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Amayopevetal ) avTyQa@r), amoOrkevon Kat dLxVopT) NG Tapovoag eQyaoing, €&
OAOKATIQOU 1] TUNHATOC avTHG, Yl €UTOQKO okomd. Erutoémetar n avatvmwon,
aToO1KELOT KAL OLXVOUT] YIX OKOTO U1 KEQOOOKOTIKO, EKTIALDEVTIKIIG 1) EQEVVITIKT|G
LONG, LTTO TNV TEOVTIODEDT] VA& AVAPEQETAL 1) TNYT] TIROEAELONG KAl VA dXTNEELTAL TO
TTaQov punvupa. Epwtuata mov agpogovv tn XEro1 TS €0YAOIag Yo KEQOOTKOTIKO
OKOTIO MEETIEL VA ateLOVVOVTAL TTROG TOV OLYYQAPEX.

Ou amoelgc kat T CVUTEQATUATA TIOL TEQLEXOVTAL O€ ALUTO TO E£YYQAPO
eKPOALOVV TOV OoLYYRAPER Kal dev TEETIEL Var eQUNVELDEL OTL AVTITIQOOWTIEVOLY TIG
entionueg Oéoeig Tov EOvikov MetooBov IToAvtexveiov.



ITegiAnym

H nmtagovoa dimAwpatikr) egyaoia eottdletal 0TV aVATTUEN UG web TAaTQOQUAg e
dLadEAOTIKEG DLVATOTNTES YLt TTQOTOUOIWOT) CLOTIHATWY PNPLAKNG ETUKOLVWVIAG HETW
xonorng eAevBegov Aoylopkov. H egyaota ovvopiCet Baoka Oewontikd ototxelo amo tig
onuewwoels  tov  pabnuatog  «Wneukéc Emkowwviee I»,  kat  moxweel oe
AVATIAQAOTACELS KL TIQOOOUOLWOELS TWV PACIKOV dATAEEWV KAl CLOTNUATWV TOU
APOEOLV TNV Yn@Lakr) emeeQyaoio ONHATOG, TIG TEXVIKES aViXVEVOTS KA dLtHOQPWOTG,
OTIWG KAL TA XAQAKTIOLOTIKAX TOV PATHATOS TWV PN@PLAKOV KUHUATOHOQPWV.

H eoyaoia meodapPdvel emokomnon twv  eoyaAelwv Aoylopkol mov
xonowomomonkayv, avaAvel Ta KOUTNOWX  ETUAOYTG TOUG Kl TEKUNQOUWOVEL TA
TIAEOVEKTNUATA TOVG O€ TROoOHOLwoeLs. EmimAéov, kataypagovtat ot pebodoAoyieg kat
OL TEXVIKEG VAOTIONOTG TIOV EQAQUOTTIKAY YLX T DLXOQAOTIKT) ATEKOVIOT) TNG Oewolag.
It amoteAéopata, maQOvolilovIal Ol TIQOOOMOWWOELS HE  OUYKQLOES TV
ATIOTEAEOUATWV e TIG OewonTucés avaAvoels, kKabwg Kat OL TTEOKAT|OELS IOV TTROEKLYAV.

TéAog, n eoyaoia mEoTelvel HEAAOVTIKEG ETMEKTAOELS, OTIWG TNV ELCAYWYT] VEWV
EQYaAElWV KAl EKTTADEVTIKWV dEATTNOLOTITWY, EVW TIAREXEL AVAAVTIKN TEKHUTNQLWOT) TOV
KWOKA KL 001 YOUG XOT0T)G OTO MAQAQTNHA.

AéEeic-KAedia: Wneuakés Emkowvwvieg, Ilgooopoilwon, Awdoaotikr) lotooeAda,
EAevOego Aoyouwo, Wneuakn Enefepyaocia nuatog, Wneuaxn Auxpdéopwon, QAM,
PSK, FSK, MSK, Matched Filters, Xapaxtnoiotucd ®dopatog, Jupyter Book, Python.






Abstract

This thesis focuses on the development of a website with interactive capabilities that enable
simulations of digital communication systems using open-source software. The project
covers the theoretical foundation of digital communication systems, based on the notes from
the course "Digital Communications I", and progresses to representations and simulations of
the key functions related to digital signal processing, detection, modulation techniques, and
the spectral characteristics of digital waveforms.

The thesis includes a review of the software tools used, analyzes the criteria for their
selection, and documents their advantages and performance in simulations. Furthermore, the
methodologies and implementation techniques used for the interactive representation of the
theory are outlined, with emphasis on the simulations developed for each chapter. The
results section presents the simulation outcomes and their comparison with theoretical
results, as well as the challenges encountered.

Finally, the thesis suggests future extensions, such as the introduction of new tools
and educational activities, while also providing detailed code documentation and user
guides in the appendix.

Keywords: Digital Communications, Simulation, Interactive Website, Open-Source Software,
Digital Signal Processing, Digital Modulation, QAM, PSK, FSK, MSK, Matched PFilters,
Spectral Characteristics, Jupyter Book, Python.






Evxaglotieg

Apxwd, Ba NN0eAa va eKPEATW TIC ELAKQLVELS OV eLUXAQLOTLEG TIQOG TOV eTIBAETOVTA
kaOnynt pov, k. NikoAao Mnteov, yix TNy eumiotoovvn mov Hov €0elée avabétovtag
Hov avt TN AMAwHAaTkY eQyaoia. Méoa and avtd to £0yo, pov dOONKe 1) evkaRia va
euPabivw o éva AKEWS eVOLAPEQOV KAL TIOAUTIHO QAVTIKEIUEVO, TOL QPO TNV
AVATITUEN MG LOTOOEADAG He dadoaoTikéS duVATOTNTEG CLOTNUATWY PNPLAKT|S
eTuKOVWVIAG xonoomolwvtag eAe0epo Aoyouuo. Oepués evxaplotiec a&llovv Kot
omv k. Kovotavtia Zaxkkd yix tv adaAeimttn vmoomeLén kat kabodrynon g kao'
OAT T dLdpKeLlx TNG EKTIOVNONG ALTHG TNG €0yaoiag, kabwg emiong, katL ota HéEATN TG
KOY KAAAITIOZ, Tewoyta TotavtaguAAidov, HAla Towvn kat Xerjoto Kevtowtr| v
) Pondelx 0N YAWOOWKY KAL TEXVIKT ETUUEAELX TWV TEVXWV.

H mnagovoa OmAwpatikny eoyaocia onuatodotel v  0AOKANIowon TV
TIEOTITUXLAKWY POV oTtovdwv ot LxoAn HAektpoAdywv Mnxavikwv kat Mnxavikwv
YnoAoyiotwv tov EOvikov Metodpov IToAvtexveiov. KaBwg @tdvw oto téAog avtg tng
Tiogelag, VIOw TNV avAYKN va EKPEATW TIG BeQUES OV EVXAQLOTIEG OTOVS YOVEIS OV,
I'epaopo kat Mapla, yiax tnv apéoLotn oteLér) toug kad” 0A1N TN dLAQKELX TWV OTTIOLdWYV
pov. H vtootrptér) touvg Nrav kaBopLotikn yix v meoodo pov. Entiong, evxaootw ta
adéA@La LoL TIOL T)TAV TTAVTA A POV 0& aUTO TO TA&idL.

TéAog, Ba OeAa va exEAOCW TNV EVYVWHOOUVN OV TIROG OAOVG TOLG PIAOLE TTOV
oTAONKAV 0T0 TMAEVEO HOL KATA T OAQKELX TWV @POLTNTIKWV HOL X00vwv. Madl
HOLQAOTNKAUE TIG OVOKOALEG TV HAONUATWY, TIC TEOKANTELS TWV EQ0YAOLWV KAL TIG
ATIALTNTIKEG EEETAOTIKEG TLEQLODOVG, DNULOVEYWVTAS TIOAVTIHES AVAUVIOELS TTOL O e
OLVOOEVOLV Yl TTAVTA. LAG EVXAQLOTW ATIO KAQOLAG OAOLG.






Ogyavwon Tov Topov

O magwVv TOHOG elval 0QYAVWHEVOS O€ ETTA KUOLX KEPAAXLR, T OTIOlot KAAVTITOUV TNV
AVATITUEN UG DdQAOTIKIG LOTOOEADAG UE TIQOCOHUOLWDOELS CLOTNUATWV PNPLAKTS
eTuKovVViag, kaBwg kat T OewENTIKY] KAl TEAKTIKY TOUG TTQOOEYYLOT) HEOW eAevOeQov
AOYLOULKOL.

LT0 MOWTO KEPAAXRLO TAQOVOLALETAL 1] ELOXYWYT) OTNV €QYAOTLIR, Kol £DKOTEQA OL
OTOXOL OV TEONKAV, KaBWS Kol 1) CLVOALKY dOUN TNG. LTO deVTEQO KEPAAALO YIvETaL Hix
eTloKkOTNO”N NG PBPAOYoapiag, HE avAQOEES OTIC ONUEWDCES TOL  HaONUaTtog
«Pneuakéc Emucotvwvieg I» kat otig evotnteg mov Oa yivouv dladQaotikés, KaAVTITOVTAG
Ocpata  Omwe TV Yneuakn  emefepyaocia  onuatog, TNV - avixvevon péow
TIEOTAQUOOHEVWV PIATEWV Kat Tig dapogpwoels L-ASK, QAM, PSK, FSK kat MSK.

To toito kepaAato emikevTowveTat ot pedodoAoyia mov akoAovOrOnke yo v
LAOTIOMOTN TWV JADQACTIKWY TIEOCOMUOLWOEWY, UE EUPAOT] 0T HETAPAOT amd 1)
MATLAB otnv Python kat tn xorjon Jupyter Notebooks péoa oe éva Jupyter Book. To
TETAQTO KEPAAXKLO TTAQOVOLALEL TA ATOTEAEOUATA TWV TIQOTOUOLWTEWY KAL AVAAVEL TIG
TIQOKANOELS IOV TIROEKLP AV KATA TN dLdEKELX TG LAOTIONONG.

Z1o TEUTTO KePAAALO eEeTAlOVTaL OL HEAAOVTIKEG EMEKTATELS TNG €QYAOTIAG, HUE
TNV EL0AYWYT) VEWV ONUELWOEWV Kol €Q0YAAELWV TTOL UTIOEOVV Va evowHatwOovv. To ékto
Ke@AAao ovvopilet T0 OUVOAO NG eQyaoiag Tagovolxlovtag TeQUANTITIKA kAOe
KOUMUATLTNG, EVW TO £BOOUO KEPAAKLO KATAYQAPEL TIG TUYES TTOV XONOLHOTTOMONKAV Yix
T OewENTIKN KAL TNV TIOAKTLKT) VTTOOTHQLET TNG €0YATIAG.

1o MaQAQTNHATH TAQEXOVTAL AVAAVTIKOL 00N YOl £YKATAOTAONG TWV £0YAAElWV
TIOL XENOLHOTTIOMONKAY, KAOWS KAl TEKUNELWOT] TOL KWOKA Kol 0dNYLleg XONONS TS
TEAKTC DLAOQATTIKYG EPAQUOYTS TTOL avVATITUX OMKce.
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1.1 Xroxoutne Egyaoiag

Ot 0t0)0L TNG MAQOVOAG €QYATIAG EMUKEVTOWVOVTAL OTNV avalrtnot), otnv a&loAoynon,
OTNV €MAOYT Kal Ot XONon KatdAAnAwv epyalAeiwv mov Oa vmootneléovv
OnuovEYlar G ddEAOTIKTG LOTOOEADAS YXx TNV TEOCOMUOIWOT] CLOTNUATWYV
Ynelakwv emuovoviwv. H mAateogua avtr) otoxedel va TQOOEQEQEL OTOVG POLTNTES T
duvatdmTa va €£€QELVOVV KAL VA KATAVOOUV KAAUVTEQX TIC aQXES TWV Pn@axwv
ETUKOLVWVIWV, HETA ATIO TIOAKTIKEG EQAQUOYES KAL TTELQAUATIOUO.

‘Evag Paocwoc otoxog Tng eoyaolag elval va evtomiotovv eQyaAeio mov
TIEOOPEQOLV ETIAOKT] DADQAOTIKOTNTA KAl €VKOAIX XQT)OTNG, dAXTNOWVTAS TTAQAAANAn
MV eVeALEla OV ATALTEITAL YIX TNV TIEQOOOUOLWON Kal avAALOT] CLOTNUATWV O€
TIEAYHATKO Xo0vo. H épevva emukevtowvetal 0 eQyadeia avoutov kwduka, T omoia
ETUTEETOVY TNV EVOWHATWOT] OLXOQAOTIKWY OTOLXEIWV O€ EKTIADEV T TtEQIBAAAOVTA.

H vyAwooa mpoyoappatiopov Python, Adyw g evpelag xonong e oTiS
ETUOTNUEG TWV OeDOUEVWY KAl TNG AVAALONG, amoteAel KeVIQKO eQyaAeio otnv
vAomoinon twv otoxwv avtwv. TéAog, amapaitnto otolxelo Oa amoteAéoel 1)
evowpatwor] kernel otnv wotoceAda yux ) Coviavn extéAeon tov kwdwa Python
amevOelag otov PuAAopeTENTY), eEX0PAAILOVTAG, £TOL, YLt TOVG XONOTES €vav eUKOAO Kal
AUETO TEOTO AAANAETUOQAOTNG HLE TIG TTQOOOUOLWOELS O TTOAYUATIKO XQOVO.
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1.2 Aopm e Egyaoiag

H doun g magovoag eQyaoiag aviavakAd U OQYAVWHEVT] KAl OULOTIUOTLKY)
TEOOEYYLON TNG €Qevvag, ™G a&loAOynong kat tng emAoyrg eoyaAeiwv, mov Oa
xonowomomOovv  yix TNV aVATTUEN MG OLXOQAOTIKNG  LOTOOEADAS YIX TNV
TIQOOOMOLWOT CLOTNUATWY YNPLKWVY emikovwviwy. H epyaoia ovvdéel Oewontucd kat
TIOAKTIKA €QYaAeiax OV LTTOOTNEILOLVY TNV EMITEVEN TWV OTOXWV TG, OMWS elval M
TIAQOXT] VOGS eKTALOELTIKOV TIEQIBAAAOVTOG Vit TNV KAAVTEQT KATAVONOT] TV PACIKWV
AOXWV TV PNPLAKAOV ETUKOLVWVIWV HECTW TTEAKTIKWV EQAQUOYWV.

It aQxlka ke@dAalwx, magovolklovial n €gevva Kat 1 afloAdynon Twv
daBéouwy egyadeiwv avokTov kwduka, Tov O umogovoav va Xonoomom0ovy yix
™V avantvén e mAateoopac. ‘Emetta, yivetat avaAvon twv egyaAeiwv mov teAuck
eTUAEXONKAY, He AETTTOUEQELES YIX TIC DLVATOTNTEG TIOV TEOCPEQOLY OTNV LAOTIOW 0T
dLdQAOTIKWY TIEOTOLOLWOTEWV.

IMagakdtw, meorypd@etat 1 pebodoAoyla oxedlaong kat vAomoinong g
dLadEAOTIKIIG TTAATPOQUAG, KATAYQAPOVTAS TOVG TQOTIOVG UE TOVG OTIOIOVS T eQyaAeln
XONOLHOTTOMONKAVY Yt TNV AVATTUEN TIQOOOUOLWOEWV YIx kdOe ke@dAaio. Yotepq,
TIAQOLOLAXLOVTAL TA ATIOTEAETUATA ATIO TIC TIQOCOUOLWDOELS KAL TIG TIOOKANOELS TIOU
AVTIUETWTHOTNKAV.

EmumAéov, avapepdpuaote o HEAAOVTIKEG ETIEKTAOELS TNG €QYyaOTlag, OL Omoleg
TEQUAAUPBAVOLY TNV TEOCONKT TwV EQ0YAOTNOAKWY AOKNOEWV amd TO HAONua
«Pneukéc Erukowwvieg I», kabwg kat v evowudtwon véwv epyaAeiwv mov Oa
PeATIOOOVV TN AELITOVEYIKOTNTA TNG TAATEOQUAC KL TN HaOnoakn euTtelQla.

Lo téAog g epyaoiag, magatiOevtat oL avag@oés, évag 0dnyos eYyKATAOTAOTS
eoyadelwy, kabwe Kkat 1 TEKUNOLWoN TOL KOO Kal oL odnylegc XONong yux TiS
TIQOCOHOLWOELS TIOL avAaTTUX OnKay.

Katd avtdév tov 100M0, 1 €0yaoia ouodopel pix OLVEKTIKY) oUVdeOT) HeTA&V
Oewolag kaL mQEAENG, TEOKeéVOL va  erutevxOel 1 dnuovEyia evog MATOWS
A&LTovEYKOL ddeaoTikoU TEQIBAAAOVTOS HAONONG Y TIC PN@PLAKES ETIKOLVWVLES,
ovvdLALovTag TIG BEATIOTEG TEAKTLKES aTtd Tax dVO Tredla.
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2.1 Xroixela Oewplas Pngrakwv Emikovwviwv

H evémnra avt) magovotklel CUVOTTIKA T Pacikd ototxela e Oewplag Tov agoEovV
tic ovyxooves Wneukéc Emwowvwvie, Pacel twv ONUEWOEWV TOL HAOTUATOC
«Pneukéc Emwcowvwvieg I» [1] (ZEHMMY, 6° eEaunvo). Edwodtega emonuatvovtat ta
Tunpata Bewolag yix ta omola Ba mEémel va avamtuxBovv egyalela TEOOOUOIWOT)S
TOUG HE OXOQAOTIKO TEOTO, He PAON TIGC AVTIOTOLXES EQWTNOELS OTIC EQYAOTNOLAKES
QXOKTOELG.

Ta egyadeio Oa Tagéxovv 0TOVG XONOTES T OLVATOTNTA V& AAANAETOQOVV e T
OLOTNHATA  PNPLAKWY  EMKOWVWVIOV  O0&  TOAYUATIKO XQ0VO, avaAvoviag kol
TQOTIOTOLWVTAS TA OTJUATA, oNOwWVTAS €TOL OTNV KATAVONOT] TNG CUUTEQLPOQAS TOVG OE€
dLdpopeg ovvONKeG.

KaAvmrovtar kolowa Oépata, omws n ymeuakr) emeeoyaoia onuatog, ot
PEATIOTES TEXVIKEG avVIXVELONG HEOW TIQOOAQHOOUEVWY PIATOWY, TA XAQAKTNOLOTIKA
PAOUATOS PNPLAKWV KUUATOHOQPWYV, KaOwWS Kal oL dAPOoQES TEXVIKEG DLXHOQPWOT)S
ASK, QAM, PSK, FSK ka1 MSK.
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2.1.1 HWnguakn Enefegyaocia Ejpatog atigc TnAemikowvwvieg [2]

«To xepalaio avto meprypager tn dwadikaocia Yneromoinone Kat v YneLaxn
eneéepyaocia onuatwv oto medlo Twv TnAcTuKOWVWYIWY. AvaAvovial Ta facikd
CnTnuata ov oxeTiCovtal ue T LETAPAON A0 TO CVVEXEC 0TO StakpLTo Tedio Uéow
NG deryuatoAnpiac, onwe 1n ONULOVPY LA QACUATIKOV ELKOVWY KAl TO TTPOBANUA TOV
aliasing. TlapovoiaCetar o Awaxpitoc Metaoxnuatiopoc Fourier, wc 1 @aouatikn
avanapaocTaon onNUATWY OlaKPLTOV XPOVOv 0TO OLakpLTo Tedlo CUXVOTNTWY, KAL O
aQVaYyvaoTnG EL0AYETAL OTOV OXEOLQAOUO KaL oTny vAomoinon Yneraxwv @iATpwy.
Alvovtar mapadelyuata Kar epyacTnplakés aoKnNoeLls yia TNy avaAvon Qacuatos
KaL T xpnon yneiakov eiltpwv. Xta napaptnuata meptiaupavovtar facike
Oewpnuata xat 1d10TNTEC TWV peTAOXNUaTIoUwY Fourier otov ovvexn kat dtaxpito
XPOVO, 0€ OUVOTITIKT) HOPPT) TUVAKA. »

Ta otoryeia mov Ba vAomomnmBOovv ue diadpaotika epyaldeia eivar ta axodovOa:

o Anuovgyia & Ontikomnoinon onuatwv: Iagaywyn onuatwv Ymeakav

ETUKOLVWVLIWV Kol ONULIOLOYIX YOAPNHUATWY YIX VO ATIEKOVIOTOVV T XQOVIKX
KL QAOHUATIKA DXYQAUHATO QAUTWV.

o Awxdoaotikn ovOuion petaBAntwv onuatog: Me 1t xonon dadQACTIKWV

eoyadelwyv, vao HTOQOVUV OL XONOTEG VA TEOTIOTIOOVV TIG TAQAUETQOVS TWV
ONHUATWYV KL VO TTAQATNQOVV O& TIOAXYMATIKO XQOVO TIG aAAayéc.

o IIeooOnkn BogvBov: Avvatotnta meooOnkng OogvBov oto onua Yy

TTAQAKOAOVONOT TV ETUOQATEWY TOL OTNV ATTODOCT) TIG ETUKOLVWVIXG.

o AvaAvon PAouatog: AnHovgyia YoaQUATWY @AOUATIKAS AVAALOTG.

o Amexovion DiAtoov  (Filter Visualization): Avvatomnta emAoyng
OLAPORETIKWV PIATOWV KAL OTITIKI] AVATIAQACTAOT] TNG XQOVIKNG ATOKQLONG
TOLG 0€ HoEYN stem plot.

o Amokgwon Xvxvotnrtag PiAtowv (Filter Frequency Response): Aixdoaotikr)

ATEEKOVION TNG PACUATIKIG ATOKQOLONG PIATOWV YIX dlXPOQETIKA  UTKN
xoovikng anokong (FIR) kat mapabvoa.

o AvaAvon Equiripple Pidtowv: Avvatom)ta emiAoyrg equiripple @iAtowv

JLAPORETIKWV UNKWV Kol OVYKQLOT] TNG QOO UATIKTS TOUS ATIOKQLOT)G.

o Eg@aopoyn BaBuvneoatwv Pidtowv (Low Pass Filter Application): Epaouoyn

PabvmepaTv GIATEWV KL ATTEKOVIOT] TNG daopatikng [Tukvotntag
Ioxvog (Power Spectral Density) tov @uAtoaplopévov orjuatoc.
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o AvaAvon Anokpiong Bandpass @iAtowv: Epaguoyn @idtowv bandpass kat

OTUTIKT] ATTELKOVLOT] TNG ATOKQLOT)G TOUG TOOO 0T CUXVOTNTA 000 KAL OTn
PAOUATLKY] TTUKVOTNTA TOV QATOXQLOUEVOL OT|ATOG.

o Egaguoyrn Cwvonepatov DiAtgov Parks-McClellan: YXxedixouog @idtoov

bandpass pe ™ péOodo Parks-McClellan vywix emitevén ovykekQuuévng
eEaocOéviong ota stop bands.

o Eg@aopoyn Pirtoov pe 2 passbands: Xxediaopog kot vAomoinon @iAtoov pe

dvo passbands, e ameKOVIOT) TNG PATUATIKIIG TOL ATIOKQLOT)G.
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BéAtiotn Yngraxn avayvweron — Ilgoocaguoopéva @irtoa [3]

To kepadato efetaler tn péBodo PEATIOTNG avayvwplone TaAuwv, oL omoiot
UETAPEPOVY YnPLakd dedoéva KaL €XOVV VTTOOTEL TAPALOPPWOT KATA T1) LETAOOOT)
Aoyw mpooBetikov Aevkov BopvPov. H uébodoc vAomoieital péow ToU AYOuUEVOD
nipooapuocévov @idtpov (matched filter), to omoio Aettovpyel ovolaoTIKA WG
OVOXETLOTNC ONUATOC. XTov OEKTN, Hla OELPX TPOOAPUOTUEVWY QIATpwV (Tov
QVTIOTOLYOVV  OTOVG  OLAQOPETIKOVG, VPAUUIKA aveEAPTNTOVG TAAUOVS  TOV
OVUPWVIIUEVOV PETIEPTOPLOV UETADOONG - YVWOTOV WG «ONUATIKOC QOTEPLOUOC»)
vroAoyiCet 1 ovoxétion kabe maAuov upe Tov ewoepxouevo maAuo (péow
noAdamAaciacuov kat odokAnpwonc oe kaOe Paoikn nepiodo, T). To pidtpo ue tnv
vynAotepn é€odo vrodeikvoer Tov maAuo ue ) ueyalvtepn mbavotnta EKTOUTIC
(OnAadn, tn peyadvtepn mbavotnta va éxeL otalel, ue faon to AnpoOév onua).

Meta v mapovoiaon Twv Pacikwv XapakTnploTIKOV TwV TPOOXPUOOUEVWY
QiATtpwy, yivetar yevikevon & N-OlaoTaTOUC YPAUULIKOUS XWPOVS ONUATWY. LTN
ovvéxela, eEeTaleTal OVVOTITIKA 1 avaAvon opaAudtwy kat divovtal napadely pata
avayvwpione nuitovikwv naAuwv FSK kat dtauoppwonc nAdatove naAuov (PAM 1
ASK).

Ta otoryeia tov Ba vAomomnBovy diadpaotika eival Ta axoAovOa:

o Anuovgyia Ttuxaiwv  onuatwv: Anuovoylx  Tuxaiwv  onuaTov Kol

TIAQOLOLAOT) TOV LOTOYQAHUUATOS TOVG.

o Eg@aopoyn Bopvfov: Enidoaon tov BogvBov oto onjua pe T gUOMoT Tov
Adyov Eb/No péow evog duadoaotikov slider wkat tov vmoAoylopd tov
LOTOYQAMUHATOG Yot OLAPOQES TLUEG.

o ASK Bit Error Rate (BER) Visualization: H dixdoaotikr) duvatotnta ovykolong

dtapoppwoewv M-ASK pe emAOYEC Y TERAUATIKT] KAt O TIKI] TLUT TOL
BER. Na pmopovv ot xonoteg va emAEEOLY  HETA&D  OLXPOQETIKWV
dLapOQPOewV, detyudTwVv avd oVUPBoAO, kat tvrtov matched filter yix va dovv
T ATIOTEAEOUATA OE TTOAXYHATIKO XQOVO.

o AvaAvon pe @idtoa: OMTIKOTIOMOELS ATIOKQLONG PIATOWV TIAVW 08 TIAAROUG

0000YwWVIKOUG Kal NULTOVOELDELC.
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Daopatika xagaktnototikd — PidAtga Nyquist [4]

XTO)X0C avTOoD TOV KEPaAaiov eivar ) avAAvon TwV XapaKTnpLOTIKOV QACUXRTOS TWV
ynelakwv kKvpatopopeav, kabwc kat n mapovoiacn tne onuatodooiac Nyquist, n
omola XPNOLUOTIOLELTAL VI TNV EAQXLOTOTOINCT TWV TIAPAUOPPLOEWY AOY@ TNG
OLOTIOPAC KL YL TNV AmoQUY1) TOV QALVOUEVOD TNG dtaovufoAixne mapeupoinc. To
KeQaAatlo eloayel T apxéc tne onuatodotnonc Nyquist kar eEetalel T OXETIKA
Oéuata, omwc To0 €vpoc Cwvne kKar TNV AMOTEAECUATIKOTNTA TWV ONUATWY.
[eptAaupavovtar diadpaoctikéc aoknoelc mov eEetalovy TNV avanaproTacn Tov
QATUATOC TWV YNELAKOV KUUATOUOPPWY KAl TNV avaAvon TV CUOTNUATWV TV
BaoiCovtar otn onuatodooia Nyquist, eotialovtac otn Odtao@aAion e uéyLotne
amodoonc TWV ONUATWY XWPLS OLaoVUPOALKT TapE uPoAT.

Ta otoryeia mov Oa vAomoinBovy dradpaotika eival Ta axoAovOa:

o PvOwloueveg magapetgor: Ewoaywyr dwxdoaotikov TooTIOU  QUOMLOTG

TIAQAMETEWV UNKOLG bitstream, roll-off factor, nsamp (detypata avd cvupolo),
group delay, kat oelpa tov @iAtoov.

o OmnTikomoingn ONUATWY Kat @IATOWV: ANUIovQYia YOa@NUATWY Yl TNV

TIAQOLOLAOT) TOV PIATEOV, TOV PIATOAQLOUEVOL OT|HATOG, TN OUYKQLOT) HETAED
TWV AQXIKWV KoL QIATOAQLOUEVWV ONUATWY KAL TNV AVAALOT TN QAOUATIKNG
TIUVKVOTITAG LoXVOS Tov ANPOEévTog onuatog.

o Kaumvdeg BER: Me dvvatotnta emidoyng emumeédov M-ASK, eugpavions twv

OeONTIKAOV KAL TERAUATIKWV KAUTVAWV o€ oxéoT) pe to Eb/NO kat ovykolon
peta &V kwducomoinong Gray kat Natural.
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2.1.2 Wnguakn Atapog@worn QAM kot PSK [5]

To xepadaio avto eEetalel 6V0 amo TIC TO CVXVA XproLuomoovueves uebodovg
Yneraknec dtauoppwonc, tn dtauoppwon QAM (Tetpaywvikn Atauoppwon ITAatovc)
kat 11 Otapoppwon PSK (Atauoppwon Metatomnione @aonc). Iapovoialer tn doun
TOV TOUTIOV Kal Tov 0ékTn Yyl kalOe Oauoppworn, TNy avaAvon ocpaiuatwv o
nieptpaAlov Aevkov Bopvfov Kal TA PACURTIKE XXPAKTNPLOTIKA TwV onuatwy. Ot
OTOXOL EIVAL T KATAVONOT] TOV TPOTIOV [E TOV OTIOLO T CVOTUATA QVTH A &LOTIOLOVVTAL
oe ovvOnkec mpayupatikov BopvPov xar 1 emitevén vYnAotepwv TAXVTNTWV
petadoonc. Ot portntéc Oa CVUUETEXOVY O€ TTPOOOUOLWTELG TIOV TLEPLAQUBAVOVY TNV
vAomnoinon kat Ty avaAvon onuatwv QAM xai PSK, kxabawc kot tnv katavonon twv
ETUMTWOEWY TOV B0pDPOV KAl TOV PACUNTOC 0€ AVTA T CVOTHUATA OLAUOPPWOTIG.

Ta otoryeia mov Oa vAomonBovv dradpaotika eival Ta axoAovOa:

o OAM xai PSK Constellations: Aixdoaotucd dxyQAUHATA XOTEQLOUWY Vi L-

QAM kot M-PSK. Ot xonjoteg Oa pmtogovv va eTTAEYOLY TV TAEN OLXOQPWONS
Kkat va PAETOVV TIC avTioTolxeg O€0elS TV CVUPBOAWY OTOV ACTEQLOLO.

o OQAM kot PSK Kaunvdeg BER: Anuovgyia yoagnuatwv BER 1600 yia QAM
000 kat Y PSK duaxpopgpwoels, 0mov ot xorjoteg Oa ooy va cLyKQLvouy
OeONTIKY KAL TTERAPATIKT) KAUTTUATN KAt v QUOUIOOVV TTAQAETEOVS OTIWS TO
roll-off, tic ovyxvomrteg fl1 war f2, kar to bitrate yix v avaAvon g
TlavoTnTag oeAANATOC.

o Awxdoaotikn Pacuatikn [MukvétnTta Ioxvog: Avvatdtnta omTIKOTOMNONG

MG PACHUATIKNG TIUKVOTITAG LOXVOG Y didgopes dxpoopwoels QAM kat
Tipég ovxvot)twyv f1 ka £2.

o Awxdoacgtikog YmoAoyioudg Ilagapétrowv: Avvatdétnta ULTOAOYLOUOU

TIAQAYOUEVWV TIAQAMETOWYV, He Paon TS Paocikéc tagapétoovs (R, M kat roll-
off) mov ermuAéyeL o xorotngc.
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2.1.3 Wnerakn dapogeworn FSK kat MSK [6]

To KePAALO QVTO ETUKEVTPOVETAL OTIC TEXVIKEC Ynpraxne Owxuoppwone FSK
(Atauoppwon Metatoruone Zvyvotntac) kat MSK (EAaxiotne Metatoniong
Zvyvotntac). Efetalovtar or Pacikéc apxéc avtwv Twv OlQpopPwocwy, 1
ovumepipopd tovg oe ovvlnkec BopvPov, ot TbavoTnTEC oPAAUATWY Kal T
paocuatika Tovg xyapaxtnprotika. H MSK napovotaCetal we pia e101kn mepinTwon
e ovupwvne FSK mov emitvyxaver eAaxioto evpoc Cavne xat peyaivtepn
amodotTikoTnTa 0TV emikowvwvia. Ot portntéc Oa epyacTovy o€ TTPOTOUOLWOTELS TIOV
apopovv 11 dtapoppwon FSK kar MSK, Ba mapatnpnoovy Tic aouatiKés OLOTNTES
Twv onuatwy kat Oa adtodoynoovy Tnv amodoon AUTOV TWV TEXVIKWOV OLaU0pPwong
vTo TV emidpaon BopvPov.

Ta otoryeia tov Ba vAomonBovy diadpaotika eivar Ta axoAovOa:

o Kaumvdeg BER ouvvaptnoet tov Eb/No: I'odpnua oto omoio o xonotng

ovOuiCet éva evog tov Eb/No, kat ot ovvéxea eppaviCetal n KapmOAT mov
amewoviCet Tov aplOud twv opaApdtwv wg ovvaptnon tov Eb/No yx
dtapodepwon FSK.

o BER vyvia ovupwvn kat acvpu@wvrny FSK: Awdoaotikry obOykouon Twv

kapumvAwv BER yia coherent kot non coherent cvomuata FSK. Ot xorjoteg
HTTOQOUV Vot OOLV TIC KAMUTIVAEG TOL AVTIIQOOWTEVOLY T OewoEnTikn KAt
TLELQAUATIKT) ATtOO00T).

o AvaAvon Paocupatog coherent kat non coherent FSK: Aixdoaotikd yoapnua

AVAALONG TNG PACHUATIKTG TTUKVOTNTAS LoXVOS TO00 Yia coherent 600 kat yix
non coherent FSK cvotuata, 6Ttov oL X1joteg HTTOQOVV VA TROOKQUOCOLV TIG
TIAQAETEOVS OTIWS TOV RO oL POAwWV kat to Eb/No.

o Kaumvdeg BER MSK: Axdoaotikd yoa@nua yix oVUYKQLON HETAly TV

kapumuAwv BER pe kat xwols precoding yia tn dapooewon MSK. Ot xonjoteg
HTTOQOUV va dOLV TIG OEENTIKEG KAl TERAUATIKES KAUTUAES, OUYKQIVOVTAG
TS eTUOO0ELS Y dlapoetikég Tipég Eb/No.
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2.2 Awegevvnon Egyalieiwv YAomoinong

2.2.1 Ewoaywyn
Gitub o
GitHub

I Vv 00Y&vVwOoT) ToL YeViKOTEQOVL TTALTIOL TOV €QYOV, TNV amodNnkeLON TV aQXelwV
KAL TNV TEALKT) avATITUEN TG OLXDIKTLAKNG £QAQHOYNGS, Xonotporow)Onke to Gitub  [7].
H mAat@doua avtr| emétoee T daxelolon Tov KwdKA Kol TNV ao@aAr] anodnkevon
TV apXelwv Tov €QYou, evw péow Tng vmneeoiag Gitub Pages moayuatomou)Onke 1
TEALKT] AVATITUEN TING EQPAQHOYNS, TTROTPEQOVTAG VAV €VKOAO Kol AELOTILOTO TEOTIO Y
1 ONUOCLELOT) TOL TtEQLEXOUEVOL O0TO AladiiTvo.

2.2.2 Awgpevvnon EgyaAeiwv

INa v emiteven Twv Maganavw dxdoaotikwy duvatotrtwyv Ba xoewotel va Boedovv
eoyadelo amo TG €£1)¢ kAT YOQLEG:

0 AxdQAOTIKY TAATPOQUA TIAQOLOLAOTG TOV TEALKOV ATOTEAETUATOG.
o Evowudtwon kernel yia extéAeon kwduca o€ OOy HATIKO XQOVO.

o BipAwoOnkes python vyix v mEoocouolwon CLOTNUATWV  PNPLAKNS
ETUKOLVWVIAG.

o Toagpuwn avanapdotaon dedopévwy.

o Awxdoaotucés HEBodot eloaywYTC TAQAHETOWV.
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AladoaoTikr MAaTEOQUA MAQOVOLAOTG TOV TEAKOU ATOTEAETUATOG

Ia v magovoilaon tov TeAol anoTteAéouatos pe dxdQAOTIKO TEOTO, LTIAQXOLV
OLAPOEESG TAATPOQHES KAL EQYAAEIX TIOU EMUTEETOLV TNV EVOWHATWOT KOOLKAQ,
YOAPNUATWY Kol dXxdQAOTIKWVY OToLXelwv 08 éva evialo Kol mQooBAaoio meQlBXAAOV.
AxoAovOel n Alota amd avtd ov doKIHATALE:

upyter
tekunolwong amno Jupyter Notebooks kat agxeia Markdown, pe J\ Py /

LTTOOTNOLEN dLdEAOTIKWV OoToLXElwV. [8]

1. Jupyter Book: EpyaAeio yix ™ Onuovoyia PBipAlwv kat

2. Voila: Metatoémer Jupyter Notebooks oe avtdvoueg
dldoaotikéc web e@aQUOYES XwEIS TNV avAYKN YOa@rg
JavaScript. [9]

3. MkDocs: Ztatikdg site generator mov peTaTEéTEL QX Elx g
Markdown oe 6poo@a tekunouwpéves totooeAdec. [10] MKDOCS

4. Dash: TIIAaiocwo vywix 1 OnuovEyia Odwdoaotikwyv web — ’
EQAQUOYWYV Yl avaAvor) dedouévawv pe Python. [11]

5. Google Colab: Awxdwtvakd TeQPBAAAOV Yix TV ekTéAeon ‘
Jupyter Notebooks, pe vrtootrotén vy Python kat evowpdatwon J
oto Google Drive. [12]
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Evowpdtwon kernel yix extédeon kwdika 0e moaypatiko xoovo

Meta v emtidoyn) tov Jupyter Book we mAat@odopag yu tn dopn g e@aguUoyns HAg,
eEetaoape TG emA0YEg ov EoO@EQeL To Jupyter Book yia tnv evowpatwon evog kernel
TIOV ETUTQETEL TNV EKTEAEOT] KWOLKAX O€ TMOAYMATIKO XQOVO péoa amd otooeAides. Ot
eTiAoYég ov mapéx el To Jupyter Book eivat ot e€ng:

1. notebook interface: Emitoéner v evowpdtwon twv Jupyter OA.
Notebooks oto BipAlo, magéxovrac tn duvaTtoOTNTA TEOPOATS Jupyter
TOU KOO KAl TWV ATMOTEAeOUATwV Tov. QotoOo0, Oev
LTTOOTNEICEL TNV EKTEAEOT KWOLKA O TOAYMATIKO XOOVO aTtd P
TOV X101 Héoa amo TV wtooeAda. [13]

2. binderhub url: Ilapéxet ) dvvatdOTNTA CcLVOeOoNG Me éva
Binderub server, emutoémovtag tnv extéAeon twv notebooks oe
éva amopakQuopevo meQdAAov. Ou xonoteg UmoOQOvV va
avoiéovv ta notebooks ce éva megiBaAdov Binder kar va

@ binder

ekteAéoovv ToV KWdKa. [14]

3. jupyterhub url: Emtoémet wn ovvdeon pe éva Jupyterub

server, OTIOL OL XONOTEG UTIOQOVV Vo ekTeAOVV tx notebooks oe 3
éva kowvoxonoto meplBaAAov epyaoiag. [15]

4. thebe: Mwx JavaScript BiBA0ONKN TOL peTATEETEL OTATIKES
oeAtdec TML o0& dxdpaoTiKéS, €MITEETMOVTIAC TNV €KTEAEON {Thebe}
kwOka amevOelag péoa amo v wtooeAida. To Thebe Jupyter Anywhere
ovvdéetal pe évav Jupyter kernel péow evog backend, 6mwg to
Binder. [16]

5. colab url: TTapéxet cLuVOETHOUG TIOV EMITEETIOVY OTOVG XQNOTES ‘ ’

va avotéovv ta notebooks oto Google Colab, 6Ttov pumogovv va
exteAéoovv tov kwdka oe éva cloud-based megiBdAAov. [17]
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BipAoOnkes python cvotnuaTwv PreLakng entkotvwviag

I'a v meooopoiwon Yneukwv ovotnuatwv otnv Python, vmdoxouvv apxetég

BPAL0OTKEC OV TTEOOPEQOLY TTAOVOLEG Aettovpyieg kat eQyaleio. AkoAovOet n Alota

aTd AVTEG IOV DOKIUATKLE:

10.

NumPy: [Tagéxet vTTOOTNELEN Y TTOAVOLAOTATOVG TUVAKES KAl
HaOnuatucés ovvapmoets VPNATG artodoonge. [18]

SciPy: TIlpoo@égel éva €vQL @PACHA ETUOTNHOVIKAOV KAl
TEXVIKWV VTTOAOYIOUWV, CUUTTEQIAAUPAVOLEVWV VTTOAOYLOUWV
eMeEEQYAOTIAG ONUATWV KAL EKOVWV. [19]

scipy.signal: Ymo-maxéto tov SciPy, efeducevuévo oty
emegeQyaoia onNuaTwy, @IATEWV Kat cvotnudtwy. [20]

CommPy: BiBA1oO1kn Y ™mv TIQOOOMOlWwOoT
TNAETUKOWVWVIAKWOV  CUOTNUATWY,  OULUTEQIARUPBAVOUEVWY
dLAHOQPWOEWV, KAVAALWV Kal kwdukomoinong. [21]

math: Evoopatwpévn BipAoOnkn e Python pe Paoucég
HaOnuatucés cvvapmoelc. [22]

Matplotlib: BifA1001n yix yoagkn amekdvion dedopévwv oe
2D xa 3D. [23]

SimPy: BiAoOnkn yix v  mEooopoiworn  daKQoLTv
YEYOVOTWYV, XONOLUN Yt CUOTIHATA €TUKOLVWVIaG. [24]

PyWavelets: BipA10O1kn yia avaAvon wavelet, xonjowun omnv
emegeQyaoia onuatwy. [25]

scikit-dsp-comm: Ilagéxet eoyadela vx  emefepyaoia
PN@eLAK@OV ONUATWV KAL ETUKOWVWVLWV. [26]

PySDR: Yvvodevtikr) BiAodnin ywx to BAio "Python SDR",
ue egyaldeia yia Software Defined Radio. [27]
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Foag@ikn avanagaotaon dedopévwv

Ano v mANOwoa BiBAoONkwv Python vy ) yoapuwn) avanagaotaot dedouévwy,
£yve €Qevva OTIC TAQAKATW:

1. Matplotlib: Mwx an6 tig mo dnuogpurelc PBiBA0ONKes yix ™
ONUOLEYIX  OTATIKWY,  KIWOUHEVWV  Kal  dlxdQaoTKWV
voapnuatwyv otnv Python. [23]

matplxtlib

2. Seaborn: BiA0ONKn mov PaoiCetar oto Matplotlib Ko
mEOOPEQeL  LPNAOD  emITEDOL  DLETAPES  YIX  OTATIOTUCK

voapnuata. [28]

3. Plotly: BipA1001Kk1 yix ddoaxotikd yoagruata mov ooV va m plotly
eVowHaTwOoUV o€ 1oTtooeAdES. [29]

4. Bokeh: TTapéxet duvatdmnteg v dadoaotikd yoagruata oe b':‘pkeh
totooeAideg péow Python. [30]

5. PyPlot: Mépog tov Matplotlib. EvkoAn ot xorjorn diemapn) yie t  matplatlib
Onuoveyla yoapnuatwy, tagopowx pe to MATLAB. [31]

6. ggplot: BifAoOnKn eumvevouévn and to ggplot2 g R, vy

ONAwrtikn) dnuoveyilx yoapnuatwy. [32] ggplot2

7. Altair: BipAoOnkn yux dnAdwtky) otatiotiky omtwonoinon  Z\ ALTAIR
Baowouévn oto Vega-Lite. [33]

8. Pandas Visualization: Ilapéxer amAéc peBodovg yix 1 |::| pandas

OnuoveYla yoapnuatwyv anevdeiag anod dedopéva Pandas. [34]

9. oloviews : AtevkoAvvel T dnpoveyia oVVOETWVY YOAPNUATWY ¥ HoloViews
te Atyoteo kwduka. [35]

10. VisPy: BipA0Onkn yix yoryoon omtikomoinon dedopévwv @VISPy
xonowomowwvtag GPU. [36]
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AladoaoTtikég péBodol eloaywyns maQapETOwWV

I'a v vAomoinon dwxdoaotikwv HeBOdwv eloaywyns nmagapuétowyv otnv Python, oe
nieQdAAovTa dmws ota Jupyter Notebooks, e€etdoape ta akdAovOa egyaleia:

1. IPython: IToonypévn demaer ywx tv Python mouv mapéxet I P[y]
dtdoaotikd  TmeEQPAAAOV  eQyaoing, ovuTEQAAUPAVOUEVWVY TPy thon

duvatomtwy 0mwe ta Jupyter Notebooks. [37]

®

2. ipywidgets: BipAwoOnkn mov emtoémer 1t Onuovoyia _

dradoaotik@v widget oe Jupyter Notebooks, dievkoAvvovtag v Jupyter

ELOAYWYT) MAQAUETOWV KAL TNV AAANAeTdOAOT He TOV KWdKA. .\/
[38]

3. Bokeh: BiAwoOnkn vywx 1  dnuoveyia  dxdoaoTtikwv .
, , , . bakeh
OTITIKOTIOW|0EWV O¢ L0To0eAdES, vootneilovtag widgets yia

eLloaywyr) mapapétowv. [30]

4. Plotly Dash: I[TAat@pdoua yiax ) dnuiovgyia dixdoaotikwyv web m lot|
epagpoywv  pe  Python, emroémovrag v ewoaywyn plotly
TIAQAUETOWV HETW DLAPOQWV OTOLX ElwV dLeTtar|c. [39]

5. Streamlit: TTAaiow yix ™ dnuovgyla web epaguoywv yx A
UNXAVIKY) udbnomn kat emotjun dedopévwv pe antAr) ovvtagn  Streamlit
Python. [40]

6. Voila: Emtoémer 1 petatgorr) Jupyter Notebooks oe LKOJ
dLadoaoTikéc web epaQHOYES XWOLS TNV AVAYKN YOAPTS KWOLKX vo
JavaScript. [9]

7. Panel: BiBA10OnKn vy ) dnuoveyia dixdoaotikwv dashboards EPanel
KL &paguoywv, vrmootneiloviag moAAamAéc  PBiAoOnkeg
Yoa@kwv. [41]

8. Gradio: Emitoémel tn dnuovgyla anAwv dlema@wy xoNoTn Y < 1
HNXavIKT padnon kat emotun dedopévwy. [42] )

9. PySimpleGUL: TTaxpéx et piax amAn dtemar] yia T dnuoveyta GUI
epaguoywv ue Python. [43]

PySimple

A

tkinter

10. Tkinter: Evowpatwpévn PipAodnkn e Python yix 1)
Onuoveyia GUI epappoywv. [44]
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2.2.3 Kortrowa Emidoyng

INa mv emiAoyn] twv katdAANAwv eoyaAeiwv, AdPape vtoyn ta akdAovBa koLTrOLA:

O

Lvupatotnta pe tig Anartnoeig tng Ipoogopoiwong: Ioémet va mapéxet Tig

ATIAQALTNTEG AELTOVQYLES YIX TNV TTEOOOUOIWOT] TWV PNPLAKOV TLOTNUATWV
TIOL KAAVTITOVTAL OTO HAOT AL,

EvkoAia Xorjong: To egyaleio mpémet va etvat €DKOAO 0TV eKPHAONOT) Kat 011

XO0MOoT), HE amAN) oUVTALT Kol KATAVONTEG AELTOVQY LEG.

Avvatotnreg Atadoaogtikotntag: H duvatdtnta dnuioveyiag diadoaotikwv

EQAQHUOYWYV IOV ETUTEETIOVY OTOV XONOTN V& AAANAeTdoa e ta dedopéva oe
TIOOY LATLKO XQOVO.

Ynootnotén  Kowodtntag: Miix  evegynp  kowomnma  XONOTwV KAl

TIOYQAUHUATIOTWV eExo@aAilet tn ovvexn PeAtiwon tov egyalelov kat tnv
emtiAvon meoBANUATWY.

AtaBeopotnta  Tekpunoiwong: H Vmapén ektevolg kat  katavontnig

TeKUNElwoNg elvat amapaltnTn yia TV anoteAeOUATIKY) XONON TOL e0YaAelov.

Anodoon kat Taxvtnta: Ot fipAoONkeg mEémet va ebvat amodoTuKés Kal va

ETUTOETOVY TNV eTEEEQYATIA HEYAAWV OYKWV deDOUEVWY O€ EDAOYO XOOVO.

Lvpypatotnta: H dvvatotnra evowpdtwons pe aAda goyaldela yix v
AVATITUEN TG OAOKANQWHEVNS EQAQHUOYTIG.

Ynootnotén Markdown kot Kwdwka: H dvvatdémnta ovyyoaenc oe

Markdown kat 1 eVOWHATWOT) KOOKX €lval AmaQaitnTes Yo TV TaQovoiaoT)
¢ Oewolag Kat Twv maQadery ATwV.

Avvatoétntec Opydvwaong Iegiexopévou: ITpémet va eTUTQETEL TV 0QYAVWOT

TOV VALKOU 0& KEPAAALX, EVOTNTEG KAL VTTOEVOTITEG, e EVKOAT) TTAOT)YTOT).

Avvatoétnteg Anuooisvong: H mAat@oopa moémet va eTitoémet v €UKOAN

dnuooievorn Tov VAoV 010 AlxdiKTLO, WOoTE va elvat MEOOPRACIHO ATO TOUG
(POLTNTEC.

Qowpotnta kat EtaBepotnta: [Nootiunon epyaleiowv mov éxouvv dokIpHaoTEL
O0TOoV X0VO Kat Oewpovvtal otafeQd.
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2.2.4 Erudoyn EpyalAeiwv

Me Baon ta magamdvw kQLTNOW, Kol émetta and exktevels dokluég Tavw oe kabe

egyaAelo, emAéEaple va xonotpomomoovpe ta akdAovOat:

AladoaoTikr MAaTEOQUA MAQOVOLAOTG TOV TEALKOU ATMOTEAETUATOG

Jupyter Book

[8]

Iati to emAéEape:

o Evowudtwon Jupyter Notebooks: To Jupyter Book oyxedidotnke yiax va
uetatémet Jupyter Notebooks, apxeta Markdown xat apxeta MyST Markdown
(Hia eméxTAOT) TOL TTEONYOVUEVOV) O€ Eva oLVEKTLKO BIBALD, emiTEémovTag v
Apeon a&lomoinon tov NMd1 LITAYXOVTOG LVALKOD.

o Ymootnoién Atadpaotikdtntag: Emitoénel v eVOWHATWOT] ddQAOTIKWV
otolxelwv, Omwg ta ipywidgets, kat vTOOTNEICEL TNV EKTEAEOT KWK HEOX
oIS oeAldeg Tov BifAiov.

o EvukoAn Ogvavwon Iegtexouévou: Iapéxet egyadeia yia tnv ogydvwor) tov
VAWKOU 0O€ KePAAXIX KAl EVOTNTEC, HE QUTOMATH ONUIoLEYIx Tivaka
TLEQLEXOMEVWYV KaL TTAOT)ynonG.

o Avvarotnreg Ilpooaopoyng: ITooopépet Oéuata kat emAOYES DAOQPWOTS
YLX TNV TTQOOAQUOYT] TNG EUPAVIOTS KL TNG AELITOVEYIKOTNTAS TOL BLBALOL.

o EvkoAn Anpogisvan: Mmoel va dONHOooLevTEL 0€ DIAPOQES TTAATPOQLLES, OTIWG
oto Gitub Pages, ka0wotwvtag to mpooBdoipo péow web browser.

o Ymootnoién Kowdtnrac: Q¢ péog touv owoovotnuatog Jupyter, éxet pia
EVEQYN KOLVOTNTA KAl OLVEXT] AVATITUEDN.

IAeovekTnuata:

o Xvvektikn ITagovoiaon: Evomotel kelpevo, kOdka kat daxdQaotikd otoLyela
oe éva evialo TeQIBAAAOV.

o Ymootnoién ExteAdéoipov Kwdka: Emitoémer otovg xonoteg va ekteAovv

Kwdka péoa 0to BLBALo, evioxvovtag t) dxdoaotikdTnTa.
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IToooaouoyn Aoung: Emitoémel v mQooaguoyn Twv CLVOEOUWV KAl TNG
dopr)c Tov BPALOL Y kKaAvTeEn Ao YnoN.

Avvatéotnta Xonong Emextdoeswv: Mmogeli va emektalel pe meooOeteg

Aettovpylec péow emektaoewv (.. sphinx-inline tabs, thebe).

Iwg ovvéPBalde otnv enitevén TOL GTOXOVL TNG EQYATLAG

o Evomoinon YAwkov: To Jupyter Book pag emétoee va ovykeviowoovpe OAx
T KEPAAQLA, TIC ONUEWDTELS, TOV KWOKX KAl T DXOQAOTIKA OTOLXElx O€ €vax
eviato xkat evkoAa mpooBaotpo BPALo.

o Awxdoaotikr) Mabnon: Méow tov live code run mov Oa e&EnynOel petd. Ot
(POLTNTEC UTIOQOVV Vo aAATNAeTIdQOVV HE T OXOQAOTIKA OTOolXElx, Vv
TQOTIOTIOLOVV TTAQAHETQOVS KAl Var BAETOVY Tt aTOTEAEOUATA O€ TIOAY UATIKO
X00VO péoa amo to PipAlo.

o EuvkoAia Zvvtnonong kat Evnuéowong: Ot evnpepdoels 0To meQLeXOUEVO Kol
OTOV K@OIKA HTTOQOVYV Vat YivovTal eUKOAX KAt va dNHOotebovTat AUeoq.

o Ymootnoién Xuvepyaoiag: H xonon touv Git ywx 1t dwxxelgon Tov
TLEQLEXOMEVOL ETUTQEMEL TN OLVEQYAOIX HETAED TWV EKTMADELTWOV KAL TN
OLVELOPOEA ATtO TOAAATIAOVG XON|OTEG.

o Avvarotnta Enektaoipotnrtag: To Jupyter Book pmogel va emextadel kot va
TIQOOAQUOOTEL Yt HEAAOVTIKEG avAYKeS, OMWS Ywx TNV TEOCONKN VEwv
KeaAalwv 1) OlxdQAOTTIKWV OTOLXElwV.

Lvpméoaopa

H emiAoyn tov Jupyter Book w¢ mAateopuac mapovoiaong Tov teAtkol amoteAETUATOS

AVTATIOKQLVETAL TTAT)OWS OTIS AVAYKEG TG £Qyaoilas. Mag emétoee va dNULOVQYT)OOVLLE

évat OAOKATIOWUEVO, dLdEAOTIKO Kol €UKOAX TIQOOPACIUO EKTIALOEVTIKO VALKO, TIOUL

EVIOXVEL TNV KATAVOTON TWV PNPLAKOV ETUKOLVOVIWV KAL TAQEXEL OTOVG POLTNTES €V

TOAVTIHO eQYaAeio paBnong.
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Evowpdtwon kernel yix extédeon kwdika 0g moaypatiko xoovo

A@ov aloAoynoape tig dixbéoueg emiAoyég, emAéEape va xonopomnowjoovpe to Thebe,

dnuovoywvtag £vav kernel oto Binder.

Thebe
[16]

{Thebe}

Jupyter Anywhere

Iati to emAéEape:

O

Binder

[14]

AtadpaotikdtTnTta péoa ano to Jupyter Book: To Thebe evowpatwvetat

eVKoAa oto Jupyter Book, emitoémovtag T HETATOOT!] TWV OTATIKWV KEALWV
KwOka o€ daxdgaotikd. OL xE1)0TEG HTTOQOVV VAt EKTEAOVV KAl VO TQOTIOTIOLOVY
TOV KWK artevOelag péoa amo TNV L0TooeAdA.

EvkoAia  Evowpdtwong: Amaitel  eAdyloteg  aldayés oto  apxelo

dapodopwone tov Jupyter Book. Me v mpooOnkn ‘use_thebe: true’,
evegyomoleital N Aetrtovgywotnta tov Thebe.

Ynootnotén Python kar BifAoOnkwv: Aeitovpyel pe Jupyter kernels,

vrtootnellovtag mANEws Vv Python kat tic anattovueveg BiPAL0ONKES pag,
omtwg NumPy, SciPy kot Matplotlib.

Euneoia Xonotn: Ot xoroteg dev xoetaletal va eykataotrjoovy meoobeto

AOYLOUKO 1] va UYoLVy amo TNV otooeAida. H aAAnAentidoaon pe tov kwduca
yivetat opaAd kot dpeoa.

@ binder

Iati to emAéEape:

O

Luvdeon pe Thebe: To Binder pmogpel va xonowpomomOei wg backend vy to

Thebe, mapéxovrac tov amapattnto Jupyter kernel ywx tnv extéAeon tov
KWOLKAL.

EvkoAia PVOuong: H dnuovgyia evog meppaArovtog oto Binder yivetal

Héow €vog public Git repository, 6mov kaBopilovpe TIc eExQTOES KAL TIS
BPAL0ONKeC oL xpetklovTaL.

Awopedav Yminoeoia: To mybinder.org mpoo@épet dwoeav hosting, kaOlotwvtag

T0 WAVIKO Y €KTAOEVTIKOUG OKOTOUG KAL ETUTOETIOVTIAG TNV  €LElX
TEOOPRaon XwEIg KOOTOG.
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o Avanagaywytudtnra: Atxo@aAilet 0Tt OAOL oL XO1|0TES EKTEAOVV TOV KWOIIKA
oe éva 0ta0eQ0 Kal eAeyXOUEVO TEQIRAAAOV, aTo@eVyovVTag TEOPANHaTA
ovupatoTTAc.

Iwg ovvéBadav otnv enitevén Tov CTOXOV TNG EQYATILAG

o Awxdoaotikr) Extédeon Kawdika: Me to Thebe, ot @outntég pmogovv va

eKTEAOVV KOO 0& TIOAYHATIKO XOOVO HEoa Ao TIG 0eAideg tov Jupyter Book,
TQOTIOTOLWVTAS TAQAUETOOUS KAL TAXQATIOWVTAS AHECR TIC ETUTITWOELS OTX
ATIOTEAETHATA KAL OTA YOAPT)UATA.

o Evowudtwon ue to Jupyter Book: H Avon Aettovgyet doya pe tn dopr] kat to

TLEQLEXOUEVO TIOL €XOUHE ONUIOVEYNOEL XWEIC TNV avAYKN ONUAVTIKOV
aAAaywv 1) TeooOetwv QUOHITEWV.

o EuvkoAia ITodoBaong: Ot portnrtéc xoetxlovtat povo évav web browser yia va

éxovv mANEN TEOOPRACN OTO VAIKO kol Ot dadQaoTikr) AeLTovQYKoTTAR,
dtevkoAvvVovVTAG TNV €€ amootdoews padnor.

o Avanagaywyiuotnta kat Xvvénewa: To Binder eEaogaAiler ot 6Aot ot
XONOTEG EKTEAOVV TOV KK 0TO (OO0 TTeQPBAAAOV, He TS (dLeg BLBAL0OT)KES KAt
EKOO0ELS, TMAREXOVTAG OVVETT ATIOTEAETUATA.

o Acggadeia: To Binder magéxer éva aopalés meolpdAAov  exktéAeong,
ATIOHOVWVOVTAS TOV KWOKA TwV XONOTWV KAl TEOOTATEVOVIAS TOUG
dlaKOULOTEG aTtO KAKOPOVAEC evEQyeLec.

o Ymootoién Kowdtnrac: H evepyn kowotnta yvow and to Thebe kat to

Binder pacg emétpepe va aflomoujoovpe magadelypata, va €mAVOOLUE
TIEOPBANUATA KAL VA TTROOAQUOCOVHE TN AVOT) 0TI AVAYKES HAG.

Lvpméoaopa

Me v emidoyr) tov Thebe kat ) dnuoveyia evog kernel oto Binder, katagéoape va
evowpatwoovue évav ddpaotikd kernel oto Jupyter Book, emitpémovtac v extéAeon
KWOKAX O TQAYHATIKO XQOVO Héoa amd TG L0TooeAldes pac. Avtr) 1 Avon
AVTATIOKQLVETAL TIATIOWS OTIC AVAYKEG HAG Yx éva €VEAIKTO, TIQOOPACIUO Kol
OLdEAOTIKO EKTIADEVTIKO EQYAAELD, EVIOXVOVTAG TNV EUTIEQI HAONONG TWV POLTNTWV
KAL OLEVKOAVVOVTAG TNV KATAVOTOT TV PN@LAK@OV CUOTNUATWV ETUKOLVWVLDV.
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BipAoOnkes python cvotnuaTwv PreLakng entkotvwviag

1. Numpy
[18]

ﬁ‘fl NumPy

Nati 1o emAélape: AmoteAel T BAoTn Yo €MOTNUOVIKOUS VTTOAOYLOHOUG otnv Python.

IMapéxet amodoTikoUg TOAVDACTATOVG TTVAKES Kal AeITOvQYLeg Tov elval amaQaitnteg
Y v emeeQyaoia oNUATWY.

IAeovekTnuata:
o YYmnAn anodoon oe aplOUNTIKOVS VTTOAOYLOHOVG.
o Evpela xonon kat peyaAn kowotnra.

o EUkoAn evowudtwon pe dAAeg BBAL0ONKeC.

2. SciPy SciPy
o S

FNatt 1o emAéEape: TIgoo@pepel TQEONYHEVES ETUOTNUOVIKEG AgltovQYleg TOL dev

vrtapxovv 0to NumPy, iaitepa otov topéa g emeepyaoiag onUATwy.

IAeovekTnuata:

o TTAovowx cvAAOYT) aAYOQLOHWY KAl AelTovEYLWV.

o Ymo-nakéta OmMwg To scipy.signal  etvail efedkevpéva oty emeepyaoia
ONUATWV.

3. scipy.signal g SciPy
[20]

FNati 1o emAéape: Elvat e€edkevpévo otnv avaAvor kat otny emefeQyaocia onudtwy,

TaQéxeL egyadela yix @iAtoa, petaoxnuatiopovg Fourier kat dAAa.

IAeovekTnuata:

o Evpela ykapa egyadeiwv yia oxedlaon kat avaAvon @ATowv.

o Aettovgyleg yx ) dnuovgyla kat v emefeQyaoia onNUATWY.
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4. commpy
[21]

commpy

Nati 1o emAéEape: Etvar pua BiBAL001Kn oxedlaouévn yix moooopoiwon cuoTnHATWY

ETUKOLVWVLWV, KAAVTITOVTAG dLHHOQPWOELS, KAVAALX KL KwdLKOTIONo.

IAeovekTnuata:

o Elewdwevpéveg Aettovpylec v Yneuakéc duxpoppuoels omws ASK, PSK, FSK,
QAM.

o EopyaAela v tnv mpooopoiwor 00gvPoL kat KAVAALDV ETUKOLVWVIXG.

o EvkoAn xornomn xat kaAr texpunolwon.

5. Math @

[22]

Nati 1o emiAéEape: TTapéxel Paoikéc HaOnUATIKES CLVAQTHOELS TIOL elval amtapaltnTeg

Y v vAomoinon twv aAyoplOuwv.

IAeovekTnuata:
o Evowpatwuévn otn Python, dev antatteltat emimAéov eykataxotaon.

o ATA1 Kat ypr)yoon Y Pacticovg VTTOAOYLOHOVG.

Iwg ovvéBadav otnv enitevén TOv TTOXOV TNG EQYATILAG

1. NumPy xat SciPy: YvvéBaAav otnv amodotikr] emeleQyaoio kat avaAvon Twv
PN@eLaAKOV ONUATWY, ETUTEETOVTAG T ONUIOLEYla kal T duxxelplon peydAwv
dedopévwy pe vPNAT artddoor).

2. scipy.signal: Emtétoee tov oxedlaopo kat v avaAvorn yneuakov @idtowy,
ATIAQALTNTWY Yl TIG EQYAOTNOLAKEG AOKNOELS TIOU AQOQOVV TNV emeeQyaoia
ONUATWV KAL TNV €QAQUOYT PIATOWV.

3. CommPy: Ilapeilxe efeducevpéveg Aettovpyleg v T YneLakés dxOQPWOELS
mov e£etalovtal 0To0 HAONUA, OLEVKOAVVOVTAC TNV TEOCOUOIWOT) CLOTNUATWY
ETUKOLVWVIAG KL TNV avAALOT TN amodoong TouG.

4. math: XonowomnoumOnke vwx Paowkéc paOnuatikés Aertovgyteg mov  dev
amartovoav Tig 1o Pagtég douég dedopévwv tov NumPy, ovpBdArovrag oty
ATIAOTNTA KAL OTNV ATIODOTIKOTITA TOL KWOLKA.
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Lvpmégaopa

YuvoAka, ot BIPBA0ONKES aUTEC OLVEQYAOTNKAY AQUOVIKA Yot VX TIQOOPEQOLV EVal

TIAT)0EG OUVOAO eQYaAeiwv mMOL KAAVPaV OAEG TIC ATIALTIOELS TNG TIEOCOUOIWONG TWV

Ynelakwv ovotnuadtwyv oto mAalolo tov pabruatoc. H emAoyn toug Baociotnke otnv

gvEeiar AmMOdOXN TOVG ATO TNV ETUOTIUOVIKT] KOWVOTNTA, OTNV TAOVOLX TEKUNQLWON TOUG

KAL OTN dLVATOTNTA TOUG VA IKAVOTIOMOOLV TIG OUYKEKQIHEVES AVAYKES TNG £0YATIAC.

Foa@kn avanagaotaon dedopévwv
Matplotlib

[23]

matplitlib

Iati to emAéEape:

O

Evoeia Xonnon kat Qowpotnta: To Matplotlib eivat pia and tic maAaidtepeg
kat o kaOepwpéves BBAoONKes yoapwwv oty Python, pe peyaAn
KOLVOTNTA XONOTWYV KAl TIOOYQXUHUATIOTWV.

IMTAovoieg Avvatotnreg: YmootneiCel pax HeYAAN Mol yoagnuATtwy,

ovurteg A appPavopévoy  twv 2D kat 3D yoapnuatwv,  X0OVIKWV
OLAYQAUHATWV, PACUATWV, DX YQAUMUATWV a0oTeQLoM@V, histograms, stem plots
KA

EvkoAia Xonong: INagéxet i anAn kat katavontr) diemagn (PyPlot), mov

ETUTQETEL TN YOIYOQT] ONULOLQYIX YOXPNUATWY pe oUVTAET TAQOHUOLX HE TO
MATLAB.

AtadpaoTikdTnTA: AV KL ELVAL KUQIWS OXEDLAOUEVO VIt OTATIKA YOAPT|HATA,
uropet va vrtootnetéetl Baokr) duxdoaotikdTNTa KAt animation, Ta omola etvat
ETIAQKT] VLA TIC AVAYKES TOL £QYOU.

Lvppatotnta: Evoopatwvetatr agota pe dAAeg BipAoOnkes dmwg NumPy

kat SciPy, dtevkoAvvovtag v amevOelag amedvion dedoUEVWY aTtd Tivakeg
KL ATIOTEAETUATA VTTOAOYLOHWV.

Texpnoiwon kot ITogot: AwxOétel extevr) tekuneiwon kot pHeyYdAo aglOpod

TAQADELYUATWY, TOL OLEVKOAVVOLV TNV  eKuAOnon kat v  emiAvon
TIEOPBANUATWV.
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IAeovekTnuata:

O

ITopooaguootikotnTa: Emitoémet v mATON MQOCAQHUOYT] TWV YOAPNUATWY,

amd ta Baoka otorxela €wg TIc To AemtopeQelc puOpioeLs.

LtaBegdtnTa: Oc wowun PBAONnkn, etvar otabeon kat afomotn yw
TLOQOLY WY tiKT) XQNOT).

Ynootnotén 2D kat 3D T'oanuaTwy: AVAYKN Yot ATEKOVLIOT) DEDOUEVWYV T&

TOELS DATTATELS, OTIWG ETUPAVELEG KL TIAEYHATA, UTIOQEL Vo KaALQOEL.

Iwg ovvéBalde otnv enitevén TOv GTOXOVL TNG EQYATLAG

O

Ontikonoinon Enudtwv: Xonotpomomonke yix v amekoOvion XQOVIKWV

OLAYQAUUATWV TV ONUATWY, ETUTQETOVIAG OTOUG XQTOTEC Vo dOLV TNV
eEEALEN TOV ONUATOG OTOV XEOVO.

AvaAvon PAouatog: AleVKOALVE TN dNHULOLEYIX YOAPNUATWY QACTUATIKNG

TUKVOTNTAG  oXVOG, Ponbwvtag otV KAtavonon TwV — @AOHXTIKWV
XAXQAKTNOLOTIKWY TWV ONHUATWV.

Atayodupata Agteoiopwv: Emitoémer v amekovion twv ovpPoAwv oe

dtapoppwoels 0Ttws QAM xat PSK, Bonbwvtag otnv avdAvon e anodoong
TWV DAUOQPRTEWV.

Avvatétnta AladagTikoTNTAG: Y& oLVOLAOUO pe AAAES BIPA0ONKeS (OIS

10 ipywidgets), pmopet va vrtootnetéel Pacucr] dDadQAOTTIKOTNTA, ETUTOETOVTAG
OTOUG XQNOTEC VX TQOTIOTIOLOUV TIAQAHETEOVS KAt Vi BAETIOLV TIG aAAayég ota
YOXPNUATA O TIOAYUATIKO XQOVO.

Evowpdtwon oe ITAatgdoues: Mmopet va xonoponom0el oe megipaAAovia

omwg Jupyter Book, pe moAA& Jupyter Notebooks ecwrtegued, drevkoAvvovtag
TNV QoL Kat TNV AAANAeTdOAOT) e TOV KWK KAL TA YOXPTHUATA.

Lvunéoaopa

ZuvoyiCovtag, to Matplotlib kaAvmtel MANEWS TIC avAYKeS TOL €QYOL Y YOXPLKY)

AVATIAAOTAOT] DEDOHEVWYV, TAQEXOVTAG TNV eVEALE (X Kal Tat eQyaAelar TTOL amALTOVVTAL

Yix

TV OTITIKOTIONON  TWV  ATOTEAEOUATWV TWV  TEOCOUOLWOEWY  PNPLaXKwV

ovotnuatwv. H emAoyn tov PBaciotke otnv evgela amodoxn tov, otnv mAovolx

TEKUNQIWON KAl OTN dLVATOTITA VA IKAVOTIOMOEL TIG OUYKEKQLUEVES ATIALTNOELS TOV
HaOMuatoc.
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AladoaoTtikég péBodol eloaywyns maQapETOwWV

1. IPython IPIyl:
[37] 1Python

Iati to emAéEape:

o Evowudtwon upe Jupyter Notebooks: To [Python amoteAel ) Paon yx ta

Jupyter Notebooks, mtagéxovtac éva 1oxved dadQAOTIKO TEQIRAAAOV Yix TNV
extéAeon kwdua Python.

o Avvarotnrteg Awxdoaogtikotnrtag: I[looogépet  evioAés kat  payucég

AgltovQyleg OV dLELKOAVVOLY TNV AVATITUEN DADQAOTIKWYV EQPAQHOYWV.

o Ymootnoién IMAovotov Ilepiexopévov: Emitgénel tnv evowpdtwon mAovotov

ntegtexopévov omwe TML,  Bivteo kat widgets péoa ota notebooks.

IAeovekTnuata:

o EuvkoAia Xonong: Ilagéxet éva @uAikd mog tov xonotn meotpaAAov e

duVATOTNTES AVTOUATNG CLUTIATIOWOTNG KL EUKOATG EKTEAEOTG KWILKA.

o Emektaoiuétnta: Mmogel va emektabel pe T xoron extensions kat Hay kv
EVTOAWV.

o Kowomnta kot Tekunoiwon: AwOéter peydAn kowotta kat mAovoa

tekuneiwon.
o Q
2. ipywidgets Jupyter
[38] ~—

Iati to emAéEape:

o Evowudtwon pe Jupyter Notebooks: Yxedxopévo edka yix xonjon péoa ota

notebooks, emitoémel TNV eVKOAN dnpovEYia ddoaotikwv widgets.

o IMAovowax XuvAAoyry Widgets: TIlagéxer pwx peydAn mowAia  amod

nipokaBoplopéva widgets Omwg sliders, text boxes, dropdown menus, buttons
KA

o EvkoAn Xovdeon pe Kwdwka: Erutoémer wn ovvdeon twv widgets pe

ovvagtoelg Python, wote ot aAAayés oTIc MAQAUETQOVS VA EVNUEQWVOLV
AHECA TAX ATIOTEAEOUATA KAL TAX YOXPNUATA.
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IAeovekTnuata:

O

EvkoAia Xonong: Me anAn} ovvtaén, ot xorjoteg HmoQovv va dNELOLQYjo0UV

dLadQAOTIKEG DleTtaPEC peéTa 0 AlyeC YOAMUMES KWOLKA.

AtadpaotikdotnTa ot IMpayuatikd Xoovo: Ot aAdayég oTig MaQapéTQOUS

AVTIKATOTITOILOVTAL  AHEOR OTA  YOAPNUATX Kal ot amnoteAéouata,
BeATLOVOVTAG TNV KATAVOTOT) TWV EVVOLWV.

Lvupatotnta pe Matplotlib: Mmoopet va xonotpomnomOet oe cuvdOLACTHUO HE TO

Matplotlib yix tnv evnuéowon yoaenuatwy oe moaypatikd xeovo.

Iwg ovvéBadav otnv enitevén TOv CTOXOV TNG EQYATILAG

O

Awadpoaotikn) EneLepoyaoia [Mapapétowv: Me ) xorjon twv ipywidgets, ot

(POLTNTEC UTOQOUV VA TQOTIOTIOLOVV TIAQAMETOOVS TWV ONUATWV KAl TWV
ovotnuaTwy, 0Ttws to Eb/No, to roll-off factor, to emimedo dxpoopwong K.AT.,
KAl va PAETIOUV AHECA TIG EMUMTWOELS OTA ATIOTEAETUATA.

Ontikonoinon Anotedeopndtwyv oe Moayuatikd Xpovo: Tvvdvaloviag ta

widgets pe to Matplotlib, ta yoagrnuata evnuegwvovtatl duvaukd, fonbwvtag
TOUG POLTNTES VA KATAVOT)OOLV BaOUTEQA TN OVUTEQLPOQX TWV CLOTNHATWV
LTTO OLXPOQETIKES OLVOT)KEC.

Evioxvon tng Mafnong: H duvatdtnta aAAnAemidoaong He TG TaQaéTooug

KAL) AUEDT) OTTTIKOTION O TWV ATMOTEAETUATWY EVIOXVOLV TNV KATAVOTOT] KAL
1 A TI)ONOT) TWV YVWOEWV.

EvkoAia Avdantuéng: H amAn odviaén kat 1 dpeon eVOWUATWON HE TO

VTTAQXOV  TEQUPAAAOV  €Qyaolag OLEVKOAVVOUV  TOUG  EKTIAWEVTEG  OTNV
AVATITUEN EKTIALOEVTIKOV VALKOU KL TIQOTOHOLWTEWV.

Lvuvepyatikotnta: Ta Jupyter Notebooks pe evowpatwpéva widgets umogovv

v OLAPORAOTOVV €UKOAQX HETAED TWV QOLTNTWV, ETUTQETIOVTIAG TNV KOLVI)
XOMOT] KAl TN OUVEQYATLKT] HAOnom.

Meiwon Anaitnoswv  Eykataotaong: Aedopévov ottt egyadeia

Aetrtovpyovv péoa ota Jupyter Notebooks, ot oitntéc dev xoewdletatr va
gykataotoovv  mEooleto  Aoywouwo 1 va  guOuicovv  meplmAoka
TteQIBAAAOVTA.
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Lvpmégaopa

H emidoyn twv IPython kat ipywidgets Baoiotnke otnv tkavotntd Toug va maQéXouvv £va
LOXVEO, €VEALKTO KAl €VXONOTO TEQPRAAAOV Y TN dAdQAOTIKY] ELTAYWYN TIAQAXETOWV
KQL TNV QHEOT) OTITIKOTIOMOT TV AmoTteAeopuATwV. Me TNV evowudtwot] Toug oTo 1)on
YVWOoTO TeQPAAAOV twv Jupyter Notebooks, dievkoAvvouv v exmatdevTiky] dadikaoin
KL €VIOXVOLV TNV EVEQYT CULUMETOXN] TWV @OLTNTWV 0T H&AONOoN Twv Pneaxov
OLOTNHATWV ETUKOLVWVIAG.
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Kegpalaro 3

MeOodoAovyia, Lxediaon kat YAomoinon
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3.1

3.2

Elcaywyn

e avto 1o kepalato, apxika mapovoialetar 1 ovvodikn ueBodoloyia mov
axodovOnOnke yia v oAdokAnpwuévn avantvén e diadiktvakne OtwdpacTikne
epapuoyne. Xtn ovvéxela, napatifevtal Ta TUNUATE KOOIKA TIOV EVOWUATOVOVY
Odxdpaotikéc Aettovpyieg, oL omoiec ovviaTovY T1) Bdon yia TNV 0AoKANpwon Tov

épyov.
Me0000g VAOTIOLNOT)G TOV CLVOALKOD £QYOV

H magovoa egyacio meQrypa@el avaAvtikd ta mEWTa OTddwx LAOTOMOoNS g

dladTLaKIG EPAQUOYTNG, 1 oTola avantvuxOnke oe ocvvepyaoia pe TOV A&UTQO

DoayrkovAoTovAo. EdkoTegn, 0o mapov tevXog magatibetal 1 avaAvon twv Prudtwy

19, ta omola amoteAovv to OepéAlo Yx TV avamtuln Tov oLVoAwoL épyou. IN'a

TLEQALTEQW TATQOPOQLEG TXETIKA HE Ta eTOUEVA PrHATA kal TNV eEEALEN TOL €QYOV, O

AVAYVWOTIG TTIARATIEUTIETAL OTNV AVTIOTOLXT OIMAWHaTIKT) eQyaoia [45].

1.

Avalrtnon, doxiur kat TeALKT) EMA0YT) TWV KATAAANAWYV €QYAAELWV YL TNV
0oAokAnQwon Tov project.

Anpovgyia amoBetngiov gto Gitub yia T daxeigion Twv agxeiwv Tov
éoyov.

Kataokevn acikwv tunuatwv kwdika python yoow ano tn Oewola kat Tig
goyaoTtnolakés aoknoelg tov padnuatog «WPnelakés Emkowvwvieg I», pe
Otadpaotikég duvartotntes. (Baon pag o kwdikag matlab tov padnpatog)

Avantuén kat diapog@worn tov Jupyter Book wg egyaieiov magovoiaong kat
EKTEAEDT)G TOV EKTTALOEVTIKOV VALKOD.

Toomomoinon tov agxeiov config.yml yia Tnv evowpatwon Trne emAoyng
binder, emitEémovTag TNV eKTEAEOT] KWILKA 0 MQAYHUATIKO XQOVO HECW EVOG
e&wtepikov kernel.

Anpovgyia TOov agxelov requirements.txt, meQLAapfavoviag OAeg TG
anartovpeveg BLALoOnkeg Python yia tnv eEao@alion tng AetrtovgyitkotnTag
tov kernel péow tov MyBinder.

Extédleon Towv KATtAAANAwv &vtoAwv péow Tov Jupyter Book yia 1n
OnuLovEYiX TWV AQXELWV TNG LOTOTEALDAG.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Xonon touv Gitub Pages yia v avamtvén kat T @uroevia Tng
OLAdIKTVAKTG EPAQUOYT]G.

Extédleon Towv KAtAAANAwv &vioAwv péow Tov Jupyter Book yia n
Onpoacievon tre LotooeAidag oto Gitub Page mov dnulovgynoagpie.

AvadixpBowon g doung tov Jupyter Book péow aAdaywv oto apyelo toc.yml,
wote va evOuypappiCetal pe ™ dAEOEWOT TWV €QYROTNOLAKWY AOKOEWV TOV
naOnuatog «Wneuakéc Emkowvawvieg I».

Meta@oaon Tov TEQPLEXOUEVOD TWV EQYAOTIOLAKWY AOKINOEWV OTA AYYALKA.

Evowudtwon tov petagoacpévov meglexopévov ota Jupyter Notebooks mov
Onuovoynonkav. Eva yux kabe doknon.

Evtomiopdg twv onuelwv mov anattovv dxdQAoTIKOTITA KAl EVOWHATWOT] A0
TOV LTTAQXOVTA KWOLKA, 1) KAl €K VEOL OXeDAOHUOG, AVTIOTOLXWV AELTOVQYLWV.

Metatgomr) tov vmaexovtog PBonodntukov kwdka amdo MATLAB oe Python, pe
XoNon Twv PBPAONKOV PNELaKNG eMKOWVWVIAS KAL YOXPLKTG ATEKOVIOTG
dedopévwv. (Me tn Bondeta Twv KOPHATIOV kdka amo To Bripa 3)

[ToooOnKnN dLxdpaoTIKWY AglToLEY LWV 0TOV Kwdka Python péow twv katdAANAwv
BPAL0ONKwWV. (Me tn onfeix Twv KOHUATIWOV KOduka amo To Bripa 3)

Avavéwon tov apxelov requirements.txt, wote va meQAapPaver TG TeAKE
BPAL0ONKec python mov xonotpomowm)Onkav.

ExtéAeon twv katdAANAwV evtoAwv péow tov Jupyter Book yia tn) dnpovoyia twv
apxelwv ™G lotooeAldac.

ExtéAeon twv katdAANAwV evtoAwv péow tov Jupyter Book yia tn dnpootevon g
totooeAdac oto Gitub Page  mov dnuovgynoagie.
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3.3 YAomoinon dtadQaoTikwV OTOLXELWV

3.3.1 Wngakn Enefegyaocia Efuatog atig TnAemkovwvieg

3.3.1.1 Anpiovgyia & Ontikomnoinon onudtwyv

[Mapgaywyr onUATwV daKELToL XEOVOL Yl TNV TIEOCOUOIWOT) CLOTNHATWY PNPLAXKOV
ETUKOLVWVIWV Kol ONUIOVEYIX YOAPNUATWV YIX VA ATEKOVIOTOUV TA XQOVIKA KAl
PAOUATUC DA YQAUUATA TWV OTUATWV.

KddLkag¢ — Chapter 1 - Signal Creation & Visualization

Sinusoidal Signal in Time Domain
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Xxnua 1: Anuovpyia & Ontikonoinon onuatwy
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3.3.1.2 IIpooOnkn Oopvpov

Avvatotnta mpoodnkng BogvBov oTo oTua Yix TaQakoAovON O TV EMOQATEWV TOV

OTNV aAmodOOT] TNG ETMUKOLVWVIAG.

KddLxag — Chapter 1 - Add noise

Sinusoidal Signal in Time Domain

Amplitude
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Xxnua 2: I1pocOnkn Oopovpov
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3.3.1.3 AwaxdoaocTtikr gUOION peTAPANTWV OpHATOG

Me 1 xonon duxdoaotikwv eQyaAelwyv, oL XONOTEG HMOQOUV VA TQOTIOTIOOVV TIG
TIAQAETEOVG TOV OTHATOS OTWS €lval TO MAATOG, 1) CLXVOTNTA KAl 1] DIXQKELX, KAL V&
TIAQATNQOVV O& TRAYHATIKO XQOVO TIG dAAayEC.

Kdd1xag¢ — Chapter 1 - Interactive Signal

Amplitude 1.00
Frequency {... 1.00
Phase (rad) 0.00

Time Durati... 1.00

Signal in Time Domain

1.00 — Signal (A=1.00, f=1.00, $=0.00)

0.75 1

0.50 4

0.25 7

0.00 1

Amplitude

—0.25

—0.50 A

—0.75

—1.00

0.0 0.2 0.4 0.6 0.8 1.0
Time (=)

Xxnua 3: Aiedpaotikn pvOLon pueTapAnT@v onuaTos

54



3.3.1.4 AvaAvon ®Paocpatog

[Mapaderypa: Anuovgyia yoa@nuUATWV @AOUATIKNG AVAALONG ONHATOG HE TQELS
OLXVOTNTEG.

Kddi1xoag — Chapter 1 - Spectrum Analysis
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Xxnua 4: AvaAdvon Gaocpatoc
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3.3.1.5 Amewxovion Pirtgov (Filter Visualization)

Avvatotnta emAoyng  da@oQeTkaV  TOMWV  Kat TA&ng @ATowV KAl  OTTIKN

AVATIAQAOTAOT] TNG ATIOKQLOT|G TOUG HE HoO@T] pHioxwVv (stem plot).

Kdd1xag¢ — Chapter 1 - Filter Visualization

Filter: | h32 w

Stem plot of selected filter
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Xxnua 5: Artetxovion @iAtpov (Filter Visualization)
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3.3.1.6 AvaAvon Lvxvottwv PirAtowv (Filter Frequency Response)

AlxdQaAOTIKT) ATIEKOVLIOT] TNG PACHUATIKIG ATOKQLOTC QIATOWYV VI DIAPOQETIKT) TAEN KAl
dlaxoEeTIKA TapdBuoa.

KddLkag¢ — Chapter 1 - Filter Frequency Response

h3z
h&4
hi2g
h140

h256

Window Type: | Rectangular v

Frequency Response with Rectangular Window
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Frequency (Hz)

Xxnua 6: Avadvon Xvxvotntawv @idtpwv (Filter Frequency Response)
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3.3.1.7 AvaAvon @irtowv Equiripple

Avvatotnta emtidoyr|g equiripple @iAtowv Parks-McClellan duxgopetikniic ta&ng (prxkovg
KQOVOTIKNG ATOKQLONG) KAl OVYKQLOT] TNG PACHUATIKTG TOUS ATTOKQLOTG.

KddLxag — Chapter 1 - Equiripple Filter Frequency Response

Select Equiripple Filter Length:
Equiripple Filter 32+1
Equiripplz Filter 64+1
Equiripplz Filter 128+1
Equiripple Filter 140+1

Frequency Response

1074 1 \ ”
A
. — Equ?r?pple Filter 32+1
T e

T T T T
0 1000 2000 3000 4000
Frequency (Hz)

Xxnua 7: Avadven @idtpwv Equiripple
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3.3.1.8 Egaguoyn BaBvmegatov @iAtoov (Low Pass Filter Application)

Epaopoyn Pabvmepatwv @IATOWV Kol aTetkovIioT] TG QAOUATIKNG TTUKVOTTAG TOU
PU\TQAQLOUEVOL OT)UATOG.

Kddi1xog — Chapter 1 - Low Pass Filter Application

Spectral density of filtered signal with Ipass32

Magnitude (dB)

0 500 1000 1500 2000 2500 3000 3500 4000
Frequency (Hz)

Xxnua 8: Epapuoyn BaOvmepatov @idtpov (Low Pass Filter Application)
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3.3.1.9 ®dDacpatikn [Mvkvotnta Ioxvog (Power Spectral Density)

Awxdpaotikr) ovykelon @iAtowv equiripple kot avaAvon g ACUATIKIG TUKVOTNTAS
LOXVOG TWV PATQAQLOUEVWY OTHATWV.

Kddi1xag — Chapter 1 - Power Spectral Density

Equiripple Filter 32+1 Q3
Equiripple Filter 32+1 Q4
Equiripple Filter 84+1 Q3
Equiripple Filter 64+1 Q4
Equiripple Filter 128+1 Q3
Equiripple Filter 128+1 Q4
Equiripple Filter 140+1 Q3
Equiripple Filter 140+1 Q4

Power Spectral Density
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_ - Equiripple Filter 32+1 Q4
;’1‘ 1071 Equiripple Filter 64+1 Q3
g Equiripple Filter 64+1 Q4
~ 10708+ — Equiripple Filter 128+1 Q3
E b —— Equiripple Filter 128+1 Q4
2 ap- Equiripple Filter 140+1 Q3
Z 1071 |——— q
QE: Equiripple Filter 140+1 Q4
=
o
5 10-14 A _-__-/

10-17

0 1000 2000 3000 4000
Frequency (Hz)

Zxnua 9: aouatikn IMukvotnta Ioxvoc (Power Spectral Density)
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3.3.1.10 AvaAvon Amodxkgiong Zwvomnegatwv PiAtowv

Epaopoyn Cwvomepatav @ATQwV Kol OTTIKY] ATEWKOVION TOOO TNG AmoOKQLONG
oLXVOTNTAC AVTWV, OO0 KAL TNG PACHUATIKTG TTUKVOTNTAS TOV QIATOAQLOUEVOL OT|UATOG.

Kddi1xoag — Chapter 1 - AvéAuon Andkpiong Bandpass ®iAtpwev
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151
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Xxnua 10: AvaAvon Arokpionc Zovomepatwyv PIATpawy
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3.3.1.11 Egaguoyn Cwvomnepatov Pidtgov Parks-McClellan

Lxedaopog Cwvomepatov @iAtgov pe 1 péOodo Parks-McClellan yuix emitevén
ovykekQLuévng eEacBéviong ota stop bands.

Kddi1xag — Chapter 1 - Egappoyfy Parks-McClellan $i{Atpou

Impulse Response Frequency Response (Equiripple) Power Spectrum (Welch)
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Xxnua 11: Epapuoyn Covorepatov Didtpov Parks-McClellan

3.3.1.12 Egaguoyn @irtoov pe dvo Cwveg diéAevong

Lxedlaopog kat vAomoinon @idtoov pe dVo Cwveg OLEAgLONG, HE ATEKOVION TNG
PAOUATIKNG TOL aTtokELonG. O o edXT OGS TOL PIATOOL Ay paTtoTtomOnie pe t péBodo
FIR firwin2 (frequency-sampling) kat mapdOvoo amming, t&éng 350, yix Fs= 8192 z.

Kddi1xag — Chapter 1 - E¢goappoyfy #iAtpou pe 2 passbands

Frequency Response

0 i —— Bandpass Filter with firwin2
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Xxnua 12: Epapuoyn @idtpov pe dvo Caves dtéAevong
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3.3.2 BéAtiotn Yngaxr avayvwgron — IlIgooappoopéva @iltoa

3.3.21 Anuovgyia tvxaiwv ovpuforwyv dapdgpwons ASK

Anuovpyia tuxaiwv ovpuBoAwv L-ASK (L=2¥) antdotaonc d kat tagovoiaot tov oxetikov

LOTOYQAUHATOG.

Kddixoag — Chapter 3 - Anpiovupyia tuxaiev onpatev

Histogram of array x elements

5000

4000 A

3000 A

Frequency

2000

1000 A

-3.5 -2.5 -15 -0.5 0.5 15 2.5 3.5
Integers

Xxnua 13: Anuovpyia tvxaiwv cvuporwv dtaudppwons ASK
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3.3.2.2 IIpooOnkn Oopvpov

Enidoaon tov OogvPov oto ofua pe T VO tov Adyov Eb/No péow evég
dlxdpaotikov slider kot Tov LTTOAOYIOUO TOV LOTOYQAUUATOS YL DLAPOQES TLHEG.

Kdd i1 xag — Chapter 3 - E¢gappoyfy 6opUpou

k:|3 |

d:|5 |

Eb/MO (dB): 12.00

Histogram of the Noisy Signal

6001 === Eb/NO = 12.0 dB

500 A

400 A

Frequency
)
=}
1=}

200 A

100 4

=2.5 2.5
Integers

Xxnua 14: IlpoaOnkn Oopvpov
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3.3.23 Omnmkomnoinon ASK Bit Error Rate (BER)

H odwdoaotkr) dvvatotnta ovykoong owxpoopwoewv L-ASK pe emidoyés vy
etk kat Oewontikr) T tov BER. Ot xproteg pmogovv va emiAéEovy petalvd
draopetikwv ASK duxpoopaoewv kat matched filter pe avtiotooer) 1 6xL yix va
ovyKQLvOvTaL amoteAéopata.

KddLkag¢ — Chapter 3 - ASK Bit Error Rate (BER) Visualization

Samples per Symbol: ‘ 16 w

4-ASK
8-ASK

16-ASK

Theoretical and Experimental BER of ASK Modulations [nsamp=16]

102 A

1079 1

BER

10-11 4

10714 1

Experimental 4-ASK
Theoretical 4-ASK
Experimental 8-ASK
Theoretical 8-ASK
Experimental 16-ASK
Theoretical 16-ASK

10717

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Eb/NO (dB)

Xxnua 15: Ontixonoinon ASK Bit Error Rate (BER)
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3.3.24 AvdAvon pe @idtoa

Atvetal 1 OLVATOTITA OTITIKOTIOMOT)G TNG KQOVOTIKNG ATOKQLONG PIATOWV 0000 YWVIKWV
) ULTOVOEWWV HE DAPORETIKO UNKOS (NSamp) WOTE Vo LTTOQEL KATIOLOG VA TIQATNQT|O €L
TNV ACVUUETOIA TOV PIATEOL ¢ XAHNAES nsamp TIHEG.

Kddi1xag — Chapter 3 - AvdAuon pe ¢iAtpa

Amplitude

amplitude

nsamp: ‘ 8 ~ ‘
Orthogonal Sinusoidal
0354 = . . . . . . .
0.4
0.30
0.25 024
2
0.20 -]
£ 004
=5
0.15 £
0.10 —0.2
0.05
—-0.4
0.00 4
0 1 2 3 4 5 6 7 O 1 2 3 4 5 6 7
Index Index
Matched QOrthogonal Matched Sinusoidal
0354 * . . . . . . .
0.4+
0.30
0.25 0.2 4
&
0.20 E
E‘ 0.0 4
0.15 E
0.10 4 —0.2
0.05 04
0,00
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Index Index

Xxnua 16: Avadvon ue idtpa
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3.3.3 Paocpatika xagaktnototika — Pidtoa Nyquist

3.3.3.1

PuOulopeveg mapapetoot

Ewoaywyn dudoaotiko toToU QUOMIONG unkovg Ynerooewpds (bit stream), kat
ntagapéTewv tov Nyquist @iAtoov dmwe etvat o ovvteAeomg roll-off, ta delypata ava
oVpPBoAo (nsamp), to group delay, mov kaBopiCovv Vv T&énN TOL PIATEOUL.

Kdd1xag — Chapter 4 - Pubpi{dépeveg mapdpetpol

Bitstream Le...
Roll-off Fact...
nsamp

Group Delay

Filter Order: | 200
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Xxnue 17: PoOuilouevec mapa et pot
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3.3.3.2 KapmvAes BER

Me duvatotta emtiAoyng g ta&ng dapoepwong L-ASK, eppavions twv Oewontikav
KQL TEEQAUATIKOV KAUTVAQV o€ oxéor pe to Eb/No kat ovykolon petald kwdikomoinong

Gray xat aAANgG.

Kddi1xoag — Chapter 4 - BER kapmUAeg

Bitstreamn Length 80000
Roll-off Factor 0.70
nsamp 16
Group Delay 4
ASK Levels | 16 ~
BER Curve for L-ASK
—— Theoretical

1014

Bit Error Rate

10-% 1

L]
*

Gray
Natural

2.5

5.0 7.5 10.0 12.5
Eb/NO (dB)

Zxnua 18: KaunvAec BER
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3.3.4 Wnolakn Atapogpworn QAM kat PSK

3.3.41 IXnpatikoi aotegiopoi QAM kat PSK

Awxdoaotika dxypappata aoteQlopwyv Yir M-QAM kot M-PSK. Ot xprjoteg umogovv va
eTUAEEOLV TO €TTIEDO DLAUOQPWOTS KAl V& dOLV TIS avTiotolxes Oéoelc twv ouuPOAwY
OTOV AOTEQLOMO.

Kddi1xoag — Chapter 5 - QAM Constellation

oo

L~2-QAM:

W

L2-QAM Constellation (L = B = 64-QAM)

Quadrature

(=]
i

-8

-8 B -4 i 0 2 4 6 8
In-phase

Xxnua 19: Aotepropoc QAM
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Kddi1xag — Chapter 5 - PSK Constellation

Quadrature

M-PSK: | 16 W

16-PSK Constellation

0.75

0.50

0.25
o [19] o [odoo]

0.00

-0.25

-0.50
o [1011] o foona]

-0.75
o [11] o [oana]

-1.00 ’—-—4'—_

-1.00 -0.75 —-0.50 —0.25 0.00 0.25 0.50 0.75 1.00
In-Phase

Xxnua 20: Aoteprouoc PSK
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3.342 QAM xat PSK KaunvAes BER

Anuovgyta yoagpnuatwv yix tig kaumvdeg BER téoo yia QAM o6oo xkat yux PSK
dLAHOQPOELS, OTIOV OL XONOTEG UTTOQOVV Vot CUYKQIVOLV T OewonTuKr] Kol TTELQXHLATLKT)
KAUTUAN kat va guOutoovv magapétoovg omws to roll-off tov @idtpov Nyquist, Tig
ovxvotnteg f1 kat 2 tov Cwvomepatov diavAov, kat Tov eTtlOLUNTO QLOUO HETADOOTC YIX
NV avaAvoTn g mlavoTnTag oQAApATOG.

Kdd1xag¢ — Chapter 5 - QAM BER

QAM Type: 16-0AM v
Roll-off: | 028
F1: (MHZ) 6.75 |
F2: (Vi) | 9.25 =
Br: (Mbps) jl-10
BER curve for 16-QAM
— Theoretical
1071 —% ® Simulation

102 -

._.
o
&

Bit Error Probability

[

[=]
A
!

1072 1

2 4 lli é 1IC| 1I2 1I4
Eb/NO(db)

Xxnua 21: QAM BER
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Kdd Lkag — Chapter 5 - PSK BER

Bit Error Probability
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BER curve for 4-PSK
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Zxnua 22: PSK BER
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3.343 Awxdoaoctikn Pacpatikn [Mvkvornta Ioxvog

Avvatomta  OMTIKOTIOMOTNG TG QACUATIKNAG TIUKVOTNTAG LOXVOS VI Olk@poQeg
drapoppwoeic QAM kat ovxvomtwv f1 kat 2 tov Cwvomegatov dixvAov.

Kddi1xoag — Chapter 5 - Awadpaoctikrfy dacpatikfy Iurkvétnta Ioxlog

QAM Type: | 16 v|

f1: | 675 |

2 | 9.25 |

Welch Power Spectral Density Estimate

]

—30 4

—40

—60

Power Spectral Density (V™ 2/Hz)

—70

—90 A

(1] 2 4 6 ] 10 12 14
Frequency (Hz)

Xxnua 23: Awvdpaotikn Qaouatikn [Tvkvotnta Ioyvoc

73



3.3.44 Awxdoaotikog YmoAoyiopds Iagapétowv

Avvatomta VTOAOYLOHOV VEOLU QUOHOU HETADOONG KAL AVTIOTOLXNG TOOOOTIALNG
petaBoArg, petaPaAAdovrag eite v Td&n e dAPORPWOT|S eite Tov ovvteAeot roll-off
OV QPIATEOUL.

Kddi1xag — Chapter 5 - AiLadpactikdg Ymodoyilopdg Noapapétpav

R (Mbpsk | 8

M: | 16

L1

o (roll-offy: | 0.125

-
= T

=]
't
[As]
o
U
11}

Maximum Achievable Rate (R'
1

}
Percentage Increase = 11.11%

Xxnua 24: Aiwdpaotikoc Yrodoyiouoc Hapauétpwv

74



3.3.5 Wnguakn Atapopgworn FSK kat MSK

3.3.5.1 AQOpog opaipatwv yia Eb/No

F'odpnua oto omoio o xpnrotg ouvOuiCet éva evgog tov Eb/No, kat otn ovvéxew
gu@aviCeTal 1) KapmOATN Tov ametkoviCet Tov agldud Twv opaApaTwy o oX€on HE TO
Eb/No yia cvotrjuata FSK.

Kodxag¢ — Chapter 6 - ApLOpdc opadpdtwv yLa Eb/No

EbMo (dB): 0-20
Number of Errors vs. Eb/No
350 1
300 1
250 1
4
e
2004
[=]
]
E
S 150
=
100 1
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0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Eb/No (dB)

Xxnua 25: AptOuoc opaAuatwy yia Eb/No

75



3.3.5.2 FSK Bit Error Rate

Awxdpaotikr) ovykeon twv kapdmuAwv BER yix coherent kat non coherent cvotpata
FSK. Ot xp1oteg Hmmogovv va douV TIg KAUTIVAES TTOL AVTLITTIEOCWTEVOLV T1 BewEnTikn Kat
TLELQAUATIKT] ATtOO00T).

Koddixag — Chapter 6 - FSK Bit Error Rate

M-FSK: | 4-FSK w
BER vs. Eb/No for 4-FSK Systems
® Simulated Coherent 4-FSK
1071 1 B Simulated Non-Coherent 4-FSK
= Theoretical Coherent 4-FSK
—— Theoretical Non-Coherent 4-FSK
107 1
x
W 1075 4
2
!
x
g 107
w
. —
©
107% |
10-11 E

Eb/No (dB)

Xxnua 26: FSK Bit Error Rate
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3.3.5.3 AvaAvon Pacpatog coherent kat non coherent FSK

AxdaoTikd Yoa@nUa avaALOTC TNG PATUATIKIG TTUKVOTITAG LoXVOS TO00 Yia coherent
000 kat yYix non coherent FSK cvotrjpata, 6mov ot xor)oteg HTToQovV Vi TROOXQUOCOUV
TIG TAQAMETQOVS OTIWGS TOV aQLOUO ovuPOAwv kat to Eb/No.

KddLkxa¢ — Chapter 6 - Analysis coherent kalL non coherent FSK

M-FSK | 4 w
Msymb 10000
EbNo g

FSK Coherent

101 E

lu—l E

10:‘.

Power Spectral Density [dB/Hz)

1077 §

0 2 4 B 8 10 12 14
Frequency (Hz)
Non Coherent F5K

102 4
100
10-2 1

1074

|

Power Spectral Density [dB/Hz)

a 2 4 B B 10 12 14
Frequency (Hz)

Xxnua 27: AvaAvon Oaopatoc coherent kat non coherent FSK
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3.3.5.4 MSK Bit Error Rate

AlxdoaoTikd YoAPnHUAa yiax oUyKkoLon HetalV twv kapmuAwv BER pe kat xwols precoding
vx ) dxpoppworn MSK. Ot xprjoteg Hmoeovv va douv Tig OewENTIKEG KL TTELQAUATIKES
KAUTIUAEG, OUYKQIVOVTAGC TIS eTIOOOELS Y dlaoeTikég Tipég Eb/No.

Kdd1xag — Chapter 6 - MSK Bit Error Rate

BER vs En/Np for MSK Modulation

® Simulated BER(without precoding)
10-1 4 ® Simulated BER (with precoding)
é —— Theoretical BER {without precoding)
— Theoretical BER {(with precoding)
T
w
@ 1072+
a
o
o
S
=
b
@
10~ 4
0 1 2 3 4 5 6 7 8

EpfNg (dB)

Xxnua 28: MSK Bit Error Rate
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3.4 Custom JavaScript

Katd v extéAdeon twv magamavw KOHUATIOV Kwdwa ot oeAldec tov Jupyter Book,
ntagatnENONKe OtL 1 TEOPBOAN Tov Python kwdka dev Mtav ertlBuuntr) yx ) BEATIOT
eumepia xorjotn. Ipoxepevouv va PBeAtiwOel N aAAnAentidoaon, emtiAéxOnke 1 TEOBOAT
HOVO TWV AaTOTEAEOUATWV Kal Twv dwdoaotikwv widgets. T'ia tov okomo avto,
avamtoxOnke kal evowpatOnke KwdKag otov @axeAo  /test-book/_static’, wote katd
TNV EKTEAEOT OTIS LOTOOEALDES, VA ATIOKQUTITETAL TO KEIHEVO TOV KWK ATIO TOV XQT)0TH)
[46]. Me autOv TOV TOOTO, £MITUYXAVETAL ULl TIO KaOaQr] Kl AHECT) TAQOLOIAOT) TWV
ATIOTEAETUATWY, XWOIC TEQLTTEG TTANQOPOQLEC.

Kdd1kag¢ — Custom JavaScript
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3.5

Odnyieg yix ta prjpata 5-9

AemtopeQeic odnyleg v kdBe Pripa pmogovv va feeBovv oto mapdotnua. ' yoryyoon

TLEQUYTOT] UTTOQELTE VA TTATIOETE TOVG MAQAKATW OLVOEOUOVG:

@)

Toomomoinon tov agyeiov config.yml yix v evowudtwon g emiAoyr)c binder,
ETUTQETOVTAG TNV EKTEAEOT] KWOLKA O& TIOAYHATIKO XQOVO HECW €VOG EEWTEQLKOV
kernel.

Odnyieg¢ - BApa 5

Anuovoylar  tov  apxelov  requirements.txt, TeQAapPavovtag  OAec  TIC
aTotovpeveg PiPAoOrec Python yiax v eEaopdAion tng AettovQykodTnTag Tov
kernel péow tov MyBinder.

Odnyieg¢ - BApa 6

ExtéAeon twv katdAANAwV evtoAwv péow tov Jupyter Book yia tn) dnpovoyia twv
apxelwv ™G ltooeAdac.

Odnyieg - BApa 7

Xorjon tov Gitub Pages yia v avamtuln kat @uAofevia NG dAdIKTLAKTIS
EQPAQHOYNG.

Odnyieg¢ - BAipa 8

ExtéAeon twv katdAANAwV evtoAwv péow tov Jupyter Book yia tn dnuooievon g
totooeAdag oto Gitub  Page mov dnuovoynoapie.

Odnyieg¢ - BApa 9
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Kepaiaro 4

LOvoym, OUUTEQAOUATA KAL LEAAOVTIKEG
EMEKTAOTELG
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4.1

Elcaywyn

270 mapov kepadato cvvopilovtal Ta ONUAVTIKOTEPA EVPNUATA KAl CVUTIEPAOUATH
TIOV TIPOEKVY AV aTto TNV VAOTI0INON Kat a&loAoynon Twv eQaproy@V TPOoTOUOLWONG
ov  mpayuatonomOnkav. Apxika, mapovoldloviar CUVOTTIKA OL OTOXOL T1G
epyaociac kat o pacika otadia tne uebododoyikne mpooéyyionec. Ltn ovvéxela,
nipoteivovTal mOavéC eMEKTAOELS TNG TIAPOVOAS EPYATLAC VIX TIEPALTEPW EPEVV
kar  avantvén. EmunmpooOeta, avaAvoviar ovykpLTIKE  TA  TIPOCOUOLWUEVE
amoteAéopata pe ta avtiotolxa OewpnTikd avapevoueva, e EUPAon OTIC
amokAioelc Kar oTovs xpovovs extédeonc. TéAoc, ovlnrovvtar ot Pactkéc
TIPokAnoelc Kar OvoKOAlEC TOV QVTIUETWTIOTNKAY KATA TNV QVATTTUEN TV
TIPooOOLWoEWY, kabwc kat 1 emtidpact] TOvG oTNV akpifela Kat oTtny anodoorn Twv
teAdikwv anotedeouatwy.

82



4.2 Xroxot tng Egyaoiag

Ot otdx0L NS MaEovoag eQYATIAG ETKEVTQWON KAV otV avalr)tnor), otnv a&loAdynon,
OTNV €MAOYT KalL Ot XONon KatdAAnAwv epyaAeiwv mov Oa vmootneléovv
OnuovEYlar HIaG ddEAOTIKTG  LOTOOEADAS YXx TNV TEOOOUOIWOT] CLOTNUATWYV
Ynelakwv emuovoviwv. H mAateogpa avtr) otoxedel va TQOOEQEQEL OTOVG (POLTNTEG T
duvatdmTa va €£€QELVOVV KL VA KATAVOOUV KAAUTEQX TIC aQXES TwV Pn@Laxav
ETUKOLVWVLIWV, HETA ATIO TIOAKTIKEG EQPAQUOYES KAL TTELQAUATIOUO.

‘Evag Pacwkoc otOXog TNe €0yaoiag NTtav va €VIOTUOTOVV &QYaAela Tov
TIEOOPEQOLV ETIAOKT] DADQAOTIKOTNTA KAL €VKOAIX XQT)OTNG, dAXTNOWVTAS TTAQAAANAn
MV eVeALEla OV ATALTEITAL YIX TNV TIQOOOUOLWON KAl avAALOT] CLOTNUATWV O€
noaypateo xoovo. H épevva emucevtowOnke oe egyadelar avolktoL kwdika, Tar OTtola
ETUTQETOVY TNV EVOWHATWOT] OLXOQAOTIKWYV OTOLXEIWV 0€ EKTIADEV T TtEQIBAAAOVTA.

H yAwooa mpoypapuatiopov Python, Adyw tng evpelag xQ1ong g oTIg EMOTIUES TWV
OedOUEVWVY Kal NG avAaAvong, amoTtéAeoe KEVTIQKO &QyaAelo otnv vAomoinon twv
otoxwv avtwv. TéAog, amagaitnto otoixeio amotéAeoe 1 evowudtworn kernel otnv
totooeAda Y T Cwvtavn ektéAeon tov kwdwka Python amevOeing otov puAAopetont),
eEao@aAilovtag, Tl Yot TOUG XOT|0TES, évav eUKOAO KAt AeTO TQOTIO aAANAemtidoaong
HE TIG TTQOOOUOLWOTELS O€ TIOAYUATIKO XQOVO.
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4.3

ITeQiAnYn xkOoLwV Brjuatwy kot pe@odoAoyiag

H magovoa egyacio meQrypa@el avaAvtikd ta mEWTa OTddwx LAOTOMOoNG g

dladKTLAKIG EPAQUOYTG, T oTola avantvuxOnke oe ocvvepyaoia pe TOV A&UTQO

DoayrkovAoTovAo. EdkoTegn, 0o mapov tevXog magatibetal 1 avaAvon twv Prudtwy

1-9 kat , Ta ool amoteAovV 0 OeéALo Yia TV avAanTvEn Tov cLVOALKOU éQyov. T'a

TEEQALTEQW TATIQOQPOQLEG TXETIKA pe Ta emOpeva Pripata kot TNy e£EALEN TOL €0YOUL, O

AVOYVWOTIG TIAQATIEUTIETAL 0TIV avTioTolxXn e0yaoia tov Adumnoov PoayovAdmovAov

[45].

1.

10.

11.

Avalrtnon, doxiur kat TeALKT) EMA0YT) TWV KATAAANAWYV €QYAAELWV YL TNV
oAokANnQwon Tov project.

Anpovgyia anoBetngiov gto Gitub yix tn daxeigion Twv agxeiwv Tov
éoyov.

Kataokevn faoikwv koppatiwv kwdika python yoow and tn Oewgla kat tig
goyaoTtnolakés aoknoels tov pabnuatog «WPneuakéc Emkowwvies I», pe
Otadpaotikég duvartotntes. (Baon pag o kwdikag matlab tov padnpatog)

Avantuén kat diapog@worn tov Jupyter Book wg egyaleiov magovoiaong kat
EKTEAEDT)G TOV EKTTALOEVTIKOV VALKOD.

Toomomoinon tov agxeiov config.yml yix Tnv evowpdtwon tng emAoyng
binder, emitoémovTag TNV eKTEAEOT] KWILKA 0& MOAYUATIKO XQOVO HECW €VOG
eEwregkov kernel.

Anpovgyia Tov apxelov requirements.txt, megLAapPavoviag OAeg  TIg
amnartovpeveg BLAL0ONKkeg Python yia tnv eEao@alion tng AetrtovgytkotnTag
tov kernel péow tov MyBinder.

Extédleon Ttowv KATAAANAwV &vioAwv pédw Tov Jupyter Book vyia 1n
OnuLovEYLX TWV AQXELWV TNG LOTOTEALDAG.

Xonon tov Gitub Pages yia tnv avantvén kat @idofevia tng dadikTvakrg
gpaguoYne.

Extédleon Twv KATAAANAwV &vioAwv pédw Tovu Jupyter Book vyia 1n
Onpoaievon tre LotooeAidag oto Gitub Page mov dnuiovgynoapie.

Avadixpbpowon g doung tov Jupyter Book péow aAdaywv oto agyeio toc.yml,
wote va evOvyoappiCetal pe ™ dAEOEWOT TWV €QYAOTNOXKWY QXOKNTEWV TOL
naOnuatog «Wneuakéc Emukowvawvieg I».

Meta@oaon Tov TEQPLEXOUEVOD TWV EQYAOTIOLAKWY AOKINOEWV OTA AYYALKA.
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12.

13.

14.

15.

16.

17.

18.

Evowudtwon tov petagoacpévov meglexopévov ota Jupyter Notebooks mov
Onuovoynonkav. Eva yux kabe doknon.

Evtomiopog twv onuelwv mov anattovy dxdeaotikotnTa Kol eVOWUATWOT) atd
TOV VTTAQXOVTA KWOLKAQ, 1) KAl €K VEOL OXeDAOHUOG, AVTIOTOLXWV AELTOVQYLWV.

Metatomr) tov vTdexovtog Bonontuov kwdka amo MATLAB oe Python, pe
Xonon Twv PPAONKOV PNELaKNS eTKOLVWVIAS KAL YOXPLKIG ATEWOVIONG
dedopévwv. (Me tn Bon0eta Twv KOHHATIOV kdka amo To Bripa 3)

[ToooOrKn dlxdoaoTIKWV AgtTtovEYLwV 0ToV kwdika Python péow twv katdAANAwv
BPALONKwWV. (Me tn Bonfeix Twv KOHUATIWOV KOduKa amo To Bripa 3)

Avavéwon tov apxelov requirements.txt, wote va meQAapPaver TG TeAukE
BPAL0ONKec python mov xonotpomowm)Onkavy.

ExtéAeon twv katdAANAwV evtoAwv péow tov Jupyter Book yia t dnuoveyia twv
apxelwv ™G lotooeAldac.

ExtéAeon twv katdAANAwV evToA@v péow tou Jupyter Book yix tn dnuooievon g
totooeAdac oto Gitub  Page mov dnuovgynoagie.
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4.4

4.4.1

MeAAdovtikég Emexktaoelg

Enéktaon oe Egyaotnolakéc Aokroeig

Me Baon ta magamavw KOPHATIA Kwduka, 0To tevX0¢ [Eoyaoia Aaumoov] mepryodgetatl

s vAomomOnke N évtaln Twv €QyYATTNOAKWY aokNoewVv oto Jupyter Book yia v

eTUTELEN NG TEALKTG DLADIKTLAKTG EQPAQUOYTG.

4.4.2

Eloaywyn véwv egyaleiwv

Me Bdaomn ta epyaAeior TOL XQENOLUOTIOW]OAE OTO project, UTTOQOVE V& eEETAOOVUE TIG

AKOAOLOEG ETTEKTATELS KL TTQOOOTIKEG OTO HEAAOV:

1.

10.

11.

Plotly 11 Bokeh: Evowpdtwon meonypévwy dadQaoTikwV YOAPNHATWV YiX
KAAVTEQN OTITIKOTIONOT DEOOUEVWV.

Evowpdtwon Machine Learning: Xorjon PBtpA0Onkwv 0mws tov scikit-learn yix
TIOOXWONHEVES AVAAVOELG.

Avantuén Mobile Epaguoyne: Xorjon nAaiwoiov émws tov Kivy yiax mpoofaon
aTtd KV TEG OVOKEVEC.

AteOvomoinon (i18n): Yoot ot MOAAATIAWOV YAWOOWV yiax €EUTEQO KOLVO.

Avtopatiopog pe CI/CD: Evowpatwon epyadeiov 6mwg tov Gitub — Actions yx
OLVEXT] AVATITUET Kol OOKLUEG.

Evowpdtwon Baocewv Agdopévwv: Xonon SQL 1 NoSQL Bacewv vy
aToO1KeLOT Kat dlxXeloLoT dedopévav.

Cloud Deployment: ®iAoevia Tng epappoyrc o mAateoopes 0twg AWS 1) Azure
Y KAAUTEQT KALUAKWOT).

Ao@dAeia kot Tavtonoinon: [TpooOnkn unxaviopwv motonmomong xoNoTtwv
Yix meootacio dedopévawy.

Evowpdtwon Realtime Zvvegyaoiag: Xonomn eoyadeiwv 0mwg tov Google Colab
Yl CLVEQYATIKN EQYQOTIA.

IMoonyuéveg Omntikonowrjoeig 3D: Xonon PipAoOnkwv 6mws tov VisPy ya
TOWIAOTATEG AVATIAQAOTATELS.

Xonon Docker Containers: T'tid &Uk0AOTEQN AVATITUEN KAl HETAPOQA TNG
EQPAQHOYNG.
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4.5 Xvpnegaouata Ilgoooporwoewv

IFevika, duaxmiotwvetat 0t ot VAoTow)oelg pooopowwoewv o MATLAB magovoidlovv
KAXAVTEQOUG XOOVOUG EKTEAEONG Oe OUYKQLON He TS avTiotolxec vAomou)oels oe Python,
aroun kat 0tav yivetat xonjon efedkevpévav BiAtodnkwv. H duxgpopa avtr) pmoget va
aTtodo0el 0to yeyovog 0t 1o MATLAB etvat eldika oXedlaoeéVo Y aglopunTikovs kat
HaONUaTucoUg VTOAOYLOHOVG, TaRéXovTag Wiaitepa PeAtiotomomuéves Aertovgyteg yix
OLOTNHATA PNPLAKWOV ETUKOWVWVIWV, OTWS EKEVA TIOL €£ETAOTNKAV OTNV TXQOLOX
eoyaota. Ewdwoteon, ot evowpatwpéves PipAodnkec tov MATLAB, o6mwg 1o
Communications Toolbox, a£l0TOLOVV ATIOTEAETUATIKA TIG DLVATOTITES TTOAVVIUATIKT]G
eneEepyaoing kat vrootoeteEng GPU.

AvtiOeta, n Python, av kat mooo@épel LoxvEEc kat eVEAKTES BBALOONKES AavOLKTOV
KOk, OTtwe 1 NumPy kan SciPy, ovxva anaitel mpooOeteg texvucés PeAtiotomoinong
Yx va mpooeyyloet tig emwdooelg tov MATLAB. EmumAéov, 11 vAomoinon oe Python
neQLAapPavel mEOoOeTeg dDAdQAOTIKEG DLVATOTNTES, YEYOVOS TTOL KAOLOTA TN OVUYKQLOT)
TwV dV0 VAoTOMOoEeWV eV HEQEL UM LOODVVOLUN.

ZUVOAIKA, Yix TNV MAEOVOTNTA TWV EPAQUOYWV TOL €EETAOTNKAYV, OL DLAPOQES
OTOUG XQOVOUG EKTEAEOTC TV AUEATTEEG, DEDOUEVOL OTL NTAV AQEKETA UUKQOL Kol OTIG
dvo meQuToels. (QoTO00, VKA OTA YOAPTUATA TOV TTOCOOTOV OPAAUATOS dLADUKWYV
Ynelwv (Bit Error Rate - BER), mapatnenOnke onuavtikn) emiBoadvvorn te Python oe
oxéon pe to MATLAB. H duiagood avtn etvat amotéAeopa 1000 ¢ e€edikevong tov
MATLAB o0& aolOuntucoc UVTOAOYIOHOUG 000 KAl NG  ATOTEAETUATIKOTEQNG
aEL0TONOTG TWV VTIOAOYIOTIKWV TTOQWV TOL TTQOOPEQEL.
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ITAnenc Odn Yo Eykataotaong

H dnuoveyia kat dnpootevon evog Jupyter Book etvat px amoteAeopatikr) pébodog yux
M ovYYa@r] kat dxvour) dxdoaotikwv PiAiwv mov megulapPBavouy kelpevo kat
eKTEAEOLHO KWOLKA. LE AUTOV TOV 00N YO, TTEQLYQAPOVTAL:

o 1 dwdwkaoia eykataotaonc g Python,
o 1 gyKatdotaon Twv anagalitntwyv PiAodnkwv Python pue Conda,

o 1 eykatdotaon g BPAL0ONKkNS Jupyter Book,

©)

n dnuoveyta evog Jupyter Book,
o 1 dnuootevor] tov péow Gitub.

Eykataotaon tng Python otov YmoAoyiotn

Apxka, anauteltal ) eykatdotaon g Python. AkoAovOrote ta mapakdtw Bripata:

o KateBaote 10 exteAéopo agxeto g Python amo v enlonun wrtooeAida:
https://www.python.org/downloads/

o AxoAovOnote TOV 00NYO EYKATAOTAONG KAL KATX TNV EYKATAOTAOT),
BePawwbeite 0Tl éxete emAé€el TV emAoyn "Add Python to PAT".
o OAokANEwOoTE TNV EYKATAOTAOT) AKOAOLOWVTAC TIG 00Ty lEC.

Meta Vv eykatdotaot), avoifte éva teopaticd (Command Prompt 1) PowerShell) ka
eTuPBePalwoTe TNV EMTUXNHUEVT EYKATAOTAOT] LLE TNV EVTOAT):

python --version
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Eykataotaon twv BipAtodnkwv python pe Conda

H xonon tov Conda, evog duaxeolom) maxétwv kat meQaAloviwv yiux Python,
OLEVKOAVVEL TNV €YKATAOTAON TV anaQaitntwv BPBAL0ONKWY Yo v avanttuén g
EQAQUOYTG Héow Tov Jupyter Book. AkoAovOnote TG MaQAKATW €VIOAES Yix va
eykataomoete TG BBA0ONkeg péow Conda:

1. KateBdote to Conda amtd v entionun wotooeAda:
https://www.anaconda.com/download/success

N

AxoAovOrjote TOV 001 Y0 eYKATAOTAOTG.

W

Anuovgyia megaArovtog Conda:

conda create --name myenv python=3.9

conda activate myenv

4. Eykataotaon tov Jupyter Notebook:

conda install -c conda-forge notebook

5. Eykatdotaon BBAOONKOV YIa €MOTNHOVIKOUS VTTOAOYIOHOVG:

conda install -c anaconda numpy

conda install -c anaconda scipy

conda install veeresht::scikit-commpy

6. Eykatdotaon BA0ONKOV Yia yoagruata:

conda install -c conda-forge matplotlib

7. Eyxkatdotaon tov IPython & IPyWidgets yix diadoaotikéc eqpapuoyéc:

conda install anaconda::ipython

conda install anaconda: :ipywidgets

8. Requests

conda install anaconda: :requests
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Eykataotaon Jupyter Book

I ™ dnuoveyia tov Jupyter Book, moémel mowta va €YKATAOTIOOVLLE TO TAKETO TOV:

pip install -U jupyter-book

Anpoveyia Jupyter Book

H nagaxatw evotnta megAapuPavel Tic eVToA£S dNULOVQYLAGS, KATAOKEVTG KAL TTOOBOANG
evog Jupyter Book.

1. EvtoAn dnuovgytac véov Jupyter Book:

jupyter-book create mybook

2. EvtoAég kataokeung kat meoBoAng tov Jupyter Book:

i.  EvtoAn kataokevrc tov Jupyter Book:

jupyter-book build mybook/

ii. T v mEoPoAr) tov BiBAlov tomtike, petafeite otov @axeAo _build/html ko
avolEte to agxeto index.html.

iii. EvaAAaxtikd, pmogeite va XONOLHOTOMOETE TOV TAQAKATW Server yux tnv
TteoB0oAN Tov BiAlov:

python -m http.server --directory mybook/ build/html
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AvéBaopa oto Gitub  katr Anpooievorn oto AtadikTvo

INa va avePaocete to BiBAlo oto Gitub  kal va to dnuootevoete, akoAovOnote ta
TIAQAKATW PripaTor:

1. Anuwovgyta Gitub Repository:

i.  XovdeOelte otov Aoyapouaopd oag oto Gitub  kat dnuovoyrote éva véo
repository.

ii. KateBdote to Git and v entionun wotooeAda:

https://git-scm.com/downloads

iii. AxoAovOrnote Tov 0dNYO eyKkaTAOTAOTC.

iv.  AkoAoUOwg, OTO TEQUATIKO TOL TOTUKOU OAC CLOTNHATOS, ATO KATIOLO
PAKEAO TNG ETUAOYTC OAG:

git init

git add

git commit -m "Initial

git remote add origin <URL_ tou_Repository>

git push -u origin master

2. AxoAovOnote tov emionuo odnyo dnuoveyiag Gitub  Pages:

https://docs.github.com/en/pages/quickstart#creating-your-website

3. EvtoAr dnuootevong tov Jupyter Book

jupyter-book publish gh-pages mybook/ --repository <URL_tou_Repository>

H evtoAn avtr) Oa dnuovpynoet éva branch gh-pages kat Oa dnuootevoet to
BPAlo oto AxdikTvo peéow e vmneeoiag Gitub Pages.

4. Awxvopur) tov BiAiov:

i. Metx tm Onuootievon, to PPAl0 Ba etvar dwxOéowo ot devOvvon
https://<évoua xonotn>.github.io/<repository name>.
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Odn Y066 xonong tov Jupyter Book pe to Thebe

Avtdg 0 0dNYOg meQLypa@eL T XENon dxdeaotikov kwdwka oe éva Jupyter Book mov
xonotpoTotet To Thebe yia extéAeon kwdka. AkoAovONOTE Tat TAQAKATW PHUATA YIX Vo
eEaopalioete opaAr) Aertovgyia Tov ddoaotikov TeplBAAovTOG.

Exkivnon Atadgaotikov Kwdika

o Apxwa, matote to kovuTt Interactive Code otnv koguen g oeAldac.

Python Interactive Code

Xxnua 29: Kovumi Interactive code

o Ileguuévete 600 1 draducaoio detxvel unvopata OTwg starting, fetching, launching,
building x.4.). Otav 1o cvotua eppavioet ot etvatl Ready, n oeAlda etvat étoun
Yix ekTéAeon) dadEATTIKOV KWOLKA.

BERR | aunching from mybinder.org: starting

Tnv mowtn ook Ba xoewotel avapovn 2.

Launching from mybinder.org: ready

Xxnua 30: Avapovn yia étoipio kernel

o Av deite 0L ) ddwkaoia kaBvotepel yix meQLoodteQo amd 5 Aemtx xwols va
TEOXWEEL Ot emopeva Pripata, 1M av kavel fail, doxipdote va kavete refresh
(avavéwor) otn oeAldA KAl eMavVaAABETE TA TAQATIAVQ Pr)HATA.

Enavekkivnon kat Exktédeon OAwv

o Av OéAete va emavekkivijoete OA0 TO OLOTNUA Kal VA ekteAéoete OAOVG TOLG
KwOLKeS ek VEov, tatnote to kovuTl Restart and Run AlL

A

‘ run ‘ restart restart & run all

o Avt) 1 Aertovpyia Oa T€€el OAOVG TOVG KWdKES aTtd TNV AaEXT), Kabapllovtag
TIQONYOVUUEVEG eKTEAETELC.

Me avta ta Pripata, to Jupyter Book ocag Oa Aettovgyel dadoaotik, emITOEMOVTAS TNV
EKTEAEOT] KAL TNV AVAAVOT] TWV €QYAOTIOLAKWOV AOKNTEWV.
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Documentation: Basic Elements of a Jupyter Book

Aopn tov Jupyter Book

‘Eva Jupyter Book amoteAeltat and piax ovAAoyn aQxelwv mMOv 0Qyav@VovTaL 0& Hix
OLYKEKQLUEVT) doun] Yia va dnuoveynOel to teAko BipAlo.

Baoiwka Ltouxela:

o _config.yml: To apyelo puOuioewv tov Jupyter Book. ITepiéx et mapapétooug yix
10 ws Oa dnuoveyndel kat Oa eupaviotet to BBAlo, dmwe tov TiTAO, TO
AOYOTUTIO, TIC ETEKTATELS KAL AAAEC TTAQAUETOOVS DAUOQPWOT)G.

o _toc.yml: To apyxeio Table of Contents (Ilivaxac Ilepiexopévwv), to omoio
kaBoptlel TNV Lepapyila Twv kepadalwv kKat Twv evottwv oto PAio oac.

o Agxeia meglexopévou: Avtd elvat ta agxeix oe poopry Markdown (.md) 1)
Jupyter Notebooks (.ipynb) mov amoteAovv 1o mepLexdpevo tov BpAlov.

Agxeia ITegrexopévov

o Markdown (.md) [47]:

Apxela amAov kelévov oV XONOLUOTOLOVV CUVTAKTIKT] OHAVOT] Yl T
HOQ@OTIOINOT  TEQLEXOUEVOD,  ETUTQETIOVTAG TNV  EVKOAN  dnpovoyilx
OOUNUEVWV EYYOAPWY HE HOQPES OTWS TITAovg, AloTeg, CLVOETHOUG Kat
elkoOvec.

o MyST Markdown (.md) [48]:

Mwx eméxtaon tov Markdown mov mpooOétel emuumAéov Aertovpyleg, OTwC
TNV VTOOTHELEN Y pabnuatika ovpPoAa pe LaTeX, diadpaotucd otoryeto
KL T duvatodTNTA EVOWUATWONG OOHWV KWOKA KAl TIXQATIOUTIWY,
KAOL0TOVTAG TO WAVIKO Yot TN dNUIOLEYIX TEXVIKWOV KAL ETUOTNHOVIKWV

EYYOAPWV.
o Jupyter Notebooks (.ipynb) [49]:

Ta Jupyter Notebooks umopovv va megidapPavovv kelpevo, kwdka Kot
amoteAéopuata, OAx EVOWHATWHEVA O& €var €yyea@o. Avta ta agxela
ETUTEETOLV T1) DLdQACTIKOTN TR, KAOWS 0 avayvwoTng HmoQet va ekteAel tax
HUTTAOK KWK KATA TNV avAayvwoT] tov BiBAlov.
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PvOuioeig tov Jupyter Book

_config.yml [50]:

To _config.yml kaOopilet T yevin dapdopworn tov BipAiov. Tlagakdtw magatiBevtal
OAgg oL puBulioelg mov pmopet va meptAapPavet to agyxelo pall pe pla ocvvroun e&rynon

vix kaOepla:

: My Jupyter Book

: The Jupyter Book community

[ _build, Thumbs.db, .DS_Store, "**.ipynb checkpoints"]




colon_fence

dollarmath

linkify

substitution

tasklist

[mailto, http, https]




"https://plausible.io/js/script.js"

: pdflatex

: classic




: https://github.com/executablebooks/jupyter-book

. master




_toc.yml [51]:

To apxelo _toc.yml opyavwver to megexdpevo tov PipAlov oe xepdAawx Kol
vriokepadata. [agardtw mapatiOetal 1) TeAkr) doun g eQAQUOYNG:

: jb
: intro

: About

: content/Di

Xxnua 31: _toc.yml

Avtd 10 apyxelo kabopiCet ™ oewpd pe v omola ta apxetae Markdown kat Jupyter
Notebooks Oa eupaviotovv oto BiAlo.
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Awadpaotikotnta pe to Thebe

Mia amd tic mo wxveéc Aertovyleg tov Jupyter Book etvat 1 xorjon tov Thebe yiax tv
EVOWHATWOT] OLxdQAOTIKOV KwOKa amevOelag otnv 1otooeAda. Me avtdv tov 1o0mo, ot
XOTOTEG UTIOQOVV VA EKTEAOVV TA TIAQADELY HATA KWOLKA O€ TIOAYUATIKO XQOVO XWIG Vo
xoetxletal va kateBhoovv ta apxela.

o Binder _config.yml

INa va evepyoromoete 1o Thebe, mpémel va mpooOéoete TIg Mapakdtw QLOHioES OTO
apxelo _config.yml:

launch buttons:
thebe: true

o requirements.txt

A@oV evepyomomOel n emidoyr] “thebe: true’ oto agyxeio “_config.yml”, Oa mpémet
va dnuoveynOet évag online kernel oto https://mybinder.org/ . T'iax va erutevxOel avto,
elval anagaltnTo va VTTAQXEL OTOV TO eEWTEQWKO @dkeAo tov Gitub repository  to
apxelo “requirements.txt”, to omolo Oa meoAapPdver OAeg tic PBPAOONKES TOUL
xonowomomoOnkav. Avto emtpémet oto Binder va exteAéoel cwoTd TOV KWOKX LECW TOV

Thebe, duxopaAilovtag OTL oL anagaltnTeg eEapoels Oa eykataotabovv avtopata.
INapakdtw mapatibetal To meQLlexOUeVo Tov “requirements.txt” g epaguoyTC:
numpy==1.24.3

scipy==1.10.1
matplotlib

ipython
ipywidgets==7.7.2
requests
scikit-commpy
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o Binder

AoV ovumAnowOel to apxelo “requirements.txt”, petaPatvovpe oty oTOoCEADdK
https://mybinder.org/ . Ekel, ovumAnowvovpe ta anattovpeva media ywx 1o Gitub

repository kat matape to kovpni “launch”.:

Build and launch a repository

GitHub repository name or URL

GitHub v | GitHub repository name or URL

Git ref (branch, tag, or commit) Path to a notebook file (optional)

HEAD Path to a notebook file (optional) File =

Copy the URL below and share your Binder with others:

Fill in the fields to see a URL for sharing your Binder. @

Expand to see the text below, paste it into your README to show a binder badge: >

Meta amd px ovvVToun avapovr), to ovotnua Oa dnuoveyroet tov online kernel, o
oTtolog Oa etval €TOLHOG YIX XQOT)0T), ETUTQEMOVTIAG TNV EKTEAEOT] TOV KWIKA HECW TOV
Thebe.
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Altadgaotikog Kwdikag

Chapter 1: Digital Signal Processing in Telecommunications

Anpovgyia & Ontikomoinon onuATwv:

[Magaywyr onNUATWY Y& TNV TEOCOUOIWOT) CLUOTNHATWY PNPLAKWOV ETUKOLVWVIWOV Kol
ONMULOVEY X YOAPTUATWY YIX VX ATIELKOVIOTOVV T XQOVIKA KAL PAOUXTIKA DLty QA HUATO
TWV ONUATWV.

Kdd1xag¢ — Chapter 1 - Signal Creation & Visualization
import numpy as np
import matplotlib.pyplot as plt

# Create a Sinusoidal Signal

Fs = 2000 # Sampling frequency in Hz

Ts =1/ Fs # Sampling period in seconds

T=20.1 # Signal duration in seconds

t = np.arange(0, T, Ts) # Time vector for signal

A=1 # Signal amplitude

X = A * np.sin(2 * np.pi * 100 * t) # Generate sinusoidal signal
L = len(x) # Length of the signal

N=1F%1]L # Length of Fourier Transform

Fo = Fs / N # Frequency resolution

Fx = np.fft.fft(x, N) # DFT of the signal

freq = np.arange(@, N) * Fo # Frequency vector

# Plot the sinusoidal signal in time domain
plt.figure(figsize=(12, 10))

# Time-domain plot

plt.subplot(2, 1, 1)

plt.plot(t, x)

plt.title('Sinusoidal Signal in Time Domain')
plt.xlabel('Time (s)"')
plt.ylabel('Amplitude")

# Frequency-domain (FFT) plot

plt.subplot(2, 1, 2)

plt.plot(freq, np.abs(Fx)) # Plot only the positive frequencies
plt.title('FFT of Sinusoidal Signal')

plt.xlabel('Frequency (Hz)"')

plt.ylabel('Magnitude")

# Display the plots
plt.tight layout()
plt.show()

Emiotpogpy otnv vdomoinon
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ITpooOnkn BopvPou:

Avvatotnta mpoodnkng OopvBov oTo oTua Yix TaQakoAovONOT TV EMOQATEWY TOV
OTNV AmOdOON TG ETUKOLVWVIAG.

KddLxag — Chapter 1 - Add noise
import numpy as np
import matplotlib.pyplot as plt

# Create a Sinusoidal Signal

Fs = 2000 # Sampling frequency in Hz

Ts =1/ Fs # Sampling period in seconds

T=20.1 # Signal duration in seconds

t = np.arange(@, T, Ts) # Time vector for signal

A=1 # Signal amplitude

X = A * np.sin(2 * np.pi * 100 * t) # Generate sinusoidal signal
L = len(x)

# Add noise to x
rand_n = np.random.randn(len(x))
s = X + rand_n

N=1F%1]L # Length of Fourier Transform
Fo =Fs / N # Frequency resolution
Fx = np.fft.fft(s, N) # DFT of the signal

freq = np.arange(@, N) * Fo # Frequency vector

# Plot the sinusoidal signal in time domain
plt.figure(figsize=(12, 10))

# Time-domain plot

plt.subplot(2, 1, 1)

plt.plot(t, s)

plt.title('Sinusoidal Signal in Time Domain')
plt.xlabel('Time (s)"')
plt.ylabel('Amplitude")

# Frequency-domain (FFT) plot

plt.subplot(2, 1, 2)

plt.plot(freq, np.abs(Fx)) # Plot only the positive frequencies
plt.title('FFT of Sinusoidal Signal')
plt.xlabel('Frequency (Hz)"')
plt.ylabel('Magnitude")

# Display the plots
plt.tight layout()
plt.show()

Emiotpogpfy otnv vdomoinon
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Aladpoaotikn emefegyaocia peTtafAnNTwV OpATOG:

Me 1 xonon dxdaoTKWV €QyaAelwy, v HTTOQOVV OL XQTOTEC VA TQEOTIOTOLOVV TIG
TIAQAETEOVG TOL OTJHATOG KAL VA& TTAQATNEOVV O€ TIOAYHATIKO XQOVO TIS XAAXYEC.

KddLkag¢ — Chapter 1 - Interactive Signal
import numpy as np
import matplotlib.pyplot as plt
from ipywidgets import interact, FloatSlider
import ipywidgets as widgets

# Initial signal parameters

def signal generator(amplitude, frequency, phase, time_duration):
# Time interval
t = np.linspace(@, time_duration, 1000)

# Signal generator (sine wave)
signal = amplitude * np.sin(2 * np.pi * frequency * t + phase)

# Signal plot

plt.figure(figsize=(10, 5))

plt.plot(t, signal, label=f'Signal (A={amplitude:.2f},
f={frequency:.2f}, ¢={phase:.2f})")

plt.title('Signal in Time Domain')

plt.xlabel('Time (s)"')

plt.ylabel('Amplitude")

plt.grid(True)

plt.legend()

plt.show()

# Create interactive widgets

amplitude_slider = FloatSlider(min=0, max=5, step=0.1, value=1l,
description="Amplitude', readout_format='.2f")

frequency slider = FloatSlider(min=0.1, max=10, step=0.1, value=1l,
description="'Frequency (Hz)', readout_ format='.2f")

phase_slider = FloatSlider(min=0, max=2*np.pi, step=0.1, value=0,
description="'Phase (rad)', readout_format='.2f")

time_slider = FloatSlider(min=0.5, max=5, step=0.1, value=1l,
description="'Time Duration (s)', readout_format='.2f")

# Interactive execution

interact(signal_generator, amplitude=amplitude_slider,
frequency=frequency_slider, phase=phase_slider,
time_duration=time_slider)

Emiotpogpfy otnv vdomoinon
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AvaAvon Paocpatoc:

Anuovgyta yoaenuATwy aopaTikig avaAvong.

Kddi1xoag — Chapter 1 - Spectrum Analysis

import numpy as np

import matplotlib.pyplot as plt
from scipy import signal

import ipywidgets as widgets
from ipywidgets import Layout

# Function to calculate the next power of 2 for FFT optimization
def nextpow2(i):
n=1
while n < 1i:
n *= 2
return n

# Custom implementation of pwelch function for power spectral density estimation
def pwelch(x, Fs):
Ts =1 / Fs # Sampling period
L = np.size(x) + 1 # Signal length
T=1L*Ts # Signal duration
2”nextpow2(L) # Next power of 2 for FFT
Fo = Fs / N # Frequency resolution
f = np.arange(@, N) * Fo # Frequency vector

=
I}

# Determine the window size and the number of windows

window_size = nextpow2(np.size(x) / 8)

if window_size < 256:

window_size = 256

windows = np.size(x) // (window _size // 2) - 1

indexer = np.arange(window_size)[None, :] + (window_size // 2) *
np.arange(windows)[:, None]

windowed_x = x[indexer]

avg_pwr = 0
# Process each window
for window in windowed_ x:
window = window * np.hanning(np.size(window)) # Apply a Hanning window

L = np.size(window) + 1
T=1L%*Ts

N = 2”nextpow2(L)

Fo = Fs / N

f = np.arange(@, N) * Fo

window fft = np.fft.fft(window, N) # FFT of the window

power = np.multiply(window fft, np.conj(window fft)) / N / L # Power
calculation
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avg_pwr += power # Accumulate power across windows
avg_pwr /= windows # Average power over windows

return f[np.arange(@, N // 2)], avg_pwr[np.arange(@, N // 2)] # Return
frequency and power

# Function to update plots based on the slider value for sampling frequency
def update plots(sampling_ frequency):
signal length = 1000 # Signal length
sample _period = 1 / sampling frequency # Update sampling period based on slider
time_vector = np.arange(0, signal length) * sample_period # Generate time
vector

# Create a composite signal with different frequencies
signal data = np.sin(2 * np.pi * 30 * time_vector) + 0.8 * np.sin(2 * np.pi * 80
* (time_vector - 2)) + np.sin(2 * np.pi * 60 * time_vector)

# Compute custom pwelch
custom_frequencies, custom_power = pwelch(signal data, sampling_ frequency)

# Compute signal.welch using SciPy
welch_frequencies, welch_power = signal.welch(signal data,
fs=sampling_ frequency)

# Compute FFT for the signal

L = len(signal _data) # Signal length

N=1%*L # FFT length

Fo = sampling frequency / N # Frequency resolution
Fx = np.fft.fft(signal data, N) # Compute FFT

freq = np.arange(@, N) * Fo # Frequency vector

# Compute periodogram
power = ((Fx * np.conj(Fx)) / (sampling frequency * L)).real # Power spectral
density

# Plot the results
fig, axs = plt.subplots(4, 1, figsize=(15, 20))

# Plot FFT result

axs[@].plot(freq, np.abs(Fx))

axs[@].set(xlabel="Frequency (Hz)', ylabel='Magnitude', title='FFT of the
Signal')

axs[0].grid()

# Plot periodogram

axs[1].plot(freq, power)
axs[1].set(xlabel="Frequency (Hz)', ylabel='Power', title='Periodogram')
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axs[1].grid()

# Plot custom pwelch result

axs[2].plot(custom_frequencies, custom_power)

axs[2].set(xlabel="'Frequency (Hz)', ylabel='Power', title='Periodogram (Custom
pwelch)")

axs[2].grid()

# Plot signal.welch result from SciPy

axs[3].plot(welch_frequencies, welch_power)

axs[3].set(xlabel="Frequency (Hz)', ylabel='Power', title='Periodogram
(signal.welch)"')

axs[3].grid()

plt.tight_layout() # Adjust layout for better fit
plt.show()

# Create a slider for adjusting the sampling frequency
sampling_ frequency_slider = widgets.IntSlider(
value=500, # Initial value
min=100, # Minimum frequency
max=2000, # Maximum frequency
step=100, # Step size
description="'Sampling Frequency (Fs):',
layout=Layout(width="auto', flex='1 1 auto'),
style={"'description_width': 'initial'},
continuous_update=False # Update plot only after slider adjustment

# Layout for slider and output
vbox_layout = Layout(display='flex', flex_ flow='column', align_items='center')

# Group the slider input
inputs_box = widgets.HBox([sampling frequency_slider], layout=Layout(flex='1 1
auto', width="auto'))

# Create interactive interface
ui = widgets.HBox([inputs_box], layout=Layout(display='flex',
justify content='center', width="'100%', align_items='center'))

# Connect slider to plot update function
output = widgets.interactive_output(update_plots, {'sampling frequency':
sampling_ frequency_slider})

# Display UI and output
display(ui, output)

Emiotpogpfy otnv vdomoinon
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Aneicovion Pirtoov (Filter Visualization):

Avvatotta emMAOYNG dAPORETIKWV PIATOWV KAl OTITIKT] AVATIAQAOTAOT] TG ATTOKQLOT]G
TOUG He Ho@r) stem plot.

KddLkag — Chapter 1 - Filter Frequency Response

# Import necessary libraries

import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout

import ipywidgets as widgets

from IPython.display import display, clear_output
import requests

import warnings

import scipy

from scipy import signal

# Fetch data from a remote source

url = "https://raw.githubusercontent.com/ntua-ell17840/Interactive-Digital-
Communications/main/test-book/ static/sima.txt"

response = requests.get(url)

# Convert the response text to a numpy array of floats
s = np.array([float(line) for line in response.text.splitlines()])

# Set sampling frequency and calculate power spectral density
Fs = 8192
f, Pxx = scipy.signal.welch(s, Fs)

Define filter characteristics

= Fs

np.concatenate((np.ones(N//8), np.zeros(N//4), np.ones(N//8)))
= np.fft.ifft(H, n=N).real

= np.fft.fftshift(h)

> O I 2 #H#
I}

# Create filter variants of different lengths

H = np.hstack((np.ones(int(Fs/8)), np.zeros(int(Fs-Fs/4)), np.ones(int(Fs/8))))
h = np.real(np.fft.ifft(H))

middle = int(len(h)/2)

h = np.hstack((h[middle:], h[:middle]))

# Create a dictionary of filter variants
h_variants = {
'h32': h[middle-16:middle+16],
'h64': h[middle-32:middle+32],
'h128': h[middle-64:middle+64],
'h140': h[middle-70:middle+70],
"h256': h[middle-128:middle+128],
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# Create an output widget for displaying plots
output2 = widgets.Output()
output2.layout = Layout(width='auto', margin='© auto')

# Function to plot the selected filter
def plot stem(h_key):
with output2:

clear_output(wait=True) # Clear the previous plots
h_data = h_variants[h_key]
x_values = np.arange(len(h_data))
plt.close('all') # Close all existing figures
fig, ax = plt.subplots()
markerline, stemlines, baseline = ax.stem(x_values, h_data, '-.")
plt.setp(baseline, 'color', 'k', 'linewidth', 2)
plt.title('Stem plot of selected filter')
plt.xlabel('Index")
plt.ylabel('Amplitude"')
plt.show()

# Create a dropdown widget for filter selection
dropdown = widgets.Dropdown(options=1list(h_variants.keys()), value='h32',
description="Filter:")

# Function to update the plot when the dropdown value changes
def update plot(change):
plot_stem(change[ 'new'])

# Observe dropdown for changes
dropdown.observe(update_plot, names='value')

# Create layouts for organizing widgets

vbox_layout = Layout(display='flex', flex flow='column', align_items='center',
justify content='space-between")

ui = widgets.HBox([dropdown], layout=Layout(align_items='center"',

justify content='center'))

# Group the dropdown and output widget in a vertical box layout
vbox_final = widgets.VBox([ui, output2])

# Display the final VBox
display(vbox_final)

# Initial call to display the plot
plot_stem(dropdown.value)

Emiotpogpfy otnv vdomoinon
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AvaAvon Zvxvotntwv Pirtowv (Filter Frequency Response):
AlxdQaoTIKI) ATEKOVION TNG PAOUATIKNG ATIOKQLONG QPIATOWYV YIX DLAPOQETIKA UMK
PIATOWV KaL TaeaOVEWV.

KddLkag — Chapter 1 - Filter Frequency Response

import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets

from IPython.display import display, clear_output
import scipy

from scipy import signal

import requests

import warnings

warnings.filterwarnings('ignore")

# Replace the URL with the URL of the raw content

url = "https://raw.githubusercontent.com/ntua-ell17840/Interactive-Digital-
Communications/main/test-book/ static/sima.txt"

response = requests.get(url)

# Split the response text by new lines and convert each line to a float
s = np.array([float(line) for line in response.text.splitlines()])

# Define the sampling frequency
Fs = 8192

# Calculate the power spectral density using Welch's method
f, Pxx = scipy.signal.welch(s, Fs)

Define filter length and frequency response

= Fs

np.concatenate((np.ones(N//8), np.zeros(N//4), np.ones(N//8)))
= np.fft.ifft(H, n=N).real

= np.fft.fftshift(h)

> O I 2 #=
I}

# Extract filter taps for different window sizes
h32 = h[N//2-16:N//2+17]
h64 = h[N//2-32:N//2+33]
h128 = h[N//2-64:N//2+65]

# Assuming H is defined and calculated as before

H = np.hstack((np.ones(int(Fs/8)), np.zeros(int(Fs-Fs/4)), np.ones(int(Fs/8))))
h = np.real(np.fft.ifft(H))

middle = int(len(h)/2)

h = np.hstack((h[middle:], h[:middle]))

# Extract filter taps for different window sizes
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h32 = h[middle-16:middle+16]
h64 = h[middle-32:middle+32]
h128 = h[middle-64:middle+64]
h140 = h[middle-70:middle+70]
h256 = h[middle-128:middle+128]

# Compute frequency responses for the filters
freq32, resp32 = signal.freqz(h32)

freq64, resp64 = signal.freqz(h64)

freql28, respl28 = signal.freqz(h128)
freql40, respl6ed = signal.freqz(h149)
freq256, resp256 = signal.freqz(h256)

# Function to apply window and compute frequency responses
def compute filtered freq responses(window_type='Rectangular'):
fregs, resps = {}, {}
for filt size in [32, 64, 128, 140, 256]:
filt name = f'h{filt_size}'
filt = eval(filt_name)

# Apply the selected window type

if window_type == 'Hamming':
filt = filt * np.hamming(filt_size)
elif window_type == 'Kaiser':

beta = 14 # Example beta value for Kaiser window, adjust as needed
filt = filt * np.kaiser(filt_size, beta)

freqs[filt_name], resps[filt_name] = signal.freqz(filt)
return fregs, resps

# Initial computation with Rectangular (no window)
freqs, resps = compute_filtered freq_responses()

# Output widget for displaying plots
output = widgets.Output()
output.layout = Layout(width='auto', margin='© auto')

# Function to update the plot based on filter selection and window type
def update plot(change=None):

window_type = window_type_dropdown.value

freqs, resps = compute_filtered freq_responses(window_type)

# Clear the current output and update the plot
with output:
clear output(wait=True)
plt.figure(figsize=(10, 5))
for filt in ['h32', 'h64', 'h128', 'h14@', 'h256']:
if checkboxes[filt].value:
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w, h = freqs[filt], resps[filt]

plt.plot(©.5 * Fs * w / np.pi, 20 * np.loglo(np.abs(h)), label=filt)
plt.title(f'Frequency Response with {window_ type} Window")
plt.xlabel('Frequency (Hz)")
plt.ylabel('Magnitude (dB)")
plt.xscale('linear")
plt.grid(True)
plt.legend()

plt.show()

# Create checkboxes for each filter
checkboxes = {f'h{size}': widgets.Checkbox(value=True, description=f'h{size}') for
size in [32, 64, 128, 140, 256]}
for cb in checkboxes.values():
cb.observe(update_plot, names='value')

# Dropdown for selecting the window type
window_type dropdown = widgets.Dropdown(
options=['Rectangular', 'Hamming'],
value="'Rectangular’,
description="Window Type:"',
style={"'description_width': 'initial'}
)

window_type dropdown.observe(update_plot, names='value')

# VBox layout to align items

vbox_layout = Layout(align_items='center', justify_ content='center"')
vbox_checkboxes = widgets.VBox(list(checkboxes.values()) + [window_type dropdown],
layout=vbox_layout)

# Combine checkboxes and dropdown into a final layout
vbox_loader = widgets.HBox([vbox_checkboxes])

# Combine everything into a final VBox with the layout
vbox_final = widgets.VBox([vbox_loader, output], layout=vbox_ layout)

# Display the final layout
display(vbox_final)

# Initial plot update to show default visualization
update plot()

Emiotpogpfy otnv vdomoinon
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AvaAvon Equiripple @iAtowv:
Avvatomta emidoyrc equiripple @ATOWV dx@oEeTIKWV UNKWOV Kal CUYKQELOT TIG
PAOUATIKNG TOVG ATIOKQLONG.

KddLxog — Chapter 1 - Equiripple Filter Frequency Response

import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets

from IPython.display import display, clear_output
import scipy.signal

from scipy import signal

import requests

import warnings

warnings.filterwarnings('ignore")

# Sampling frequency
Fs = 8192

# Define different Equiripple filters with various lengths
filters = {

"Equiripple Filter 32+1': scipy.signal.remez(33, [0, ©.1*Fs, 0.15*Fs, 0.5*Fs],
[1, @], Hz=Fs),

'"Equiripple Filter 64+1': scipy.signal.remez(65, [0, ©.1*Fs, 0.15*Fs, 0.5*Fs],
[1, @], Hz=Fs),

"Equiripple Filter 128+1': scipy.signal.remez(129, [0, ©.1*Fs, 0.15*Fs, 0.5*Fs],
[1, @], Hz=Fs),

"Equiripple Filter 140+1': scipy.signal.remez(141, [0, ©.1*Fs, 0.15*Fs, 0.5*Fs],
[1, @], Hz=Fs)
}

# Output widget to display plots
output_plot = widgets.Output()
output_plot.layout = Layout(width="auto', margin='0 auto')

# Function to update the plot based on selected filters
def update plot(change=None):
selected filters = [cb.description for cb in checkboxes if cb.value] # Get
selected filters
with output_plot:
clear output(wait=True) # Clear previous plots
plt.figure(figsize=(10, 5)) # Set figure size
for filter _name in selected filters:
filter coeffs = filters[filter_name] # Get filter coefficients
w, h = signal.freqz(filter_coeffs, worN=8000) # Compute frequency
response
plt.semilogy(w * Fs / (2 * np.pi), np.abs(h), label=filter name) # Plot
response
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plt.title('Frequency Response')
plt.xlabel('Frequency (Hz)")
plt.ylabel('Gain'")

plt.legend()

plt.grid(True)

plt.show()

# Create checkboxes for each filter
checkboxes = [widgets.Checkbox(value=True, description=name) for name in
filters.keys()]
for cb in checkboxes:
cb.observe(update_plot, names='value') # Update plot when checkbox is changed

# VBox layout to align checkboxes

vbox_layout = Layout(align_items='center', justify_ content='center"')

vbox_checkboxes = widgets.VBox([widgets.Label('Select Equiripple Filter Length:')] +
checkboxes, layout=vbox_layout)

# Layout container for checkboxes
vbox_loader = widgets.HBox([vbox_checkboxes])

# Final VBox layout to display checkboxes and output
vbox_final = widgets.VBox([vbox_loader, output plot], layout=vbox_ layout)

# Display the final layout
display(vbox_final)

# Initial plot update to show default visualization
update plot()
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E@pagpoyn XaunAonegatov @idtgov (Low Pass Filter Application):

E@aopoyn @iAtowv XapnAng dtéAevong katl ametkOvion TG amoKQLonG CUXVOTITWV TOU
PU\TQAQLOUEVOL OT)UATOG.

Kddi1xog — Chapter 1 - Low Pass Filter Application

import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets

from IPython.display import display, clear_output
import scipy.signal

import requests

import warnings

warnings.filterwarnings('ignore")

# Replace the URL with the URL of the raw content

url = "https://raw.githubusercontent.com/ntua-ell17840/Interactive-Digital-
Communications/main/test-book/ static/sima.txt"

response = requests.get(url)

# Split the response text by new lines and convert each line to a float
s = np.array([float(line) for line in response.text.splitlines()])

# Sampling frequency
Fs = 8192

# Low-pass filter coefficients dictionary (lp_filters)
lp filters = {

‘lpass32': scipy.signal.remez(33, [0, ©.1 * Fs, ©.15 * Fs, 0.5 * Fs], [1, 9],
Hz=Fs),

"lpass64': scipy.signal.remez(65, [0, ©.1 * Fs, ©.15 * Fs, 0.5 * Fs], [1, 9],
Hz=Fs),

"lpass128': scipy.signal.remez(129, [0, ©.1 * Fs, ©.15 * Fs, 0.5 * Fs], [1, 0],
Hz=Fs),

"lpass140': scipy.signal.remez(141, [0, ©.1 * Fs, ©.15 * Fs, 0.5 * Fs], [1, 0],
Hz=Fs)
}

# Output widget for the plot
plot_output = widgets.Output()

# Function to display the frequency response of the filtered signal
def plot freq_response(filter_name):
with plot_output:
clear output(wait=True)
# Apply the selected filter to the original signal
s_1lp filtered = scipy.signal.convolve(s, 1lp filters[filter_name],
mode="'same') / np.sum(lp_filters[filter_name])
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# Calculate FFT of the filtered signal
freqs = np.fft.rfftfreq(len(s_lp _filtered), 1 / Fs)
fft_mag = np.abs(np.fft.rfft(s_lp_filtered))

# Convert magnitude to dB scale
fft_mag db = 20 * np.logle(fft_mag)

# Plot the frequency response

plt.figure(figsize=(10, 5))

plt.plot(freqs, fft_mag db)

plt.title(f'Spectral density of filtered signal with {filter_name}')
plt.xlabel('Frequency (Hz)")

plt.ylabel('Magnitude (dB)")

plt.grid(True)

plt.xlim(@, Fs / 2)

plt.show()

# Dropdown widget to select the filter

filter_dropdown = widgets.Dropdown(
options=[(name, name) for name in 1lp filters.keys()],
value='1lpass32',
description="Filter:'

# Function to handle dropdown selection change
def on_filter_change(change):
filter_name = change['new']
plot_freq_response(filter_name)

filter_dropdown.observe(on_filter change, names='value')
# VBox layout for alignment and presentation
vbox_layout = widgets.Layout(align_items='center', justify_content='center')

vbox_loader = widgets.HBox([filter_dropdown], layout=vbox_layout)

# Final VBox layout for the filter selection and plot display
vbox_final = widgets.VBox([vbox_loader, plot_output])

# Display the final layout
display(vbox_final)

# Initialize the plot with the default filter
on_filter change({'new': filter_dropdown.value})
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Daopatikr IMukvortnta Ioxvog (Power Spectral Density):

Awxdpaotikr) ovykelon @iAtowv equiripple kot avaAvon g ACUATIKIG TUKVOTNTAS
LOXVOG TWV PNTQAQLOUEVWY OTJUATWV.

Kddi1xag — Chapter 1 - Power Spectral Density

import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets

from IPython.display import display, clear_output
import scipy.signal as signal

import time

import warnings

warnings.filterwarnings('ignore")

# Sampling frequency

Fs = 8192

# Signal duration

t = np.arange(@, 1.9, 1/Fs)

# Re-define the signal with new frequencies

s_new = np.sin(2*np.pi*400*t) + np.sin(2*np.pi*950*t) + np.sin(2*np.pi*1500*t) +
np.sin(2*np.pi*3000*t)

# Re-define the filters with different lengths and parameters
filters5 = {

"Equiripple Filter 32+1 Q3': signal.remez(33, [9, ©.1*Fs, ©.15*Fs, ©.5*Fs], [1,
0], Hz=Fs),

"Equiripple Filter 32+1 Q4': signal.remez(33, [0, ©.11*Fs, ©.12*Fs, ©.5*Fs], [1,
0], Hz=Fs),

"Equiripple Filter 64+1 Q3': signal.remez(65, [0, ©.1*Fs, ©.15*Fs, ©.5*Fs], [1,
0], Hz=Fs),

"Equiripple Filter 64+1 Q4': signal.remez(65, [0, ©.11*Fs, ©.12*Fs, ©.5*Fs], [1,
0], Hz=Fs),

"Equiripple Filter 128+1 Q3': signal.remez(129, [0©, ©.1*Fs, ©.15*Fs, ©.5*Fs],
[1, @], Hz=Fs),

"Equiripple Filter 128+1 Q4': signal.remez(129, [0, ©.11*Fs, 0.12*Fs, 0.5*Fs],
[1, @], Hz=Fs),

"Equiripple Filter 140+1 Q3': signal.remez(141, [0, ©.1*Fs, ©.15*Fs, ©.5*Fs],
[1, @], Hz=Fs),

"Equiripple Filter 140+1 Q4': signal.remez(141, [0, ©.11*Fs, 0.12*Fs, 0.5*Fs],
[1, @], Hz=Fs),

# Create checkboxes for each filter

checkboxes = [widgets.Checkbox(value=True, description=name) for name in
filters5.keys()]

# Create output widget for the plot
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output_plot = widgets.Output()

# Function to update the plot based on selected filters
def update plot(dummy=None):
with output_plot:
clear output(wait=True)
# Start a new plot
plt.figure(figsize=(14, 4))
# Add original signal Power Spectral Density (PSD)
f, Pxx_den_original = signal.welch(s_new, Fs, nperseg=1024)
plt.semilogy(f, Pxx_den_original, label='Original Signal')
# Plot PSD for each selected filter
for cb in checkboxes:
if cb.value: # only plot if the checkbox is checked
filter_name = cb.description
filter coeffs = filters5[filter_name]

filtered_signal = signal.lfilter(filter_coeffs, 1.0, s_new)
f, Pxx_den_filtered = signal.welch(filtered_signal, Fs,

nperseg=1024)
plt.semilogy(f, Pxx_den_filtered, label=filter_name)
# Formatting the plot
plt.title('Power Spectral Density')
plt.xlabel('Frequency (Hz)")
plt.ylabel('Power/Frequency (dB/Hz)")
plt.legend()
plt.grid(which="both', axis='both'")
plt.show()

# Attach the update_plot function to the checkboxes
for cb in checkboxes:

cb.observe(update_plot, names='value')

# Initial plot update
update plot()

# Create a VBox to hold the checkboxes
vbox_checkboxes = widgets.VBox(checkboxes)

# Create an HBox to center the checkboxes

ui = widgets.HBox([vbox_checkboxes], layout=Layout(justify content='center’,

align_items='center'))

# Create a VBox to display both the checkboxes and the plot
out = widgets.VBox([ui, output_plot])

# Display the checkboxes and the plot
display(out)
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# Initialize the first plot update

update plot()
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AvaAvon Anoxoiong Bandpass @iAtowv:

E@aopoyn @idtowv bandpass wkat omtikny amewovion g anmOKQLONG TOUG TOOO 0T
oLXVOTNTA OO0 KAL 0T PACHUATIKT] TUKVOTNTA TOL QIATOAQLOUEVOL OT|UATOG.

Kddi1xoag — Chapter 1 - AvéAuon Andékpiong Bandpass ®iAtpev

import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets

from IPython.display import display, clear_output

import requests

import time

from scipy.signal import kaiser_atten, freqz, convolve, welch
import warnings

warnings.filterwarnings('ignore")

# Define your input widgets for the frequencies

f1 _input = widgets.IntText(value=600, description='f1l (Hz):',
continuous_update=False)

f2_input = widgets.IntText(value=1100, description='f2 (Hz):',
continuous_update=False)

# Define the output area for the plots
plot_output = widgets.Output()

def process_signal(change):
fl, f2 = f1_input.value, f2_input.value

if any(freq < © for freq in [f1l, f2]) or any(freq > 4000 for freq in [f1l, f2]):
# Clear the output and display a warning message if any frequency is greater
than 4000
with plot_output:
plot output.clear_output(wait=True)
warning_html = widgets.HTML(
value="<div style='color: black; background-color: #ffffcc; padding:
10px; border-radius: 5px; font-size: 16px; text-align: center;'>"
"<b>A Warning:</b> Frequency should not exceed 4000 and must
be non-negative!</div>",
placeholder="",
description="",
)
display(warning_html)
else:
# Proceed with the plot if all frequencies are within the limit
with plot_output:
plot_output.clear_output(wait=True)
plt.close('all') # Close all existing figures to prevent memory leaks
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# Replace the URL with the URL of the raw content

url = "https://raw.githubusercontent.com/ntua-el17840/Interactive-
Digital-Communications/main/test-book/ static/sima.txt"

response = requests.get(url)

# Split the response text by new lines and convert each line to a float
s = np.array([float(line) for line in response.text.splitlines()])

Fs = 8192

f2m1 = f2 - f1

f2pl = (f2 + f1) / 2
N = 256

Ts =1/ Fs

t = np.arange(-(N - 1), N, 2) * Ts / 2

# Bandpass filter
hbp = 2 / Fs * np.cos(2 * np.pi * f2p1 * t) * np.sinc(f2ml * t)
hbpw = hbp * kaiser_atten(len(hbp), 5)

# Compute frequency responses

w, h = freqz(hbp, worN=8000)

w_w, h w = freqz(hbpw, worN=8000)

fs = Fs # Sampling frequency for normalization

# Creating a figure and a 1x2 subplot layout
fig, axs = plt.subplots(l, 2, figsize=(14, 4))

# Plotting the impulse responses on the first subplot
axs[@].plot(hbp, label='Bandpass Filter', color='b")
axs[@].plot(hbpw, label='Windowed Bandpass Filter', color='r")
axs[@].set_title('Impulse Responses')
axs[0].set_xlabel('Sample')

axs[@].set_ylabel('Amplitude')

axs[0].legend()

axs[@].grid(True)

# Plotting the frequency responses on the second subplot

axs[1].plot(w / np.pi * (fs / 2), 20 * np.logle(abs(h)), label='Bandpass
Filter', color='b")

axs[1].plot(w w / np.pi * (fs / 2), 20 * np.logl@(abs(h_w)),
label="Windowed Bandpass Filter', color='r")

axs[1].set_title('Frequency Responses')

axs[1].set_xlabel('Frequency [Hz]")

axs[1].set_ylabel('Magnitude [dB]")

axs[1].legend()

axs[1].grid(True)
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# Convolution with the signal
sima_bp = convolve(s, hbp, mode='same')
sima_bpw = convolve(s, hbpw, mode='same")

fig, axs = plt.subplots(l, 2, figsize=(14, 4))

# Plotting the Power Spectral Density

f, Pxx = welch(sima_bp, Fs, nperseg=1024)

axs[@].semilogy(f, Pxx)

axs[@].set_title('Power Spectral Density of Bandpass Filtered Signal')
axs[@].set_xlabel('Frequency [Hz]")

axs[@].set_ylabel('PSD [V**2/Hz]")

axs[@].grid(True)

f, Pxx = welch(sima_bpw, Fs, nperseg=1024)

axs[1].semilogy(f, Pxx)

axs[1].set_title('Power Spectral Density of Windowed Bandpass Filtered
Signal')

axs[1].set_xlabel('Frequency [Hz]")

axs[1].set_ylabel('PSD [V**2/Hz]")

axs[1].grid(True)

plt.tight_layout()
plt.show()

# Attach the event handler to the frequency inputs
f1 _input.observe(process_signal, names='value')
f2_input.observe(process_signal, names='value')

# Display widgets
input_ui = widgets.VBox([f1l_input, f2_input])
ui = widgets.HBox([input _ui], layout=Layout(align_items='center'))

display(ui, plot_output)

# Call process_signal initially
process_signal(None)
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E@appoyn Parks-McClellan ®@iAtgouv:

Zxeduaopog  @iAtoov bandpass pe ™ péBodo Parks-McClellan  ywx
ovykekQLuévng eEacBéviong ota stop bands.

emitevén

Kddi1xag — Chapter 1 - Egappoyfy Parks-McClellan $i{Atpou

import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets

from IPython.display import display, clear_output
import time

from scipy.signal import firwin2, freqz, welch
import warnings

warnings.filterwarnings('ignore")

# ---- Interactive widgets --------------““““c e

f1 _input = widgets.IntText(value=600, description='f1l (Hz):',
continuous_update=False)

f2_input = widgets.IntText(value=1100, description='f2 (Hz):',
continuous_update=False)

output_area = widgets.Output()

# Example signal & sampling frequency
s = np.random.randn(5000)
Fs = 8192 # [Hz]

# ---- Update plots whenever f1 / f2 change -------------"-----~-------~-------

def update plots(change):
fl, f2 = f1_input.value, f2_input.value

# Validation
if not (@ <= f1 < f2 <= 0.48*Fs):
with output_area:
output_area.clear_output(wait=True)
display(widgets.HTML(
"<div style='color:black; background:#ffffcc; padding:10px;
"border-radius:5px; font-size:16px; text-align:center;'>"
"<b>A Warning:</b> 0 &lt; f1 &1t; f2 &1lt; 0.48-Fs (= 3900
Hz)</div>"))
return

# ---- Parks-McClellan (Equiripple) design --------------co-mmmomo—-

numtaps = 129
bands = [0, f1*0.95,
f1*1.05, f2*0.95,
£2%1.05, Fs/2]
[0, 1, 0] # stop, pass, stop
[1, 1, 1]

desired
weights
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hbp_pm = remez(numtaps, bands, desired, weight=weights, fs=Fs)

# ---- Plots -------mmmmm -
with output_area:
output_area.clear_output(wait=True)

w, h = freqz(hbp_pm, worN=4096, fs=Fs)
fig, axs = plt.subplots(l, 3, figsize=(14, 4))

# (1) Impulse response

axs[@].plot(hbp_pm, label='Equiripple BP")
axs[@].set_title('Impulse Response')
axs[0].set_xlabel('Sample')
axs[0].set_ylabel('Amplitude')
axs[0].legend()

axs[@].grid(True)

# (2) Magnitude response (dB) - Coup otn Jwvn OMOKOTHG
axs[1].plot(w, 20*np.logl@(np.abs(h)))
axs[1].set_title('Frequency Response (Equiripple)"')
axs[1].set_xlabel('Frequency [Hz]'")
axs[1].set_ylabel('Magnitude [dB]')
axs[1].set_ylim([-120, 5]) # 6ei1&e ta ripples
axs[1].grid(True)

# (3) Power Spectrum of filtered signal

s_pm = np.convolve(s, hbp_pm, 'same')

f, Pxx = welch(s_pm, Fs, 'flattop', 1024, scaling='spectrum')
axs[2].semilogy(f, np.sqrt(Pxx))

axs[2].set_title('Power Spectrum (Welch)")
axs[2].set_xlabel('Frequency [Hz]'")

axs[2].set_ylabel('Linear spectrum [V RMS]")
axs[2].grid(True)

plt.tight_layout()
plt.show()

# ---- Connect callbacks & display UL ----------------mmmmmmmmme oo
f1_input.observe(update plots, names='value')
f2_input.observe(update plots, names='value')

ui = widgets.HBox([widgets.VBox([f1l_input, f2_input])],
layout=Layout(align_items='center"))
display(widgets.VBox([ui, output_area]))

# Initial render
update_plots(None)
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E@agpoyn @iAtoov pe 2 passbands:

Zxedaopog kat vAomoinon @idteov pe dvo passbands oto MATLAB, pe amewovion g
PAOUATIKNG TOL ATIOKQLONG.

Kddi1xoag — Chapter 1 - E¢gappoyfy #iAtpou pe 2 passbands
import numpy as np
import matplotlib.pyplot as plt
from scipy.signal import firwin2, freqz

# Sampling frequency
Fs = 8192

# Define the target frequency response

# Pass frequencies between ©0-500 Hz and 1100-3000 Hz

target_freqs = [0, 400, 500, 1100, 1200, 2900, 3000, Fs/2]

target_response = [1, 1, @, 0, 1, 1, @, @] # 1 in passbands, @ in stopbands

# Filter order
numtaps = 350

# Design the FIR filter using firwin2
filter taps = firwin2(numtaps, target_freqs, target_response, fs=Fs)

# Calculate the frequency response of the filter
w, h = freqz(filter_taps, worN=2000, fs=Fs)

# Plot the frequency response

plt.figure(figsize=(14, 4))

plt.plot(w, 20 * np.logl@(abs(h)), label="Bandpass Filter with firwin2")
plt.title('Frequency Response')

plt.xlabel('Frequency [Hz]')

plt.ylabel('Magnitude [dB]")

plt.grid(True)

plt.axhline(-60, color='red', linestyle='--', label="60 dB Attenuation",
linewidth=1)

plt.axvline(500, color='green', linestyle='--', label="500 Hz", linewidth=1)
plt.axvline(1100, color='green', linestyle='--', label="1100 Hz", linewidth=1)
plt.axvline(3000, color='green', linestyle='--', label="3000 Hz", linewidth=1)
plt.legend()

plt.show()
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Chapter 3: Optimal digital detection — Matched filters

Anpovgyia Tvxaiwv onuaTwv:

Anpovgyta Tuxaiwv onNUATWY Kat TaQovoiaon Tov L0TOYQAUHATOS TOVG.

Kddi1xoag — Chapter 3 - Anpiovupyia tuxaiev onpatev

import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets
from IPython.display import display
import time

# Function to generate histogram based on k and d inputs
def generate_histogram(k, d):

M = 40000

L =2 *%*k

# Generate random data based on k and d

x = (2 * np.floor(L * np.random.rand(M)) - L + 1) *d / 2
bins = np.arange(-L *d / 2, L *d /2 +2 *d/ 2, d)

A = np.arange(-L *d /2 +d/ 2, L*d/ 2, d)

# Plot histogram

fig, ax = plt.subplots(1l, 1, figsize=(14, 4))

ax.hist(x, bins=bins, edgecolor='white', color="#1F77B4")
ax.set_xticks(A)

ax.set_xlabel("Integers")

ax.set_ylabel("Frequency")

ax.set_title("Histogram of array x elements")

plt.show()

# UI Components for input

k_input = widgets.IntText(
value=3, # default value
description="k:",
continuous_update=False

)

d_input = widgets.FloatText(
value=1, # default value
description="d:",
continuous_update=False

# Arrange inputs in a VBox
inputs = widgets.VBox([k_input, d_input])
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# Interactive output to update the plot based on k and d values
out = widgets.interactive output(generate_histogram, {'k': k_input,

# Display the UI and output
display(inputs, out)
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d':

d_input})



E@paguoyn 6ogupou:
Enidoaon tov OogvPov oto ofua pe T VO tov Adyov Eb/No péow evég
dtadoaotiko slider kat TOV VTTOAOYLOUO TOV LOTOYQAUHUATOS YL DLAPOQES TLHEG.

Kdd i1 xag — Chapter 3 - E¢gappoyfy 6opUpou

import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets
from IPython.display import display

# Function to generate histogram based on k, Eb/N@, and d inputs
def generate_histogram(k, EbNO db, d):

M = 60000 # Number of symbols

nsamp = 16 # Number of samples per symbol

L =2 ** k # Number of levels
SNR_db = EbN@ _db - 10 * np.logl@(nsamp / (2 * k)) # Calculate SNR in dB
SNR = 10 ** (SNR_db * ©.1) # Convert SNR from dB to linear scale

# Generate random signal with L levels
x = (2 * np.floor(L * np.random.rand(M)) - L + 1) *d / 2

# Power of the original signal
Px = (d ** 2 / 4) * (L ** 2 - 1) / 3
Measured_x = np.sum(x ** 2) / len(x)

# Upsample the signal
y = np.repeat(x, nsamp)

# Generate Gaussian noise
noise = np.random.normal(@, np.sqrt(Measured x / SNR), len(y))
y_noisy = y + noise

# Matched filter (average over nsamp samples)
y_reshaped = np.reshape(y_noisy, (M, nsamp))
matched = np.ones((nsamp, 1))

z = np.matmul(y_reshaped, matched) / nsamp

# Set up the bins for the histogram
A = np.arange(-(L - 1) *d / 2, L *d / 2, d)

# Plot the histogram

fig, ax = plt.subplots(1l, 1, figsize=(14, 4))

ax.hist(z, bins=200, edgecolor='white', color='#1F77B4")
ax.set_xticks(A)

ax.set_xlabel("Integers")

ax.set_ylabel("Frequency")
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ax.legend([f"Eb/N@ = {EbN@ _db} dB"])
ax.set_title('Histogram of the Noisy Signal')

plt.show()

# UI Components for input

k_input = widgets.IntText(value=3, description="k:', continuous_update=False)
d_input = widgets.IntText(value=5, description='d:', continuous_update=False)
EbN@_db_slider = widgets.FloatSlider(value=12, min=0, max=20, step=0.1,
description="Eb/N@ (dB):', continuous_update=False)

# Arrange inputs in a VBox
inputs = widgets.VBox([k_input, d_input, EbN@_db_slider])

# Interactive output to update the plot based on k, d, and Eb/N@ values
out = widgets.interactive output(generate_histogram, {'k': k_input, 'd': d_input,
"EbN@_db': EbNe_db slider})

# Display the UI and output
display(inputs, out)
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ASK Bit Error Rate (BER) Visualization:

H dwdoaotikny dvvatot)ta ovykpons dwxpoppwoewyv M-ASK pe emidoyéc v

melpapaTikt] kKat Oewontikn) Tipn tov BER. Na prrogovv ot xorjoteg va emiAéEovv petalvd

OLAPOQETIKWYV DXOQPWOEWV, delyUATWV avd oVBoAo, kat tvTtov matched filter v va

dOLV T ATIOTEAETUATA O€ TIQAYUATLKO XQOVO.

impo
impo
from
from
from
from

# Fu
def

KddLkag¢ — Chapter 3 - ASK Bit Error Rate (BER) Visualization

rt numpy as np

rt matplotlib.pyplot as plt

ipywidgets import Layout, widgets, Output, RadioButtons, Checkbox, Dropdown
IPython.display import display

scipy.special import erfc

scipy.signal import upfirdn

nction to calculate the number of errors in ASK modulation
ask_errors_sin(k, M, nsamp, EbN@_db):

# Determine number of levels in ASK constellation

L = 2*%*k

# Calculate signal-to-noise ratio (SNR) in dB and linear scale
SNR_db = EbN@_db - 10 * np.logl@(nsamp / (2 * k))
SNR_linear = 10 ** (SNR_db / 10)

# Generate random ASK symbols and apply cosine pulse shaping

x = 2 * np.floor(L * np.random.rand(M)) - L + 1

h = np.cos(2 * np.pi * np.arange(1l, nsamp + 1) / nsamp)

h = h / np.sqgrt(np.sum(h**2))

# Apply pulse shaping filter using upsample-filter-downsample method
y = upfirdn(h, x, up=nsamp)

y = y[:M * nsamp]

# Calculate noise variance and generate noise

P_x = np.mean(y ** 2)

noise_variance = P_x / SNR_linear

noise = np.random.normal(@, np.sqrt(noise_variance), len(y))

# Add noise to signal
y_noisy = y + noise

# Apply matched filter (normal or reversed) and sample at decision points
matched = h[::-1]
yrx = np.convolve(y noisy, matched, mode='full")

z = yrx[nsamp - 1:M * nsamp:nsamp]

# Decision based on closest constellation levels
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levels = np.arange(-L + 1, L, 2)
z_decided = levels[np.abs(levels[:, None] - z).argmin(axis=0)]

# Return the number of symbol errors
return np.count_nonzero(x != z_decided)

# Set experiment parameters
M = 10000
EbN@_db = np.arange(9, 21, 2)

# Create interactive UI components

checkbox_4qgam = Checkbox(value=True, description="'4-ASK")

checkbox_8gam = Checkbox(value=False, description='8-ASK")

checkbox_16gam = Checkbox(value=False, description='16-ASK")

nsamp_dropdown = Dropdown(options=[4, 8, 16, 32, 64], value=16, description='Samples
per Symbol:',style={'description width': 'initial'})

plot_output = Output()

# Plot selected modulations based on user input
def plot selected modulations(change):
with plot_output:
plot_output.clear_output(wait=True)
nsamp = nsamp_dropdown.value
plt.figure(figsize=(10, 7))
colors = {"4-ASK': 'red', '8-ASK': 'green', '16-ASK': 'blue'}

for k, checkbox, color in zip([2, 3, 4], [checkbox_4qgam, checkbox_8qam,
checkbox_16qam], colors.values()):
if checkbox.value:

L = 2%*k

modulation_name = f'{L}-ASK'

ber = np.zeros(len(EbNe_db))

for index, eb_n@ in enumerate(EbNO_db):

ber[index] = ask_errors_sin(k, M, nsamp, eb ne) / (M *

np.log2(L))

plt.semilogy(EbN@ _db, ber, 'o', label=f'Experimental
{modulation_name}', color=color)

ber_theoretical = (((L-1)/L) * erfc(np.sqrt(10**(EbNO_db / 10) * (3
* np.log2(L)) / (L**2 - 1)))) / k

plt.semilogy(EbN@_db, ber_theoretical, linestyle='-',
label=f'Theoretical {modulation_name}', color=color)

plt.grid(True, which="both")

plt.xlabel("Eb/NO (dB)")

plt.ylabel("BER")

plt.title(f'Theoretical and Experimental BER of ASK Modulations

[nsamp={nsamp}]")
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plt.legend()
plt.show()

# Attach the plot function to UI interactions

checkbox_4qgam.observe(plot_selected modulations, names='value')
checkbox_8qam.observe(plot_selected modulations, names='value')
checkbox_16qgam.observe(plot_selected _modulations, names='value')
nsamp_dropdown.observe(plot_selected modulations, names='value')

# Set up the UI layout

inputsl = widgets.HBox([nsamp_dropdown])

inputsl12 = widgets.HBox([inputsl], layout=Layout(align_items='center'))
inputs3 = widgets.VBox([checkbox_4qgam, checkbox 8gam, checkbox_16qgam])

inputs = widgets.VBox([inputs12, inputs3])
ui = widgets.HBox([inputs], layout=Layout(align_items='center'))
# Display UI and initial plot

display(ui, plot_output)
plot_selected _modulations(None)
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# Necessary imports for numerical calculations, plotting, and interactive UI
import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets

from IPython.display import display

# Output widget to display the plot
output = widgets.Output()

# Function to plot filters based on nsamp input

def plot filters(change):
# Get the current value of nsamp from the dropdown
nsamp = nsamp_input.value

# Clear the previous output before plotting the new data
with output:
output.clear_output(wait=True)

# Generate orthogonal and sinusoidal signals, both normalized
orthogonal = np.ones(nsamp) / np.sqrt(nsamp)

sinusoidal = np.cos(2 * np.pi * np.arange(1l, nsamp + 1) / nsamp)
sinusoidal = sinusoidal / np.sqrt(np.sum(sinusoidal**2))

# Create matched filters by reversing the signal arrays
matched_orthogonal = orthogonal[::-1]
matched_sinusoidal = sinusoidal[::-1]

# Create a 2x2 subplot layout for plotting the filters
fig, axs = plt.subplots(2, 2, figsize=(14, 8))

# Plot orthogonal signal

markerline, stemlines, baseline = axs[9, ©].stem(orthogonal)
plt.setp(stemlines, 'linewidth', 0.5)

plt.setp(markerline, 'markersize', 4)

axs[@, 0].set_title('Orthogonal')

axs[0, 0].set_xlabel('Index')

axs[0, 0].set_ylabel('Amplitude")

# Plot sinusoidal signal

markerline, stemlines, baseline = axs[09, 1].stem(sinusoidal)
plt.setp(stemlines, 'linewidth', ©0.5)

plt.setp(markerline, 'markersize', 4)

axs[@, 1].set_title('Sinusoidal')
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axs[0, 1].set xlabel('Index')
axs[0, 1].set_ylabel('Amplitude")

# Plot matched orthogonal filter

markerline, stemlines, baseline = axs[1l, ©].stem(matched_orthogonal)
plt.setp(stemlines, 'linewidth', 0.5)

plt.setp(markerline, 'markersize', 4)

axs[1, @].set_title('Matched Orthogonal')

axs[1l, 0].set_xlabel('Index')

axs[1l, 0].set_ylabel('Amplitude")

# Plot matched sinusoidal filter

markerline, stemlines, baseline = axs[1l, 1].stem(matched_sinusoidal)
plt.setp(stemlines, 'linewidth', 0.5)

plt.setp(markerline, 'markersize', 4)

axs[1, 1].set_title('Matched Sinusoidal')

axs[1, 1].set _xlabel('Index')

axs[1, 1].set_ylabel('Amplitude")

# Adjust layout to prevent overlap
plt.tight_layout()
plt.show()

# Create a dropdown widget for selecting nsamp values
nsamp_input = widgets.Dropdown(
options=[8, 16, 32, 64], # Available options for nsamp
value=8, # Default value
description="nsamp:"',

# Trigger the plot function when nsamp is changed
nsamp_input.observe(plot filters, names='value')

# Create a vertical layout for the dropdown and output
inputs = widgets.VBox([nsamp_input])

# Combine inputs and output into a horizontal layout
ui = widgets.HBox([inputs], layout=Layout(align_items='center'))
out = widgets.VBox([ui, output])

# Display the UI
display(out)

# Initial plot when the page loads
plot_filters(None)
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Chapter 4: Spectral Characteristics of Digital Waveforms & Nyquist signaling
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import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets, IntSlider, FloatSlider, Dropdown, IntText,
Output

import scipy.signal

from math import log2

import random

# The function grayCode accepts a number n and returns an array g containing
# the Gray coding for numbers with n bits.
# This is done by recursively calling the function gray_code_recurse
def grayCode(n):
def gray code recurse (g,n):
k=len(g)
if n<=0:
return
else:
for i in range (k-1,-1,-1):
char="1"+g[1i]
g.append(char)
for i in range (k-1,-1,-1):
gli]="0"+g[1i]

gray_code_recurse (g,n-1)

g=[I0I’I]-I]
gray_code_recurse(g,n-1)
return g

# The function naturalBinaryCoding accepts a number n and returns an array
# with binary numbers with n bits (or equivalently up to the number 2**n, which
results
# by left shifting 1 by n bits)
def naturalBinaryCoding(n):

binary levels = []

for i in range(1 << n):

binary levels.append('{:0{}b}'.format(i, n))
return binary_levels
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# The function generateRandomBits generates n_bits random binary digits
def generateRandomBits(n_bits):
bitstream = []
for i in range(n_bits):
random_bit = random.randint(e, 1)
bitstream.append(random bit)
return bitstream

# The function createlLevels divides the range [-A, A] into L-1 equal intervals,
# so that it always contains the endpoints of the range
def createlLevels(A, L):

y =[]

step = (A - (-A)) / (L - 1)

for i in range(L):

y.append(-A + i * step)
return y

# The function createSymbols takes an array with bits as an argument and
# groups neighboring digits into symbols with length k
def createSymbols(k, bitstream):
n_bits = len(bitstream)
symbols = []
for i in range(@, n_bits - k + 1, k):
symbol = ""
for j in range(k):
symbol += str(bitstream[i+j])
symbols.append(symbol)
return symbols

# The function rootRaisedCosine creates a root raised cosine pulse

# with a roll-off coefficient and order determined by the sampling rate (nsample)
# and the delay it will introduce (delay)

def rootRaisedCosine(nsamp, roll off, delay):

FO = 0.5 / nsamp

Fd = 1

Fs = Fd * nsamp

Td =1 / Fd

Ts =1/ Fs

F1 = FO * (1 - roll off)

F2 = FO * (1 + roll off)
filter_order = 2 * nsamp * delay

+
I}

np.arange(@, filter_order, Td)
h =[]
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for i in range(len(t)):
t_shifted = t[i] - filter_order / 2
if t_shifted == 0:
h.append(np.sqrt(2 * F@) *(1 + roll off * ((4 / np.pi) - 1)))
elif t shifted == 1 / 8 / roll off / F@ or t_shifted == - 1 / 8 / roll off /
Fo :
h.append((roll_off * np.sqrt(Fe)) * ((1 + 2 / np.pi) * np.sin(np.pi / 4
/ roll off) + (1 - 2 / np.pi) * np.cos(np.pi / 4 / roll off)))
else:
factorl = np.sqrt(2 * FO) / (1 - 64 * roll off* roll off * FO * FO *
t_shifted * t_shifted)
factor2 = np.sin(2 * np.pi * F1 * t_shifted) / (2 * np.pi * FO *
t_shifted)
factor3 = (4 * roll off / np.pi) * np.cos(2 * np.pi * F2 * t_shifted)
h.append(factorl * (factor2 + factor3))

return t,h

# The function upSample increases the number of samples of a signal signal by adding
nsamp-1
# zeros after each sample of the signal
def upSample(signal, nsamp):
upSampled = []
for i in range(len(signal) * nsamp):
if i % nsamp ==
upSampled.append(signal[i // nsamp])
else:
upSampled.append(9)
return upSampled

# The function downSample reduces the sampling frequency of a signal signal by a
factor of nsamp
# by keeping only the samples that are multiples of nsamp (@, nsamp, 2*nsamp, ...)
def downSample(signal, nsamp):
downSampled = []
for i in range(@, len(signal), nsamp):
downSampled.append(signal[i])

return downSampled
# Adds white Gaussian noise with mean value p (mu) and variance o072 (sigma)
def generateAWGN(signal, mu, sigma):

noise = sigma * np.random.randn(len(signal)) + mu
return noise
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# Output widget for dynamic updates
output = Output()

# Global variables for filter and parameters
global filt, g delay, g nsamp

# Function for interactive signal processing
def interactive signal processing(n_bits, L, roll off, nsamp, delay):
# Set global variables for filter and nsamp/delay values
global filt, g delay, g nsamp
g delay = delay
g_nsamp = nsamp

# Generate random bitstream
bitstream = generateRandomBits(n_bits)

# Determine ASK amplitude and number of bits per symbol
A=1L -1
k = int(log2(L))

# Generate signal levels and symbols using Gray encoding
y_levels = createlLevels(A, L)

symbols = createSymbols(k, bitstream)

gray_encoding = grayCode(k)

# Convert symbols to corresponding Gray code levels
x_gray = [y_levels[gray_encoding.index(symbol)] for symbol in symbols]

# Generate root-raised cosine filter and apply it to the signal
t_filter, filt = rootRaisedCosine(nsamp, roll off, delay)

y = upSample(x_gray, nsamp)

y_transmitted = scipy.signal.convolve(y, filt)

y _received = scipy.signal.convolve(y transmitted, filt)

# Downsample received signal and remove delay effects
y_final = downSample(y_received, nsamp)
y final = y final[2 * delay: len(y_final) - 2 * delay]

# Plot the results
with output:
output.clear_output(wait=True) # Clear previous output
fig = plt.figure(figsize=(20, 12)) # Create a figure object

# First subplot - Root Raised Cosine Filter
axl = fig.add _subplot(2, 2, 1)
axl.plot(t_filter, filt)
axl.set_title('Root Raised Cosine Filter')
axl.set xlabel('Time')
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axl.set ylabel('Amplitude’)
axl.grid(True)

# Second subplot - Continuous signal with stems

ax2 = fig.add_subplot(2, 2, 2)

t_continuous = np.arange(0, len(y_transmitted[:10 * nsamp])) # Time vector
for continuous signal

ax2.plot(t_continuous, y transmitted[:10 * nsamp], label='Filtered Signal')

# Stem positions for original symbols

t_symbols = np.arange(9, 10 * nsamp, nsamp) # Stem positions every nsamp
samples

y_stems = y transmitted[t_symbols] # Corresponding y-values for stems

ax2.stem(t_symbols, y stems, linefmt='Cl-', markerfmt='Clo', basefmt=" ",
label="0Original Symbols"')

ax2.set_title('Signal Visualization')

ax2.set xlabel('Time")

ax2.set_ylabel('Amplitude’)

ax2.legend()

ax2.grid(True)

# Third subplot - Signal Visualization
ax3 = fig.add_subplot(2, 2, 3)

t = np.arange(@, len(y[:10]))
ax3.plot(t, y final[:10])

ax3.stem(t, x_gray[:10])
ax3.set_title('Signal Visualization')
ax3.legend([ 'Received', 'Transmitted'])
ax3.set xlabel('Time")
ax3.set_ylabel('Amplitude')
ax3.grid(True)

# Fourth subplot - Power Spectral Density of the Received Signal

ax4 = fig.add_subplot(2, 2, 4)

f, Pxx_den = scipy.signal.welch(y_received, window="hamming', nperseg=8192)
Pxx_den = 10 * np.logl@(Pxx_den)

ax4.plot(f, Pxx_den)

ax4.set_title('Power Spectral Density of the Received Signal')

ax4.set xlabel('Normalized Frequency')

ax4.set_ylabel('Power/Frequency [dB]")

ax4.grid(True)

plt.tight_layout() # Adjust layout
plt.show()

# Widget setup for interactive sliders and dropdowns
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n_bits slider = IntSlider(min=10000, max=100000, step=10000, value=10000,
description="Bitstream Length', layout=Layout(width='100%"),
continuous_update=False)

roll off_slider = FloatSlider(min=0.1, max=1.0, step=0.1, value=0.4,
description="Roll-off Factor', layout=Layout(width="'100%"'), continuous_update=False)
L_dropdown = Dropdown(options=[2**i for i in range(l, 6)], value=2, description="ASK
Levels', continuous_update=False)

nsamp_slider = IntSlider(min=10, max=40, step=1, value=20, description='nsamp’,
layout=Layout(width="100%"'), continuous_update=False)

delay slider = IntSlider(min=1, max=10, step=1, value=5, description='Group Delay',
layout=Layout(width="100%"), continuous_update=False)

# Display the filter order based on nsamp and delay
filter_order_display = IntText(value=2 * nsamp_slider.value * delay slider.value,
description="Filter Order:', disabled=True)

# Grouping inputs into a VBox
inputs = widgets.VBox([n_bits_slider, roll off_slider, nsamp_slider, delay slider,
filter_order_display, L_dropdown])

# Function to update filter order based on nsamp and delay values
def update filter order(*args):
filter_order = 2 * nsamp_slider.value * delay_slider.value
filter_order_display.value = filter_order

# Observers to update filter order when nsamp or delay changes
nsamp_slider.observe(update_filter_order, 'value')
delay_slider.observe(update_filter_order, 'value')

# Call interactive signal processing function when parameters change
def on_change(*args):

interactive_signal processing(n_bits_slider.value, L_dropdown.value,
roll off_slider.value, nsamp_slider.value, delay slider.value)

# Observe changes in the widgets and trigger signal processing
n_bits_slider.observe(on_change, 'value')

roll off_slider.observe(on_change, 'value')
L_dropdown.observe(on_change, 'value')
nsamp_slider.observe(on_change, 'value')
delay_slider.observe(on_change, 'value')

# Display the UI and output area
display(inputs, output)

# Run the initial signal processing with default values

interactive_signal processing(n_bits_slider.value, L_dropdown.value,
roll off_slider.value, nsamp_slider.value, delay slider.value)
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import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, VBox, HBox, IntSlider, FloatSlider, Dropdown, Output,
interactive

from IPython.display import display, clear_output

import scipy.signal

from math import log2, erfc, sqrt

import random

# The function grayCode accepts a number n and returns an array g containing
# the Gray coding for numbers with n bits.
# This is done by recursively calling the function gray_code_recurse
def grayCode(n):
def gray code recurse (g,n):
k=len(g)
if n<=0:
return
else:
for i in range (k-1,-1,-1):
char="1"+g[1i]
g.append(char)
for i in range (k-1,-1,-1):
gli]="0"+g[1i]

gray_code_recurse (g,n-1)

g=[I0I’I]-I]
gray_code_recurse(g,n-1)
return g

# The function naturalBinaryCoding accepts a number n and returns an array
# with binary numbers with n bits (or equivalently up to the number 2**n, which
results
# by left shifting 1 by n bits)
def naturalBinaryCoding(n):
binary levels = []
for i in range(1 << n):
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binary levels.append('{:0{}b}'.format(i, n))
return binary_levels

# The function generateRandomBits generates n_bits random binary digits
def generateRandomBits(n_bits):
bitstream = []
for i in range(n_bits):
random_bit = random.randint(e, 1)
bitstream.append(random bit)
return bitstream

# The function createlLevels divides the range [-A, A] into L-1 equal intervals,
# so that it always contains the endpoints of the range
def createlLevels(A, L):

y =[]

step = (A - (-A)) / (L - 1)

for i in range(L):

y.append(-A + i * step)
return y

# The function createSymbols takes an array with bits as an argument and
# groups neighboring digits into symbols with length k
def createSymbols(k, bitstream):
n_bits = len(bitstream)
symbols = []
for i in range(@, n_bits - k + 1, k):
symbol = ""
for j in range(k):
symbol += str(bitstream[i+j])
symbols.append(symbol)
return symbols

# The function rootRaisedCosine creates a root raised cosine pulse
# with a roll-off coefficient and order determined by the sampling rate (nsample)
# and the delay it will introduce (delay)
def rootRaisedCosine(nsamp, roll off, delay):
FO = 0.5 / nsamp

Fd = 1

Fs = Fd * nsamp

Td =1 / Fd

Ts =1/ Fs

F1 = FO * (1 - roll off)
F2 = FO * (1 + roll off)

filter_order = 2 * nsamp * delay
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t = np.arange(@, filter_order, Td)
h =[]
for i in range(len(t)):
t_shifted = t[i] - filter_order / 2
if t_shifted == 0:
h.append(np.sqrt(2 * F@) *(1 + roll off * ((4 / np.pi) - 1)))
elif t shifted == 1 / 8 / roll off / F@ or t_shifted == - 1 / 8 / roll off /
Fo :
h.append((roll_off * np.sqrt(Fe)) * ((1 + 2 / np.pi) * np.sin(np.pi / 4
/ roll off) + (1 - 2 / np.pi) * np.cos(np.pi / 4 / roll off)))
else:
factorl = np.sqrt(2 * FO) / (1 - 64 * roll off* roll off * FO * FO *
t_shifted * t_shifted)
factor2 = np.sin(2 * np.pi * F1 * t_shifted) / (2 * np.pi * FO *
t_shifted)
factor3 = (4 * roll off / np.pi) * np.cos(2 * np.pi * F2 * t_shifted)
h.append(factorl * (factor2 + factor3))

return t,h

# The function upSample increases the number of samples of a signal signal by adding
nsamp-1
# zeros after each sample of the signal
def upSample(signal, nsamp):
upSampled = []
for i in range(len(signal) * nsamp):
if i % nsamp ==
upSampled.append(signal[i // nsamp])
else:
upSampled.append(9)
return upSampled

# The function downSample reduces the sampling frequency of a signal signal by a
factor of nsamp
# by keeping only the samples that are multiples of nsamp (@, nsamp, 2*nsamp, ...)
def downSample(signal, nsamp):
downSampled = []
for i in range(@, len(signal), nsamp):
downSampled.append(signal[i])

return downSampled

# Adds white Gaussian noise with mean value p (mu) and variance o072 (sigma)
def generateAWGN(signal, mu, sigma):

noise = sigma * np.random.randn(len(signal)) + mu

return noise
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def interactive signal processing with natural(n_bits=80000, roll off=0.7, nsamp=16,
delay=4, L=16):

# Common setup

bitstream = generateRandomBits(n_bits)

A=1L -1

k = int(log2(L))

y_levels = createlLevels(A, L)

symbols = createSymbols(k, bitstream)

# Gray encoding setup
gray_encoding = grayCode(k)
x_gray = [y_levels[gray_encoding.index(symbol)] for symbol in symbols]

# Natural encoding setup
natural_encoding = naturalBinaryCoding(k)
x_natural = [y_levels[natural _encoding.index(symbol)] for symbol in symbols]

# Root raised cosine filter (common for both Gray and Natural)
t _filter, filt = rootRaisedCosine(nsamp, roll off, delay)

# Transmission simulation for Gray encoding
y_gray = upSample(x_gray, nsamp)
y_transmitted gray = scipy.signal.convolve(y_gray, filt)

# Transmission simulation for Natural encoding
y_natural = upSample(x_natural, nsamp)
y_transmitted natural = scipy.signal.convolve(y natural, filt)

# Calculate BER for Gray encoding

berTheoretical = []

berSimulation_gray = []

berSimulation_natural = [] # For natural encoding
EbNO_max = 20

for EbN@_db in range(1, EbNO_max):
# Convert Eb/N@ from dB to linear scale
EbNe = 10 ** (EbNe_db * ©.1)
SNR_db = EbN@_db - 10*np.loglo(nsamp/2/k)
SNR = 10 ** (SNR_db * 0.1)

# Calculate the power of the transmitted signal and the noise power to
achieve the desired SNR

P = sum(y_transmitted_gray * y transmitted gray) / len(y_transmitted_gray)

P_db = 10 * np.logle(P)

Pn_db = P_db - SNR_db

Pn = 10 ** (Pn_db * 0.1)

151



# Add noise (common for both Gray and Natural)

mu = 0

sigma = np.sqrt(Pn)

noise = generateAWGN(y_transmitted gray, mu, sigma)
y_noisy gray = y_transmitted_gray + noise

y_noisy natural = y transmitted_natural + noise

# Receiver simulation for Gray encoding

z_received_gray = scipy.signal.convolve(y noisy gray, filt)

z_final gray = downSample(z_received _gray, nsamp)

z_final gray = z_final gray[2 * delay : len(z_final _gray) - 2 * delay]

# Receiver simulation for Natural encoding (Code 1)

z_received natural = scipy.signal.convolve(y noisy natural, filt)

z_final natural = downSample(z_received natural, nsamp)

z_final natural = z_final natural[2 * delay : len(z_final natural) - 2 *
delay]

# Error calculation for Gray encoding
# Decision for the level corresponding to the symbol received for Gray
encoding
for i in range(len(z_final_gray)):
# Array with the differences of the signal from the levels
differences = np.abs(y_levels - z_final gray[i])
m = min(differences) # Find the minimum distance
[index], = np.where(differences == m)
z _final gray[i] = y_levels[index]

# We assume that each error in Gray encoding results in one incorrect bit
error = 0
for i in range(len(z_final_gray)):
if x_gray[i] != z_final_gray[i]:
error += 1

# BER calculation = number of errors / number of bits
berSimulation_gray.append(error/n_bits)

# Error calculation for Natural encoding
# Decision for the level corresponding to the symbol received
for i in range(len(z_final_natural)):

differences = np.abs(y_levels - z_final natural[i])

m = min(differences)

[index], = np.where(differences == m)

z_final natural[i] = y levels[index]

# The final_symbols contains the bits that were decided to be received

final symbols = []
for i in range(len(z_final_natural)):
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# Mapping each decided level to its binary encoding
index = y_levels.index(z_final_natural[i])
final _symbols.append(natural_encoding[index])

# For each incorrect symbol, we need to check how many bits were wrong,
# as the encoding of neighboring levels no longer differs by only one bit
error = 0
for i in range(len(z_final_natural)):

# If a symbol is wrong, check how many digits were received incorrectly

if x_natural[i] != z_final_natural[i]:

for j in range(len(symbols[i])):
if symbols[i][j] != final_symbols[i][j]:
error += 1

berSimulation_natural.append(error/n_bits)

# Theoretical BER calculation (common for both Gray and Natural)
Pe = (L - 1) / L * erfc(sqrt(3 * k / (L**2 - 1) * EbNO))
berTheoretical.append(Pe / k)

# Plotting the BER for both Gray and Natural encoding

plt.figure(figsize=(10, 6))

plt.semilogy(range(1l, EbN® max), berTheoretical, label='Theoretical')
plt.semilogy(range(1l, EbN® max), berSimulation_gray, 'o', label='Gray')
plt.semilogy(range(1l, EbN® max), berSimulation_natural, '*', label='Natural')
plt.xlabel('Eb/N@ (dB)")

plt.ylabel('Bit Error Rate')

plt.title('BER Curve for L-ASK")

plt.legend()

plt.grid(True)

plt.show()

# Creating sliders and dropdown

n_bits slider = IntSlider(min=10000, max=100000, step=10000, value=80000,
description='Bitstream Length', style={'description width': ‘'initial'},
layout=Layout(width="100%"'), continuous_update=False)

roll off _slider = FloatSlider(min=0.1, max=1.0, step=0.1, value=0.7,
description="'Roll-off Factor', style={'description width': ‘'initial'},
layout=Layout(width="100%"'), continuous_update=False)

nsamp_slider = IntSlider(min=8, max=32, step=1, value=16, description="nsamp’,
style={'description width': 'initial'}, layout=Layout(width='100%"),
continuous_update=False)

delay slider = IntSlider(min=1, max=8, step=1, value=4, description='Group Delay',
style={'description width': 'initial'}, layout=Layout(width='100%"),
continuous_update=False)

L_dropdown = Dropdown(options=[2**i for i in range(1l, 6)], value=16,
description="ASK Levels', style={'description_width': 'initial'},
continuous_update=False)
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# Reordering the widgets

interactive_plot_with_natural =
interactive(interactive_signal processing with_natural, n_bits=n_bits_slider,
roll off=roll off_slider, nsamp=nsamp_slider, delay=delay slider, L=L_dropdown)

input_widgets = VBox([n_bits_slider, roll off_slider, nsamp_slider, delay_slider,
L_dropdown], layout=Layout(flex='1 1 auto', width='auto'))
plot output = interactive_plot_with_natural.children[-1] # The output plot

# Create a VBox that includes both the input widgets and the loading animation
inputs_and_loader = HBox([input_widgets])

# Create an HBox to hold everything in a horizontal layout
ui = VBox([inputs_and_loader, plot output])

# Display the UI components
clear output(wait=True) # Clear the previous output
display(ui)
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Chapter 5: Digital Modulation QAM and PSK

QAM xat PSK Constellations:

Awxdoaotika daypdpupata aotepopwv Y L-QAM kat M-PSK. Ot xorjoteg va pmogovv
va eTAEEOVV TO €TTTEDO DLAPOQPWONS KL VA DOLV TG avTioToLyeg O€oels Twv oLUPOAwVY
OTOV AOTEQLOUO.

KddLkag¢ — Chapter 5 - QAM Constellation

import numpy as np
import matplotlib.pyplot as plt
from ipywidgets import Dropdown, interact

#
# Gray-code helper
#
def gray code(n: int) -> int:
"""Return the n-th Gray code word (integer).
return n ~ (n >> 1)

#
# Constellation generation (pe Gray mapping)
#
def generate_gam_constellation(L: int):

Anuioupyeil ta onueia tou L2-QAM katl ta avtiotoixa Gray labels.
Eniotpede:
mapping : 1-D array pe ouvtetaypéveg (complex)
labels : Aiota Suadikwv strings prkoug 2-log2(L)
1 = int(np.log2(L)) # bits avd 6i1dotaon
# Mivakeg Gray kwdikwv yia I-dgova (g) kat Q-dfova (g _rev)
g [gray code(i) for i in range(L)]
g _rev g[::-1]

# MAEyHO OUVTETAYHEVWV

X = np.arange(-(L - 1), L, 2)

y = np.arange(-(L - 1), L, 2)

XV, yv = np.meshgrid(x, y)

mapping = (xv + 1j * yv).flatten()

# Etike€teg Gray: [g Q][eg_I]
fmt = f'0{1}b’ # zero-pad oe 1 bits
labels = [

format(g_rev[row], fmt) + format(g[col], fmt)

for row in range(L) for col in range(L)
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return mapping, labels

#

# Plot

#
def plot_gam_constellation(L: int):
mapping, labels = generate gam_constellation(L)
1 = int(np.log2(L))

plt.figure(figsize=(10, 7))
plt.scatter(mapping.real, mapping.imag)

# MpoPoAf eTikeTwv (6eixvoupe péXpl 16x16 yla sukpivela)
if L <= 16:
dx, dy = -0.5, 0.3
for k, 1bl in enumerate(labels):
plt.text(mapping[k].real + dx, mapping[k].imag + dy,
1bl, bbox=dict(facecolor="red', alpha=0.5))

plt.grid(True)

plt.xlim(-L, L)

plt.ylim(-L, L)

plt.title(f"L2-QAM Constellation (L = {L} - {L*L}-QAM)")
plt.xlabel("In-phase")

plt.ylabel("Quadrature")

plt.show()
#
# Interactive widget
#

L_dropdown = Dropdown(options=[2, 4, 8, 16, 32, 64],
value=8, description="'L"2-QAM:",
continuous_update=False)

interactive plot = interact(plot gam constellation, L=L_dropdown)

Emiotpogpfy otnv vdomoinon
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KddLkag¢ — Chapter 5 - PSK Constellation

import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets, IntSlider, FloatSlider, Dropdown, VBox,
HBox, interactive, Output, interact

from IPython.display import display, clear_output

import time

# Function to generate PSK constellation points for a given M
def generate_psk_constellation(M):

# Calculate the number of bits per symbol

k = int(np.log2(M))

# Initialize starting phase angles (for 4-PSK)
phl = np.pi / 4
theta = np.array([phl, -phl, np.pi - phl, -np.pi + ph1l])

# Generate the initial 4-PSK constellation points
mapping = np.exp(1lj * theta)

# Expand the constellation for higher-order PSK (M > 4)
if k > 2:
for j in range(3, k + 1):
# Halve the angle for the next level of PSK
theta = theta / 2

# Generate new PSK points
mapping = np.exp(1j * theta)

# Mirror the points to fill the other half of the constellation
mapping = np.concatenate((mapping, -np.conjugate(mapping)))

# Update theta for the next iteration
theta = np.real(np.log(mapping) / 13j)

# Return the PSK constellation points
return mapping

# Function to plot the PSK constellation
def plot psk _constellation(M):

# Generate PSK points based on M value
constellation = generate_psk_constellation(M)

# Calculate the number of bits per symbol
k = int(np.log2(M))

# Plotting the PSK constellation
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plt.figure(figsize=(10, 7))

plt.scatter(np.real(constellation), np.imag(constellation)) # Plot the real vs
imaginary components

plt.grid(True)

# Add title and axis labels
plt.title(f'{M}-PSK Constellation')
plt.xlabel('In-Phase")
plt.ylabel('Quadrature")

# Add grid lines through the origin
plt.axhline(®, color="gray', linewidth=0.5)
plt.axvline(®, color='gray', linewidth=0.5)

# Label each point with its binary representation
for m in range(len(constellation)):
plt.text(np.real(constellation[m]) + ©.05, np.imag(constellation[m]),
format(m, '@{}b'.format(k)), # Binary label
bbox=dict(facecolor="red', alpha=0.5))

# Display the plot
plt.show()

# Dropdown widget for selecting M value (order of PSK)
M_dropdown = Dropdown(
options=[4, 8, 16, 32, 64], # Available PSK options
value=16, # Default value
description="M-PSK:"' # Dropdown label

# Create an interactive widget to update the PSK plot based on the dropdown
selection
interactive plot_psk = interact(plot_psk_constellation, M=M_dropdown)
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QAM xau PSK KapmnvAeg BER:

Anupovgyta yoapnuatwv yix tig kaumvdeg BER téoo yia QAM o6oo xkat yux PSK

dLAHOQPOELS, OTIOV OL XONOTEG UTTOQOVV Vot CUYKQIVOLV T OewonTuKr] Kol TTELQAHATLKT)

KAUTIOAN Kol va QuOULooLY Ttagapéteovg Omws to roll-off, Tig ovxvotnreg f1 ka £2, kat

10 bitrate yix v avaAvon g mbavotntag oeaApaTog.

KddLkag¢ — Chapter 5 - QAM BER

import numpy as np
import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets, Dropdown, VBox, HBox, FloatText, interactive

import scipy.signal
import time
import scipy.special

# Function to generate the Root Raised Cosine (RRC) filter
def rootRaisedCosine(nsamp, roll off, delay):

# Fundamental frequency and bandwidth settings

FO = 0.5 / nsamp # Base frequency relative to nsamp

Br = 1 # Bandwidth rate

Fs = Br * nsamp # Sampling frequency

Td = 1 / Br # Symbol time

Ts =1 / Fs # Sampling period

# Frequency boundaries based on roll-off factor
F1 = FO * (1 - roll off)
F2 = FO * (1 + roll off)

# Calculate filter order based on nsamp and delay
filter_order = 2 * nsamp * delay

# Generate time vector for the filter
t = np.arange(@, filter_order, Td)
h =[] # Initialize filter coefficients list

# Loop to calculate filter coefficients

for i in range(len(t)):
# Shift time so it is centered around zero
t_shifted = t[i] - filter_order / 2

# Handle the case when time is zero
if t_shifted ==

h.append(np.sqrt(2 * F@) * (1 + roll off * ((4 / np.pi) - 1)))

# Handle special cases related to roll-off
elif t_shifted == 1 / 8 / roll off / FO@ or t_shifted ==
FO:
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h.append((roll_off * np.sqrt(Fe)) * ((1 + 2 / np.pi) * np.sin(np.pi / 4

_off) +
(1 -2/ np.pi) * np.cos(np.pi / 4
_off)))
# General case for other time values
else:
# Calculate the filter coefficient based on the time-shifted value
factorl = np.sqrt(2 * FO) / (1 - 64 * roll off * roll off * FO * FO *
ted * t_shifted)

factor2 = np.sin(2 * np.pi * F1 * t_shifted) / (2 * np.pi * FO *
ted)
factor3 = (4 * roll off / np.pi) * np.cos(2 * np.pi * F2 * t_shifted)

# Append the calculated filter coefficient
h.append(factorl * (factor2 + factor3))

Return the filter coefficients (h)
turn h

tion to calculate Bit Error Rate (BER) for QAM modulation
r_gam(EbNo, M, roll off, F1, F2, Br):
Convert frequencies from MHz to Hz and bandwidth from Mbps to Hz
= F1 * le6
= F2 * leb6
Br * 1le6

Calculate bandwidth and carrier frequency
= F2 - F1 # Bandwidth in Hz
=Fl + W/ 2 # Carrier frequency

Calculate the number of samples per symbol
amp = int(np.ceil(2 * F2 / Br)) + 7

Determine QAM modulation parameters

= int(np.sqrt(M)) # Size of constellation

np.log2(L) # Number of bits per symbol in one dimension
=2 * 1 # Total bits per QAM symbol (I and Q)

ymb = 10000 # Number of symbols to simulate

Calculate Signal-to-Noise Ratio (SNR) in dB
R = EbNo - 10 * np.logl@(nsamp / k / 2)

Generate QAM constellation points
re =[1+1j, 1 - 1j, -1 + 1j, -1 - 1j]
pping = core[:]

Extend the constellation for higher-order QAM
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if 1> 1:
for j in range(1, int(l)):
mapping = list(map(lambda x: x + j * 2 * core[0], mapping))
conj_arr = np.conj(mapping)
mapping = mapping + conj_arr.tolist()
conj_arr = -np.conj(mapping)
mapping = mapping + conj_arr.tolist()

# Generate random bit sequence
x = np.floor(2 * np.random.rand(int(k * Nsymb), 1))
x_temp = np.reshape(x, (int(len(x) / k), int(k)))

# Map bits to QAM symbols

xsym = []
for i in range(len(x_temp)):
my str = "'

y = x_temp[i]

for j in range(int(np.log2(M))):
my_str = my_str + str(int(y[j]))

a = int(my_str, 2)

xsym.append(a)

# Map symbols to constellation points

y =[]

for n in range(len(xsym)):
y.append(mapping[xsym[n]])

# Set filter parameters
delay = 10
filtorder = delay * nsamp * 2

# Apply root raised cosine filter to the signal

shaping filter = rootRaisedCosine(nsamp, roll off, delay)
ytx = scipy.signal.upfirdn([1], y, nsamp) # Upsample signal
ytx = np.convolve(ytx, shaping filter)

# Modulate the signal with the carrier frequency
= np.arange(1l, len(ytx) + 1)
= np.real(np.multiply(ytx, np.exp(1lj * 2 * np.pi * fc * m / nsamp)))

n =

# Calculate transmitted signal power

s_matrix = np.matrix(s)

s_matrix = s_matrix.getH()

s_list = s_matrix.tolist()

Ps = 10 * np.loglo(np.matmul(s, s_list) / len(s))

# Calculate noise power based on SNR
Pn = Ps - SNR
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n = np.sqrt(10**(Pn / 10)) * np.random.randn(1l, len(ytx))

# Add noise to the signal
snoisy = s + n

# Demodulate the received signal
yrx = 2 * np.multiply(snoisy, np.exp(-1j * 2 * np.pi * fc * m / nsamp))

yrx = yrx[0, :]

yrx = np.convolve(yrx, shaping filter)

yrx = yrx[::nsamp]

yrx = yrx[2 * delay: len(yrx) - 2 * delay]

# Separate real and imaginary parts (I and Q components)
yi = np.real(yrx)
yq = np.imag(yrx)

# Decision making: Map received values back to the closest constellation points
q = np.arange(-L + 1, L, 2)
for n in range(len(yrx)):

yi[n] = q[np.argmin(np.abs(q - yi[n]))]

yq[n] = q[np.argmin(np.abs(q - yq[n]))]

# Calculate Bit Error Rate (BER)
error = @
for i in range(len(yrx)):
if y[i] != yi[i] + 1 * yq[i]:
error += 1

# Return the BER
return error / len(x)

# Function to plot BER curve for QAM modulation
def plot_ber _gam(M, roll_off, F1, F2, Br):
# Check if the frequency range is valid
if F1 >= F2:
print("Warning: F1 should be less than F2.")
return

# Initialize lists to store experimental and theoretical BER values
ber_exp = []
ber_th = []

# Calculate the number of levels for the QAM constellation
L = int(np.sqrt(M))

# Loop through Eb/N@ values (in dB)

for i in range(1, 15):
# Append the experimental BER calculated using the “ber_gam™ function
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ber_exp.append(ber_gam(i, M, roll off, F1, F2, Br))

# Calculate and append the theoretical BER for QAM
ber_th.append(((L - 1) / (L * np.log2(L)) *
scipy.special.erfc(np.sqrt(3 * np.log2(L) / (L * L - 1) *
10**(i/10)))))

# Plot the results
plt.figure(figsize=(10, 8))

# Plot theoretical BER as a line
plt.semilogy(range(1l, 15), ber_th)

# Plot experimental BER as points
plt.semilogy(range(1, 15), ber_exp, 'o')

# Add labels, title, legend, and grid

plt.legend([ 'Theoretical', 'Simulation'])

plt.xlabel('Eb/N@ (dB)') # X-axis label

plt.ylabel('Bit Error Probability') # Y-axis label

plt.title(f'BER curve for {M}-QAM') # Plot title
plt.grid(which="both') # Enable grid for both major and minor ticks
plt.show() # Display the plot

# Define QAM options

gam_options = {'4-QAM': 4, '16-QAM': 16, '64-QAM': 64}

gam_selector = widgets.Dropdown(options=qam options, value=16, description='QAM
Type: ")

# Define additional input boxes for roll-off, F1, F2, and Br

roll off_input = widgets.FloatText(value=0.25, description='Roll-off:")
F1 _input = widgets.FloatText(value=6.75, description="F1: (MHz)")
F2_input = widgets.FloatText(value=9.25, description="F2: (MHz)")
Br_input = widgets.FloatText(value=10, description='Br: (Mbps)')

# Create interactive widget
interactive plot = interactive(plot_ber_gam, M=gam_selector,
roll off=roll off_input, F1=F1 input, F2=F2 input, Br=Br_input)

input_widgets = VBox([gam_selector, roll off _input, F1 input, F2_input, Br_input],
layout=Layout(width="auto"))
plot output = interactive plot.children[-1]

# Display the UI components
display(input_widgets, plot_output)
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import numpy as np

import matplotlib.pyplot as plt

from ipywidgets import Layout, widgets, Dropdown, VBox, HBox, interactive
from IPython.display import display, clear_output

import scipy.signal

import scipy.special

import time

from scipy.signal import upfirdn

# Root Raised Cosine (RRC) filter function

def rootRaisedCosinel(nsamp, roll off, delay):
# Time vector for filter based on delay and samples per symbol
t = np.arange(-delay, delay + 1 / nsamp, 1 / nsamp)
h = np.zeros(len(t)) # Initialize filter coefficients

# Loop to calculate filter coefficients
for i in range(len(t)):
if t[i] == 0.0: # Special case for t = 0
h[i] = 1.0 - roll off + 4 * roll off / np.pi
elif roll off != 0 and t[i] == 1 / (4 * roll off): # Special case for
specific t
h[i] = roll_off / np.sqrt(2) * (
(1L + 2/ np.pi) * np.sin(np.pi / (4 * roll off)) +
(1 -2/ np.pi) * np.cos(np.pi / (4 * roll off))
)
elif roll off != 0 and t[i] == -1 / (4 * roll _off): # Symmetric case for t
h[i] = roll_off / np.sqrt(2) * (
(L + 2/ np.pi) * np.sin(np.pi / (4 * roll off)) +
(1 -2/ np.pi) * np.cos(np.pi / (4 * roll off))
)
else: # General case
h[i] = (np.sin(np.pi * t[i] * (1 - roll off)) +
4 * roll off * t[i] * np.cos(np.pi * t[i] * (1 + roll off))) / (
np.pi * t[i] * (1 - (4 * roll off * t[i]) ** 2))

return h # Return filter coefficients

# Function to compute theoretical BER for M-PSK
def compute ber psk(EbNo_dB, M1):
EbNo_linear = 10**(EbNo_dB / 10) # Convert dB to linear scale
if M1 == 2: # BPSK case
return 0.5 * scipy.special.erfc(np.sqrt(EbNo_linear))
else: # M-PSK case
k = np.log2(M1) # Bits per symbol
return (1 / 4 * k) * scipy.special.erfc(np.sqrt(EbNo_linear * k) *
np.sin(np.pi / M1))

# Function to simulate BER for M-PSK
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def ber psk _simulation(EbNo_dB, M1):
Nsymb = 30000 # Number of symbols
nsamp = 16 # Samples per symbol
fc = 4 # Carrier frequency
rolloff = ©.25 # Roll-off factor
delay = 10 # Filter delay

# Calculate SNR in dB
SNR_dB = EbNo_dB - 10 * np.logl@(nsamp / np.log2(M1))

# Generate RRC filter
shaping filter = rootRaisedCosinel(nsamp, rolloff, delay)

# Generate random symbols
bitsl = np.random.randint (@, M1, Nsymb)

# Map bits to PSK symbols
symbols = np.exp(1j * (2 * np.pi * bitsl / M1))

# Upsample and filter transmitted signal
ytxl = upfirdn([1], symbols, nsamp)
ytxl = np.convolve(ytxl, shaping filter, mode='same')

# Modulate with carrier frequency
ml = np.arange(len(ytx1))
sl = np.real(ytxl * np.exp(1j * 2 * np.pi * fc * ml / nsamp))

# Calculate signal power and noise power

Ps = np.mean(np.abs(sl)**2)

SNR_linear = 10**(SNR_dB / 190)

Pn = Ps / SNR_linear

noise = np.sqrt(Pn / 4) * (np.random.randn(len(sl)) + 1j *
np.random.randn(len(sl)))

# Add noise to the signal
snoisy = sl + noise

# Demodulate received signal

yrx1l = snoisy * np.exp(-1j * 2 * np.pi * fc * m1 / nsamp)
yrx1l = np.convolve(yrxl, shaping filter, mode='same')
yrx1l = yrx1[::nsamp]

# Detect symbols by mapping angles back to symbol indices
detected bitsl = np.angle(yrxl) * M1 / (2 * np.pi)
detected bitsl = np.round(detected bitsl) % M1

# Calculate BER by comparing transmitted and received symbols
bit_errorsl = np.sum(bitsl != detected bits1)
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berl = bit_errorsl / len(bitsl)
return berl # Return the BER

# Function to plot BER curve for PSK modulation

def plot ber psk(M):
ber exp = [] # List for experimental BER values
ber_th = [] # List for theoretical BER values

# Loop through Eb/N@ values in dB

for i in range(1, 18):
ber_exp.append(ber_psk_simulation(i, M)) # Simulated BER
ber_th.append(compute_ber psk(i, M)) # Theoretical BER

# Plot the results
plt.figure(figsize=(10, 8))

# Plot theoretical BER curve
plt.semilogy(range(1l, 18), ber_th)

# Plot experimental BER points
plt.semilogy(range(1, 18), ber_exp, 'o')

# Add labels, title, and grid
plt.legend([ 'Theoretical', 'Simulation'])
plt.xlabel('Eb/N@ (dB)")

plt.ylabel('Bit Error Probability')
plt.title(f'BER curve for {M}-PSK")
plt.grid(which="both")

plt.ylim(1le-8, le-1)

plt.x1lim(0.5, 10)

plt.show() # Display the plot

# Define PSK options

psk _options = {'BPSK': 2, 'QPSK': 4, '8-PSK': 8}

psk_selector = widgets.Dropdown(options=psk_options, value=4, description='PSK
Type:")

# Create interactive widget
interactive_plot = interactive(plot_ber psk, M=psk_selector)

input_widgets = VBox([psk_selector], layout=Layout(width="auto'))
plot_output = interactive plot.children[-1] # The output plot

# Create a VBox that includes both the input widgets and the loading animation
inputs = HBox([input_widgets], layout=Layout(align_items='center'))

# Create an HBox to hold everything in a horizontal layout
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ui = VBox([inputs, plot output])

# Display the UI components

clear output(wait=True) # Clear the previous output

display(ui)
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Aradgaotikr) Paopatikr [Tukvotnta Ioxvog:

Avvatomta  OMTIKOTIOMONG TG QACUATIKNAG TIUKVOTNTAG LOXVOS VI Ol&k@poQeg
dtapoppwoelc QAM kat ovxvomtwv {1 kot £2.

Kddi1xoag — Chapter 5 - Awadpaoctikrfy dacpatikfy Iurkvétnta Ioxlog

import numpy as np

import matplotlib.pyplot as plt

from scipy.signal import upfirdn, convolve, welch
import ipywidgets as widgets

from IPython.display import display, clear_output

# Function to generate Root Trapezium filter (used for shaping the signal)
def rtrapezium(nsamp, rolloff, delay):
T =1 # Symbol time
# Time vector for the filter
t = np.arange(-delay*T, (delay*T) + 1/nsamp, 1/nsamp)
rrc = np.zeros_like(t) # Initialize filter coefficients array
for i, ti in enumerate(t):
if ti == 0.0: # Special case when time equals zero
rrc[i] = 1.0 - rolloff + 4*rolloff/np.pi
elif abs(ti) == T / (4 * rolloff): # Special case when t is related to
rolloff
rrc[i] (rolloff / np.sqrt(2)) * (
(1 + 2/np.pi) * (np.sin(np.pi / (4 * rolloff))) +
(1 - 2/np.pi) * (np.cos(np.pi / (4 * rolloff))))
else: # General case for other time values
rrc[i] = (np.sin(np.pi * ti * (1 - rolloff) / T) +
4 * prolloff * ti * np.cos(np.pi * ti * (1 + rolloff) / T)) / (
np.pi * ti * (1 - (4 * rolloff * ti / T) ** 2))
return rrc / np.sqrt(np.sum(rrc**2)) # Normalize filter energy

# Function to run QAM simulation
def run_simulation(fl, f2, gam_type):
with output: # Output to specific widget area
clear_output(wait=True) # Clear previous output

# Parameters

k = int(np.log2(qgam_type)) # Number of bits per symbol

M = 2**k # Modulation order

Nsymb = 30000 # Number of symbols

pulse type = 1 # 1 for rtrapezium shaping filter, @ for rectangular pulse
nsamp = 32 # Oversampling factor

fc = (f1 + f2) / 2 # Carrier frequency

bandwidth = f2 - f1 # Signal bandwidth

rolloff = bandwidth / (2 * fc) # Rolloff factor based on bandwidth
EbNo = 10 # Eb/No in dB

SNR = EbNo - 10 * np.logl@(nsamp / k / 2) # SNR per signal sample
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# Phase and mapping initialization for QAM

phl = np.pi / 4

theta = np.array([phl, -phl, np.pi - phl, -np.pi + phl])
mapping = np.exp(1lj * theta)

# Generate higher-order QAM mappings if necessary
if k > 2:
for j in range(3, k + 1):
theta = theta / 2
mapping = np.exp(1j * theta)
mapping = np.concatenate([mapping, -np.conj(mapping)])
theta = np.angle(mapping)

# Transmitter: Generate random symbols and map to QAM constellation points

X = np.random.randint(@, 2, k * Nsymb) # Random binary sequence

xsym = x.reshape(-1, k)

xsym = xsym.dot(2**np.arange(xsym.shape[-1])[::-1]) # Convert binary to
decimal

y = mapping[xsym] # Map to QAM symbols

# Define shaping filter
if pulse_type == 1: # Nyquist pulse -- rtrapezium
delay = 8 # Group delay (# of symbol periods)
shaping filter = rtrapezium(nsamp, rolloff, delay)
else: # Rectangular pulse shaping
delay = 0.5
shaping filter = np.ones(nsamp) / np.sqrt(nsamp) # Normalized
rectangular pulse

# Transmitted signal: Upsample and apply shaping filter
ytx = upfirdn([1], y, nsamp)
ytx = convolve(ytx, shaping filter, mode='same')

# Quadrature modulation with carrier frequency
m = np.arange(len(ytx))
s = np.real(ytx * np.exp(1j * 2 * np.pi * fc * m / nsamp))

# Adding white Gaussian noise

Ps = 10 * np.logle(np.mean(s**2)) # Signal power in dB

Pn = Ps - SNR # Noise power in dB

n = np.sqrt(10**(Pn / 10)) * np.random.randn(len(ytx)) # Generate noise
snoisy = s + n # Noisy bandpass signal

# Receiver: Demodulation and filtering

yrx = 2 * snoisy * np.exp(-1j * 2 * np.pi * fc * m / nsamp)
yrx = convolve(yrx, shaping filter, mode='same')
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# Spectrum plot of the received signal

f, Pxx_den = welch(np.real(s), fs=nsamp, nperseg=1024)
Pxx_den = 10 * np.logl@(Pxx_den)
plt.figure(figsize=(10, 8))

plt.plot(f, Pxx_den, 'r")

plt.title('Welch Power Spectral Density Estimate')
plt.xlabel('Frequency (Hz)")

plt.ylabel('Power Spectral Density (V~2/Hz)")
plt.x1lim(@, max(f1l, f2) + 5)

plt.grid()

plt.show()

# Widgets for f1l, f2, and QAM type

f1l widget = widgets.FloatText(value=6.75, description="f1:') # Start frequency
f2 widget = widgets.FloatText(value=9.25, description='f2:') # End frequency
gam_widget = widgets.Dropdown(options=[4, 16, 64], value=16, description='QAM
Type:') # QAM type dropdown

# Callback function when any widget value changes
def on_value change(change):
run_simulation(f1l_widget.value, f2_widget.value, gam_widget.value)

# Observe changes in widget values

f1 widget.observe(on_value change, names='value')
f2_widget.observe(on_value change, names='value')
gam_widget.observe(on_value_change, names='value')

# Output widget for displaying simulation results
output = widgets.Output()

# Display the widgets and output area
display(gqam_widget, f1 widget, f2_ widget, output)

# Run initial simulation
run_simulation(f1l_widget.value, f2_ widget.value, gam_widget.value)

Emiotpogpfy otnv vdomoinon
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Atadoaotikog YmoAoyiopog Iagapétowv:

Avvatotnta VTOAOYIOUOV TTARAUETOWY, pe Baon Tig magapetoovs (R, M kat roll-off) mov
ETUAEYELO XONOTNG, OTWS elvat 0 QLOUOC.

Kddi1xag — Chapter 5 - Aiadpactirdég Ymodoylopdg Iapapétpwv

import numpy as np

import time

import ipywidgets as widgets

from IPython.display import display, clear_output
from ipywidgets import HBox, VBox, Layout

# Function to calculate maximum achievable transmission rate R' and percentage
increase
def calculate R _and_percentage_increase(M, a, R):
W=2.5%* (10 ** 6) # Fixed bandwidth in Hz
log2M = np.log2(M) # Calculate log2(M) for QAM modulation
R_prime = (log2M * W) / (1 + a) # Maximum achievable rate in bps
R_prime_mbps = R_prime / (10 ** 6) # Convert rate to Mbps
percentage_increase = ((R_prime_mbps - R) / R) * 100 # Calculate percentage
increase
return R_prime_mbps, percentage_increase

# Create input widgets for user input

R_input = widgets.FloatText(description="'R (Mbps):', value=8.0) # Input for current
rate (R)

M input = widgets.FloatText(description="M:
order (M)

a_input = widgets.FloatText(description="a\"' (roll-off):', value=0.125) # Input for
roll-off factor (a)

, value=16) # Input for modulation

# Output widget to display the calculated results
output_vals = widgets.Output()

# Function to update the result when input values change
def update result(change=None):
with output_vals:
output_vals.clear_ output() # Clear previous output
R = R_input.value # Get current rate from input
M = M_input.value # Get modulation order from input
a = a_input.value # Get roll-off factor from input
R_prime_mbps, percentage_increase = calculate R_and_percentage_increase(M,
a, R) # Calculate rate and increase
# Display the results
print(f"Maximum Achievable Rate (R') = {R_prime_mbps:.3f} Mbps")
print(f"Percentage Increase = {percentage_increase:.2f}%")

# Set observers to call update_result whenever an input value changes
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R_input.observe(update_result, names='value')
M_input.observe(update_result, names='value')
a_input.observe(update_result, names='value')

# Organize widgets into a vertical box layout
input_widgets = VBox([R_input, M _input, a_input], layout=Layout(width="auto'))

# Create a UI layout that includes input widgets and output
ui = VBox([input_widgets, output_vals])

# Display the UI components
clear output(wait=True)
display(ui)

# Perform the initial calculation
update_result()

Emiotpogpfy otnv vdomoinon
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Chapter 6: Digital Modulation FSK and MSK

AQ1Opog opaipatwv yiax Eb/No:

F'odpnua oto omoio o xprotg ouvOuiCet éva evgog tov Eb/No, kat otn ovvéxew
eu@aviCeTal 1) KapmOAT Tov ametkoviCet Tov agldud Twv opaApaTwy o ox€on e To
Eb/No yia cvotrjuata FSK.

Kodxag¢ — Chapter 6 - ApLOpdc opadpdtwv yLa Eb/No

import numpy as np

import matplotlib.pyplot as plt

import ipywidgets as widgets

from ipywidgets import HBox, VBox, Layout, IntRangeSlider, interactive

from IPython.display import display, clear_output

from commpy.channels import awgn # Import AWGN (Additive White Gaussian Noise)
function from commpy

import time

# Parameters

bits_per_symbol = 4 # Number of bits per symbol for M-FSK

num_symbols = 1000 # Number of symbols to simulate

num_samples = 80 # Number of samples per symbol (oversampling factor)

# Derived parameters

M = 2 ** pbits per symbol # Number of different symbols (M-FSK)
baud_rate = 1 # Baud rate (symbol rate)

carrier_freq = 2 * M * baud_rate # Carrier frequency for FSK signal

# Calculate total number of bits and symbol/sampling periods
num_bits = bits_per_symbol * num_symbols # Total number of bits
symbol period = 1 / baud_rate # Symbol period

sampling period = symbol period / num_samples # Sampling period

# M frequencies spaced within the coherent distance (Baud Rate)
frequencies = carrier_freq + (baud_rate / 2) * (np.arange(l, M+ 1) - (M + 1) / 2)

# Find the maximum frequency
max_frequency = np.max(frequencies)

# Recalculate the number of samples to ensure the sampling frequency (Fs) meets
Nyquist criteria

sampling freq = 2 * max_frequency

num_samples = int(np.ceil(sampling freq / baud_rate)) + 10 # Adjust number of
samples

# Recalculate the sampling period based on updated num_samples
sampling period = symbol period / num_samples
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# Generate random input bits and reshape them into symbols
bits = np.random.randint(@, 2, num_bits)
bit _matrix = bits.reshape((num_symbols, bits per_symbol))

# Time vectors

time_vector = np.arange(0, len(bit_matrix) * symbol period, symbol period) # Time
vector for symbols

oversampling time vector = np.arange(©, symbol period, sampling period) # Time
vector for oversampling

# Generate the FSK signal

fsk_signal = []

amplitude = np.sqrt(2 / symbol period / num_samples) # Normalize amplitude

for symbol index in range(len(bit_matrix)):
# Convert binary symbol to frequency index
freq_symbol = frequencies[int(''.join(map(str, bit_matrix[symbol index])), 2)]
time_segment = (symbol _index * symbol period) + oversampling time_vector
fsk_signal.append(np.sin(2 * np.pi * freq_symbol * time_segment)) # FSK

modulation

fsk_signal = np.concatenate(fsk _signal) # Concatenate the signal

# Function to calculate number of errors for a range of Eb/No values
def calculate_errors(EbNo_range):

clear_output(wait=True) # Clear previous output before updating

EbNo_values = list(range(EbNo_range[@], EbNo_range[1] + 1)) # Range of Eb/No
values

errors_list = [] # List to store the number of errors for each Eb/No

for EbNo in EbNo_values:
# Calculate SNR based on Eb/No, bits per symbol, and oversampling
SNR = EbNo + 10 * np.logl@(bits_per symbol) - 10 * np.logl@(num_samples /
2) # SNR in dB

# Add AWGN to the FSK signal
noisy signal = awgn(fsk_signal, SNR)

# FSK receiver (demodulation and decoding)
received_symbols = []
for symbol index in range(len(noisy signal) // num_samples):
time_segment = (symbol index * symbol period) + oversampling time_vector
signal segment = noisy signal[symbol index * num_samples:(symbol index +
1) * num_samples]

# Correlate with each possible frequency to find the best match
match_scores = []
for freq in frequencies:

signal template = np.sin(2 * np.pi * freq * time_segment)
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match_scores.append(np.sum(signal_segment * signal template))

decoded_symbol = np.argmax(match_scores) # Find the symbol with the
highest match score
received_symbols.append([int(bit) for bit in
bin(decoded _symbol)[2:].zfill(bits_per_symbol)]) # Decode symbol
received_symbols = np.array(received_symbols).reshape((num_symbols,
bits_per_symbol))

# Count bit errors by comparing transmitted and received symbols
errors = np.sum(bit_matrix != received_symbols)
errors_list.append(errors)

# Plot the number of errors against Eb/No
plt.figure(figsize=(10, 6))

plt.plot(EbNo_values, errors_list, marker='o', linestyle='-
plt.xlabel('Eb/No (dB)")

plt.ylabel('Number of Errors')

plt.title('Number of Errors vs. Eb/No')

plt.grid(True)

plt.show()

, markersize=8)

# Create a slider widget for Eb/No range
EbNo_slider = IntRangeSlider(
value=[0, 20], # Initial range
min=0,
max=20,
step=1,
description="EbNo (dB):"',
continuous_update=False, # Update only on release of slider
layout=Layout(width="'99%"') # Slider layout

# Create an interactive widget to run the simulation when the slider changes
interactive plot = interactive(calculate _errors, EbNo_range=EbNo slider)

# Combine the slider and plot into a VBox layout
input_widgets = VBox([EbNo_slider], layout=Layout(flex='1 1 auto', width="auto'))
plot_output = interactive plot.children[-1] # Get the plot output

# Create a VBox layout containing both input widgets and plot output
ui = VBox([input_widgets, plot_output])

# Display the UI components
clear output(wait=True) # Clear previous output if necessary
display(ui)

Emiotpogpy otnv vdomoinon
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FSK Bit Error Rate:

Awxdpaotikr) ovykeon twv kapmuAwv BER yix coherent kat non coherent cvotuata
FSK. Ot xp1oteg Hmmogovv va douV TIg KAUTIVAES TTOL AVTLITTIEOCWTEVOLV T1 BewEnTikn Kat
TLELQAUATIKT] ATtOO00T).

Koddixag — Chapter 6 - FSK Bit Error Rate

import numpy as np

import matplotlib.pyplot as plt

import ipywidgets as widgets

from ipywidgets import HBox, VBox, Layout, Dropdown, interactive
from IPython.display import display, clear_output

from commpy.channels import awgn

from scipy.signal import convolve

import time

# Function to calculate bit errors in coherent FSK
def fsk_errors(bps, Nsymb, ns, EbNo):

# Input parameters

M = 2 ** bps # number of different symbols

BR = 1 # Baud Rate

fc =2 * M * BR # RF frequency

# Derived parameters

nb = bps * Nsymb # number of simulated data bits
T =1/ BR # one symbol period

Ts = T / ns # oversampling period

# M frequencies in "coherent" distance (BR)
f = fc + (BR/2) * (np.arange(1, M+ 1) - (M + 1) / 2)

# Calculate the maximum frequency
fmax = np.max(f)

# Recalculate ns to ensure Fs = ns * BR > 2 * fmax
Fs = 2 * fmax
ns = int(np.ceil(Fs / BR)) + 10

# Recalculate the oversampling period
Ts =T / ns

# awgn channel
SNR = EbNo + 10 * np.logl@(bps) - 10 * np.logle(ns / 2) # in dB

input data bits

#
y = np.random.randint(@, 2, nb)
X = y.reshape((Nsymb, bps))
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t = np.arange(@, len(x) * T, T) # time vector on the T grid
tks = np.arange(@, T, Ts) # oversampling time vector

# FSK signal

=[]

A = np.sqrt(2 / T / ns)

for k in range(len(x)):
fk = f[int("'"'.join(map(str, x[k])), 2)]
tk = (k * T) + tks
s.append(np.sin(2 * np.pi * fk * tk))

s = np.concatenate(s)

w0n

# add noise to the FSK (passband) signal
s = awgn(s, SNR)

# FSK receiver
xr = []
for k in range(len(s) // ns):
tk = (k * T) + tks
sk = s[k * ns:(k + 1) * ns]
smi = []
for fi in f:
si = np.sin(2 * np.pi * fi * tk)
smi.append(np.sum(sk * si))
j = np.argmax(smi)
xr.append([int(bit) for bit in bin(j)[2:].zfill(bps)])
Xr = np.array(xr).reshape((Nsymb, bps))

# count errors
errors = np.sum(x != xr)
return errors

# Non-coherent FSK error calculation

def fsk_errors_non_coh(bps, Nsymb, ns, EbNo):
M = 2 ** bps # number of different symbols
BR = 1 # Baud Rate
fc =2 * M * BR # RF frequency

# Derived parameters

nb = bps * Nsymb # number of simulated data bits

T =1/ BR # one symbol period

Ts = T / ns # oversampling period

f = fc + BR * (np.arange(1, M+ 1) - (M + 1) / 2) # M frequencies
# Calculate the maximum frequency

fmax = np.max(f)

# Recalculate ns to ensure Fs = ns * BR > 2 * fmax
Fs = 2 * fmax
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ns = int(np.ceil(Fs / BR)) + 10

# Recalculate the oversampling period
Ts =T / ns

# AWGN channel
SNR = EbNo + 10 * np.logl@(bps) - 10 * np.loglo(ns / 2) # in dB

input data bits

np.random.randint(@, 2, nb) # Ensure integer dimensions
y.reshape((-1, bps))

np.arange(@, len(x) * T, T) # time vector on the T grid
tks = np.arange(0, T, Ts)

+ X < H
I}

# FSK signal
s =[]
A = np.sqrt(2 / T / ns)
for k in range(len(x)):
fk = f[int("".join(map(str, x[k])), 2)]
tk = (k * T) + tks
s = np.concatenate((s, np.sin(2 * np.pi * fk * tk)))

# add noise to the FSK (passband) signal
s = awgn(s, SNR)

# FSK receiver
# Non-coherent demodulation
xr = []
for k in range(len(s) // ns):
tk = (k * T) + tks
sk = s[k * ns:(k + 1) * ns]
sm = []
for i in range(M):
si = np.sin(2 * np.pi * (Ff[i] * tk))
sq = np.cos(2 * np.pi * (Ff[i] * tk))
smi = np.sum(sk * si[:len(sk)])
smg = np.sum(sk * sq[:len(sk)])
sm.append(np.sqrt(smi ** 2 + smg ** 2))
j = np.argmax(sm)
Xr = np.concatenate((xr, np.array(list(np.binary_repr(j, width=bps)),
dtype=int)))
# count errors
x_reshaped = x.reshape(-1)
xr_reshaped = xr.reshape(-1)
err = np.not_equal(x_reshaped, xr_reshaped[:len(x_reshaped)])
errors = np.sum(err)
return errors
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# BER simulation function
def simulate_ber(bps, Nsymb, ns, EbNo_values, coherent=True):
ber = []
for EbNo in EbNo_values:
errors = 0
for _ in range(1l): # averaging over iterations
if coherent:
errors += fsk_errors(bps, Nsymb, ns, EbNo)
else:
errors += fsk_errors_non_coh(bps, Nsymb, ns, EbNo)
ber.append(errors / (Nsymb * bps))
return ber

# Theoretical BER for coherent FSK systems
def theoretical ber_coh(EbNo, M):
if M ==
return np.array([0.15866, ©.13093, 0.10403, 0.078896, 0.056495,
0.037679, 0.023007, 0.012587, 0.0060044, 0.0024133,
0.0007827, 0.00019399, 3.4303e-05, 3.9692e-06, 2.6951e-07])
elif M == 4:
return np.array([0.11814, 0.087789, 0.060786, 0.038512, 0.021824,
0.010751, 0.0044428, 0.0014733, 0.00037102, 6.6229e-05,
7.6892e-06, 5.2118e-07, 1.7997e-08, 2.6653e-10, 1.362e-12])
elif M ==
return np.array([0.10227, 0.067834, 0.041318, 0.022024, 0.0099156,
0.0036087, 0.0010058, 0.00020086, 2.6486e-05, 2.0836e-06,
8.6119e-08, 1.5924e-09, 1.074e-11, 2.0391e-14, 7.8524e-18])
elif M == 16:
return np.array([0.089859, 0.055663, ©.029957, 0.013469, 0.004819,
0.001293, 0.00024205, 2.897e-05, 1.9921e-06, 6.8928e-08,
1.0145e-09, 5.1257e-12, 6.7629e-15, 1.6453e-18, 4.6157e-23])
elif M == 32:
return np.array([0.082719, 0.047105, 0.022469, 0.0085348, 0.0024266,
0.00047917, 6.0083e-05, 4.2975e-06, 1.5388e-07, 2.3425e-09,
1.2294e-11, 1.6992e-14, 4.3826e-18, 1.3266e-22, 2.1688e-28])
else:
raise ValueError("Unsupported value of M for coherent case")

# Theoretical BER for non-coherent FSK systems
def theoretical ber_non_coh(EbNo, M):
if M ==
return np.array([0.30327, 0.26644, 0.22637, ©0.18438, 0.1424, 0.10287,
0.068311, 0.0408, 0.021324, 0.0094212, 0.003369,
0.0009231, 0©.00018089, 2.3244e-05, 1.7558e-06])
elif M == 4:
return np.array([0.22934, ©.18475, 0.13987, 0.097719, 0.061557,
0.033946, 0.01579, 0.0059139, 0.0016837, 0.00033939,
4.4371e-05, 3.3753e-06, 1.3045e-07, 2.1593e-09, 1.233e-11])
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elif M ==

return np.array([0.19472, ©.14559, ©.099187, ©.059806, ©.030757,
0.012878, 0.0041438, 0.00095467, 0.00014449, 1.2945e-05,
6.0428e-07, 1.2541e-08, 9.4638e-11, 2.0092e-13, 8.6607e-17])
elif M == 16:

return np.array([0.17469, 0.12169, ©.074737, ©.038861, 0.01625,
0.005127, ©.0011288, 0.00015786, 1.2538e-05, 4.943e-07,
8.2001e-09, 4.6432e-11, 6.8517e-14, 1.8682e-17, 6.0826e-22])
elif M == 32:

return np.array([0.16103, ©.10471, ©.058014, 0.025984, 0.0088058,
0.0020817, ©.00031127, 2.6219e-05, 1.0859e-06, 1.8789e-08,
1.1086e-10, 1.7154e-13, 4.9582e-17, 1.737e-21, 4.2722e-27])
else:

raise ValueError("Unsupported value of M for non-coherent case")

# Function to update the plot
def update_plot(bps):
Nsymb = 2000 # number of symbols
ns = 100 # oversampling factor
EbNo_dB_sim = np.arange(®, 10, 2) # Eb/No values in dB for simulation
EbNo_dB_theory = np.arange(©, 15, 1) # Eb/No values in dB for theoretical

EbNo_sim = 10 ** (EbNo_dB_sim / 10) # convert dB to linear for simulation

EbNo_theory = 10 ** (EbNo_dB theory / 10) # convert dB to linear for
theoretical

M = 2 ** bps # M-ary FSK

# Simulate BER
ber_coh_sim = simulate_ber(bps, Nsymb, ns, EbNo_dB sim, coherent=True)
ber_non_coh_sim = simulate_ber(bps, Nsymb, ns, EbNo _dB sim, coherent=False)

# Theoretical BER
ber_coh_theory = theoretical ber_ coh(EbNo_theory, M)
ber_non_coh_theory = theoretical ber_non_coh(EbNo_theory, M)

# Show plot

plt.figure(figsize=(10, 6))

plt.semilogy(EbNo_dB_sim, ber_coh_sim, 'o', label=f'Simulated Coherent {M}-FSK")

plt.semilogy(EbNo_dB_sim, ber_non_coh_sim, 's', label=f'Simulated Non-Coherent
{M}-FSK")

plt.semilogy(EbNo_dB_theory, ber_coh_theory, label=f'Theoretical Coherent {M}-
FSK')

plt.semilogy(EbNo_dB_theory, ber_non_coh_theory, label=f'Theoretical Non-
Coherent {M}-FSK")

plt.title(f'BER vs. Eb/No for {M}-FSK Systems')
plt.xlabel('Eb/No (dB)")
plt.ylabel('Bit Error Rate (BER)")
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plt.grid(True, which="both")
plt.legend()
plt.show()

# Dropdown for M-FSK selection
bps_dropdown = Dropdown(

options=[('2-FSK', 1), ('4-FSK', 2), ('8-FSK', 3), ('16-FSK', 4), ('32-FSK',
5)])

value=2,

description="M-FSK:",

# Interactive plot
interactive plot = interactive(update_plot, bps=bps_dropdown)

input_widgets = VBox([bps_dropdown], layout=Layout(width="auto'))
plot_output = interactive _plot.children[-1] # The output plot

# Create a VBox that includes both the input widgets and the loading animation
inputs_and_loader = HBox([input_widgets], layout=Layout(align_items='center'))

# Create an HBox to hold everything in a horizontal layout
ui = VBox([inputs_and_loader, plot output])

# Display the UI components
clear output(wait=True) # Clear the previous output
display(ui)

Emiotpogpfy otnv vdomoinon
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AvaAvon Pacpatog coherent kat non coherent FSK:

AxdaoTikd Yoa@nUa avaALOTC TNG PATUATIKIG TTUKVOTITAG LoXVOS TO00 Yia coherent
000 kat yYix non coherent FSK cvotrjpata, 6mov ot xor)oteg HTToQovV Vi TROOXQUOCOUV
TIC TAQAMETQOVS OTIWG TOV apLOU6 ovuPOAwv kat to Eb/No.

KddLkag¢ — Chapter 6 - Analysis coherent kalL non coherent FSK

import numpy as np

import matplotlib.pyplot as plt

import ipywidgets as widgets

from ipywidgets import IntSlider, HBox, VBox, Layout, Dropdown, interactive
from IPython.display import display, clear_output

from scipy.signal import welch

import math

# Define the function to be called when widgets change
def update plot(fsklvl, Nsymb, EbNo):
clear output(wait=True)

bps = int(math.log2(fsklvl))

# Derived parameters for coherent FSK

M = 2 ** bps # number of different symbols
BR = 1 # Baud Rate

T =1/ BR # one symbol period

fc =2 * M * BR # RF frequency
ns = 80 # samples per symbol
nb = bps * Nsymb # number of simulated data bits

f=Ffc+ (BR/ 2) * ((np.arange(l, M+ 1)) - (M + 1) / 2)
# Calculate the maximum frequency
fmax = np.max(f)

# Recalculate ns to ensure Fs = ns * BR > 2 * fmax
Fs = 2 * fmax
ns = int(np.ceil(Fs / BR)) + 10

# Recalculate the oversampling period
Ts =T / ns

# awgn channel
SNR = EbNo + 10 * np.logl@(bps) - 10 * np.loglo(ns / 2) # in dB

# input data bits
y = np.random.randint(@, 2, nb)
x = np.reshape(y, (len(y) // bps, bps))

# time vectors
t = np.arange(@, len(x) * T, T) # time vector on the T grid
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tks = np.arange(0, T, Ts) # oversampling time vector

# FSK signal generation

=[]
np.sqrt(2 / T / ns)

> n

for k in range(len(x)):
fk = f[int("'"'.join(map(str, x[k])), 2)]
tk = (k * T) + tks
s.append(np.sin(2 * np.pi * fk * tk))

s_coherent = np.concatenate(s)

# Plotting power spectral density for coherent FSK
frequencies_coherent, Pxx_coherent = welch(s_coherent, fs=ns*BR, nperseg=50000,
noverlap=25000)

# Derived parameters for non-coherent FSK

ns = 990 # samples per symbol

nb = bps * Nsymb # number of simulated data bits
T =1/ BR # one symbol period

Ts = T / ns # oversampling period

# Frequencies in "non-coherent" distance

f = fc + BR * ((np.arange(1, M + 1)) - (M + 1) / 2)
# Calculate the maximum frequency

fmax = np.max(f)

# Recalculate ns to ensure Fs = ns * BR > 2 * fmax
Fs = 2 * fmax
ns = int(np.ceil(Fs / BR)) + 10

# Recalculate the oversampling period
Ts =T / ns

# awgn channel
SNR = EbNo + 10 * np.logl@(bps) - 10 * np.logle(ns / 2) # in dB

# input data bits
y = np.random.randint(@, 2, nb)
x = np.reshape(y, (len(y) // bps, bps))

# time vectors
t = np.arange(@, len(x) * T, T) # time vector on the T grid

tks = np.arange(@, T, Ts) # oversampling time vector

# FSK signal generation

s =[]
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A = np.sqrt(2 / T / ns)

for k in range(len(x)):
fk = f[int("'"'.join(map(str, x[k])), 2)]
tk = (k * T) + tks
s.append(np.sin(2 * np.pi * fk * tk))

s_non_coherent = np.concatenate(s)

# Plotting power spectral density for non-coherent FSK
frequencies_non_coherent, Pxx_non_coherent = welch(s_non_coherent, fs=ns*BR,
nperseg=50000)

# Plot both side by side
fig, axs = plt.subplots(2, 1, figsize=(10, 8))

axs[@].semilogy(frequencies_coherent, Pxx_coherent, linewidth=0.5)
axs[@].set_title("FSK Coherent™)

axs[@].set_xlabel("Frequency (Hz)")

axs[@].set_ylabel("Power Spectral Density (dB/Hz)")
axs[@].grid(True)

axs[1].semilogy(frequencies_non_coherent, Pxx_non_coherent, linewidth=0.5)
axs[1].set_title("Non Coherent FSK")

axs[1].set_xlabel("Frequency (Hz)")

axs[1].set_ylabel("Power Spectral Density (dB/Hz)")

axs[1].grid(True)

plt.tight_layout()
plt.show()

fsklvl dropdown=Dropdown(options=[2, 4, 8, 16, 32], value=4, description="M-FSK',
style={'description width': 'initial'}, layout=Layout(flex='1 1 auto',
width="auto'), continuous_update=False)

Nsymb_slider=IntSlider(value=10000, min=1000, max=50000, step=1000,
description="Nsymb', style={'description width': 'initial'}, layout=Layout(flex='1 1
auto', width="auto'), continuous_update=False)

EbNo_slider=IntSlider(value=8, min=0, max=20, step=1, description='EbNo',
style={'description width': 'initial'}, layout=Layout(flex='1 1 auto',
width="auto'), continuous_update=False)

# Create interactive interface
interactive_plot = interactive(update plot, fsklvl=fsklvl dropdown,
Nsymb=Nsymb_slider, EbNo=EbNo_slider)

input_widgets = VBox([fsklvl dropdown, Nsymb_slider, EbNo_slider],

layout=Layout(flex="'1 1 auto', width="auto'))
plot_output = interactive plot.children[-1] # The output plot
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# Create a VBox that includes both the input widgets and the loading animation
inputs_and_loader = HBox([input_widgets])

# Create an HBox to hold everything in a horizontal layout
ui = VBox([inputs_and_loader, plot output])

# Display the UI components
clear_output(wait=True) # Clear the previous output
display(ui)

Emiotpogpfy otnv vdomoinon
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MSK Bit Error Rate:

AlxdoaoTikd YoAPnua yiax oUyKkolon HetalV twv kapumuAwv BER pe kat xwols precoding
vwx ) dxpoppwor MSK. Ot xprjoteg umoovv va dovv Tig OewENTIKES KL TTELQAUATIKES
KAUTIVAESG, OUYKQIVOVTAG TIS £MIDO0ELS Vi dixoeTucés Tipnéc Eb/No.

Koddi1xag — Chapter 6 - MSK Bit Error Rate

import numpy as np

import matplotlib.pyplot as plt

from scipy.signal import upfirdn, firwin2, 1filter, welch
from scipy.special import erfc

from numpy import sqrt

import random

# Define AWGN function to simulate noise
def awgn(signal, SNR):
snr_linear = 10 ** (SNR / 10)
signal power = np.mean(signal ** 2)
noise_power = signal power / snr_linear
noise = np.sqrt(noise_power) * np.random.normal(size=signal.shape)
return signal + noise

# The MSK error function remains the same
def msk_errors(Nbits, nsamp, EbNo):

n = Nbits # number of data bits

R = 2000000 # bit rate

fc = 8000000 # carrier frequency

ns = nsamp # oversampling factor

# AWGN channel

SNR = EbNo - 10 * np.logl@(ns/2) # in dB
T=1/R # 1-bit period (= basic period)
Ts = T / ns # sampling frequency

fss = 1/Ts

# Input sequence
y = np.concatenate(([1], np.sign(np.random.rand(n - 1) - ©.5))) # random
numbers, -1 or 1

X =Y

g = np.ones(ns)
xx = upfirdn(g, x, up=ns) # NRZ polar pulse train samples

# Time grid
ts = np.arange(0, len(xx) * Ts, Ts) # of length ns*(n+l)

## MSK TRANSMITTER
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XS = XX
theta = np.cumsum(xs) * np.pi / 2 / ns

Xxs_i = np.cos(theta) # in-phase component
Xs_q = np.sin(theta) # quadrature component

# Ensure that xs_i and xs_q are the same length as the time grid “ts’
if len(xs_i) > len(ts):

xs_ i = xs_i[:len(ts)]

Xs q = xs_q[:1len(ts)]
elif len(ts) > len(xs_i):

ts = ts[:len(xs_i)]

# Modulation
s = Xs_i * np.cos(2 * np.pi * fc * ts) - xs_q * np.sin(2 * np.pi * fc * ts)

# Addition of noise
s = awgn(s, SNR)

## MSK RECEIVER
Xs i =s * np.cos(2 * np.pi * fc * ts)
Xs q = -s * np.sin(2 * np.pi * fc * ts)

# LP (Parks-McClellan) filter

fl = 0.75%(fss/2)/ns

2 = 4*f1

order = 8 * ns

fpts = [0, f1, f2, fss/2]

mag = [1, 1, 0, 9]

wt = [1, 1]

b = firwin2(order+l, fpts, mag, fs=fss)
a=1

len xs i = len(xs_i)

dummy = np.concatenate((xs_i, np.zeros(order)))
dummyl = 1filter(b, a, dummy)

delay = order // 2

xs_1i = dummyl[delay:delay + len_xs_i]

Xxs_i = np.concatenate((xs_i, np.ones(nsamp-1)))

dummy = np.concatenate((xs_qg, np.zeros(order)))
dummyl = 1filter(b, a, dummy)
xs_q = dummyl[delay:delay + len_xs_i]

bi =1
xr =1
Xr = np.zeros(n)
for k in range(@, n, 2):
1i = np.arange((k+1) * ns, min((k + 3) * ns-1, len(xs_i)))

=
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1q = np.arange(k * ns, min((k + 2) * ns-1, len(xs_q)))

xi = xs_i[1li]

xq = xs_q[1q]

gmi = np.cos(np.pi / 2 / T * Ts * 1i) # matched-filter pulse
gmq = -gmi # =sin(pi/2/T*Ts*1q);

bi 1 = bi

bi = np.sign(np.sum(xi * gmi))
bg = np.sign(np.sum(xq * gmq))
xr[k] = bi_1 * bq

xr[k+1] = bi * bq

xr_ 1 = xr[k + 1]

Xr = xr.reshape(-1)

err = np.not_equal(x, xr)
errors = np.sum(err)
return errors / Nbits

# The MSK error function remains the same
def msk_errors_precoding(Nbits, nsamp, EbNo):

n = Nbits # number of data bits
R = 2000000 # bit rate

fc = 8000000 # carrier frequency
ns = nsamp # oversampling factor

# AWGN channel

SNR = EbNo - 10 * np.logl@(ns/2) # in dB
T=1/R # 1-bit period (= basic period)
Ts = T / ns # sampling frequency

fss = 1/Ts

# Input sequence
y = np.concatenate(([1], np.sign(np.random.rand(n - 1) - ©.5))) # random
numbers, -1 or 1
X =Yy
x[0] =1
for i in range(1, len(y)):
x[i] = y[i] * x[i-1] # Apply precoding rule

g = np.ones(ns)
xx = upfirdn(g, x, up=ns) # NRZ polar pulse train samples

# Time grid
ts = np.arange(0, len(xx) * Ts, Ts) # of length ns*(n+l)

## MSK TRANSMITTER
XS = XX
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theta = np.cumsum(xs) * np.pi / 2 / ns
Xs_i = np.cos(theta) # in-phase component
Xs_q = np.sin(theta) # quadrature component

# Ensure that xs_i and xs_q are the same length as the time grid ts
if len(xs_i) > len(ts):

xs_ i = xs_i[:len(ts)]

Xs q = xs_q[:1len(ts)]
elif len(ts) > len(xs_i):

ts = ts[:len(xs_i)]

# Modulation
s = Xs_i * np.cos(2 * np.pi * fc * ts) - xs_q * np.sin(2 * np.pi * fc * ts)

# Addition of noise
s = awgn(s, SNR)

## MSK RECEIVER
Xs i =s * np.cos(2 * np.pi * fc * ts)
Xs q = -s * np.sin(2 * np.pi * fc * ts)

# LP (Parks-McClellan) filter

fl = 0.75%(fss/2)/ns

2 = 4*f1

order = 8 * ns

fpts = [0, f1, f2, fss/2]

mag = [1, 1, 0, @]

wt = [1, 1]

firwin2(order+1, fpts, mag, fs=fss)
a=1

len xs i = len(xs_i)

dummy = np.concatenate((xs_i, np.zeros(order)))
dummyl = 1filter(b, a, dummy)

delay = order // 2

xs_1i = dummyl[delay:delay + len_xs_i]

Xxs_i = np.concatenate((xs_i, np.ones(nsamp-1)))

dummy = np.concatenate((xs_qg, np.zeros(order)))
dummyl = 1filter(b, a, dummy)
xs_q = dummyl[delay:delay + len_xs_i]

# Updated MSK decoding for precoded bits with recursive logic
bi =1
xr_ 1 =1 # Initialize previous decoded bit (xr_1)

Xr = np.zeros(n) # Array to store decoded bits

for k in range(@, n, 2):
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1i = np.arange((k+1) * ns, min((k + 3) * ns-1, len(xs_i)))
1q = np.arange(k * ns, min((k + 2) * ns-1, len(xs_q)))

xi = xs_i[1li]

xq = xs_q[lq]

# Matched filter output (to match MSK modulation characteristics)
gmi = np.cos(np.pi / 2 / T * Ts * 1i) # In-phase matched filter pulse
gmg = -gmi # Quadrature matched-filter pulse (sin is negative of cosine)

# Save previous in-phase matched filter output
bi_ 1 = bi

# Decode in-phase (I) and quadrature (Q) components
bi = np.sign(np.sum(xi * gmi))
bg = np.sign(np.sum(xq * gmq))

# Apply recursive decoding rule for precoded MSK
xr[k] = bi_1 * bqg # Decode the k-th bit
xr[k+1] = bi * bq # Decode the (k+1)-th bit

# Update the previously decoded bit (xr_1)
xr_1 = xr[k+1]

Xr = xr.reshape(-1)

err = np.not_equal(y, xr)
errors = np.sum(err)
return ©.5*errors / Nbits

# Simulate BER for different Eb/No values and plot only the dots for simulation
EbNo_range = np.arange(9, 9, 1) # EbNo from © to 10 dB

Nbits = 10000 # Increase number of bits to reduce variance

nsamp = 32

simulated BER = []

simulated BER_precoding=[]
theoretical BER = []
theoretical BER precoded = []

for EbNo in EbNo_range:
sim BER = msk_errors(Nbits, nsamp, EbNo)
sim BER1= msk_errors_precoding(Nbits, nsamp, EbNo)
theoretical BER value = 0.9 * erfc(sqrt(10**(EbNo / 10))) # without precoding
theoretical BER_precoded_value = erfc(sqrt(10**(EbNo / 10))) / 2 # with
precoding

simulated BER.append(sim_BER)

simulated BER_precoding.append(sim_BER1)
theoretical BER.append(theoretical BER_value)
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theoretical BER_precoded.append(theoretical BER_precoded value)

# Plot the results

plt.figure(figsize=(10, 6))

plt.semilogy(EbNo_range, simulated BER, 'bo', label='Simulated BER(without
precoding)') # Dots only for simulation

plt.semilogy(EbNo_range, simulated BER_precoding, 'ro', label='Simulated BER (with
precoding)') # Dots only for simulation

plt.semilogy(EbNo_range, theoretical BER, 'r-', label='Theoretical BER (without
precoding)')

plt.semilogy(EbNo_range, theoretical BER precoded, 'g-', label='Theoretical BER
(with precoding)')

plt.xlabel('$E_b/N_0% (dB)')

plt.ylabel('Bit Error Rate (BER)')

plt.title('BER vs $E_b/N_0$ for MSK Modulation')

plt.legend()

plt.grid(True, which="both")

plt.show()
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Custom JavaScript

KddLkag¢ — Custom Javascript

/**
* Checks if the current page is the target page by analyzing the URL path.
* This function helps in ensuring that the custom logic only runs on the specified
page.
* The page segment '/content/Digcom_Lab' is checked in the URL path.
* This also accounts for potential variable base paths, which may change
dynamically.
*
* @returns {boolean} - True if the current page matches the target path, otherwise
false.
*/
function isTargetPage() {
// Get the current page path from the window object
const urlPath = window.location.pathname;

// Check if the path includes the specified page segment
return urlPath.includes('/content/Digcom_Lab');

/**
* Hides code cells marked with a specific tag initially.
* This function targets elements with IDs that start with 'codecell’, within
elements tagged '.tag hide-code-cell’.
* The style is set to 'none' to hide the matched elements, simulating a "collapse"
behavior for code cells.
* This is useful for controlling the visibility of specific cells at the page load
time.
*/
function hideInitialCodecells() {
// Query and loop through all elements matching the hide-code-cell tag and
starting with 'codecell"’
document.querySelectorAll('.tag_hide-code-cell
[id*"="codecell"]").forEach(element => {
// Hide each element by changing its display property
element.style.display = 'none’;
// Log a message to the console for debugging purposes, indicating the
element's ID
console.log( Element with ID ${element.id} has been initially hidden.");

})s

/**

* Custom function to hide input fields within thebelab-executed code cells.

* Specifically targets elements that have '.thebelab-input' class, which is used to
capture user input in live code cells.
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* This function hides these inputs after initial page load and during specific
status changes.
* It acts as a visual enhancement by cleaning up the interface once cells are ready
to run.
*/
function customFunction() {
// Query all code cells that match the hide-code-cell tag and start with
'codecell’
document.querySelectorAll('.tag hide-code-cell
[id*="codecell"]").forEach(element => {
// Look for the input field within each matched code cell (class '.thebelab-
input")
let inputElement = element.querySelector('.thebelab-input');

// If such an input field exists, hide it
if (inputElement) {
inputElement.style.display = 'none’;
// Log a message to the console for tracking, indicating the element's
ID
console.log( Thebelab input within ${element.id} has been hidden.);

})s

/**
* Observes DOM mutations to detect when relevant code cells are "ready" for
execution.
* This function is critical for monitoring changes in the document, especially for
dynamic content loaded asynchronously.
* It specifically checks for the 'launching' status of Thebelab code cells and
triggers the customFunction when the cells are ready.
*/
function observeStatusChanges() {
// Only proceed if the current page matches the target path
if (!isTargetPage()) return; // Exit early if not on the target page

// Define the configuration for the observer: we watch for childList changes and
text content modifications
const config = {
childList: true,
subtree: true,
characterData: true,
attributes: false

}s
// Define the callback function for the observer, which processes detected

mutations
const callback = function(mutationsList, observer) {
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for (const mutation of mutationsList) {
// We are interested in new child elements or changes in character data (text
content)
if (mutation.type === 'childList' || mutation.type === 'characterData') {
// Query elements with the class 'launch_msg', which indicate a loading or
status message
let elements = document.querySelectorAll('.launch_msg');

// Loop through each status message element
elements.forEach((element) => {
// Check if the text indicates a ready state (e.g., launching from
mybinder)
if (element.textContent === 'Launching from mybinder.org: ') {
// When the status is ready, invoke customFunction to hide thebelab
input elements
customFunction();

1)

1

// Create a new MutationObserver instance, passing in the callback function defined above
const observer = new MutationObserver(callback);

// Begin observing the entire document body with the specified configuration
observer.observe(document.body, config);

/**
* Main initialization logic.
* This function ensures that the custom logic only runs when the target page is loaded and
the DOM is fully parsed.
* It first hides the code cells and then sets up the mutation observer to track status
changes.
*/
if (isTargetPage()) {
document.addEventListener('DOMContentLoaded', (event) => {
// Log a message to indicate that the custom script is starting
console.log("starting custom code");

// Initially hide code cells on page load
hideInitialCodecells();

// Set up an observer to track status changes and respond to them
observeStatusChanges();

1)
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