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reziume

Cvens mier Matlab/Simulink-is da FPGA dafis 
gamoyenebiT Seswavlil iqna CaSenebuli mar-
Tvis sistema. DSP Builder-isa da momxmareblis 
biblioTekis daxmarebiT agebulia standar-
tuli Simulink dizaini diskretuli integra-
torebiT, PID kontroleriT, PMW genera-
toriT da A/D kontroleriT, romelic war-
modgens FPGA implementaciis garemos. „SemTx-
vevis Seswavlis“ meTodiT xdeba CaSenebuli 
marTvis sistemis demonstrireba Matlab/ Sim-
ulink garemoSi.

sakvanZo sityvebi: CaSenebuli marTvis sis-
tema, FPGA dafa, Matlab/Simulink sistema, „SemTx-
vevis Seswavlis“ meTodi.

Summary

The control system using the Matlab/Simulink and the 
FPGA board has been studied. The library was built and 
design used by the standard Simulink DSP Builder with 
discrete integrators, PID controller, PMW generator and 
A/D controller and represents a FPGA implementation. 
“Case study” method have used to demonstrate the control 
system with built-in Matlab / Simulink environment.

Резюме

С использованием Matlab/Simulink и FPGA доски 
нами была изучена встроенная система управления. 
С помощью DSP Builder и библиотеки пользователя 
построен стандартный Simulink дизайн с дискретными 
интеграторами, PID контролером, PMW генератором 
и A/D контроллером, который представляет среду 
имплементации FPGA. Методом «случайного изуче-
ния» осуществляется демонстрация встроенной систе-
мы управления в среде Matlab/Simulink.

Sesavali

msoflioSi procesorebis 90%-ze meti iyen-
ebs ”CaSenebul ” sistemebs. es niSnavs, rom 
sistemas ar gaaCnia momxmareblis intefeisi, 
iseTi, rogoricaa klaviatura da monitori; 
procesori integrirebulia did sistemebSi 
(mag., mobilurSi, avtomobilSi...), is urTi-
erTqmedebs mxolod sistemis garemosTan da 
asrulebs specifikur amocanebs. procesori 
integrirebulia, rogorc bloki - „sistema 
Cipze“ (system-on-chip ). CaSenebuli marTvis sis-
temebis swavleba Sesabamisi laboratoriuli 
aRWurvilobebis da programuli uzrunvely-
ofis gareSe SeuZlebelia. aseve mniSvnelo-
vania swavlebis meTodebi, romlebic sxva-
dasxva viTarebaSi sxvadasxvagvarad aRiqmeba, 
magram nebismier SemTxvevaSi gulisxmobs 
miznis misaRwev gzebs. aseve mimarTulia im-
isken, rom students gamoumuSavdes zogadi/
transferuli unarebic.

1.	 swavlebis meTodi - „SemTxvevis Seswav-
la“

swavlebis dros gamoiyeneba sxvadasxva me-
Todebi da instrumentebi. erT-erT aseT me-
Tods warmoadgens „SemTxvevis Seswavla“, 
romlis gamoyenebas CaSenebuli sistemebis 
SeswavlaSi aqvs swrafi da sakmaod xangr-
Zlivad dasamaxsovrebeli efeqti. 

SemTxvevis Seswavla Sedgeba ama Tu im mov-
lenis aRwerisgan, romelic realur situa-
cias asaxavs. amas mohyveba rigi instruqciebi, 
romlebic moiTxovs SemTxvevis an situaciis 
gaanalizebas, daskvnebis gamotanas da gad-
awyvetilebebis miRebas.

SemTxvevis Seswavla uzrunvelyofs prob-
lemebis gadaWrisa da gadawyve¬ti¬lebebis 
miRebis unarebis ganviTarebis saSualebebs. 
isini gansakuTrebiT xelsayrelia, ro¬desac 
realuri situaciis dadgma rTulia, xolo 
swavlisTvis gankuTvnili dro - SezRuduli.

am meTodis mixedviT SemTxvevebi sakmaod 
vrclad aris aRwerili, mocemulia dawvrile-
biTi informacia sakiTxis/problemis irg-
vliv da realurad gamoyenebuli gadaWris 
gza, Tumca, ra konkretul problemasTan 
gvaqvs saqme, pirdapir ar Cans, igi farulad 
aris situaciaSi Cadebuli.   

SemTxvevis damuSavebis dros aqcenti pir-
vel rigSi keTdeba problemis identificire-
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baze, aseve analizze, sinTezze, problemis 
gadaWris gansxvavebuli gzis povnaze da misi 
marTebulobis dasabuTebaze.

2.	 CaSenebuli sistemebis da Matlab/Sim-
ulink-is urTierTkavSiri.

CaSenebuli marTvis sistemebi farTod 
gamoiyeneba samomxmareblo eleqtronikaSi, 
samedicino mowyobilobebSi, robototeqni-
kaSi, saavtomobilo warmoebaSi da saawarmoo 
procesebSi. CaSenebuli marTvis sistemebi iyen-
eben mikroprocesorebs, mikrokontrolerebs, 
cifruli signalebis procesorebs. aseTi sis-
temebisTvis marTvis algoriTmebi Cadebulia 
programuli uzrunvelyofis programebSi, 
riTac xircieldeba teqnikuri uzrunvely-
ofis, kerZod ki procesoris marTva special-
uri arqiteqturiT. procesori, Tavis mxriv 
dakavSirebulia mexsierebasTan, analogur 
da cifrul gardamqnelebTan da sxvadasxva 
Semyvan-gamomyvan mowyobilobebTan. aseTi uz-
runvelyofis saukeTeso alternativas war-
moadgens FPGA (Field Programmable Gate Arrays) 
dafa, romelic aris platforma marTvis al-
goriTmebis dasanergad programirebadi, kon-
figurebadi logikuri elementebisTvis. mar-
Tvis sistemebis dasaproeqteblad da gansavi-
Tareblad  FPGA dafasTan erTad gamoiyeneba 
Matlab/Simulink. swavlebis sxvadasxva meTodeb-
is saSualebiT SesaZlebelia maTi gamoyen-
eba, gansakuTrebiT ki meTodis -  „SemTxvevis 
Seswavlis“ (Case Study) dros.

2.1. marTvis sistemebis daproeqtebis instru-
mentebi

Cveulebriv, FPGA-s daproeqteba xdeba te-
qnikuri uzrunvelyofis enaze, VHDL. Tumca 
sxva instrumentebis daproeqtebisTvis gamoi-
yeneba Matlab/Simulink. DSP builder warmoadgens 
advil da gamoyenebad garemos Simulink-is da 
FPGA-s dasakavSireblad. mas gaaCnia blokebis 
specialuri biblioTeka, romelic Simulink-
Si gamoiyeneba da romelic piradapir sin-
Tezirdeba FPGA-s mowyobilobebisTvis. es 
blokebia: ariTmetikuli blokebi, logikuri 
operaciebi da nakadebis marTvis blokebi, 
Semaval/gamomavali portebi da matarebleb-
is manipulaciis blokebi, taqturi drois 
blokebi da monacemebisa da signalebis Sem-
naxveli blokebi. kontroleri imlementire-
bulia sami operatoriT: gamravlebis, Sekre-
bis da Seyovnebis elementebiT.

3.	 „შემთხვევის შესწავლის“ იმპლემენტაცია
ganvixilavT marTvis sistemas, romelic 

daproeqtebulia burTis poziciis marTvisT-
vis.

sur.1. FPGA-ze dafuZnebuli realuri mar-
Tvis sistema.

marTvis sistemis arqiteqturas aqvs Semdegi 
saxe:

nax.1. marTvis sistemis arqiteqtura

marTvis sistemis komponentebi imle-
mentirebulia erT FPGA Cipze, romelic iZle-
va analizis, sinTezis, dafprogramebis da 
imlementaciis SesaZlebalobas.

nax.2. kontroleris impementacia.
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FPGA-ze dafuZnebuli kontroleri dakav-
Sirebulia marTvis sistemasTan. qvemoT moce-
mulia sistemis impelementaciis Sedegebi

nax. 3. kontroleris  diagramebi.

4.	 daskvna
samuSaos Sesasruleblad gamoyenebulia 

DSP Builder, romelic dafuZnebulia FPGA 
kontrolerebze. kerZod, gamoyenebulia DSP 
Builder-is momxmareblis marTvis biblioTeka, 
romelic Sedgeba diskretuli integratore-
bis, PID kontroleris, PMW generatoris da 
A/D kontrolerisagan. FPGA impementaciisTvis 
gamoyenebulia standartuli Simulink garemo. 
Temis demonstrirebisTvis gamoiyeneba swav-
lebis meTodi - „SemTxvevis Seswavla“.
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