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AHHOTANIMUA

MManamapuyk Auekceii ""Pa3padorka niargopmMsl MoAeIMPOBaHUSI 00PA0OTKH PAIMOCUTHAJIOB HA
ocHose TexHojoruu SDR u GNU radio”
JuniomHast pabora Ha cTeneHb 0aKajaaBpa B 00/1aCTH 3JIEKTPOHUKH H
TeJJeKOMMYHUKAIUIA.
TexHo/I0rMH ¥ cUCTeMBbI DJIEKTPOHUKH U TeslekoMMyHHKAUI

Crykrypa: BBenenue, Tpu riaBbl, 00LIMe BBIBOJBI M pEeKOMEHIAIMH, Oubnuorpadus, CTpaHHIIbI
OCHOBHOTO TEKCTA.

Kuarouessbie ciioBa: GNU radio, SDR, monenupoBanue.

Heas padorsi: pazpaborars miarGopMy MOAETHUPOBAHUA OOpAaOOTKH PATHMOCHUTHAIOB HAa OCHOBE
texronoruu SDR u GNU Radio./[nst gocTHXeHHs TOCTAaBICHHON 1IN OBLIH ONPEAeNICHbI CIEAYIONNE
LEeJu:

1. U3yuuts ocHOBBI TeXHOJIOTUK SDR 1 ee npuMeHeHue B pauocBsI3u U paAMOTEXHUKE.

2. OCBOUTH MHCTPYMEHTHI Pa3padOTKU CUTHAJIBHBIX 00pabOTUMKOB M Monyiei Ha ocHoBe  GNU
Radio.

3. Pa3pabortaTh coBpeMeHHYIO IIaTGOpMy I MOAEIUPOBaHHUA OOpaOOTKH  paMOCHTHAJIOB,
ocHoBaHHYI0 Ha TexHojoruu SDR u GNU Radio.

4. Co3nath rMOKMH MHCTPYMEHT, KOTOPBIH MO3BOJUT HCCIENOBATENsIM U HHXKEeHepaM 3()(eKTUBHO
aHAJTM3UPOBATH U ONITUMHU3HPOBATH MPOLIECCHl 00Pa0OTKU PaIHOCUTHAIIOB.

3apaum:

1. Ananu3 MeTo10B/CpeacTB 00pabOTKH PaIMOCUTHAIIOB.

2. OOuiee onycaHue METOAMKH OOpabOTKH PaJHOCUTHAIOB ¢ moMollsio TexHojgoruu SDR u GNU
Radio.

3. Pa3paboTka MeTOIMKM F€HEpUPOBAaHUSI PaJM0 CUTHaNA B (hopMe CUHycOoua U nIyMa.

4. Pa3paboTka METOAMKN TE€HEPUPOBAHUS PAJAMOCUTHAJIOB TPEYTOJIbHON U MII000pa3HON (hopMbl

5. TectupoBanue METOUK.

Metoaosnorus ucciaenoBanusi: [ npoBeeHUs UCCIEI0OBAaHUS 110 3aTPOHYTON TeMe NPUMEHSUTUCH
AHAJIMTUYECKUM, JIOTUYECKHUI, CACTEMHBI U CPABHUTEIbHBIMMETO/IBI.

DJIeMEHTbI HOBHM3HBI M HAay4YHasi OPHUIMHAJIbHOCTBH: HoBaTopckuil MOAXOJ 3aKIO4aceTcs B
CO3JIaHMM METOJUKH, OOBEIAMHAIOUIEH CHHYCOMJAIbHbIE KOMIIOHEHTBl C TPEYrojbHBIM WIIH
NWIOO0pPa3HbIM IIIYMOM, YTO TIO3BOJIIET HCCIIEAOBaTh BIMSHHME pa3IMYHBIX BHUJAOB IIymMa Ha
paguocuctemsl. lccienoBanne MeETOAOB aBTOMAaTHYECKOW aJanTalMd IapaMeTpOB TI'E€HEPUPYEMBIX
CUTHAJIOB Ha OCHOBE OOpaTHOM CBSI3M, YTO MO3BOJIET CO3/1aBaTh OOJee yHHMBEpCalbHbIE M THOKHE
METOJIMKH T€Hepalui paJMOCUTHAJIOB. DJIEeMEeHT HOBU3HBI 3akitodaercs B ucnonb3oBanuun GNU Radio
JUTSL CO3JIaHUsI METOAMKU TEHEepalluu pajocCurHaia ¢ yderoMm pasznudaeix (Gopm myma. GNU Radio
o0ecrieunBaeT MIMPOKHE BO3MOKHOCTH JJisi pa3pabOTKU M TECTHUPOBAHMS CUTHAJIbHBIX 0O0pabOTUYMKOB,
YTO JIEJIaeT €ro MOUIHBIM MHCTPYMEHTOM ISl HCCIIeIOBaHUN B 00JIACTH PaIUOTEXHUKH.

BoiBoabl U pexomenaanmu: BriBoner GNU Radio mpenocrtaBisieT MOIIHbIE MHCTPYMEHTBHI JUIS
CO3/IaHUS M MOJIEIMPOBAHUS PA3IIMUHBIX TUIIOB PAJUOCUTHAJIOB, BKIIIOYAsl CUHYCOUJAJIbHBIE CUTHAJIBI U
paznuyHble GOPMBI TyMa. ITO OTKPHIBAET HIMPOKHE BO3MOXKHOCTHU IS UCCIIEIOBAHUS U TECTUPOBAHUS
paauocucteM. PexomeHyeTcss NMPOBECTH JOMOJHMUTEIbHBIE SKCIEPUMEHTHI JJisi OoJyiee TIIyOOKOro
M3YYEHHUsI BIMSIHUS TPEYTOJBHOIO U MUJIO00PA3HOIo IIyMa Ha IPOU3BOJUTENLHOCTh PAIUOCUCTEM. DTO
MIOMOXKET ONTHUMM3HPOBATH MapaMeTpbl CUTHAJIOB JUISl MOBBIIIEHUS YCTOMYMBOCTH U APPEKTUBHOCTU
PafgHOCBS3H.



ANOTARE

Palamarchuk Alexei ''Dezvoltarea unei platforme de modelare a prelucrarii semnalelor radio
bazata pe tehnologia SDR si GNU radio”
Lucrare de diplomé pentru obtinerea titlului de licentiat in domeniul electronicii
si telecomunicatiilor.
Tehnologii si sisteme de Electronica si Telecomunicatii.

Structura: Introducere, trei capitole, concluzii generale si recomandari, bibliografie, pagini de text
principal.

Cuvinte cheie: GNU Radio, SDR, modelare.

Obiectiv: dezvoltarea unei platforme de simulare a procesarii semnalelor radio bazata pe tehnologia
SDR si GNU Radio.

Pentru a atinge scopul propus, au fost stabilite urmaitoarele obiective:

Studierea bazelor tehnologiei SDR si a aplicarii acesteia in radiocomunicatii si radiotehnica.

Insusirea instrumentelor de dezvoltare a procesoarelor de semnal si modulelor bazate pe GNU Radio.

Dezvoltarea unei platform ei moderne pentru modelarea prelucrarii semnalelor radio, bazata pe
tehnologia SDR si GNU Radio.

Crearea unui instrument flexibil care sd permitd cercetatorilor si inginerilor sa analizeze si sa
optimizeze eficient procesele de prelucrare a semnalelor radio.

Sarcini:

1. Analiza metodelor/mijloacelor de procesare a semnalelor radio.

2. Descrierea generald a metodologiei de procesare a semnalelor radio cu ajutorul tehnologiei SDR si
a GNU Radio.

3. Dezvoltarea unei metodologii pentru generarea semnalului radio in forma sinusoidald si zgomot.

4. Dezvoltarea unei metodologii pentru generarea semnalelor radio de forma triunghiulara si aserrata.

Testarea metodologiilor.

Metodologia cercetarii: Pentru desfasurarea cercetdrii pe tema abordatd s-au utilizat metode
analitice, logice, sistemice $i comparative.

Elemente de noutate si originalitate stiintifici: Abordarea inovatoare consta in crearea

unei metodologii care combind componente sinusoidale cu zgomot triunghiular sau dintat, ceea ce
permite investigarea influentei diferitelor tipuri de zgomot asupra sistemelor radio. Studierea metodelor
de adaptare automata a parametrilor semnalelor generate pe baza feedback-ului, oferind metodologii de
generare a semnalelor radio mai universale si flexibile. Elementul de noutate consta in utilizarea GNU
Radio pentru crearea unei metodologii de generare a semnalelor radio, ludnd in considerare diferitele
semnal, fdcandu-1 un instrument puternic pentru cercetarile in domeniul radiotehnicii.

Concluzii si recomandari: GNU Radio ofera instrumente puternice pentru crearea si modelarea
diferitelor tipuri de semnale radio, inclusiv semnale sinusoidale si diverse forme de zgomot. Aceasta
deschide oportunitati largi pentru cercetarea si testarea sistemelor radio. Se recomanda efectuarea de
experimente suplimentare pentru o intelegere mai profunda a influentei zgomotului triunghiular si dintat
asupra performantei sistemelor radio. Aceasta va ajuta la optimizarea parametrilor semnalelor pentru
cresterea stabilitatii si eficientei radio comunicatiilor.



ANNOTATION

Palamarchuk Alexey ''Development of a signal processing modeling platform
based on SDR technology and GNU Radio"
Bachelor's thesis in the field of electronics a
nd telecommunications.
Technologies and Systems of Electronics and Telecommunications

Structure: Introduction, three chapters, general conclusions and recommendations, bibliography,
main text pages.

Keywords: GNU Radio, SDR, modeling.

Objective: to develop a simulation platform for signal processing based on SDR technology and
GNU Radio.To achieve this goal, the following tasks were defined:

1. Study the basics of SDR technology and its application in radio communication and radio
engineering.

2. Master the development tools for signal processors and modules based on GNU Radio.

3. Develop a modern platform for modeling the processing of radio signals based on SDR technology
and GNU Radio.

4. Create a flexible tool that will allow researchers and engineers to effectively analyze and optimize
radio signal processing processes.

Tasks:

1. Analysis of methods/tools for radio signal processing.

2. General description of the methodology for processing radio signals using SDR technology and
GNU Radio.

3. Development of a methodology for generating radio signals in the form of sinusoids and noise.

4. Development of a methodology for generating radio signals of triangular and sawtooth shapes.

5. Testing methodologies.

Research Methodology: Analytical, logical, systemic, and comparative methods were applied to
conduct research on the topic.

Novelty and Scientific Originality: The innovative approach lies in the creation of a methodology
that combines sinusoidal components with triangular or sawtooth noise, allowing the investigation of the
influence of different types of noise on radio systems. The study of methods for automatic adaptation of
parameters of generated signals based on feedback, allowing the creation of more versatile and flexible
methods for generating radio signals. The novelty lies in the use of GNU Radio to create a methodology
for generating radio signals considering different forms of noise. GNU Radio provides extensive
capabilities for the development and testing of signal processors, making it a powerful tool for radio
engineering research.

Conclusions and Recommendations: GNU Radio provides powerful tools for creating and
modeling various types of radio signals, including sinusoidal signals and various forms of noise. This
opens up wide possibilities for research and testing of radio systems. It is recommended to conduct
additional experiments for a deeper study of the influence of triangular and sawtooth noise on the
performance of radio systems. This will help optimize signal parameters to improve the stability and
efficiency of radio communication.
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Bsenenue

PazpaboTka M COBEpIICHCTBOBAHHWE TEXHOJOIWH OOpabOTKM paJMOCUTHAJIOB SIBJISIETCS Ba)KHBIM
HaIlpaBJICHUEM B COBPEMEHHON UHKEHEPHON U HAYYHOU JEATEIbHOCTH.

C pa3BuTHeM LHMQPPOBBIX TEXHOJIOTUH M MPOTrPaMMHOIO OOECIeueHUs BO3pPOC HUHTEpec K
nporpaMMHo-onpenensieMmoMmy paauo (SDR) u cB0oOOAHO pacmpocTpaHsIeMOMY HHCTPYMEHTAPHUIO
GNU Radio anst coznanust THOKMX U MacIITaOUPyeMBbIX PaliOCUCTEM.

SDR mpexacraBiasier coOOM TEXHOJIOTHIO, MO3BOJSIONIYI0 PEATU30BbIBATH PATUOCUCTEMBI C
MTOMOIIBIO MPOTPAMMHOI0 00€CIIeYeHHs] U YHUBEPCAIBHOI'O alllapaTHOro 00eCreYeHusl, B OTIMNYHE OT
TPaJAULIMOHHBIX PAUOCHUCTEM, OCHOBAaHHBIX Ha jKecTKHX anmnapatHbix pemenusx. GNU Radio, B cBoro
ouepelb, MPEICTaBIsIET CO0OW HA0Op MHCTPYMEHTOB M OHONMHMOTEK ISl pa3paOOTKH CHTHAIBHON
00pabOTKH M MOCTPOCHUS PAIHOCUCTEM ¢ Hcmoyib3oBanueM SDR.

CymHoCTh aHHOM paboThl 3akioyaeTcs B pa3paboTke miatdopmbl MOJAEIUPOBaHHS 00pabOTKe
panuocurHaioB Ha ocHoBe TexHojoruu SDR um GNU Radio. Ona 3akiroudaercss B CO31aHUU
YHHBEPCAJIBHOTO  HMHCTPYMEHTapHs,  IO3BOJSIIOIIETO  MOJACIHPOBATh,  AHAIM3UPOBATH |
ONITUMHU3UPOBATH MPOIECChl 00PaOOTKH PaJMOCUTHAIOB B PA3UYHBIX CICHAPUAX U MPUIOKCHHUSX.
[Ipy >TOM OCHOBHOE BHUMAaHHE YJENAETCS THOKOCTH, MacmTabupyeMoctd # 3(PpPexkTUBHOCTU
paspabaTbeiBacMOU m1aT(GOpMBI.

B nanHOl paboTe paccMaTpHBAarOTCS OCHOBHBIE TEOPETUYECKHE M METOJOJIOTUYECKHE ACTIEKTHI
pa3paboTku 1aTdopMbl MoJeTupoBaHus o0paboTku pamuocurHanioB Ha 6aze SDR u GNU Radio.
W3yuensl riaaBHble MPUHLUIBI paboTel SDR, mpenMyinecTBa U HEJOCTATKU JTAHHOM TEXHOJIOTHH, a
TaKke OCHOBHbIE IPUHIIMIIBI TIOCTPOEHUS paanocucteM ¢ ucrnoib3doBanueM GNU Radio. Ilpeacrasien
aHaJM3 CYMIECTBYIOMIMX IMOIXOJ0B K MOJEIHPOBAHUIO PAJMOCHUTHAJIOB M MX OOpabOTKH, a TakkKe
MIPEITIOKEHBl METO/IbI M MOAXO0AbI K CO3aHUI0 3PPEKTUBHON U THOKON MmiIaThopMbl MOIETUPOBAHUS
Ha 6a3e SDR u GNU Radio.

Llenp nmanHOW paboThl sABHseTcd pazpaboTarh MiIarGopMy MOJEIHUPOBAaHUS 00pabOTKH
paaunocurnainoB Ha ocHoBe TexHosioruu SDR u GNU Radio.

JU1st TOCTHIKEHHS TTOCTABJICHHOM TIeJTH ObLTH ONpeeNIeHbI CIEAYIOINe 3a1a4H:

1) U3yunts ocHOBBI TexHOJOTHMH SDR 1 ee npuMeHeHne B paAHOCBI3U U paIiOTEXHUKE.

2) OcBOUTH MHCTPYMEHTHI Pa3pabOTKU CUTHAJIBHBIX 00paOOTYMKOB M Mojayieid Ha ocHoBe GNU
Radio.

3) Pazpabotath COBpeMEHHYIO TUIaTGOpPMY JIS MOJETUPOBAHHUS OOpaOOTKM paJMOCUTHAJIOB,
ocHoBaHHYI0 Ha TexHojoruu SDR u GNU Radio.

4) Co3naTh TMOKUH MHCTPYMEHT, KOTOPBI MO3BOJIUT MCCIIEIOBATENAM U HHKeHepaM (P (EKTUBHO

aHAJIM3UPOBATh U ONTUMHU3UPOBATH MPOIIECCH 00PA0OTKHU paJiOCUTHAIOB.
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6) HccnemoBaTh BO3MOXKHOCTH WCIOJB30BaHUS IIATQOPMBI s aHalNW3a U ONTUMU3ALUU
0eCIpPOBOTHBIX KOMMYHUKAIIUH.

OOBEKTOM HCCIENOBaHHUS B JITOM paboTe SBISIIOTCA IUIATGOPMBI MOJEITHPOBAHUS OOPabOTKH
paguocurHanoB Ha ocHoBe TexHosioru SDR u GNU Radio

[IpenMeroMm wuccienoBaHUS SIBISIETCS pa3padoTKa IIaTGopMbl  MOJEITHPOBAHHUS 00paOdOTKH
paauocuraanoB Ha ocHoBe TexHonoruu SDR 1 GNU Radio.

Jlyis BBINOJNIHEHUA LIeNiel W 3a/1a4 MPeaoKEHHBIX BbIIIE JUILIOMHAs paboTa Obula MOCTpOEHA U3
TpeX OCHOBHBIX IJIaB.

[lepBas riiaBa TEOpUTHYECKAs, TAC CONCPIKUTCS MHPOPMAITUS, CBI3aHHAS C MMOHATHEM TEXHOJIOTHU
SDR u GNU Radio, a Takxkxe ee CTpyKTypod ,crmocoOOM o00pa3oBaHHE paJHOCUTHAIIOB
c(OpMUPOBAHBI 331a4U TIPOECKTHUPOBAHUSI.

Bropas rnaBa npaktuyeckasi, B Heil mpeacTaBieHa oOmias MeToiMka oOpa3oBaHus PaJlOCUTHAIOB
¢ momompio TexHonorud SDR u GNU radio, paccMoTpeH MeTo]] TeHepHpOBAaHUS PAJNO CHUTHANA B
(dbopMe cuHyCcOH/Ia U TITyMa, H3y4eHBI TPEYTroIbHas popMa 1 NriI000pasHas (hopMa CUTHATIA.

I'maBa TpeThsi - MOCIEOHSSA, U €€ COJCp)KAHUE MPEACTaBISET COOOM APKOHOMHUYECKUN aHaIu3 U
(buHaHCOBBIE peCypChl, HEOOXOIUMBIE JIJIsl Pa3pabOTKH U peaanu3alui aHATU3UPYEMbIX aITOPUTMOB, a
TaK)Ke€ HOPMBI OXpaHbl TPyJa, KOTOPhIE HEOOXOAMMO COOIIOAATh IS TPABHIBLHOTO BBITOJHCHUS

MNpCAJIOKCHHBIX 3a/1a4.
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