodis maxasiaTeblebi damatebiT 

kidev 1,4 db-iT ukeTesia. 
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daskvnebi 

 1. naCvenebia UMTS qselis agebis principebi, masSi 

gamoyenebuli arxebis koduri dayofis meTodi CDMA, monacemTa 

gadacemis momsaxurebis miwodebis modeli 3G qselebSi da 

moyvanilia maTi xarisxis analizi. 

2. aRwerilia evropuli DVB-T standartis cifruli 

telemauwyeblobis gadamcemSi signalis formirebis procesi 

kompiuteruli programis gamoyenebiT.  

3. ganxilulia UMTS-is videoservisebSi gamoyenebuli 

kodirebis sxvadasxva standartebi da maTi moqmedebis principebi. 

Catarebulia kodirebis siCqareebis analizi. gaanalizebulia 

standartebis srulyofis samomavlo tendenciebi.  

4. dadgenilia dabali simkvrivis mqone kodebis upiratesoba. 

naCvenebia, rom kodebi Zalian kargia rogorc koherentuli, ise 

arakoherentuli deteqtirebisas. 

5. naCvenebia, rom ara marto SesaZlebelia, aramed Zalzed 

xelsayrelicaa LDPC-kodebis optimizacia diferencialur 

dekoderTan SesabamisobaSi mosayvanad.  

6. dadasturebulia, rom koherentuli deteqtirebisas LDPC-

kodebis gamoyeneba iZleva signalis donis 2,9 db-iT ukeTes 

maCvenebels  arakoherentul deteqtirebasTan SedarebiT. 

 7. dasabuTebulia, rom diferencialuri kodirebis 

SemTxvevaSi arakoherentul deteqtirebas mivyavarT 

arakoherentul diferencialur deteqtirebamde, xolo 

aradiferencialuri kodirebis SemTxvevaSi _ mravali sapilote 

simboloebis gamoyenebis aucileblobamde.  

8. gamovlenilia, rom optimizireba miiRweva Sekrebadobis 

SezRudvisa da simkvrivis cvlilebis meTodis meSveobiT. Sedegad 

miRebuli optimizirebuli xarisxis maCveneblebi ufro 

arastandartulia, vinaidan isini moicaven pirveli da meore 

xarisxis cvalebad kvanZebs, rac pirdapir kavSirSia 

standartuli LDPC-kodebis SemTxvevasTan (anu koherentul 
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deteqtirebasTan), sadac pirveli xarisxis cvalebadi kvanZebi 

miiCneva Zalzed  arasasurvelad.  

 9. dadgenilia, rom SemoTavazebuli meTodis efeqturoba 

dasturdeba imiT, rom optimizirebuli DE-LDPC-kodi iZleva 

damatebiT 1,4 db-iTa da 2,9 db-iT ukeTes Sedegs arsebul PA- 

kodsa da standartul LDPC-kodTan SedarebiT im SemTxvevaSi, 

rodesac arakoherentuli deteqtirebaa gamoyenebuli.  

10. naCvenebia, rom naSromSi damuSavebuli optimizaciis 

procedura gamoyenebadia, vinaidan igi uzrunvelyofs Sesabamisi 

mrudis  sasurvel formas da mdebareobas da, Sesabamisad, 

SeuZlia uzrunvelyos LDPC-kodis Tavsebadoba praqtikulad 

nebismier Semyvan-gamomyvan procesorTan am ukanasknelis 

arasrulyofilebis sruli gaTvaliswinebiT.  

 10. dadgenilia, rom LDPC-kodebi mainc uzrunvelyofen 

sasurvel Sedegebs diferencialuri kodirebisas da nebismieri 

sxva rekursiuli Sida kodisa da modulaciis gamoyenebisas, 

Tumca am SemTxvevaSi aigos xarisxis maCveneblebi. 
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danarTi 

meore da mesame TavSi aRniSnuli gardaqmnebi Sesrulebulia 

programa Matlab-Si  

%DVB-T 2K gadacema 

%The available bandwidth is 8 Mhz 

%2K is intended for mobile services 

clear all; 

close all; 

%DVB-T Parameters 

Tu=224e-6;                                          %useful OFDM symbol period 

T=Tu/2048;                                         %baseband elementary period 

G=0;                                                    %choice of 1/4, 1/8, 1/16, and 1/32 

delta=G*Tu;                                        %guard band duration 

Ts=delta+Tu;                                       %total OFDM symbol period 

Kmax=1705;                                       %number of subcarriers 

Kmin=0; 

FS=4096;                                            %IFFT/FFT length 

q=10;                                                   %carrier period to elementary period ratio 

fc=q*1/T;                                            %carrier frequency 

Rs=4*fc;                                             %simulation period 

t=0:1/Rs:Tu; 

%Data generator (A) 

M=Kmax+1; 

rand('state',0); 

a=-1+2*round(rand(M,1)).'+i*(-1+2*round(rand(M,1))).'; 

A=length(a); 

info=zeros(FS,1); 

info(1:(A/2)) = [ a(1:(A/2)).'];           %Zero padding 

info((FS-((A/2)-1)):FS) = [ a(((A/2)+1):A).']; 

%Subcarriers generation (B) 

carriers=FS.*ifft(info,FS); 

tt=0:T/2:Tu; 

figure(1); 
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subplot(211); 

stem(tt(1:20),real(carriers(1:20))); 

subplot(212); 

stem(tt(1:20),imag(carriers(1:20))); 

figure(2); 

f=(2/T)*(1:(FS))/(FS); 

subplot(211); 

plot(f,abs(fft(carriers,FS))/FS); 

subplot(212); 

pwelch(carriers,[ ],[ ],[ ],2/T); 

% D/A simulation 

L = length(carriers); 

chips = [ carriers.';zeros((2*q)-1,L)]; 

p=1/Rs:1/Rs:T/2; 

g=ones(length(p),1);                            %pulse shape 

figure(3); 

stem(p,g); 

dummy=conv(g,chips(:)); 

u=[dummy(1:length(t))]; % (C) 

figure(4); 

subplot(211); 

plot(t(1:400),real(u(1:400))); 

subplot(212); 

plot(t(1:400),imag(u(1:400))); 

figure(5); 

ff=(Rs)*(1:(q*FS))/(q*FS); 

subplot(211); 

plot(ff,abs(fft(u,q*FS))/FS); 

subplot(212); 

pwelch(u,[ ],[ ],[ ],Rs); 

[b,a] = butter(13,1/20);                      %reconstruction filter 

[H,F] = FREQZ(b,a,FS,Rs); 

figure(6); 

plot(F,20*log10(abs(H))); 
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uoft = filter(b,a,u);                            %baseband signal (D) 

figure(7); 

subplot(211); 

plot(t(80:480),real(uoft(80:480))); 

subplot(212); 

plot(t(80:480),imag(uoft(80:480))); 

figure(8); 

subplot(211); 

plot(ff,abs(fft(uoft,q*FS))/FS); 

subplot(212); 

pwelch(uoft,[ ],[ ],[ ],Rs); 

%Upconverter 

s_tilde=(uoft.').*exp(1i*2*pi*fc*t); 

s=real(s_tilde);                                   %passband signal (E) 

figure(9); 

plot(t(80:480),s(80:480)); 

figure(10); 

subplot(211); 

%plot(ff,abs(fft(((real(uoft).').*cos(2*pi*fc*t)),q*FS))/FS); 

%plot(ff,abs(fft(((imag(uoft).').*sin(2*pi*fc*t)),q*FS))/FS); 

plot(ff,abs(fft(s,q*FS))/FS); 

subplot(212); 

%pwelch(((real(uoft).').*cos(2*pi*fc*t)),[ ],[ ],[ ],Rs); 

%pwelch(((imag(uoft).').*sin(2*pi*fc*t)),[ ],[ ],[ ],Rs); 

pwelch(s,[ ],[ ],[ ],Rs); 

5.2 OFDM Reception  

 %DVB-T 2K Reception 

clear all; 

close all; 

Tu=224e-6;                                    %useful OFDM symbol period 

T=Tu/2048;                                   %baseband elementary period 

G=0;                                              %choice of 1/4, 1/8, 1/16, and 1/32 

delta=G*Tu;                                  %guard band duration 

Ts=delta+Tu;                                 %total OFDM symbol period 
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Kmax=1705;                                  %number of subcarriers 

Kmin=0; 

FS=4096;                                       %IFFT/FFT length 

q=10;                                             %carrier period to elementary period ratio 

fc=q*1/T;                                       %carrier frequency 

Rs=4*fc;                                        %simulation period 

t=0:1/Rs:Tu; 

tt=0:T/2:Tu; 

%Data generator 

sM=2; 

[x,y] = meshgrid((-sM+1):2:(sM-1),(-sM+1):2:(sM-1)); 

alphabet = x(:) + 1i*y(:); 

N=Kmax+1; 

rand('state',0); 

a=-1+2*round(rand(N,1)).'+i*(-1+2*round(rand(N,1))).'; 

A=length(a); 

info=zeros(FS,1); 

info(1:(A/2)) = [ a(1:(A/2)).']; 

info((FS-((A/2)-1)):FS) = [ a(((A/2)+1):A).']; 

carriers=FS.*ifft(info,FS); 

%Upconverter 

L = length(carriers); 

chips = [ carriers.';zeros((2*q)-1,L)]; 

p=1/Rs:1/Rs:T/2; 

g=ones(length(p),1); 

dummy=conv(g,chips(:)); 

u=[dummy; zeros(46,1)]; 

[b,aa] = butter(13,1/20); 

uoft = filter(b,aa,u); 

delay=64;                                               %Reconstruction filter delay 

s_tilde=(uoft(delay+(1:length(t))).').*exp(1i*2*pi*fc*t); 

s=real(s_tilde); 

%OFDM RECEPTION 

%Downconversion 
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r_tilde=exp(-1i*2*pi*fc*t).*s; %(F) 

figure(1); 

subplot(211); 

plot(t,real(r_tilde)); 

axis([0e-7 12e-7 -60 60]); 

grid on; 

figure(1); 

subplot(212); 

plot(t,imag(r_tilde)); 

axis([0e-7 12e-7 -100 150]); 

grid on; 

figure(2); 

ff=(Rs)*(1:(q*FS))/(q*FS); 

subplot(211); 

plot(ff,abs(fft(r_tilde,q*FS))/FS); 

grid on; 

figure(2); 

subplot(212); 

pwelch(r_tilde,[ ],[ ],[ ],Rs); 

%Carrier suppression 

 [B,AA] = butter(3,1/2); 

r_info=2*filter(B,AA,r_tilde);                  %Baseband signal continuous-time (G) 

figure(3); 

subplot(211); 

plot(t,real(r_info)); 

axis([0 12e-7 -60 60]); 

grid on; 

figure(3); 

subplot(212); 

plot(t,imag(r_info)); 

axis([0 12e-7 -100 150]); 

grid on; 

figure(4); 

f=(2/T)*(1:(FS))/(FS); 



108 

subplot(211); 

plot(ff,abs(fft(r_info,q*FS))/FS); 

grid on; 

subplot(212); 

pwelch(r_info,[ ],[ ],[ ],Rs); 

%Sampling 

r_data=real(r_info(1:(2*q):length(t)))...       %Baseband signal, discretetime 

   +1i*imag(r_info(1:(2*q):length(t)));         % (H) 

figure(5); 

subplot(211); 

stem(tt(1:20),(real(r_data(1:20)))); 

axis([0 12e-7 -60 60]); 

grid on; 

figure(5); 

subplot(212); 

stem(tt(1:20),(imag(r_data(1:20)))); 

axis([0 12e-7 -100 150]); 

grid on; 

figure(6); 

f=(2/T)*(1:(FS))/(FS); 

subplot(211); 

plot(f,abs(fft(r_data,FS))/FS); 

grid on; 

subplot(212); 

pwelch(r_data,[ ],[ ],[ ],2/T); 

%FFT 

info_2N=(1/FS).*fft(r_data,FS); % (I) 

info_h=[info_2N(1:A/2) info_2N((FS-((A/2)-1)):FS)]; 

%Slicing 

for k=1:N, 

a_hat(k)=alphabet((info_h(k)-alphabet)==min(info_h(k)-alphabet)); %(J) 

end; 

figure(7) 

plot(info_h((1:A)),'.k'); 
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title('info-h Received Constellation') 

axis square; 

axis equal; 

figure(8) 

plot(a_hat((1:A)),'or'); 

title('a_hat 4-QAM') 

axis square; 

axis equal; 

grid on; 

axis([-1.5 1.5 -1.5 1.5]); 

5.3 Eq. (2.1.4) vs. IFFT  

%DVB-T 2K signal generation Eq. (2.1.4) vs. 2N-IFFT 

clear all; 

close all; 

Tu=224e-6;                            %useful OFDM symbol period 

T=Tu/2048;                            %baseband elementary period 

G=0;                                       %choice of 1/4, 1/8, 1/16, and 1/32 

delta=G*Tu;                          %guard band duration 

Ts=delta+Tu;                         %total OFDM symbol period 

Kmax=1705;                         %number of subcarriers 

Kmin=0; 

FS=4096;                               %IFFT/FFT length 

q=10;                                      %carrier period to elementary period ratio 

fc=q*1/T;                               %carrier frequency 

Rs=4*fc;                                %simulation period 

a=-1+2*round(rand(M,1)).'+i*(-1+2*round(rand(M,1))).'; 

A=length(a); 

info = [ a.']; 

tt=0:1/Rs:Ts; 

TT=length(tt); 

k=Kmin:Kmax; 

for t=0:(TT-1);                        % Eq. (2.1.4) 

phi=a(k+1).*exp((1j*2*(((t*(1/Rs))-delta))*pi/Tu).*((k-(Kmax- 

Kmin)/2))); 
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s(t+1)=real(exp(1j*2*pi*fc*(t*(1/Rs))).*sum(phi)); 

end 

infof=zeros(FS,1); 

infof(1:(A/2)) = [ a(1:(A/2)).']; 

infof((FS-((A/2)-1)):FS) = [ a(((A/2)+1):A).']; 

carriers=FS.*ifft(infof,FS);    % IFFT 

%Upconverter 

L = length(carriers); 

chips = [ carriers.';zeros((2*q)-1,L)]; 

p=1/Rs:1/Rs:T/2; 

g=ones(length(p),1); 

dummy=conv(g,chips(:)); 

u=[dummy(1:TT)]; 

[b,a] = butter(13,1/20); 

uoft = filter(b,a,u); 

s_tilde=(uoft.').*exp(1i*2*pi*fc*tt); 

sf=real(s_tilde); 

figure(1); 

plot(tt,s,'b',tt,sf,'g'); 

figure(2); 

pwelch(s,[ ],[ ],[ ],Rs); 

hold on; 

pwelch(sf,[ ],[ ],[ ],Rs); 

hold off;  
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