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IMegiAnym

H mapovoa dimAwpatikr] egyaoia éxet wg O€ua TNV avATTUEN DLXdQATTIKWV AOKTOEWV
OLOTNUATWV YNPLAKWV ETUKOWVOVIWV 0¢ YAwooa Python, avadeikviovtag onpavtucég
Oewontucés xat mEaxktkés mTLXEG Tov  avikewévov. ' v mAnootta g
TIAQOLOLAOTG KAL TNV KATAVOTOT) TV XOKToewV, TteQtAapuBavet ovvtoun Oewpla amo to
TeLX0G Xnuewoewyv tov padnuatos «Wneuaxéc Emkowvwviecr, Eextvaoviag pe g
ELOAYWYT) OTOV QOAO NG YNPLaKr|g emeeQyaoiag ONUATOS OTIS THAETUKOLVWVIES, OTNV
eEoHolwon avaAoY KOV DIAHOQPWOEWY Kol OTIS PAOkéS QxS NG BEATLOTNG YN@LakTC
QAVOYVWOELOTG HECW TIQOCAQUOOTUEVWV QIATOWV.

I ovvéxelwr, avaAbovial Ta QACHATIKA XOQAKTNQLOTIKA TwV PneLaKwv
KUUATOMOQPWV KaL 1 Hoggomoinon touvg pe @idtoa Nyquist, ta omola dixopaAilovv tnv
eAax10TOTIOMNON TWV MAQEUPOAWV HeTa& oLUPOAwV. [dwiaitepn éugpaon divetar otnv
nagovoiaor twv duxpoopwoewv L-ASK, QAM xar PSK, ot omoleg elvar evpéwg
dtxdedouévec oe oUYXQOVA CLOTNUATA ETUKOLVWVIWV, OTIWS KAL OTIS dapogpwoels FSK
kot MSK.

Lo mAalolo tov padnuatog twv «Wneuakov Emkovwvidv I», ot epyaotnoakég
QAOKINOES TIOL  aQXK& elxav yoagtet oe MATLAB petatpamnkav oe Python,
TMEOTPEQOVTAC HeYaAUTeon eveAlia kot diadoaotucotnta. H xorjon tov Jupyter Book yix
™ OnuovEyiax pag dxdEACTIKNG 0TooeAdAS evioxvel v eumepla padnong,
ETUTQETIOVTAG OTOUG (POLTNTEG Vo €EEQELVIIOOLV TIC EVVOLEG HEOR ATO TIOAKTIKEG
EPAQHOYES KAl DLXdQAOTIKA TTAQAdELypATAL.

H eoyaoia avtr), and kowov pe v eoyaoia [1], amoteAovv pax oAokAnowuévn
TEOTEYYLOT 0TIV TIAQOLOIAOT) CLOTNUATWY PNPLAKWOV ETUKOLVWVIWYV, TLVOLALOVTAG
Oewontikr) avaAvon pe ovyxeova eQyaAelor MOOYQAUUATIOMOV Kol EKTIAOELTIKEG
TIAQTQOQLES.

AéEeic-KAedua: Wneuaxr) Emefegyaocia  Inuatog, AvaAvon Ddouatog,
TnAermukowvwvieg, Wneuakr) Atxpoogpwon, L-ASK, QAM, PSK, FSK, MSK, Ilpooagpoouéva
DiAtoa, PiAtoar Nyquist, Atodoon AwxvAov, OFDM, Jupyter Book, Python, dixdoaotikn
efopolwon.









Abstract

The present thesis focuses on the development of interactive exercises in digital
communication systems using the Python programming language, highlighting key
theoretical and practical aspects of the subject. To ensure completeness of the presentation
and facilitate understanding of the exercises, a concise theoretical overview is provided based
on the lecture notes of the course "Digital Communications". It begins with an introduction
to the role of digital signal processing in telecommunications, the simulation of analog
modulations, and the fundamental principles of optimal digital detection through matched
filters.

Subsequently, the spectral characteristics of digital waveforms and their shaping
using Nyquist filters are analyzed, which ensure the minimization of intersymbol
interference. Particular emphasis is placed on the presentation of L-ASK, QAM, and PSK
modulations, which are widely used in modern communication systems, as well as on FSK
and MSK modulations.

As part of the course "Digital Communications I", laboratory exercises that were
originally written in MATLAB were converted to Python, offering greater flexibility and
interactivity. The use of Jupyter Book to create an interactive web-based platform enhances
the learning experience, enabling students to explore concepts through practical applications
and interactive examples.

This thesis, together with the work [1], constitutes a comprehensive approach to the
presentation of digital communication systems, combining theoretical analysis with modern
programming tools and educational platforms.

Keywords: Digital Signal Processing, Spectrum Analysis, Telecommunications,
Digital Modulation, L-ASK, QAM, PSK, FSK, MSK, Matched Filters, Nyquist Filters, Channel
Performance, OFDM, Jupyter Book, Python, interactive simulations.






Evxaglotieg

Apxud, Oa 0eAa va ekPOATwW TIC ELAKQLVEIC OV evXaQLOTiEG TTEOG TOV eTUPAETTOVTA
kaOnynT), k. NicoAao Mrjtoov, v v eumiotoovvr) mov Hov €delEe avabétovtdg pov
T dImMAwHaTIKT) avTr) epyaoia. Méow avtr|g, pov 0001ke 1) evkala va epPabvvw oe Eva
eEAQETIKA eVOLXPEQOV KAl XONOLHO AVTIKEIPEVO, OTtwWG elval 1) dadeaoTikyy avAaTtTuén
twv acknoewv e Yneuakng Enuwowvwviag oe YAwooa Python. Emtiong, Oa 10eAa va
EVXAQLOTNOW TOV 010 AAAG kKat TV k. Kwvotavtia Zaxkkd yix T ovvexn vtootroén kot
KkaBodnynor mov pov maelxe kad' 0AN TN dLAQKELR TNG EKTIOVNONG TNG £0YATLaC.

H dimAwpatkn avt egyacio amoteAel T0 eMOTEYAOUAX TWV TQOTITUXLAKWY HOU
omovdwv oto Tunua HAexktpoAoywv Mnxavikwv kat Mnxavikav YmoAoylotwv tov
EOvikov Metoopov TToAvtexvelov. Y10 téAog avtrc tng mopelag, aiwoOdvopatr v
AVAYKN va evxaootow Begud tn untéea pov, Anuntoaq, 1 omola amePlwoe Katd TO
TIOWTO €TOG TWV OTTOLOWV HOoV, kKaBwg Kkat Ttov atépa pov, NikoAao, kat tov adeApo pov,
Iowavvn, yia tnv adidkonn otrotér] Tovg og OAa T XOOVIA TNG AKADUATKT]G LOL TTOQELAG.

Oa 10eAa eTioMC VA EKPOAC® TNV EVYVWHOOVVT OV TTOOS OAOLS TOLG PiAovg Ttov
YVAOOLOA KATA TN OUAQKELX TWV POLTNTIKWV HOL XeOvVwv. Mall Toug popaotikoe
OVOKOAEC OTLYHES, ATIALTNTIKEG EQYAOLES KAL EEETATTIKES TIEQLODOVC, KAL ONULOVQYT|OLE
aféxaoteg avapvioelg mov Ba pe ovvodevoLVY ae OATN pov TN Lwn. ag evXAQLOTW OAOLG
Ao KAEOLAG.






OQyavwaon Tov Topov

H magovoa dimAwpatikn egyacia elvat ogyavwpévn oe €61 KUQL Ke@AAala, T ool
KAAVTITOUV OeENTIKES KAL TOAKTIKES TITUXEC TNG YNPLAKIG eeEeQyaoing ONUATOS KAl
TWV EQAQUOYWV TNG OTIG TNAETIKOLVWVLEC.

LT0 TEWTO KEPAAALO TAQEOLOWALETAL 1) EW0AywY] TNG &Qyaolag, Omov
kaBopllovtatl 0 okoTdg Kat 1) oLVOAWKT] TG dour). ITapdAANAa, avaAvovtal N onuacia
¢ OxdQAOTIKNG ekmaldevong kat 1 xenon s YAwooag Python ywix tv vAomoinon
noocopowwoewv. To devtego kepaAalo meQAauPdavel TV eMOKOTNOT NG
BpAloyoaplac, pe épupaon ot Packés agXEc e Yneuakng eneepyaoiag onuatog,
OTlwG etvat 1) derypatoAnia, oL texvikes dapoopwornc onuatwv (QAM, PSK, FSK, MSK),
KQLT] XOT|OT] TQOOAQUOOTHEVWY PIATOWYV Kol piATowv Nyquist yix n BeATtiotomoinon twv
OLOTNUATWY ETUKOWVWVIAG. XLTO TOITO kKe@AAalo meQryQa@etat 1 puedodoAoyia mov
arxoAovOnOnke yix v avamtuén v dXdQAOTIKWY aoknoewv. Idwxitegn Eéugpaon
dtvetar ot petaPaon ano 1o MATLAB otnv Python kat otn xonon tov Jupyter Book yx
™ dnuoveyla pag dadEAOTIKIG eKTAOEVTIKTG TTAaT@Oouas. To tétapto kepaAalo
ETUKEVTIQWVETAL OTNV AVAALOT] TWV ATIOTEAEOUATOWV TWV EQYAOTNOLAKWY AOKNOEWY,
TAQOLOLALOVTAG TIC ETIOOCELS TWV CLOTNUATWV  YPNPLAKIS  EMKOWVWVIAG  TOL
TIQOOOMOLWON KAV pE PAOT DAPOQETIKES TTAQAUETOOVS, OTIWS O ONUATOO0QVPIKOS AdY0g
(SNR) xat n mBavotnta AdBovg (BER). Zto méumto ke@aAalo ovvopilovTal ta KV
aToTEALoHATA TNG €QYAOIAGS, ETUOTUALIVOVTAG TIC KALVOTOLLES TTOV TTEOKVTITOVV ATIO 1)
xomomn ¢ Python kat tov Jupyter Book yia tnv ekmaidevon otic PneLakéc emKOVWVIEG,
kat eEetdlovtal mMBavEéG HEAAOVTIKEG ETTEKTAOELS TNG EQYAOIAG, OTIWG 1) PeATIOTOTTOMON
TwV aAyoplOuwv ov xonotpomon)OnKay KL N eMEKTAOT) NG TAATPOQUAG e €TUTAEOV
drxdoaotikec duvatomnrec. To éxto kepdaAato megidauBavet tn BiBAOyoapia kat TIg
TN Y£G TTOL XN OLHOTTOmONKAV YIX TNV €KTTOVIOT) TNG €0YATinG.

to Ilagdotnua g OmAwpatikig eoyaolag magatifevial avaAvtikég
TIATQOPOQLEC KAL TEXVIKEG AETTTOUEQELES VI TNV VAOTIOMOT) TV ddQATTIKWV AOKITEWV
KAl Twv eoyaAeiwv mov xonowwomomOnkav. ITeotdappavetatr évag mANnEng odnyog
EYKATAOTAOTNG TOL AoYlopkoV Python kat twv anagaltntwv PiAodOnkwyv, 0nws ot
NumPy, SciPy, xat Matplotlib, kaOwg kat 0dnyteg yx tn xorjomn tov Jupyter Book. Emtiong,
TIOEEXOVTAL  OVOAAVTIKEG  TEKHUNOWOOELS TWV KwIKwV TOL  avanmtoxOnkav oTig
EQYQAOTNOLKEG AOKT|OELS, Hall pe odnyleg yux TNV eKTEAEON TOUG, TQEOKELUEVOL OL
@OLTNTES VA UTIOQOUV VA EMAVAAAPOLV TA TERAUATA KAl VA a&lOTOW)o0LV TNV
TAQTEOQUA Yl TTEQALTEQW HEAET KAL TTELQAUATIOMO.
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KepaAaio 1

Elocaywyn



1.1 Xxomog tnc Epyaoiag

H yneuaxr) padnon xat n dixdoaotikr] exmaidevorn éxovv avadeixOel wg efatpeTid
ATOTEAEOUATIKEG HEOODOL OTNV KATAVOTOT) OVVOETWV EMOTNHOVIKWV OVTIKELUEVWY,
oTwe etvat oL Ynerakéc emkovwvies. H magovoa dimAwpatikn egyaoia aflomotel avtég
TIC KAWVOTOHES HeOOOOVS Y va dLeVKOAVVEL TN dWaoKkaAlx Kal TNV KATavonor Twv
Pacuwav aQXwv Twv YnNEIK@V ETUKOLVOVIWY, TEOOPEQOVTAS ML  OlxdQAOTIKT)
TAATPOQHA TTEOTOUOIWOTG oLOTNUATWY peTtddoons. H mpooéyyion avt) Pactletal ot
XOT1)0T) AVOLKTOU AOYLOULKOV, TTOL TIXQEX EL OTOVG POLTITES TN dLVATOTNTA TERAUATIOUOV
Kl avaAALOTIG NG amtOd00T)C TWV CLOTNUATWY O€ TIOAYUATIKO X00vo. Me avtov tov
T0T0, 1 OewENTIKN] YVW@OT EVIOXVETAL ATO TNV TIQAKTIKY] EPAQHUOYT] KAL TIC
TIQATIOTOELS,  TIQOOPEQOVTAG €V  OAOKANQWHEVO  paOnowkd  meQdAAov  mov
AVATIAQAYEL TIG OLVOTKES EVOS TIOAYUATIKOV €QYAOTIOLOV PNPLAKWV ETUKOLVWVLOV.

H yAwooa mooyoapupatiopov Python, mov xonotpomoteitat yix tnv vAomoinon g
dLAdOATTIKTG TTAATPOQUAG AVTNG TNG €QYATIAS, ATOTEAEL VAV OTJUAVTIKO TTUADVA OTNV
neooTdOeta dLlevkOALVOTC TG dxdikaoiag padnone. H Python éxet kaBlepwOel wg pia
aTtd TG 7O ONUOPLAELS KAl EVEAIKTES YAWOOTES TEOYQAUUATIOHOV, AGYW TNG ATTAOTNTAG,
e ekteTapévng PPAONKNG eoyadeiwv xal TG KAvOTNTAS TG va vooTnEiCet
TIOAVOLAOTATEG EQPAQUOYES, OMwe elval 1 emefeQyaoia dedopévwy, ol padnuatuol
LTTOAOYLOHOL KAL 1] AVATITUEN DADQACTIKWV YOAPIKWV TEQIRAAAOVTWV.

H Python, pe ) dtevovpévn xonon PPAONKwv omwe twv NumPy, SciPy,
Matplotlib kat dAAwv, emitoémer Vv €VKOAN KAl ATOTEAEOUATIKY) LAOTOINON
TIQOOOUOLWOEWV CLOTINHUATWV PNPLAKTC ETUKOLVWVIAGS, EVIOXVOVTAS TN dadQAOTIKOTN T
KAt T duvatotnTa meapatiopov. Avtéc ot PipAodnkes kablwotovv dvvatr) v
eKTéAEOT) OUVOETWV HAONUATIKWV TIOAEEWV Kol AVAAVTEWY, OTIWS TG DX OQPWOTC KAt
ATIOKWIKOTIOMNONG ONUATWY, TNG dNUIOLEYIAG KAl ATEKOVIONG dAYQAHUUATWY KAL TNG
avVAALONG NG ATIODOO0TC TWV CLOTNUATWY, HEoX aTtd €va TeQBAAAOV amAd ot xonon,
AAAG TAVTOXEOVA EEALQETLKA LOXVOO O€ OUVATOTITEG.
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1.2 Aoun g Epyaoiag

H doun tng egyaoiag Paciletat o€ piax OLVTOVIOUEVT) XOT|0T) OewoNTIK@OV avaAboewy Kat
TIOAKTIKWV €QPAQUOYWV TIOL ETUAEXONKAV YIad va TaéXouvv pio TATEN Eova Tov
O¢éuatog, ovykekQpéva TS PNPLAaKTC emeEeQyAOTlag ONHUATOS KAL TWV EQAQUOYWV TNG
otg mAemukowvwvies. Ta  epyadela mov  xonowpomombnkav, OmMwe oL YAwooeg
nooypoappatiopov Python kat MATLAB, ouvvdéovtal apeca pe tOug OTOXOUS TN
eoyaoiag, oL omoiot meQAapBavouv Tt OewENTIKN KATAVONOT KAL TNV TIOOKTIK)
LAOTIOMOT) OLAOEACTIKWY ACKNOTEWV.

H emAoyn) g Python, ovykexoiuéva pe BipAoOnkec 0mwe tic NumPy, SciPy wou
Matplotlib, evioxver v mEaxktwky) mTLXY NG EQYaoiag, OlevkoAvvoviag TNV
TIQOCOUOLWON TWV CLOTNUATWY YPNPLAKNG eTKOWVWVInG. Ot AOKNOELS TTEOTAQUOTTNKAY
amo 1o aQXwkd meQBdAAov MATLAB omnv Python yia peyadvtepn eveAllia kat
aAANAemtidoaot), dNuovEYwVTAS éva TEQIBAAAOV O TTEOOBACLUO Yl TOUS (POLTNTEG KAL
evioxvovtag 1 Habnon péow  TMEAKTIKWV THQAOELYHATWYV KAl  TOAXYHUAXTIKWV
EPAQHUOYWV.

H dour) g eoyaoiag aviavakAa avth tn ovvdeon Oewplag kat modéne. Ta apxika
Ke@aAala eotialovtal ot OewEnTiKy) avaAvon Twv Packwv aQxwv TS Yn@LaKrg
emefeQyaoiag ONHATOS KAl TV TNAETUKOWWVINKWV OLOTNHATWY, VA T Heoaia
KEPAAALA ETUKEVTOWVOVTAL 0TIV TIAQOLOIAOT] KAL OTNV AVAALOT TWV €QYATTNOLAKWY
aoknoewv. Kabe kepdAaio akoAovOel pix ovykekouuévn dour), n omola Eexva e
Oewontkd mAaiowx kat ovvexiCel He TNV EQPAQHUOYT] AVTWV TV BewELWV OTNV TEAEN
HEOW TG LAOTIOIMONG TTOOCOUOLWOEWY KAL TEQAUATIKWV OedOUEVWV.

Yuvenwg, 1 teAkr) doun g eQyaoiac amoteAel U OLVEKTIKT) OVVOEOT] HETAED
QeoNTIKWV EVVOLWV KAL TORAKTIKAOV EQYAAEIWV, EVOWHATWVOVTAS TIC KAAVTEQES
TOAKTIKEG aTtd T dVo medla Yix va maQaxOel £va EKTIAEVTIKO KAl ETUOTNUOVIKA
TEKUNOLWHEVO ATIOTEAETUA.
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KepaAaio 2

LOvoYr] TOv €QYAOTNOLAKOV HEQOVGS TOU
nadnuatog WHOIAKEX EITIKOINQNIEX



2.1 IleQuypapr) tov padnuatog [2]

e Euwaywyn - H Ynelakn emefepyaoio orjpatog ot tNAemikovwvieg — eEopoiwon)
AVAAOYIKWV DX HOQPWTEWV

e BéAtiom ymeuakn avayvwotlon - Ilpooappoopéva @idtoa

o DaopaTKd XAQAKTNOLOTIKA YPNPLAKWV KUHATOHO0QPwWY - Mog@oToinon e gidtoa
Nyquist

o  Wnopuxxn Awxpoppwon QAM kot PSK

e  Wnouxn duxpoopwon FSK kot MSK

e AmOd00M dAVAOL — OeENTIKA OQLX KAL TTOAKTIKES TIOOOEYYLOELS

e EWwd Ofépata xat magadelypata oOYXQOVWV  CLOTNHATWV  Pn@Laxng
erukowvoviag [Axpoopwoeic DMT kat OFDM. Xvotuata petddoong DSL kat
Wneuaxng TnAedpoaong DVB-T]

2.1.1Lab Exercise 1: Eloaywyn ota Zvotuata Wneuxng
Metadoong

2.1.1.1 XxkomOg TN¢ MEWRAUATIKIG AOKTONG

O 0KOTOG TOL TEWTOL CLVOAOL ACKT|OEWV Elval 1) eE0LKEIWON LLE TO TTIQOYQAUUXTIOTIKO
nepiBaAAov e Python kat g Matlab, xaBwe kar 1 ewoaywyn otg pebddovg
AVATIAQAOTAOTG KAl  eTe&eQyaoiag TNAETUKOWVWVIAKOV OTNUATWV O QUTEC TIG
OUVYKEKQLUEVES YAWOOTES TIOOYQAUATIOMOV.

2.1.1.2 Emwokomnmorn Oewolag [3]
AerypatoAnypia kat Pnglomnoinon

H derypatoAnpia etvatn dudkaoia pe tnv omoila Aapavovtot dlakQLTéG THLES amo £va
ONHA oLVEXOVUS XOOVOL O€ TAKTA XQOVIKA dlaxotuata. LOupwva pe to Oewonua g
derypatoAnpiag tov Nyquist-Shannon, 1 ovxvotnta derypatoAnpiag meémer va etval
TOVAAXLOTOV DITMAAOIX ATIO TNV Av@TeQn ovxvotnTa Tov onupatog (fs > 2W) vy va
amo@evxOel To Parvopevo TG avadinmAwong tov pacuatog (aliasing). Av n ovxvot)ta
derypatoAniag etvatr xapnAotegn amo avtd To 000, ToTe epPaviCovial QaoTUATUC]
eldwAa mov kaBLoToLY AdVVATN TNV TATEN ATTOKATACTACT) TOL AQX KOV O HATOG ATIO T
derypatoAnmnuéva dedopéva.
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Metaoxnuatiopog Fourier

O petaoxnuatiopog Fourier etval €va onuavtiko eoyalelo yux v avaAvon twv
onuatwv oto medlo g ovxvotntac. O petacxnuatiopods Fourier ovvexovg xodvov
(CTFT) avaAvet éva onjpa ovvexovg x0OVOUL 0€ OUXVOTNTES, EMUITEETIOVTAGS TNV eEaywYT)
TIANQOPOQLWV YIX TO @ATUa ToL onuatog (BA. Zxnua 1). Zmnv meolmtwor dakoLtwy
ONHATWYV TIOL TTEOKVTITOLY ATIO TN deLYUATOANYic, XOTOLLOTIOLETAL O ETATXT|UATIOMOG
Fourier duakottov xoovov (DTFT), o omolog tpoodiogilet To @AoUa TV delYHATWV OTO
ntedlo NG ovxvotnTag (PA. Lxnua 2).

X(f) = foox(t)e‘jz"ftdt

N NYA
N YV Vo

|OW f

Zxnua 1: AerypatoAnypia - Wnetoroinon (Metaoxnuatiopoc Fourier)

[Na mpaktikovg AGyovg, 0 dakQLtog petaoxnuatiopog Fourier (DFT) etvat avtog mov
epaguoleTal Yix v avaAvor onuatwv nemepacpévou pnkovs. O DFT exteAet tov d10
vrtoAoylopo omws o DTFT, aAAa o€ éva meQloglopévo oUVoAO delyIATWY, TAQEXOVTAG
TNV aVAALOT] CUXVOTITWV O€ £VAV TIETEQATHEVO KL OUYKEKQLUEVO aQlOUO onuelwv.

o)

Xo@) 2 ) xln]exp(—j2mne)

n=-—oo

F‘[n] X9
1 [ ."/ \ \

t I I l t I J, ! l I s n € > / "".\ / \ / \ .

7T\ TN\

L N L

‘o 1 ¢

Xxnua 2: AevypatoAnyia - Yneroroinon (Kpovotikéc)
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Lxnua 3: AerypatoAnpia - Uneroroinon (Ilemtepacuévn ostpd xn)

Evépyeia kat Ioxvg Znpatog

H evégyela kain ox0g €vog orjHATOg HTTOQOVV VA TTROTOLOQLOTOVUV HECW TNG PATUATIKNG
avaAvong. H evépyela tov onjpatog etvat 10 0OAOKANQWHA TOL TETEAYWVOL TOL OJHUATOG
0710 TedIO TOL XOOVOU, VW N LOXVG EVOG TEQLODIKOV OT|UATOS elval 1 LEOT EVEQYELXL AVA
TeQiodo. LTV MEQIMTWON ONUATWV dAKQOLTOV XOO0VOU, N evéQYela LTTOAoYILeTal WS To
A0QOLTUA TWV TETEAYWVWYV TWV DELYUATWY TOU OT|HUATOC.

By = j_o:oxza)d o= ZIX(f)Ide

1 T/2 [
Py = lim T x?(t)dt = f 00S’X(f)df

T—o0 -T/2 _

Mwix onuavtikr] pébodog ektTipnong e WOxVOg €VOG ONUATOS elval 1) XQNON TOL
TEQLODOYQAMHUATOG, TO OoTtolo Paciletal otov petaoxnuatiopd Fourier Tov onuatog ko
TIREXEL UL EKTIUNOT NG TUKVOTNTAS QATUATOS oxVvog (PSD). To meQoddyoappo
ETUTQETEL TNV AVAAVLOT] TNG KATAVOUNG TNG LOXVOS TOU ONHATOS OTIS OLXPOQES
oLXVOTITEG KAl aTtoTeAel Paoikd e0YaAElO Vi T @ACTUATIKY AVAALOT] ONUATWV.

1 Xa(f/£)I?

PXX(f)é f:sL

Lyailpata kat AvadinAworn (Aliasing)

Onwc mooavagépOnke, eav 1 derypatoAnla evog onpatog meaypatoromOel ue
oLXVOTNTA HUIKEOTEEN aTtd T ovxvotnta Nyquist, To amotédeopa elvatr n ep@davion
PAOUATIKOV €WAWV KALT ATIWAELX TNG AKQIBELAS OTNV AVAKATAOKELT] TOL OT)patog. To
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pavopevo avtd ovoudletat avadimAwor) (aliasing) kat amoteAel pax ano TG KVQLEQ
TEOKANOELG 011 dertypatoAnia avaloywwv onuatwv. To opaApa avadimAwong
TIOOKAAEL TTAQAHOQPWOELS TIOL deV HUTTOEOVV va dlopBwOovv, kaBlotwvtag avaykaio
X010 QIATOWV Yl TNV ATIOPLYT] TOUL.

E@pagupoyn otnv Iloaén

Y10 mAalolo TG  €QYAOTNOWAKI)G QOKMNOTNG, Ol MaQaAmavw OewEntikéc €vvoleg
£PAQUOLOVTAL YIX TNV AVAALOT] €VOG TJULTOVOEWDOVS OJUATOG, T deLyHATOANPlat TOV, TV
exTéAeon Tov  dlakQrtov  petaoxnuatiopov  Fourier kat v efaywyr)  Tov
TLEQLODOYQAUHATOG TOV OTJHATOS. O VTTIOAOYIOUOS TNG LoXVOG KAL 1] PATHUATIKT] AVAALOT)
TIAQEXOVV LA OAOKATQWHEVT] KATAVONOT TNG CULUTEQLPOQAS TOU ONHATOC KAL TWV
XAQOAKTIOLOTIKWV TOL 0TO TedI0 TOV XQOVOUL KAL TIG OLXVOTNTAG.

2.1.2Lab Exercise 2: Wneuxa PiAtoa

2.1.2.1 XkOmOg ¢ MERAUATIKTG AOKNONG

YKOTOG TG deUTEQNG OElRAS aoKNoewv elvatl 1 €folkelworn HE TIC OLVAQTIOELS
oxXedAoUOV PIATEwV memepaouévng kpovotikng amokplong (FIR) xkat v vAomoinom
tovg o€ Python. ITpotov Eexivrjoete tv doknon Oa mEémel va leAeTioeTe Ue TEOTOXN TO
KepaAaio 1 kat, educdtepn, TV mapdyeago 1.3 Tov tevXovg Tov pHadrpatog.

2.1.2.2 Emokonmnon Oewolag [4]
Wneuxa Pidtoa

Ta Yneraxa @idtoa FIR etvat évag TOTOC IATEWVY TOL XONOIHOTIOLOUVTAL EVEEWS OTNV
emeleQyaoia PneLakwv onUATwV A0Yw TNG doPAAIOUEVNS eVOTADELAC TOVS KAL TG
ATIOPLYTS TNG TTAQAHOQPWOTNS PAOTS [oe avTiOeon pe T @IATOA ATIELONG KQOVOTIKNG
amtokpong (IIR), ta FIR @iAtoa dev mepéxovv avadaoels, KATL ov eEao@aAilel OTL N
£¢£0d0¢ evog FIR @iAtoov eEaptdtat HOVO amo évav TemeQaoUéVo aQLOO deLYHATWY TOV
ELOEQXOMEVOL OT)UATOG].

To FIR @iAtp0 opiletat amo piax akoAovOia ovvteAeotwy, 1) ool avTiotolyel otnv
KQOUOTIKI] amokQlon Tov @idtoov. H kpovotkr] amodkplon vmoAoyiletar wg o
avtiotpopog petaoxnuatiopos Fourier tng davikngc amdkolong ocvxvotntag. Xtnv
TEAEN, 1 akQPNG EPAQUOYT] TNG KQEOVLOTIKNG amoKQLONG meplopiletat o €vav
TLETLEQAOUEVO AQLOUO DeLYUATWV, 0dNYWVTAS 0€ OPAAUATA OTIS AKQES TOV PATHUATOC, TA
oTtolat OGS UTTOQOVY V& HelwBOVV pe TN X101 KATAAANAWY tapaxOvowv.
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Lxedaouog Pidtowv
v aoknon, e€etalovtatl dvo Paokeg péBodot oxedaopov FIR pidtowv:

1. Mé0odoc twv ITapabvowv: H pédodoc avtn xonopomnotet dagpogetucd tagdBuoa
(1t.x. tapa®vpo Hamming 1] Kaiser) yia tov 1eQLoQLOHO TNG KQOVOTIKTIC ATtOKQLONG.
To amotéAeopa avtrg g pe@odov etvarn pelwon Twv mAevokwv Aofwv, oLoToiot
TIOOKVTITOVV ATIO TNV TEQLKOTIT] TNG KQOVOTIKIG ATIOKQLOT)GC.

2. Mé0odog Parks-McClellan: TITpokertar yix pwx 7o e€educevpévn  pébodo
OXEDAT OV, 1) OTTOlt XN OHOTIOLEL TNV TEXVIKT] TWV 00UV KUHATWOewV. Me tnv
TEXVIKN AUTN eTUTUYXAVETAL £Vag BEATIOTOG OXEDAOUOC TOL PIATEOV, pe EupaoT)
ot BeAtotononon NG AMOKQELONG oLXVOTNTAS OTIS Cwveg OdlEAgvong KAl
QATIOKOTING.

Metaoxnuatiopol Fourier kat AvaAvon Evxvotntag

H xatavonon twv petacxnuatiopwv Fourier eivat kolowun yix tnv avaAvor) onuatwv.
O petaoxnuatiopog Fourier evég onuatog emitQémel TV avAALOT] TOL 0To Tedlo NG
oLXVOTNTAS, ATIOKAAVTITOVTAG TIG OLXVOTNTES TTOL oLVOETOLV TO OTjua. XTIV AOKNOM,
xonoomnoovvtal ot ovvagtroels fft kat ifft yia Tov vtoAoyLoud Tov pETATXUATIOHOV
Fourier xat tov avtiotgo@ov petaoxnuatiopot avtiotolxa. H avamapdotaon evog
ONHATOG 0To Tedlo NG oLXVOTNTAC elval KQLOLUTN YIX TNV avAALoT TNG ATOKELONG TWV
PIATOWV KAl yiax TNV Katavonor Tov TEOTOoL He TOV 0Ttolo to @iAtoo emmnpealet T

OUXVIAKA XAQAKTNELOTUKA TOV OT|LATOC.

Windowed Sinusoid

*bL) T T T T T T
05+ ' E ) .
2 IK:
2 0 L T I ¥ s
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D5 1
i | 1 1 | 1 1 1
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|
g o° | ol |
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£ 0 ' HEEEEaREiiioes
[+ &:_ J
f ' |
05 : B
I
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Lxnua 4: Au@intAevpn kat HovoTAEvpn avanapaoTact) VoS NULTOVOELOOVS ONUATOC TIOV EXEL
noAdamAacixotel pue mapabvpo Blackman
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Lxnua 5: Aupintdevpn kat uovomAevpn avanaproTacn Tov HeTAoXNUaTLo oV Fourier tov
NULTOVOELOOVS ONUATOC

LpaApata kot Idopogeies 0Tic Avanagaotaoelg ZuxvoTTwy

Kata 1t Odudokewx g epagpoyns twv petacxnuatiwopwv Fourier, mookvTTouvv
OLOHOEPLeG OTWS 1) APPLTTAELON KAl 1] HOVOTIAEVQT] AVATIAQACTACT] TWV CLXVOTNTWY,
OTIOV OL AQVITIKEG OLXVOTITEC AVATIAQIOTAVTIAL OTO AVW HULoO Tov @dopatos. H xoron
ovvapToewv onwe twv fftshift kau ifftshift emitoémer v kKvkAKY) peTatomon Twv
OLXVOTHTWV WOTE VA KEVTQAQLOTOVV OTO HNOEV, KATL TOL dLEVKOAVVEL TNV €QUNVela TG
PATUATIKNG aVAALONG.

Epapuoyéc PiATowv kat AvaAlvon Anotedeopatwv

H aoxnomn oAokAnowvetat pe v epaguoyn TwV oxXeDOUEVWV QIATOWV O& TOAYHUATIKK
ONHATA, OTIWGS OTO OT)UA sonar, To 0Tolo xonotpomoteitatl Y va ertdetxOovv ot duapoég
pHetall twv @idtowv. H obykowon twv duxgogetikwv mapabvowv kot pefodwv
oxedlopoL yivetat pe Paon TV amokplon LY VOTITAS TOL PIATEOL Kal TNV eTOQAON
TOUG 0TO PACUA LOXVOG TOU PATOAQLOMEVOL onpatos. O @acuatikos avaAvtg Welch
XOTOHOTIOLELTAL Yt TOV VTTOAOYLOUO TNG TUKVOTNTAS PATHUATOS LoXVOG, TIQOOQEQOVTAG
HLt OUVOALKY] EKOVA TNG PACHATIKIG KATAVOUTNG TG LoXVOG TOU ONHUATOC UETA TNV
EPAQUOYN TWV PIATOWV.
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2.1.3Lab Exercise 3: IIpocapuoopeva PiAtoa kat Alxpioogpworn
L-ASK

2.1.3.1 XkOTOg TNg TEQAUATIKNG AOKNOTG

O okoTdg ¢ TOITNG €QYAOTNOLAKNG AOKNONG elval 1| HEAETI) TWV TIOOTAQUOTHEVWV
PiATowV Kt TG moAveTtimedng diapoepwone L-ASK (Amplitude Shift Keying), péow g
vAomoinong kat eEopolwong e ddikaolag HETADOONC KAl avixVevong ONUATWY OTOV
déxtn. Ewotepa, eotidletatl otnv avaAvon g emidoong Twv @IATOwWY TIQOOAQHOYTIC O€
OopvPwdn megBaAAova, kabwe kat otn dtepevivnomn ¢ mBavoTnTag AdBoug Katk TN
HETAdOOT) CUUPOAWYV, CLVELOPEQOVTAS OTNV KATAVOTOT] BACIKWV QQXWV TV YTPLOKWV
ETUKOLVWVIWV KAl TNG a&loAOYNONG TWV ETUKOWVWVIAKQOV OLUOTNHATWV HE OQOLG
onuatofopuBkov Adyov (SNR) kat Bit Error Rate (BER).

2.1.3.2 Emokonnomn Oewolag [5]
INoooaguoouéva Pirtoa

Ta mpooagpoouéva @idtoa (matched filters) elvat edwkol TOTOL PjPLakwv @ATOWV IOV
XONOHOTIOLOVVTAL YIX TNV AVIXVELOT YVWOTWV ONHATWV Ta omola petadidovtal oe
BopuPwdeg epBAAAOV. To TEOTAQUOOUEVO PIATOO elval oXedATUEVO e TETOLO TQOTIO
WOTE VO LeYLOTOTIOLEL TOV AOYO0 oTjuatog eog BopuPo (SNR) otn otryur) derypatoAnpinag
TOV OTJHATOG, ETMUTOEMOVTIAG TNV KAAVTEQN avixvevon twv oVUPOAwV ToL petadidovTatl
Héow Tov BoELPWOOLS KAVAALOD.

LT OUYKEKQIUEVT]) AOKNON, TO TQOOAQUOOHEVO QIATQO eaguoleTal oe pia
akoAovOia VTEPDELYHATOANTITNUEVWY ONUATWY, OTOL HeTd TNV emeEeQyaoia, 11 €£000g
OV PiATQOL XENOoTOLElTAL Vit TN ATPn TwV OCVUBOAWY. AUTO ETUTLYXAVETAL UECW TNG
OLVEALENG TOV OTJUATOC UE TO TIQOTAQHOOHUEVO PIATQO, TO OO0 OLOLATTIKA AVTIOTREPEL
TI XQOVIKI] OEQ& TOL AQX KOV TAAUOU TOL OTJUATOC.

Awapogpworn L-ASK

H moAvenimedn ymeuaxn diapdopwon mAdtovg, L-ASK (Amplitude Shift Keying), etvat
L TEXVIKT] DIAHOQPONG OTIOL Tat DEDOHEVA KWOLKOTIOLOVVTAL O DIAPOQETIKA ETILTTEdN
TAQTOUG TOL @éQovTog oruatos. Kabe emimedo mAdtovg avtiotolxel oe éva ovpBoAo
dedoUévwV, Kal eMOREVWG 1) OLapOE@woT) ASK emitoémet TV KwdIKOTION O TTOAAATIAWY
bits oe kdOe cvuPoAo. Ztnv doknon, 1 L-ASK epagpoletar yia tv avaAvon g entidoong
TOU OLOTNHATOC O& dPOoETKES TIUES Tov onuatofoguPucov Aoyov (SNR), xat n
ruBavotnta Aabovg (BER) vtoAoyiletat yia dxgopetucd emtimteda toxvog BopvBov.

H doknon megdapuPavel v eEopolwon g HETADOONG KAl aviXVevong oNUATWV
oe dkpooa emimeda oxvog BogvPov. O POAOG TOL TEOTAPUOTUEVOL PIATEOVL elval va
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PUTEAEeL To BopuPwdeg ornua, dlevkoAvvovtag T owot ANYN Twv oLVUPOAWY. XN
ovvéxela, N ddkaoia avixvevong eAaxlotorotel T dxpood peta L Tov AapPavopevov
OTNHATOG KOL TWV TOOETUAEYEVWV TUTTEDWV TAATOVGS, AU PAVOVTAG ATIOPAOT) Y1 TO TTO
KOVTLVO eTI{TTEDO KAL KATAUETQWVTAS TA OQAApXTA 0TI ANY).

BER of L-ASK with NRZ pulses, L=4 8,16

............

BER
=)

16-ASK theoretical
8-ASK
4-ASK !  : :
------ ¥ 16-ASK simulation |7
10 kol + 0 8-ASK 71

o 4-ASK

.....

........................................................................................

E,/N; (dB)
Xxnua 6: BER ovvaptnoet tov onuatobopvfikov Aoyov

InuatoBoguPikog Aoyos (SNR) kau Bit Error Rate (BER)

H emidoomn twv Pnelakwyv eMKOWVWVIAKOV CLOTNUATWV aloAoyeltat ovXva pe Baon tnv
rubavotnTa AdBovg 1 tov pLOUO AaBwv (Bit Error Rate - BER) katd 1t petddoorn, wg
ovvaptnor tov onuatoboguPucov Adyov (SNR). H efopolwon oe avty tnv doknon
ntegAapPavet tov vtoAoyopd g BER vy duagopetikég tipég tov SNR kat tnv omtik)
QATIEKOVLOT] TG OXE0NG HETAED TOVG HEOW KAUTTVAWY artodoong (PA. Zxnua 7).

Yvykekoéva, N mlbavotnta AdOovg oe cvotpata dixpoppwong ASK eEaptatat
amo Tov aplOuo twv emmedwv (L) kat tov onpatofoouBikd Adyo. Kabwes avéavetatto L,
avfavetat kat 1 TOAVTIAOKOTNTA NG Avixvevong, kATL mov odnyel oe avénon g
rBavotntag AdBovg oe BopuPwdn megBdAAovta, extdg eav 0 SNR elval emagkwg
vmAoG.
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2.1.4Lab Exercise 4: Lnuatodotnon Nyquist kat Atapoo@won
L-ASK

2.14.1 XxOmOg NG MEQAUATIKNG XOKTONG

O okoTdg NG TETARTNG EQYAOTNOLAKNG XOKNONG elvat 1) dlegevivnon TG amodoong Kat
MG ePaQpOYNGS TwV @ATowv Nyquist oe cvotuata Ymeakng emkowvwviag. Méoa amod
TNV TTEOOOMOIWOT KoL avAALOT) DIAHOQPWOEwWV, OTIWG 1) 8-ASK, oL ot téc kKaAovvtal va
KATOVONooLV TIS Baotkéc agxég tng onuatodootac Nyquist, tnv emtidoaon tov roll-off ota
@AToa, xKaL v entidoon Tov ovotuatog oe 6pouvg Bit Error Rate (BER) cuvaptoet tov
Aoyov Eb/No. H aoknon megidappaver v moaktikr) Aomoinon @iAtowv Nyquist kat tnv
avAaAvon TG AmMOdOONG TOUG HECW YOAPIKWV ATEIKOVIOEWY, TIQOOEPEQOVTAG LK
OAOKATQWHEVN KATAVONOT] TwV OEWENTIKWV KAL TIOAKTIKWOV TTTUXWV TG ONUATOd00(NG
Nyquist.

2.1.4.2 Emokonnomn Oewolag [6]
Inupatodooia Nyquist

H onuatodooio Nyquist amoteAel pia pe@odo pe tnv omola pmoQovpe va eEaxo@aAioovpe
0Tl T dudoxkax oVuPoAa mov petaddovrar dev magepPaAdovial petalV Toug,
HELOVOVTAS TNV TOAVOTNTA OPAAUATWY KATA TNV aviXvevor twv oLUBOAwv otov
dértn. Avtd emtvyxavetal Héow TG XONONS Twv @Atowv Nyquist, ta omoia éxouvv
OUYKEKQLUEVA XAQAKTIOLOTUKA TTOV €EATPAALLOVV OTLTO O AAUPAVEL TN HEYLOTN TIUN
TOL HOVO 0TI OLAQKELX TNG TEQLODOV CLUPOAWV Kat UundeviCetal ota VITOAOLTIA OTHLELX.

Mua Baowkr) mapdpetoog ota pidtoa Nyquist eivat o cvvteAeotr|g eEdmAwong (roll-
off, o), 0 omoiog kaBopICeL TO VEOG TOL PATUATOS CLXVOTHTWYV TOL PIATEOVL. MikEdTEQES
TIHEG TOU A HELWVOLV TO €VQOG Lvng, aAAd odnyoLv og HeYaAUTeQN TTOAVTTAOKOTTA
OTOV OXEDAXTUO TOL PIATEOL KAt TNV evatoOnoio 0e CPAAUATR, VW HEYAAVTEQES TLUES
TOL & OLEVKOAVVOULV TN 0Tat0€QOTNTA TOL CLOTIUATOS HE TNV EMEKTACT] TOV QATHUATOG
OUXVOTITWV.

Atapogpworn L-ASK

H duapoopwon L-ASK etvat poe texvicr) 0ov ta 9edopéva KwdLKOTIOLOVVTAL O& €Timeda
MAATOUG TOL OoNuatos. Xe kabe oVUPOAO avrtioTol el éva OUYKEKQLUEVO eTtimedo
TAATOVG, ETUTEETOVTAG £TOL TNV amooToAn] ToAAamAwv bits avd ovpporo. T
TIAQADELY A, 0TI OLXOEPwoT) 8-ASK, éxovpe okTw emimeda MAATOUG KAt eMOUEVWS TOL
bits pmogovv va petadobovv oe kabe ovpPoro. H kwdwomoinon Gray yxonoipomoteitat
OUXVA Yt V&t EAaXLOTOTOWOEL T OopAaApata, eEaopaAiCovtag OTL 1) HetaPaot) and To
éva emimedo MAATOUS OTO EMOUEVO AVTIOTOLXEL 08 aAAayn) evOg povo bit.
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Enidoaon tov Roll-off ota Pirtoa

To roll-off twv @iAtowv Nyquist emnoealet onuavtika v anddoor) tov ovotuatoc. Oco
HkEOTEQO etvat To roll-off, tooo o andtopa etvat T 6QLAX TOL PATUATOS CLXVOTHTWY,
KATL TIOL HELWDVEL TO €VEOG LVNg ToL KataAauPavel to orjua. Qotdoo, avtd pmogel va
odnNynoeL oe HeyYaAUTeQTN MOAVTTAOKOTNTA OTNV KATAOKELT) TOL @iAToov. AvtiOeta, éva
pueyaAvtepo roll-off efaocpaldiCet mo Nma petdPacn otg ovxvotnteg, aAA&
KataAapBavel peyaAvtego e0og Cwvng.

1
W—ﬁ(1+a)

Amodoon Lvotrpatog kat BER

H anodoon tov cvomjuatog a&lodoyeitar péow e mbavomntac AaBouvg kata
petadoorn, onAadn tov Bit Error Rate (BER). To BER oyxetiCetar dpeoa pe tov
onuatofopuBikd Aoyo Eb/No xat kabopilet v mowt)ta ¢ enucovwvias. Kabwg
avéavetatr to Eb/No, pewwvetar n mbavomnta AdBovg, BeAtiovovtag tnv anddoor) tov
OLOTNHATOG.

LtV &oknomn, kaAovvtal Ol OTIOLOAOTES VA VTTIOAOYIOOLV KAl V& avaAVOOLV TNV
kapumOAn BER oe ovvaptnon pe to Eb/No yiax dixgogetucés magapétooug tov @IAToov,
Omws 0 ovvteAeotr|g roll-off kat n td&n tov @iAtoov. Oi dixpopetikéc Tipég roll-off
ETUTEETIOVV TV KATAVONOT] TNG ETUOQAOTC TOL £VEOVG LwWVNG Katl TG MOAVTTAOKOTNTAG
OV amtddO0T) TOL CLUOTHHUATOC.

E@aguoyn tne Enuatodooiag Nyquist otnv Iloaén

H onuatodooia Nyquist, oe ovvdovaouo pe m daxpodopwon L-ASK, xonowomnoteitat
EVOEWS O€ CLOTHHATA YTPLAKWV ETUKOLVWVLWV TOL ATALTOVY LYPNAG QLOUO pETAdOOTG
dedOUEVY, DLATNEWVTAS TTAQAAATIAX éva ATtOdEKTO ETUTEDO TPAAUATWV. LTV TOAEN, 1)
onNUaTodooia avtr) eMITEEMEL TNV AVENOT) TOL EQLOUOV HETAdOOTC XWOIS Va anatteital
LTTEQPOALKO €VEOC CWVNG, KATL TTOL TNV KAOLOTA WDAVIKN Yot €PAQUOYES 0TS etvat 1
Pneaxr) Aeopaot), ta diktva KIVNTHS TNALPVIAG Kal Ta dDOQUEPOQLKA CLOTHHATX

ETUKOWVWVIAG.

2.1.5Lab Exercise 5: Auxpogpwon QAM kot PSK

2.1.5.1 XxomOog TNGg TMEWRAUATIKNG AOKTONG

O 0oKkoTOG TG TMEUTTNG €QYAOTNOLAKNG AOKNONG elvatl 1 peAéTn kat avaAvon twv
OLOTNUATWV OLXORPwOoTc QAM kat PSK, kaOwg ka1 dtegevvnon g amodoong touvg oe
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dlxpopetikéc ovvOnkes onuatobopufBikov Adyov (Eb/No). Ot goirtntéc kaAovvtat va
OX€OLAOOLV ONUATIKOUG AOTEQLOHOVG, VA TIEOCOUOLWOOUV TOUTIOUS Kol DEKTES YIX
duaopetikéc Tnég g mapapétoov roll-off kat va avaAvoouvv v emidoon twv
ovotNuAtwv Héow TN kapumOAng Bit Error Rate (BER). H doknon otoxever omnv
KATavonon Twv TAQARETOWY Tov  emnoedlovv TNV amodoon TwV CLOTNUATWV
dLapnéoPwong kat v emnitevén tov BEATIOTOL QLOOV HETAdOOTG DEDOUEVWV.

2.1.5.2 Emokonmnon Oewolag [6]
Atapogpworn QAM

H QAM eivat g dlapog@waor 0mov 000 10 TTARTOS 600 KAL 1) QACT TOL PEQOVTOG
ONHATOS TEOTOTOLOVVTAL TAVTOXQOVA YIX VA KwdkoTomOovv ta dedopéva. Avtd
ETUTQETIEL TN HETADOOT) peyaAov aplOuov bits ava ovpBoAo, pe T xerom €vog onuaTiKo
QAOTEQLOUOV, OTTOL KABe onuelo avTioTolXel oe évav oLVOLAOTUO PAOTS KAL TTAXTOUG.

210 mMAalOl0 TNG AOKNOTG, OL POLTNTES KAAOUVTAL V& HEAETI|OOLV T1 DLAHOQPWOT)
64-QAM, n omola xonogomotel 64 dAPOPETIKA ONUElr 0 ONUATIKO AOTEQLOUO
0000YWVIKOU TAEYHATOS Yx va Kwdukomow|oel €EL bits avd ovpPoro. EmimAéov, 1
kwdkoTtotnon Gray epaguoletat yia va pewwdet n mbavotnta AadBovg, eEaopaiiCovtag
OTL YELTOVIKA OTela TOL AOTEQLOHOV dXPEQOLY HOVO KaTd éva bit.

H QAM mpoo@épel vnAdtepn amodoon @ACHATOG Oe OXE€0n HE AAAES
dapoopwoets, kabwsg aflomolel dvo opboywviec ovviotwoeg onuatog (in-phase kat
quadrature) kat eTTQémeL TN HETADOOT LEYAAVTEQOVL OYKOL DEDOUEVWV YIAX OUYKEKQLUEVO
eVog Cwvng kat péyotn woxyv onuatos. Qotooo eival meQLOOOTEQO evaloOntn oe
aAAOWOELS TAATOUG, TT.X. AOYW UT YOAHUIKNG AELITOLOYIAC TWV EVIOXVTWV.

Atapoppworn PSK

H PSK etvat piax dtapnde@won 0mov 1 mATNQ0@ooiar KwdIKOTIOLEITAL ATIOKAELOTIKA 0T
@AOoN TOL PEQOVTOG OTUATOG, EVW TO TAATOS TtaRapével otabepd. H amAovotepn pooen
etvar 1 BPSK (Binary PSK), 6mov 1 @don tov ornuatog AauPdver dvo Tuég,
AVTIOTOLXWVTAG o0& OVo dlaopetikd bits. Tix peyaAvtegovg guOpove uetadoorg,
xonoporoteitar 11 QPSK (Quadrature PSK) 1) dAAec vimAdteong taéng mapaAAayég g
PSK, 6mov moAAamtA& bits kwdikomolovvTaL 0 TeQLOTOTEQES PATELG.

H PSK, oe ovykoton pe v QAM, etvat 1o avOekTikt] oTig dxtapoxés MAATOUG,
kaOwg 1 mANoooola efaxptatal povo amd T @Aaon tov onuatoc. Qotdoo, N
ATIODOTIKOTITA TG O€ OPOVG £VEOVS LWVNG Kol oNUATOO0QUBLKTIIC OXE0NG elval pkQOTEQN
aro v QAM, kabws amattel peyaAvteon loxv oruatog Y v emitevén tov dov BER.
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Lnuatikotl Aotegopoi kat Kwdikonoinon Gray

H onuaocila twv onuatikwv aoteQlopwy elvat kaboQLoTikn] Yix TV Katavonon Twv
oLOTNUATWV dxpoePwonc QAM kat PSK. Ot aotegiopol avtimpoownevovy ta bava
onMela ov pmoEel va A&feL To onpa kKata TN petddoor), pe kabe onuelo va avtiotoryel
o€ £vav OVYKEKQLEVO ovvOLao MO bits. H kwdwomoinorn Gray eEao@aAilel 6Tt yeltovika
onuela dlaéQovy HOVO Kata £va bit, pewwvovtag €tot v mbavotnta opaApatog otav
t0 o emneealetal and B6pvPo 1 magePoALc.

LnpatoBoguPikog Aoyog (Eb/No) kat Bit Error Rate (BER)

H waumoAn BER oe ovvdotnon pe to Eb/No elvar éva Baowkd egyaleio yux tnv
aELOAOYNON TG ATOOO0NS TWV OLOTNHATWY dlxpdepwonc. Kabwg avéavetat to Eb/No,
petwvetaln bavotnta AdBovg, 0dNywvtag oe mo a&LOTIOTN HETADOOT TWV dEDOUEVWV.
H &oxnon emukevioovetat ot HeAETN TwV KAUTULA®V avTwVv 1000 Yia v QAM 6oco kat
Ywx v PSK, dlvovtag €ugact oTic dapoEéc TOL MAQOLOLALOLV AVAAOYO HE TIG
OLVONKES TOL KAVAALOV KAl TIG TTAQAHETQOVS DX UOQPWOTC.

PvOpog Metadoorns kat Anodotikotnta Evgovs Zwvng

O ovOu6e petddoong kabopiletat amo Tov aQlOuo Twv bits Tov pmoEovV va petadoBovv
ava oOpPoAo kat tov EUOUO exmouTc ovuPoAwv (Baud Rate). XTvotuata ue
HEYAAVTEQOVS ONUATIKOVG AOTEQLOMOVS, OTws 1 64-QAM, umogodv va petadwoovv
meploooTeQa bits ava cvuPoAo, avéavovtag Tov oLVOAKO QLOUO petadoons. Qotdoo,
avto anattet vYMAOoTeQo Eb/No yia va emitevxOel xapnAo BER.

R
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Xxnua 7: Pacua pidtpov pe evpog Covne W yvpw amo tn ovxvoTnta @&Epovtog fc
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Emiong, n xonon tov @iAtoov Nyquist pe katdAAnAo roll-off factor emnoealer to
ATALTovEVO €V0G Cavng tov ovotruatos. To roll-off factor kaOopilet moéoO Y1) YOO
HELWVETAL TO QACUA TOL ONUATOS kal Tailel kolowo goAo otn BeAtiotomoinon tov
gvoLGS Cwvnge.

2.1.6Lab Exercise 6: Atxpoogpworn FSK kat MSK

2.1.6.1 XkOTOGg NG TERAUATIKNG AOKNOTG

O 0okomoOg avTic TG EQYACTNOLAKIG AOKNONG &lval 1) avaALon Kal OVYKQLOT] TwV
texvikawv dxpogpwong FSK (Frequency Shift Keying) kot MSK (Minimum Shift Keying),
HEOW TEOCOUOWWOEWV Kol Oewentikwv voAoyiopwv. H doknomn emukevtowvetal otnv
e£€Taom NG ATOOO0TS TWV CLOTNUATWY AVTWYV, KURLWS o€ 0povg Bit Error Rate (BER) kat
gVEOLG CWVNG, TOOO YL OUHEPWVT) 000 KAL Yot AOVHPWVT ATOdpog@won. EmimAéov, ot
@oltntéc kaAovvtar va ovykpivouv to MSK pe to wodvvapo cvomua QPSK,
TIAQEXOVTASC UL OAOKATIQWHEVT] KATavONOoT] TG eMOQAONC NG OLAHOQPWOTIG 0TIV
aTOd00T] TWV ETUKOWVWVIAKWV CLUOTNUATWV.

2.1.6.2 Emokonnomn Oewolag [7]
Arapog@won FSK (Frequency Shift Keying)

H FSK etvat pa pé@odog dlaxplop@pwaons 0Tov 1 TANQOQoQIa KwdIKOTIOLETAL HETW TNG
aAAQYMG TG oLVXVOTNTAG TOL PEQovTog onpatos. I'a mapdderypa, oto dvadwko FSK (2-
FSK), dvo duagpopetikég ovyvotnteg avtiotolyovv oe dvo Aoykég kataotaoels (0 kat 1).
Yvomuata FSK vynAoteonc taéng, omwe to 16-FSK 1 to 32-FSK, xonowpomowovv
TIOAAATIAEG CUXVOTITES YIX VA KWOLKOTIO|OOLY TepLoootepa bits ava ovupoAo.

H amodoon g dixpoppwonc FSK eEaptatal and tov 100T0 amodIaApoQ@PwoTG.
Yragxovv dvo kvELeg péBodoL:

1. Zoppwvn amodiapdegwon (coherent detection), 6mov 0 déktng €xeL TANEOPOELES
OXETIKA HE TN @ACT TOL PEQOVTOC ONuatos, efacpaAllovtac mio a&lomot
ATIOOLAHLOQPWOT), AAAK aTtattel peyaAvTeQn moAvtAokotta.

2. AoOppwvn amodlapoepwor (non-coherent detection), o6mov o déktng Oev
XonoLlomotel TANEOPOPLEG Y TN PACT TOL ONHATOS, KATL TIOL KaBOoTd TO
ovoTnUa To amAO, aAA& pe avEnuevn mlbavotnta AdBovg (BER) kat peyaAvtepo
gvEog Lwvng.

H FSK etvatr avOektikr) otov 06puPo kat otic mageuPoAés, kabiotwvtag v Wuitepa
XONOLUN O€ EQAQHOYES OTIWS ATVOHATA OIKTLA KAXL CLUOTIIUATA QADIOETIKOLVWVIV.
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Atapogpworn MSK (Minimum Shift Keying)

H MSK eivar px edkr) megimtwon e ovpewvng B-FSK pe v eAdyxiotn dvvatn
amdoTAon HETald TWV OLXVOTTWV, €EA0PAAILOVTAC OTL Ol PACELS TWV OLXOOXIKWV
OVMPOAwV elvatr ovvexelc. Avtd onuatver ott 1o ofpua MSK xapaktnoilletar amd
HUIKQOTEQN dAOTIOQA TOV PACHATOS O¢ oLYKQon pe tnv tuTukt] FSK, emitpémovtac
ATIODOTIKOTEQT] XOT)OT) TOL £VEOVG LWvng.

To MSK €xel xaxpaktnolotel wg pax amo TG MAEOV ATODOTIKES DLAUOQPWOELS OE€
0Q0VC €VEOUVG CWVNG, €VwW 1 OLVEXNG PACT] TOL OTNUATOG 0dNyel oe xapunAdten
ruBavotnTa opaApatog oe oVyKkQLoT pe dAAeg dapoppuoels. ErumAéov, n MSK éxet
ntagopolax amodoon pe tnv QPSK (Quadrature Phase Shift Keying), xdtt mov tnv kaOotd
LoodLVaUT eTUAOYT] Yot TTOAAEG €QAQUOYES ETUKOLVWVIAG.

Lvykoion MSK ka1 QPSK

H QPSK elvar pe dixpogpwot) OTov T 0edOUEVA KWOKOTOLOUVTAL 0€ TEOOEQLG
dlpopeTikéc paoels, pe dvo bits ava ovpBoAo. To MSK, mapoAo mov elvat g cvvexng
PAOIKN DAUOQPWOT), £XEL TAQOMOLX paopatik] artodoor pe v QPSK kat pmoget va
xonowomnomOet yux tnv emitevén duwv ouOUWVY peTddoong dedopévwv.

H oVyroion peta&d MSK kat QPSK megidappdvet tnv avaAvon tov Bit Error Rate
(BER) vwix duaxgpogetucéc tipuéc tov Eb/No, kabwe kat v amodotikdtnta tov £0Qoug
Cwvng. To MSK, Adyw tng ouvexovg @aong, eppaviCet kaAvteon anddoon oe BouPwdn
nieglBaAAovTa.

Evo¢ Zwvng kaut Bit Error Rate (BER)

H amoédoon twv cvotnuatwv FSK kat MSK a&odoyeital péow g kapmvAne BER oe
ovvdoton upe o Eb/No. Kabwc avEavetrar to Eb/No, pewdverar n mubavornta
o@AdApatog, BeATiwovovtag TNV antddoon tov cvotruatoc. H obupwvn amodiaxpogewon
TEOOPEQEL XauNAdTEQa TTOOOOTA AADOULS O Ox€0n HE TNV ACVUPWVT), EWOKA 08 LVYPNAES
tipéc Eb/No. Qotdoo, n acOpewvn amodapogewon etvat o amAn kot evoeikvuTat yix
CLOTIHATA OTIOL 1] ATTAOTITA TOL OEKTN elval KQloWT).

EminmAéov, 1o eVpog Cwvng mov amalteital yux T HETAdOOTN €VOS OHHATOC
efaptatal amo ) dpopPwon kat Tov QLOUO petddoonc. H acvpgwvn FSK anattel to
dmAdolo evpog Cwvng yiax tov o evOuo petadoons. To MSK elval 1o amodotikd oe
000LG €VEOVG LwVG 0 oLYKQELOT He dAAeg dapoppwoels FSK, yeyovog mov to kablota
MEOTIUNTéx  eTAoYT] oe meQaAdovta Oomov to dwxbéowo evpog Cwvng elval
TLEQLOQLOUEVO.
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2.2 EoyaAela mov xpnowpomomoOnkav

H dtepevvnon xat ta koumowx emAOYNG Twv eoyaAelwv mov xenowwonomOnkav ot

dmAwpatiky) epyaoia Paciotnkayv otnv avtiotolxn eoyaoia [1], 6mov €yve pa ekTevig

avaAvon ddpogwv Aoyloukwv kat BiBA0ONkwv mov Ba pumogovoav va cuuPaAovv

oV emitevén Twv otoxwv e peAétne. Ta epyadeia mov teAka emuAéEape yir tnv

LAOTIOWMN O™ TWV ETUUEQOVG TUNHATWY TNG £0YATIAS 1)TAV T €ET|G:

L.

II.

To Jupyter Book etvar piax mAat@ogua mov XNooToLelTal yix tn dnuiovgyia
ddEAOTIKWY, TMANEWS  TEKUNOWHWEVWY  eTiotnuovikwy — BiBAiwv.  Etvou
oxedxopévo va vooTNEIlel KWAKA, DIAYQAUUATA, £ELOWOELS KAl ddQAOTIKA
otolxela, kat ovvdvalel TV evkoAia Twv Jupyter Notebooks pe T dour| kat tnv
ETYYEAUATIKT) TTagovoiaot evog BipAlov. Xe avtr) v egyaoia, to Jupyter Book
xonoomomOnke yx Ty avanTuln dadQATTIKOV VALKOV, ETUTQEMOVTAG OTOVG
AVAYVWOOTEG V.  EKTEAOVV  KwWOWKa, va aAAalovv TaQapétoovs, Kal va
aAANAeTTIOQOVV pe Ta paBnuatik povtéAa amevdelag péoa amo v TAaTeooua,
dlevkoAVVOVTAGS TNV KATtavonoT) g Oewilag Kal TV amoTeEAEOUATWV.

jupyter{book}

To MyST Markdown (Markedly Structured Text) elvar pua emektaowun Hoo@r)
Markdown mov avamtoxOnke yix XONON Of TEXVIKA KAL aKAONUATK&
nteoarrovia, 0mwe ota Jupyter Notebooks kat oto Jupyter Book. AmoteAel pax
TIQOTAQUOOHEVT] Ho@T] TS YAwooag Markdown, 1 omola mpoo@éget emumAéov
dLVATOTNTEG Y TN CLYYQAPT] TO DOUNHEVOL KAl TAOVOLOU TIEQLEXOUEVOL OE
kelpeva, padnuatikad cvuPoAa kat ddoaotika oToLyela.

Jl{pyter + MYST

v.i\/larkdown for Scientific Articles

Kvowuax Xapaktnototikd tov MyST Markdown:

1. Ymootoién Jupyter Notebooks: To MyST Markdown xonouuomoteital evgéwg ota

Jupyter Book kat Jupyter Notebooks. Emitoémer v evowudtwon ekteAéopov
KwdKa Kot eE6dov amd Jupyter Notebooks amevOeiag péoa oe keipeva Markdown.
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III.

. Eméxtaom tov mapadooiaxov Markdown: ITapéx et emtimAéov Aertovpylieg mépa amo

T Paoikéc duvatotnteg tov Markdown, dmwg:

IMAaiowx meplexopévov (directives): Emtitpémovv ) dnuovoyila ey ooy eiwv,
OTIWG TIROELOOTIOOELS, CUMPBOVAES, KOVTLA KELHUEVOV, K.ATL

PuvOutoeg kepuevov (roles): Evowpatwuéveg Aettovpyleg yia ovvOeta kelpeva 1
HaOnuatika cOpPoAa.

YovOeon padnuatikwv: Ymoomeen ywx LaTeX kat MathJax yux 1t yoaen
HaAONUATIKOV EELOWTEWV.

LaTeX —»™ PDF

\\

Word ‘

Jupyter Notebook —. /

mystjs ——®_ MDAST

MyST Markdown f i React
HTML

. TTooxwonuéva xapaxkTnoloTiK& Tekpuneiwons: XQNoHOoToLETAL Yot TN oUYYoaen

TEXVIKWOV €YYApwV Kat PPAlwv pe dour) mov megulapBavel vmokepAAaly,
TUVAKES, AVAPOQES, KWK, KL OLXYQAUUATA.

. AxAertovgywotnta pe reStructuredText kot Sphinx: To MyST Markdown etvat

oxedAoUEVO oTe va vooTNEICeL AgttovEyleg mov ovvavtape oto Sphinx, éva
EQYAAELO TTOL XONOLHOTOLE(TAL Yiax T dNUovEYia TekpunElwong oe Python projects.
AvTO onuatvel Ot pmoeic va petatoémels apxela .ipynb kat .md oe HTML, PDF,
N AAAEC HOQPEG xonoLoTowwvTag Sphinx.

Ot BiPA0ONKkeg mov xonowwomomOnkav otV eQyaoia maQéxovv efalpeTikég
duvatdtnTeg Y TNV emeleQyaocio dedopévawy, TNV MEOCOUolwon aAyoolOuwy kat
TV omTwonoon amnoteAdeopdtwyv. Edw Oa  avaAvoovpe mepaltéow  TIS
duVATOTNTES AVTAV TWV EQYAAELWV:

NumPy

H NumPy eivat pix and tig o dnuopurelc BPALOONKES OTNV E€MOTNHOVIKT)
kowotnta g Python. Ilapéxet eoyadela yia amodotikr) duxxeloon peyaAwv
MOALVIAOTATWYV  TUVAKWV  (arrays) Kol OUVAQTIOES TOL  dlELKOAVVOULV
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HaOnuatikovg vToAoylopovs vPNANg amodoone. ‘Exel PeAtiotormomOel ya
TaAXVTATES TRAEELS, OTWG elval 0 MOAAATIAACIAOUOC TTIVAKWY KAL OL TIRAEELS O€
davvopata, YEYOVOS TOL TNV KaOOTA WAVIKY YIX €QAQUOYES TIOL ATIALTOVV
évTovT aQlOunTKy] VTOAOYLOTIKY LKAVOTNTA, OTWS Ol aAyoQLOpoL emefeQyaoiag
OTNHATWYV TIOL XONOLUOTOLOVVTOL OTNV €QYATIA.

NumPy

9
&' :0
““

SciPy

H SciPy emextetver ) Aettovpykotnta e NumPy pe mpdoOeteg duvatotnteg v
TV AVAALOT ETUOTIUOVIKWY 0EOOHEVWY Kal TNV emiAvorn mEoPANUATwY O
dLAPOEOLG TOLLELS, OTIWS YOXULKT) dAYEPBoa, PeATioTOTOMOT), OAOKANPWHATA, KOt
OTATIOTIKN. LNV €Qyaoia, Xonotpuomou)Onke kKuolwe yiax tnv emtiAvon yoappikwy
OVOTNUATWV €EI0WOEWV KAL Y TOV petaoxnuatiopnd Fourier, mov amoteAel
KQIOHO €QYAAELO Yt TNV aVAALOT) ONUATWV OTIC TNAETUKOLVWVLEC.

@ SciPy

H Matplotlib emitoémer tn dnuovgyia dxyQappUATWV Kol YOAPNUATWY Y TNV

Matplotlib

OTITIKOTIOMON TwV dedOpéVWY Kal Twv amoteAeopudtwv. Me n xoron g,
HTTOQOVUE VA ATIEIKOVIOOVUE TIELQAUATIKA DEQOUEVA, KAUTTUAES TIQOOAQHOYTC KAl
ATIOTEAETUATA TIQOOOUOLWDOEWY UE TIOAD EVEAIKTO Kol TTQOOXQUOOUEVO TEOTIO.
Avt) 1 BPALONKN tagexel peyaAn mowAia TOMwV yoapnuatwy, amd amAég
YOXUHES KAL DAYQAUHUATA UEXQL TOWOLAOTATES ATIELKOVIOELS.

omatplotlib

("'
R

N
=
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IPython

To IPython eival éva dxdoaotikd meQPAAAOV avATTLENG KWdKA, TO OTIOlO
ETUTQETIEL TNV ApEOT) ekTéAEOT) evTOoAWV Python. Méoa amo avto to meoBdAAov, ot
XOT)OTEC UTTOQOVY V& €KTEAOVV EVTOAES PrjUa TEOS Pripa, va agakoAovBovv ta
ATIOTEAETUATA KAL VX KAVOULV YO11Y00EG dlopbwoets. Avto fonba onpavtikd otnv
avanTuln aAyoolOuwyv Kol otV TEAPATIK OlepevvnoT), kabws mEOooPEQEL
HeyaAUTeon eveAllla KAt avato@odOTNOT anod Ta TMaEAdooIaKd TeQBdAAovVTA
AVATITUENG.

H BpAoOnkn Ipywidgets moooOéter duaxdoaotikd otorxeia ota Jupyter
notebooks, 0mtwg sliders, kovumik kat ediar KeEWEVOU, T OTIOLX ETUTEETOVY OTOVG
xonoteg va aAAnAemidgovv pe tovg aAyoptbuovg oe mEaypaTiKd Xeovo. Avtn 1)
duvvatdmTa dlevkoAvveL T ddkaoian KATAVONOTS TWV HOVTEAWV KAl TNG
OULUTIEQLPOQAS TOVG, DIVOVTAGC T dUVATOTNTA TAQAUETQOTONONG TWV AAY0RLIO WV
Héow dxdpaotikwv widgets, xwIlg TV avdykn va TQOTOTIOLETAL O KWOKAS KAOE
POQA.

Requests

H BipA0ONKn Requests xonowpomoteitar yix v amootoAn artuatwv HTTP,
ETUTQETIOVTAG TNV EVKOAT] KL ATIODOTLKT] ETUKOLVWVIA [lE eEWTEQKES DIADIKTUAKEG
vnneeoteg kat APL Avtd elvat onNUavTiko 0& TEQLMTWOELS TOV XQELXCOUAOTE
dedopéva amd amopakQLOMEVES TINYES 1] OEAoVE VA EVOWHATWOOVUE dEdOEVA
TOlTWV 0N HEAETN HAG, OMWG YIX TAQADELYUX OTNV AVAALOT] TIOAYHATIKWV
OEDOUEVWV TNAETUKOLVWVLWV.

Scikit-commpy

H Scikit-commpy etvat poe BpAL001KN eldk& oXedTUEVT] Y TNV TTEOCOHOLWOT)
KAL TNV AVAALOT) oLOTNUATWYV emtikovwviag. [Tepéxet didpooovg aAdyopibuovg yia
™ METAdOON kKat ANPn onudtwv, Omws dxpoopwoels (modulations), @iAtoa,
kaOws kat egyadeia vy v extipnon tov Bit Error Rate (BER). H xonon g oe
QAUTI) TNV €QYAOla NTAV ATAQALTITI Y TNV TEOCOUOIWOT] dLAoowVv peBodwv
dLAHOQPWONG ONUATWY KAL YIX TNV aELOAOYNOTN TG TOOTNTAC UETADOONS, KATL
TIOL AmoTeAEl BATIKO KOUHUATL TNG avVAALOTG.

Thebe

To Thebe emitpémel TV eVOWUATWOT KUK KAl dadQAOTIKWV AELTOVQYWV O
totooeAdec péow Jupyter kernels, divovtag tn duvatot)tax OTOUVSG XQNOTES Vo
exteAoVV kwdka amevOelag amod Ttov browser Tovg. Avtr) 1) dvvaTOTTA KAOLOTA TO
TeQIBAAAOV TTLO DLXOQATTIKO KoL TTEOTPEQEL TH DUVATOTITA OTOVS AVAYVWOTES TG
gQyaoiag va TMERAUATIOTOVV e TOUG aAyopiOpovg kat ta dedopéva oe
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TIOAYHATIKO XQOVO, XWOIS va XOeldleTal va eyKATAOTHOOLY TA AmaQalTnTo
eQYyaAela OTOV VTTOAOYLOTH) TOLG.

SciPy Signal Processing (scipy.signal)

H BpA0O1k1) scipy.signal eivat éva .oxvo egyaleio v tnv emefegyaoio kat v
AVAALOT ONUATWY, TAQEXOVTAGS éva OUVOAO OLUVAQTHOEWV YIX TNV €PAQUOYTN
@IATOWV, TN OLVEALLY), TV ATOOAHOQPWOT] KAl TNV AvAALOT CLXVOTHTWV.
Amotedel éva amo Ta O XENOWa LTOOVVOAx TS PiPAONKNS SciPy xal
XOTOLHOTIOLELTAL EVQEWS T€ DLAPOQOVS TOUEIS TNG ETULOTIHUNG KAL TNG UNXAVIKNG,
OTIWG  OTIC TNAETUKOWWVIEG, OTNV emefeQyaoia €KOVAS, OTIS PLOlTOLKéS
EPAQUOYEG KAL OTNV AVAALOT CLUOTNHATWV EAEYXOU.

Avvatotnteg

o DiAtpapiopa onuatwy: H scipy.signal magéx et ouvaQtroels yix tov oxedlaouo
KAL TNV €@aopoyr] Yneakwv idtowv. Avta ta gidtoa mtegtlappdavouv FIR
(Finite Impulse Response) kat IIR (Infinite Impulse Response) piAtoa, ta omolax
HTTOQOUV v xenogoromBbovv  yix TNV AMOUAKQULVOT]  avemOUUNTWV
ovxvottwv 1 11 PeAtlwon ovykekQévwy otolxelwv tov ornuatoc. H
ovvaptnon firwin, ywx mapdderypa, XQNOLHOTIOETAL Yt TOV OXEDATUO
@Atowv FIR.

o  XvvéAi&n (Convolution): To egyadeio avtd etvat kQIOWHO Y TNV avaAvon kat
v emefepyaoia onuatwv. H ovvaptnon convolve epapuolet T dixdikaoia
MG OLVEALENG, 1) omola elval Witega ONUAVTIKT] 0TI YOXMULKY] avAAvLOT)
CLOTNUATWYV Kol 0T oxedlaot) @iATowv.

o  Avadvon Zvyvotntwv: Xonowpomolwwvtag pefddovg 0w T ovvdetnor welch,
1 scipy.signal pumoel va vtoAoyioet TNV mukvoTNTA PAouatog wxvos (Power
Spectral Density - PSD) evog onjpatog, n omola etval amagaltntn yix tnv
AVAALOT] TV CLUXVOTNTWYV TOL LTTAQXOLV O¢ éva orjua. Avth 1) duvatoTnTa
elval Wwxitegar XENOWUN O€ €QPAQUOYES OTIWS OTN PACUATIKT] aVAALOT)
ONHUATWV.

o Wneiaxn Awapoppwon xat Anodiauoppwon: H scipy.signal megidapBavet
eoyadela yix v emefeoyaocia onuatwv pe pebddovg dapoopwons kat
ATIOOLAXLOQPWOT)G, T OTIOLX XONOLUOTIOLOVVTAL CUXVAX O& TNAETUKOLVWVIAKESG
EPAQUOYEC.

o [loAv-pvOuikn Enelepyaocia Xnuatoc: Me 1t xonomn g cvvaetnong upfirdn, n
BPALOONKN eTUTOETTEL TNV €QAQHOYT] TOAV-QUOUIKTC emeEeQyaoiag oNUATWY
(multirate signal processing). Avtr] 1 TeX VKT XONOLHOTOLEITAL YIX TNV AAAXYT)
TG ovxvoTNTag delypHaToANPlag, kdtL Tov elval KQIOWO O cLoTNHATX
eTeEeQyaoiag TNAETUKOLVWVIAKWOV ONHATWV KAL PNQPLAKWV CVOTIHUATWY T)XOV.
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o Xyediaon kat Ilpocouoiwon Qidtpawv: Ot cvvapmoels 6nws remez kat firwin2
ETUTQETIOVV TOV OXEDAOHUO PIATOWV BEATIOTNG HOOPT|S, £V 1 oLVAQTNOT freqz
TIAQEXEL TN DLVATOTNTA AVAALONG TG ATOKELOTG OLXVOTNTAS EVOS PIATEOV.
Or péBodot avtég etval Wwaitepa XONOLUES YIX TOV OXEDATUO PIATOWV TIOL
ATIALTOVV  AVOTNEEG TIEOOLXYQAWES O  €PAQUOYES OMWS OTN  UETAdOOM
ONUATWV.

Math

H BpAoOrkn math g Python etvar pix ano g Baowodtepes PipAtoOrkec mov
TIAQEXOLV eQYaAelx yix TNV ekTéAeon pabnuatikwv vtoAoyopwyv. Iodkertat yx
Ml eEQQETIKA aTtOdOTIKY] Kol amagadtnTn PYPA0ONKN Oe emMOTNUOVIKOUS KAl
alOunTIKovg vTToAoYLoHOVS, kabws meQAapuPavel mAN00c Paotkwv aAAd Ko
eLEOKEVUEVWY  HAONUATIKOV  OLVAQTIIOEWV  TOL  OLUVAVIWVTNL CUXVA O€
OLAPOEOVG KAADOLG TNG HNXAVIKIG, TNG QUOKNG KAL TWV UTOAOYLOTIKWV
ETUOTIUWV.

I0

H BpA1001kn io g Python mapéxet eoyadeia yix v eloaywyn kat v eEaywyn
dedopévawv (input/output) oe poo@n powv (streams), TEOOPEQOVTAG £Vav eVEALKTO
KQL EVOTIONUEVO TEOTIO dlorxeloLong 0edopévwv amo Kal TTEOS aRXelx, pvTun Kot
aAAeg yéc. OLoég avtég pmoovv va xonotomnomOovy Y va dixBaoovy 1) va
Yodovv dedopéva o€ HOQPT] KELUEVOL 1) duAdIKWV dedOUEVWY, avAAOYa HE TIS
avaykeg g epagpoync. H BiBAodnNkn io elvar wuitepa onuavtikny yx
Owxxelplon apxelwv peydAov Oykov, TNV eMKOWVOVIA JIKTUAKWY EPAQUOYWYV,
kabws kal yix v amoteAeopatikn) enefeQyaocio dedouévwy O OLOTHUATO
LVPNANG amtddooNc.

Time

H PBPpAoOnkn time tnc Python mooogépel pia mowidia ocvvaQtroewv Tmov
oxetiCovtal pe TNV TapakoAovOnot), T Hétonon KaL Tov XELOHO ToL Xoovou. Ot
duvvatotnteg G PPALONKNG KaAvTTToLY TMOAAES avaykes, OTwS TN UETENOT)
XQOVIK@V dAOTNUATWY, TNV avapovr) (sleep) ovykekQUUEVQOV XQOVIKWV TTEQLOdWYV
KAL TN HETATQOT] XQOVOOo@EayWwv (timestamps) oe Oukpopes poopés. H
BPAOONKN avtr] elvat WOxiltepax YXONOLUN 0  EPAQUOYEC TOL  ATIALTOVV
OUYXQOVIOHO, XQOVOUETOX 1) TOV LVTOAOYLOHO TNG amtOdO0TS KAl TNG dAQKELAG
EKTEAEOTC DLEQYATLWV.

Warnings
H BBA0Onkn warnings tng Python mapéxet eoyaldeia yix v katayoapr),

OLY ELQLOT KAL TNV TTQOTAQIOYT] TV TIOEDOTOW|0e@YV (Warnings) ov maQayovTol
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KATA TNV eKTéAEOT €VOG TMQEOYQAUMATOS. Ye avtiOeon pe ta opAApata, ot
TEOEWOTIOMOELS D&V TeQUATICOUV TO TEOYQAUHR, OAAQ  EVIHEQWVOULV TOV
TEOYQAUHATIOT] Yix Tuhava CnTpata, OTwS YwX TN XO1ON ATTOOVQMEVWV
oLVVAQTNOEWYV, AVETILOVUNTES TIHEC TTAQAMUETOWV 1] AAAEC KATAOTAOTELS TIOL OV
elvatl kploeg v v ektéAeon aAAd pmopet va odrynoovv oe mpoPANuata oto
HEAAOV.

H warnings elvat xonowun yux tov evtomiopo kat 11 0pbworn mbavawv
TIEOPATUATWVY OTOV KWK XWEIS va dAKOTITETAL 1) AELTOLQYIX TNG EPAQUOYNG,
KOs Kal yix TNV TEOOAQUOYN TNG OULUTIEQUPOQAS TNG EPAQHOYNG OTav
AVTIHETWTICEL OVYKEKQLUEVA TTQOELDOTIOMTIKA UNVOHATA.

Me 11 ovvdvaoTIKT] XONOT ALTWV TV eQYaAelwV, 1 eoyaoia améktnoe dadEaoTiKod
Xa0aKTNoK, KaOotwvrag ta dedouéva Kal TS avaADoels mEOoITA Kol eUKOAx
KATAVONTA, eVW TTAQAAANAQ TTAQéyEL TN dLVATOTITA OTOUG XONOTEC VA emtavaA&Bouvv

TLELQAUATA KAL VA TQOTIOTIOW|0OVV TTAQAUETQOVGS, KATL TTIOL EVIOXVEL TNV EKTIADEVTIKY] TG
aéila.
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KepaAawo 3

MeOodoAovyia, Lxediaon kat YAomoinon
OLAdQATTIKWV OTOLXELWV



3.1 Ewaywyn

Ye avtd TO KEPAAAO, aQXKd, TaQovolAleTal 1) ovvoAwr] pebodoAoyia TovL
arxoAovOnOnke yia Vv OAOKANQWHEVN avATTUEN TG dladKTLAKNG dLdEATTIKNIG
EPAQUOYTIC. LT OLVEXEWH, TaQATIOEVTAL Ta TUNHATA KWOKA TOU EVOWHATWVOLV
dLdQAOTIKEG AELTOVQYLES, OL OTIOlEC OCLVIOTOVV T BACT] Y TNV OAOKAT)QWOT TOL £€QYOU.

3.2 Mé00odog vAoToinoTg Tov CUVOALKOUL project

H magovoa egyaocia meQuyQdpel avaAvtikd ta mowta otddix LAOTOMONS TG
dLdIKTLAKTC €PAQUOYTG, 1 OoTolax avanTuxOnke oe cvvegyaoia pe Tov AgafavTivo-
KapAdto Xwtron. Ewwotepa, 010 magov tevxog magatibetal 1 avaAvon twv Brudtwyv
10 - 18, ta omolax amoteAovV 1 oLVEXELX Kol TNV OAOKAT|QWOT) TG OLVOAIKTS €Qyaoiag.
[N mepattépw TANQOPOQELES OXETIKA HE T AQXIKA Pr]HATo KAL TO OTIOLHO TOL £QYO0V, O
AVAYVOOTNG TIAQATIEUTIETAL OTNV avTioTolxT egyaoia [1].

1. Avadlrtnom, dokiun] kat TeAkn) eTAOYT) TV KATAAANAwWVY goyaAeiwv vy tnv
0AokAT)0wOM TOVL project.

2. Anpuovgyia amoBetnpiov oto GitHub vy n duaxelolon twv apxelwv Tov égyov.

3. Kataokeuvn Packov tunudtwv kodwka python yvow amo ) Oewpla kat Tig
goyaotnolakés aoknoelg tov pabnuatog «Wneuakéc Emwowvwviee I», pe
dlxdpaotikéc duvatotntec. (Baon pag o kwduag matlab tov padnupatoc)

4. Avamtuén xat dapogpwor) tov Jupyter Book wg eoyadeiov magovoiaong kal
EKTEAEOTC TOV EKTIADEVTLKOV VALKOV.

5. Tpomomoinon tov agxetov config.yml yix tnv evowudtwon e emtiAoyr|c binder,
ETUTQETOVTAG TNV EKTEAEOT] KWOLKA O TOAYHATIKO XQOVO HECW €VOG €EWTEQLKOV
kernel.

6. Anuovgyiax Ttov agxetov requirements.txt, TmeQLAauPBavovTag  OAeg  TIg
amatovpeves PipAoOnkes Python yia tnv eEaopalion tng AettovgykdtnTag Tov
kernel péow tov MyBinder.

7. ExtéAeon twv katdAANAwV evTtoAwv péow tov Jupyter Book yix tn dnuovgyia twv
apxelwv NG lotooeAdaG.

8. Xonon tov GitHub Pages yiax v avantuén kat m @urofevia g daducTuok)g
EQPAQUOYTS.

9. ExtéAeon twv KaTtdAANAwV evtoAwv péow tov Jupyter Book yia ) dnupooievon g
totooeAdac oto GitHub Page mov dnuovoynoaypte.
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10.

11.

12.

13.

14.

15.

16.

17.

AvaduapBpwon tng dourg tov Jupyter Book péow aAdaywv oto apxeto toc.yml,
wote va evOuypappiletal pe N dAEOWOTN TWV EQYAOTNOKWV AOKNOEWV TOV
naOnuatog «Wneuakéc Emkowvwvieg I».

Meta@oaon Tov TeQLEXOUEVOD TWV EQYAOTIOLAKWOV AOKNTEWV OTA Y YAIKA.
Evowpatwon tov petagoaopévov megexopévov ota Jupyter Notebooks mov
onuoveynOnkav. Eva yia kaOe aoknon.

Evtomiopog twv onuelwv mov anattovv dadeaoTikOTnTa KAl €VOWUATWOT] &TtO
TOV VTTAQXOVTA KWOLKQ, 1) KAl €K VEOL OXEDAXTHOG, AVTIOTOLXWV AELTOVQYLWV.
Metatpomnr) tov vmagxovtog PonoOntucov kwdwka and MATLAB oe Python, pe
xonon twv PBAONKWV YNELaKIS eTKOWVOWVIAG KAl YOAPLKIG ATEWKOVIONG
dedopevwv. (Me ) BonOeta Twv TUNUATWV KOOk artd To Pripa 3)

ITeooO1k1 dxdpaotikwv AgrtovEylwv otov Kwdika Python péow twv kKatdAANnAwv
BPALONKWV. (Me ) BonOeta TV KOPUATIOV Kwduka artd To Prpo 3)

Avavéwon tov agxelov requirements.txt, wote va meQAapBdvel TIC TeAkKES
BPA0ONKec python tov xonowomou)Onkav.

ExtéAeon Twv KatdAANAwV evToAwv péow tov Jupyter Book yia tn dnuioveyia twv
apxelwv TG wtooeAdac.
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3.3 Ta mowta Prjpata yix To OO0 NG oeAldag

H dupBowon g dourc tov Jupyter Book €ytve mooxepévov va evbvyoapuiotel pe tig
JATALELS TWV EQYATTIOLAKWV AOKNOEWV TOL Hadrjuatog «Pnelakéc Enucovwvieg I». H
dour) avTr] elval ovOLWONG Y TNV 0QYAVWON T1G OWAKTIKTG VANG kol TNV €UK0AN
TMEOOPACT) OTIS ACKNOELS, ETUITEETIOVTAG OTOVG POLTNTEG VA AKOAOLOT)OOLY [t AOYIKT)
oon padnone. Xto mAaiowo Mg avaPabuiong g ekmadevTIKNG  dxdikaoiag,
TIQOXWONOAHE 0T LETAPOAOT] TOV TLEQLEXOUEVOD TWV EQYATTIOLAKWYV AOKTTEWV ATIO T
EAANVIKA 0T ayYAIKQ, pe 0TOXO T1 OLleLKOALVOT) TNG TEOOBAOTS dLleOVWYV POLTNTWV KAl
eoevvntwv. To peta@oaopévo VAo €xel evowpatwdel ota Jupyter Notebooks mov
avantoxOnkav yix kaOe doknon

H petatgomy tov wwdwka amdé MATLAB oe Python Pactotnke ot xoron
BPALONKWV Vi TNV PneLakt) emefeQyaoia ONUATOS KAL TNV OTTIKOTO(MoT) dedopévwy.
H aAAayn avt) duaopdAioe eveAl€la kat evKOAOTEQEN TTEOTPaOT) OTIC AgtTovEYieg, kKabwg
n Python elvat 1o dnuo@IAng kot mEoo@Epet KAAUTEQES dADQAOTIKES OLVATOTNTES PEOW
eoyaAeiwv 0mwg tov Matplotlib.

3.4 Awxdoaotika otoL el TTOL XONooTomOnKav

Katd v evowpdtworn Tou mMeQLEXOUEVOL, EVTOTIOaUE Onuelad ot omolax 1
dLdEACTIKOTNTA KOLVETAL ATAXQALTNTN, WOTE Va PeATIWOOVV 1] KATAVONOT] TWV EVVOLWV
KAL 1) €veQYOg ovppetoxr) twv xonotwv. Ta onueia avtd amoteAovv onuavtikovg
KOUPOUS Yy TNV MeQaLTéQW aVATITLEN TV duVATOTHTWYV TwV notebooks, e okomo v
EVOWHATWOT  dladQaoTikwyv  otolxeiwy, Omws widgets, dwxdoaotikés yoapikég
TIAQAOTACELS KAL DLVAUIKA dlaryQappata. Avtr) N daducaoio otoxevel ot dnUovEyia
EVOG TIO EAKVOTIKOU Kol ATOTEAECUATIKOV HaOnolakov mtegtBdAAovtoc.

3.4.1 KaptéAeg (Tabs)

It ovyxeovn ekmaidevon Kat TeXVOAOYIKY) TeKUNQlwon, 1m XOron OxdQaoTIKWV
eoYaAelwv amotedel KeEVIQWKO Afova yix TN OLEVKOALVOT TG KATAvONOTG Kol TNV
evioxvon g agpopolwong ¢ yvwornc. ‘Eva and ta mo anoteAeopuatika dadoaotika
otolxela elvat 1) dopr TV kapTeAWV (tabs), 1 omola mpoo@égel eveAléla kat duvatoTnTa
duva KT Ttapovoiaong meQLeXOUévov. OL KaQTEAEC ETUTOETOVYV TN dlAX elQLOT) peyAAOL
OYKOUL dedOUEVWV KAl TANQOPOLAG Héoa O€ TIEQLOQLOHEVO XWOO, XWOLS va eTaguvetal
N EUTTELQLA TOV XONOTN HE TNV TAOT)YNON AVAUETR O& DAPOQETIKEG OeALdEG 1) evOTITEC.
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H duxdpaotkotnTa Twv KapTeAwV €yKeltatl Kuglwg ot duvatotntd Touvg va
TIQOOPEQOLY TAXVTATI] eVAAAXYT] HETAED OLAPOQWV TUNUATWY TEQLEXOUEVOL. AUTH] 1)
evaAAayn  OlevkoAVvel TNV MAQAAANAT  peA€Tn) Kat OUYKQLOT  OLXPOQETIKWYV
noooeyYyloewy, T.X. HEB0dOAOYIWV, aAyoplOuwv 1) YAwOOWV TQOYQAUHUATIOUOV,
KAVOVTAG TNV TANQo@oolar apeoa dxOéoun xwelc va anatteitar avalnitnon oe
dlaopetika éyyoapa 1 TAateopues. H evowpdtwor KapTteAwV o€ plat eEKTTALOEVTIKT) 1)
Tex VK TAaT@oopa Hogel va avirjoel dpaoTikd TV aAANAemtidoaon tov xoroTn e To
TEQLEXOUEVO, KaOwg divel Tn duvatdtnta va daAéyet kat va eEetalel HOVO TO TUTJUO TTOV
TOV eVOLXPEQEL EKELVN TN OTLYUT), TaQapeQIlovTag AoxeTeg TATQOPOQLEC.

I Python Matlab

5=2
print('s =",s)

Python Matlab

s = 2;
disp(['s = ", num2str(s)]);

Zxnue 8: 1o Iapaderyua KapteAwvy (Tabs)

Y& éva eTLOTNHOVIKO TTAQLO10, 1 XOT)0T) KAQTEAWYV ETUTQETEL TNV TIEOPBOAT] DLAPOQETIKWV
oevagiwv 11 vAomouwoewv Tov dov TEOPANUATOS, pe TNV ©OKr Baon dedopEVWY 1)
aAyopiBpov, oe dixoeTiKés kapTéAec. Avutr) 1) duvatotnta elval WLiTteQa XON| oL 0TAV
efetalovial  aAANAEVdeTeG  TMQEOOEYYIOELS, ETUTQETOVIAG OTOV  AVAYV@OTH v
TIAQAKOAOLVONTEL TNV TOoElX TNG AVAALONG He dAKQLTO aAA& TaQAAANAo tEoTo. TN'x
TIAQADELYUA, O& ULX ETUOTIUOVIKY] EQAQHUOYT) OXETIKY e TNV emeEeQyaoia Pneakwv
ONUATWYV, T XONOT KaQTeAWV umogel va emuteépel v mEOoPoAT] g pabnuatikng
avVAALOTG eVOg PIATOOL ¢ Ul KaQTéAR, eva ptar AAAT kapTéAa pmogel va magovotdlet
tov aAyootbpo oe kwduca Python, kat pia toltn va ovyxeivel v vAomoinon tov dlov
@iAtoov oe MATLAB.

H xonon kapteAwv evioxvel ) diadoaotikdtnTa Kat meowOel TV eUmAOKT) TOU
XOT)OTI HE TO TEQLEXOHEVO, KaOWS UToQel var eTAEEEL TO TUNUX TIOL TOL TAQLACeL
TLEQLOOOTEQO. L€ TEXVIKA £YYQAPR, AVTO TO €(DOG 0QYAVWOTC TTXQEXeL i kaxOapr] kat
AELTOVQYIKT] dOUT) TTOL UTToEEel v Xonotpomowm el yia T dLeToTnHovVIKn pdnon 1 tnv
EKTIAOEVTIKY] AVAALOT] dAPOQETIKWY TEXVOAOYLWY, £vOAQQUVOVTAC TNV AVAAUTIKY)
OKEYT) KAL TNV KOLTLKT] CUYKOLOT] TwV dedopévwv.
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Python Matlab

# Filter impulse response: orthogonal pulse of unit energy

h = np.ones(nsamp) / np.sqrt(nsamp)

# Upsample x by inserting zeros between samples

# Note: 'x' should be a numpy array for direct indexing

y_upsampled = np.zeros(M * nsamp) # Preallocate upsampled signal array
y_upsampled[::nsamp] = x # Assign every nsamp-th sample to x, leaving zeros in between

# Convolution of the upsampled signal with the filter impulse response
y = np.convolve(y_upsampled, h, mode="full')[:M*nsamp] # Trim the convolution tail

Python Matlab

h=ones(1,nsamp); h=h/sqrt(h*h*); % filter impulse response
% transmitter (rectangular pulse of unit energy)
y=upsample(x,nsamp); % conversion to the dense grid
y=conv(y,h); % the signal to be transmitted
y=y(1l:M*nsamp); % tail left by the convolution is truncated

Zxnua 9: 20 Hapaderyua KapteAawv (Tabs)

3.4.2 Avamttvooopeva puevov (Dropdown menus)

H xonon dixdoaotikwv otolxelwv oe TeXVikd KAl eMOTNUOVIKAE Kelpeva amoteAel px
OTQATNYLKT]) TTIOL EVIOXVEL TNV EUTIELQLX TOV AVAYVWOTT), DLEVKOAVVOVTAGS TNV KATAVONOT)
KAL TNV 00YAVWOT) HeYAAOL OyKov TIAT)00poowv. Eva ano ta onpavtikdteoa epyadeia
TIOL XQNOHOTIOLE(TAL YIx avTOV TOV OKOTO elvat to dropdown, to omolo emitEémet TV
ATIOKQUYPN KAL TNV EUPAVLIOT] TAT|QOPOQLWYV [LE TOOTIO TTOL dIXTNEEL TN dOUT| TOV KELUEVOU
kaOaQr] Kal evavayvwoTtr). Luykekoéva, 1o dropdown emItQémel TNV TOOCWELVT)
amoKQLYT HEYAAWV TUNHATWV KOO, TTEQLYQAPWY 1 TEXVIKWOV aVAAVCEWV, KAl TNV
EUPAVLOT) TOUG HOVO OTAV 0 avayvwoTng eTAéEeL va ta eTtekTelvel. AuTr) 1) dLVATOTTA
ovUPdAAeL ot pelwon TG OMTIKNG ETUPAQUVONG TOU KEWEVOL KAl EMITOETIEL TNV
TIAQOLOLAOT] TANEOPOOLWV OE Eva 0QYAVWHEVO Kot dounuévo Aaloto.
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v

Elapsed time: 0.16 seconds

nsamp: | 8 A

Sinusaidal

G4 044

.25 1 02

oo

ampltude
Amplituge
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Q.05 4 * -
-0.4
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a 1 2 3 4 & B T 2 1 A 3 4 5 6 7
indesx Index

Matched Orthogonal Matched Sinusoidal

235, % L L] L] L] [ L] -

025 4 0z

oo

Ampiitue

.10 - =02 1

ndex . Index
Zxnue 10: 1o Iapaderyua Avantvooouevov uevov (dropdown)

To dropdown egyaAeio eivat WOaitepa AMOTEAEOCUATIKO OTAV TO KEIHEVO TLEQLEXEL LEYAAR
TUNHATO KWOLKA 1) EKTEVEIC ETEENYNUATIKEG TIAQAYQAPOLS TIOL, av gp@aviCovtav
MANows e€apxns, Oa pmogovoav va dLOXEQAVOLV TNV AVAYVWOT TOL VTOAOLTTOU
riegtexopévov. H eveAl&la mov mapéxel elvat Daviky] yux TeXVikd €yyoapa Kal
EKTIAEVTIKA VAKA, OTIOL 1] TAQOLOIX HeEYAAOL OYKOL dedopévwy etvar ovxvn. Ot
AVAYVWOTEG €XOUV TNV €UXEQELX VA ETUKEVIQWVOVTAL HOVO 0T TUNUATA TIOU TOLG
EVOLAPEQOLY AMLEDH, EVA T) dDuVATOTNTA V& eTteKTEVOLY TO dropdown 0mote To eTttlOvpovv
TEOOPEQEL L aloONoT eA€yXOU Kal dLAdEAOTS e TO Kelpevo.
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Code v ]

Sinusoidal Signal

1.00 4

0.75

0.50

0.25 A

0.00

Amplitude

—0.25 A

—0.50 1

—0.75 1

—1.00

. . . . . :
0.00 0.02 0.04 0.06 0.08 0.10
Time (s)

Zxnue 11: 20 Iapaderyua Avantvooouevov uevov (dropdown)

O ovvdvaopog tov Dropdown pe tig KagtéAeg (Tabs)

H evowpatwon tov dropdown pe tic kaQtéAec (tabs) amoteAel évav axkoun o
TIQOT]YEVO TQOTIO TTAQOVOLAONG TIEQLEXOHEVOU, LOAVIKO YL TIEQLTITWOELS OTIOL XQelxCeTal
va ovyKQLOOUV dlaoQeTikéc TROOEYYIOELS, TeXVOAOYieS 1) YAWOOEC TEOYQXUUATIOUOU
oe éva evwaio megBdAAov. OL kaQTéAeC emMITOEMOVV T dAXWELOUEVT) TTxQOLOIOT
TLEQLEXOUEVOV, OTIWG DLAPOQETIKES YAWOOEC KWOKR, eV TOo dropdown CUUTIVKVEVEL TOV
OULVOALKO OYKO TOU KELHEVOV, DIVOVTAG TNV £TAOYH OTOV AVAYVWOTI VA €TMEKTELVEL HOVO
TO HEQOG IOV TOV EVOLAPEQEL.

INa magdderypa, oe éva texviko Kelpevo mov magovotalel v vAomoinon evog
aAyopiOpov tooo oe Python 6co kat oe MATLAB, 1) xorjon kapteAwv evtog tov dropdown
TIEOO@EQEL TN dLVATOTNTA ETUAOYNG HETAED TV dVO YAWOOWV XwElS va eppaviCetat
0AOKANEOC 0 kWdIKAG eEapXNG. Avtn 1 0QYAvVWOoT] BonOd otV amoPL YN LTTEQPOPTWONG
TIANQOPOQLWV, TIROTPEQPOVTAS TMAQAAANAQ eveALElar otV avayvwot). Ot KaQTéAeg evtog
tov dropdown OLevkOAUVOULV 11 YO Y0 evaAAayr] petalV twv YAWOOWV KAl Twv
LAOTIOMOEWV, TTEOTPEQOVTAC ML DLdQATTIKN EUTTELQLX TTOV TTEOWOEL TI) OLETULOTNLOVLKTY
HAONOoM Kot TN oUYKELON DAPOQETIKWY TIQOTEYYIOEWV.

YUVoAKA, o cvvdvaopog dropdown kat tabs dnuiovEyel éva eEatpetik evEAKTO,
TOALOLAOTATO  €QyaAelo Tov  evioxVel T dAdQACT), TNV 0QYAVWOT] KAL TNV
ATIOTEAETUATIKOTNTA 0TIV TAQOLOIAOT) TEXVIKOV VALKOV, kaOloTwvTag 10 KATtdAANAo
TOOO VLA EKTIADEVTIKA OO0 KAL YL ETUOTNHOVIKA €YYOXPA.
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Code ~

Python Matlab

import numpy as np
import matplotlib.pyplot as plt

1 duration in seconds
vector for signal

1 amplitude

A * np.sin(2 * np.pi * 188 * t) # Generate sinusoidal signal
len(x) # Length of the signal

# Plot the sinusoidal signal in time domain

plt.figure()

plt.plot(t, x)

plt.title( 'Sinusoidal Signal')

plt.xlabel( 'Time (s)")

plt.ylabel( Amplitude')

plt.show(block=False)

plt.pause(1l) # Pause to view the plot, press any key in the console to continue

Zxnua 12: Hapadery pa ovvdvao ot kapTeAv KaL avamTvoo0UEVOV UEVOD

3.4.311edlo Tipwv (Value box)

H xonomn dwdpaotik@v otolxelwv o éva emMOTNUOVIKO 1 €KTTAOEVTIKO TteQIBAAAOV
amoteAel éva amd T TO ONUAVTIKA €QYAAElx Vi TNV KATAVOON CUVOETWV EVVOLWY,
Olwg  Otav  TEOKELTAL Yt avAALVTIKA  padnuata mov  eumAékovy  pabnuatikn
emegepyaoia kat avaAvorn onuatwv. Ta value boxes, mov Aertovgyovv wg media
EL0AYWYNG TIHWV, ATIOTEAOVV €va eVEAIKTO KAl LOXVEO eQyaAelo yix T dnuovyia
dLADQATTIKWV EPAQHUOYWYV, TIROTPEQOVTAG OTOVG XQNOTES TN dDLVATOTNTA VA ELOAYOLV
TIHEG KaL va BAETTOVY Apeoa TIC aAAaYES ota aTtoteAéopata.

Ye éva eoyaomnoako meQIBAAAOV OmMwg avtd Tov pabnuatog «Wneuakwv
Enowvoviawv I», ta value boxes emtitoémovv v eloaywyr) petaPAnT@V OTws ouxvotnteg
ONUATWV 1 TIHEC oLXVOTNTAC delYHATOANPIAS, TIQOOPEQOVTAS UL TIQOOKQUOCUEVT
eumepia yix ka0e xonjotn. Kabe aAdayr) otic tipég mov etoayoviat péow twv value boxes
AVOAVEWVELOVVAHLKA TNV AVATIAQAOTACT] TOL OTJUATOS KAL TAX OXETIKA YOXPT|UATA, XWOLG
va amatteltaln xelpokivntn emefeQyaoia Tov Kwdka 1) 1) emavekkivnon g duxduaoiag.
H dxdoaotikoTn T auTr) EMUTEEMEL OTOVG POLTNTEG KAL OTOVG EQEVVITES VA EEETATOLV
YO YO0 KAl ATOTEAETUATIKA DLAPOQETIKA TEVAQLX KL TIQAUETQOVGS, DIEVKOAVVOVTAG
™ BabvTEEN KaTAVONON TWV EVVOLWV TOL OxeTiCovtal pe v Ynelakn emefepyaotoa
ONHUATWV.
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| Code v

e N N ‘ 500 ‘

Freq 2 (Hz): ‘ 1000 ‘ \/

Freq 3 (Hz): ‘ 1500

Elapsed time: 0.65 seconds

Time domain plot of x

Amplitude
o
J—
e
——
——
—_—

-2

t (sec)

Freguency domain plot of x

4000

3000 4

25004

Anplitude
o
=
o
=

=
=
=3

1000 4

! ! ! - ' : ! ! !
o 1000 2000 3000 4000 5000 GOOD 000 8000
f{Hz)

Lxnua 13: 1o Hapaderyua mediov TLU@V

H Avvapukn) Evnuéowon pe Value Boxes

H dvvapur) evnuéoworn péow value boxes BaciCetal otnv aAAnAentidoaom Ttov xorjotn pe
™V ePaQuUoYT), dlvovtag Tn ouvvaTtoTNTA AUEONG TEOTOTOMONG TWV TIHWV TWV
HETAPANTOV Kal eMAVACTKEOIAOUOU TWV YOAPNUATWV O€ TOAYHATIKO XOO0VO. AULTO
ETUTVYXAVETAL LE TNV EVOWHATWOT] KWOLKa Ttov ovvdéet ta value boxes e T avtiotolyeg
TIAQAUETEOVS TOV OTJHATOG, OTIWS OL OLXVOTITEC. LE £V TAQADELY A OTIOL 1) avAALOT)
aPopA évar pelypda dLAKQOLTWV MUTOVWY, OL QOLTNTEG UTIOQOVV VA ELOAYOLV TLUEQ
oLXVOTTWV Héow TwV text boxes, Ta omola elval KwdUKOTOMUEVA e OVOHATA OTIWS
freql, freq2 xat freq3 ywx v avtiotolixlon pe TIG OLXVOTITES TOVL ONUHATOS. AvT 1)
AAANAeTdQAOT) eTUTOEMEL TNV AHUECT) OVYKQLOT] TWV ATOTEAECUATWV HE DAXPOQETIKES
TIHES KAL TNV TAQAKOAoVONOT TOU TEOTOL HE TOV OTOl0 EMNEEALETAL TO ONHA O€
TIOAYLATLKO XQOVO.
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run restart restart & run all

Freq 1 (Hz): | 500

Freq 2 (Hz): | 2000 \/

Freq 3 (Hz): | 3500
Elapsed time: 1.43 seconds

Time domain plot of x

~

=

Amplitude
°

—2

0.00 0.02 0.04 0.06 0.08 0.10
t (sech

Frequency domain plot of x

4000
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= 2000
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1000

. ! ! - ’ ’ ! ! !
[ 1000 2000 3000 4000 5000 6000 7000 £000
f{Hz)

Zxnua 14: 2o Iapaderyua mtediov keLtuévov

Emiotnuovikr Texunoiwon kat Exknadevtikn Aéia

H evowpatwon value boxes oe eQyaoTtnolakeés ePaAQUOYES TQOOPEQEL OVOLXOTIKA
TIAEOVEKTI|UATO O€ ETIOTIUOVIKES KAl EKTIALOEVTIKES DQATTIELOTNTEG. ATIO ETUOTNUOVIKT)
armoyn, 1 dLVATOTNTA AUEONG EVNUEQWONG TWV TIHWV TWV TAQAUETOWY XWEIS TtV
AVAYKN EMAVEKKIVIONG TOL KWIKA PEATIOVEL TNV ATIOTEAECUATIKOTNTA TNG AVAALONG
KAL TN oVYKQLOT TwV anoteAdeopatwyv. Ot XO1oTteg HToQovV va dOKIHACOLV TIOAAEG
OLAPORETIKES TIARAUETOOVS YOT YOO, evOapoUvovtag tnv avaAvon oe Pabog. Ltnv
EXTIADEVTIKT] DADIKATIX, ALTO TO EQYAAELD TTQOOPEQEL EVAL TIO EVEALKTO KAl PLALKO TIQOG
TOoV XONOTN TEQPAAAOV HAONOMG, OTIOL OL POLTNTEC UTTOQOVV VA TTELQAUATIOTOVV KOl VO
KATOVONOOLV KAAVTEQA TIG OLVETIELES TWV AAAXYWV OTIS TTAQAETOOUG TWV OTUATWV.
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f1(Hz): | 600 | \/
f2 (Hz): | 1100 |
Elapsed time: 0.79 seconds
Impulse Responses Frequency Responses
2.0 4 —— Bandpass Filter —— Bandpass Filter
—— Windowed Bandpass Filter o — Windowed Bandpass Filter
15
1.0 =
@ 50
& 05 =
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Zxnua 15: 30 Iapaderyua riediov ketuévov

LuvoAwd, 1 xorjomn twv value boxes evioxvel T dladQaoTkOTTA KAt TNV eveAtia otnv
EXTIADEVTIKY] KAL ETUOTIUOVIKT] AVAALOT], TIAQEXOVTAS £VA EQYAAELO IOV ETTOETIEL TNV
apeon aAANAemidoaon TOL XOTOTI HE TO TEQLEXOHEVO KAL T ONULOLQYit dLVAULIKWV
YOXPNUATWYV e BAOT) TIG TEOTLUNOELS KAL TIG AVAYKESG TOL XQOT)OTH).

O kadkag eA€yxeL av OL TIHEG TWV CLXVOTITWV LTIEPPALVOUV TO ETUTEETTO OQLO
(3900 Hz) 1 av etvar agvntikéc. Le mMeQIMT@OrN M €YKLENG TWUNG, eppaviCetol
TIQOELDOTIOUTIKO HIJVUHA KAL T) OTITIKOTIOMOT) OLAKOTITETAL, TTEOTTATEVOVTAS TO CVOTNHA
aTO CPAAUATA 1) U QEAALOTUKEG €L0ODOVC.

run restart restart & run all

Freq 1 (Hz): | 500

Freg 2 (Hz): | 1000 \/

Freq 3 (Hz): | 4000

Elapsed time: 0.03 seconds

L. Warning: Frequency should not exceed 3900 and must be non-negative!

Zxnua 16: Hapadery ua eAéy xyov mediov TLu@V \
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3.4.40A1001 ™G (Slider)

Ousliders (0AloONTéC) amoTeAovV éva amod Ta 1o dXOQAOTIKA Kol eUXONOTa eQyalelo o€
EKTIADEVTIKA KAl ETUOTNHOVIKA TEQIBAAAOVTA, KaBWS eTUTEETTOVY OTOVG XONOTES VA
TEOCAQUOLOVV DUVAUIKA TIG TIHES TWV TIAQAMETQWY OTOV OLVEXT] AEOVA TIHWV KAL VO
TIAQATNQOVV AHETR TIG aAAayEC ota amtoteAéopata. H xorjon twv sliders mpoogépet évav
EVEAIKTO Kal dxloONTIKO TEOTO XEWLOHOU OLVOETWV TAQAHETOWY, OTIWS &lvatl 1
oLXVOTNTA, TO TMAATOG 1] 1] PAOT TWV ONUATWYV, O TEAYHATIKO XO0VO, Xwolg va
ATIALTELTOL T) AUEDT] ELOXYWYT] AQLOUNTIKWV TLUWYV 1) 1] ETAVAPOQK TOV KWOLKA.

Aladoaotikotnta péow Sliders

H duxdpaotikotnta mov mpoo@épovv ot sliders evioyvel onpavTik& v eumelpla tov
XoNoTn, Kabwg eTMITQEMEL TNV TEOOAQUOYN TIHWV HE TEOTIO ovvexn kat apeco. H
duvatotnTa va aAAGLOLV OL TIHEG TV MAQAUETOWV O& TOAYUATIKO XO0OVO KAl Vo
EVIUEQWVETAL AVTOUATA TO AVTIOTOLXO dLdyQarupa 1) TO artotéAeopa BonO& Toug Xoroteg
V& ATIOKTHOOLY UL OLXLoOTTIKT] KATAVOT|OT) TV OXE0EWV HETALD TWV TTAQAUETOWV. Yt
HaOMpaTa Pneakyv eTKOLVOVIWOV KAl eTeEeQyaoiag oNUATWwY, Yix TIAQADELYUX, OL
sliders umopovv va yxonowpomomBovv yix T EUOUON TIAQAMETEWY OTtwS elvat M
ovxvoTnTa derypatoAnPilag, To MAATOC 1) 1] oLXVOTNTA EVOS OTJUATOG, ETUTOETIOVTAG T
OUVAULKT] AVATIAQACTAOT) TOL ONHATOG KAL TWV OXETIKWV YOXAPTNHUATWV.

v

Elapsed time: 0.09 seconds

Sampling Frequency (Fs): 500

Perindogram pwelchi}

5o
0.010 | ‘

i -

Fraquency (Hz)

Periodagram signal.welchi)

Fai

Zxnua 17: 1o Hapaderyua oAtoOntn
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O sliders dixo@aAiCovv OtL 0 XONOTNG UTOQEL VA DOKLUATEL TOAAES OLAPOQETLKES
TIAQALETQOVG YOI YOO KAL ATIOTEAETUATIKA, XWOIC TNV AVAYKT] YIX eTtavaAapuBavouevn
Xewokivntn  ewoaywyrn dedopévwv 1 avavéwon Tov kdwa. Avtd avidavel v
TAQAYWYIKOTNTA KAL TNV AUECOTNTA OTNV AVAALON TWV ATOTEAEOUATWY, EVE
TIARAAATIA eVOXQEOUVEL TOV TTELQAUATIOUO KAL TI) OVYKOLOT] OLXPOQETIKWV TeVAQLwV.

Avvapuxr) Evnuéowon kat Ontikomnoinon

Le emuotnuovikd mAaiow, ot sliders pmopovv va xonotpomomnovy v T dUVALLKT)
EVNUEQWOT] KAl OTTIKOTOMOT TV dedopévwv. H ovvexrc petaBoAr twv tiuav piag
HeTaBANTIC eMITEETEL TNV TAQATIIONOT TG emidEAONG avTrg TMg HeTafoAng ota
amoteAéopata 0e TEAYHATIKO XQOVO, Yeyovog mouv Pondd otnv xkatavonon twv
HaOMUATIKWV OXE0EWV KAL TWV AELTOLEYIWV TwV onuatwv. o magaderyua, oe eva
£QYAOTNOLAKO TEQLRBAAAOV OTIOL arvaAvetal éva NULTOVOEES onua, ot sliders emitoémovv
TN ovvexT aAAayr) TG CLXVOTNTAS KAL TNV AUECT] OTTIKOTONON TS eTOQAONG AVTNG
OTO OoTua.
Bitstream Length 10000

Roll-off Factor 040

nsamp 20 \/

Group Delay 5

Filter Order: | 200 Elapsed time: 0.27 seconds

ASK Levels | 2 hd

B!

Zxnua 18: 20 Iapadery o oAoOntn

Ou sliders ov avtioToLXOUV 08 OUYKEKQLUEVES TTAQAUETQOVGS, OTWS ELVAL T) CUXVOTITA N
TO MAATOC, E€TUTOEMOLV TNV (HECT TAEAKOAOVONON TOL TEOTIOL e TOV OTOolo oL
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HeTAPOAEC ALTWV TWV TAQAUETOWV AAA&LOLV TO ONHA 1) TA YOAPTUATX TIOL TO
ovvodevovv. Avtr) 1| TEOCEYYLON KAOLOTA TOV XOMNOTN TIO €veQYO OTNV avaAvon,
dLevkoAVVOVTAGC TN CUYKQELOT KAL TNV KAtavonon oUvOeTwv oxéoewv.

Emiotnuovikn kot Exnaidevtikr Adia

H evowpatwon sliders oe exmadevtikd Kal emMOTNHOVIKA £QYaAela evioxVel tnv
gumepla pabnong xat avaAvong, TAREXOVTAS £VAV TIOAKTIKO Kat dadQaoTikd TOOTO
TLELQAUATIOUOV e TAQAUETOOVGS. LTV ETUOTIUOVIKT TeKUNQLlwom, ot sliders umogovv va
XONOHOTIOM OO0V Y TNV TAXQOLOLAOT] EVEAIKTWV TIAQADELYHATWYV, OTIOV O AVAYVWOTNG
UTtoQel va QUOHOEL TIC TAQAETQEOVGS YIX VO KATAVOTOEL KAAVTEQA TIG ETAPANTES KL TA
dedopéva. Le ekmadevtiko eTtinedo, ot sliders mpoopépovv pia eveQyrn pHooer) padnong,
OTIOL OL POLTNTEG UTTOPOVV VA EEETAOOVV TIG OVVETELEG TWV AAAQYWV 0€ TTAHQAUETQOVS
XWOLS va amaltelTal 1 Katavonon OAwV TwV AETTOUEQELWDV TOV KWLKA.

LuvoAwd, ot sliders amoteAovv éva 1loxLEO epyaAelo yiax TNV aAAnAemidoaon Tov
XOTNOT HE TO TEQLEXOHUEVO, TEOTPEQOVTAS OLVATOTNTEG YIX TIO ATIOTEAECTUATIKY
AVAALOT KAL KATAVOTOT) CUVOETWV ETMUOTNUOVIKWV EVVOLDV KAL OXETEWV.

3.4.5TTAaiowx emtidoywv (Checkboxes)

Ta checkboxes amoteAoVv éva efaQetikd XONOLMO KAt dxdQAOTIKO eQyalelo o€
EKTIAOEVTIKA KAl ETUOTNUOVIKK TTEQIRBAAAOVTAR, EWOIKA O TEQLMTWOELS OTIOL O XOTOTNG
kadeltar  va  emiAé€el  petald  mMoAAamAwv  emiAdoywv 1] va  evegyomowjoet/
QATIEVEQYOTIOU)OEL OLYKEKQLUEVES AettovQYyiec. To mAeovékTnua twv checkboxes éykettat
OTNV AMAOTNTA TOUG, KAOWS MAQEXOLV EVav AUECO KAL OTITIKA KATAVONTO TOOTIO YLt TNV
gveQyomoinon 1 v armopeun Hag emAOYTS XWOIS TNV avAYKT) eloaywYNs KELUEVOD 1)
o TEQIMAOKWVY aAANAeTIOQATEWV.

Aradpaotikotnta péow Checkboxes

H dwxdpaotikotnta twv checkboxes PaociCetar ot duvatdtnta mMOL TAREXOLV OTOV
xonotn va emAé€el mowx Xapaktnolotikd 1) dedopéva embvpel vaw evegyorou)oet. '
napaderypa, oe éva meQBAAov avdaAvone onudtwv, ta checkboxes pmogovv va
XONOOTIOMO0VV Y TNV €TAOYN OUYKEKQLUEVWY @IATOWV 1] YoapnUATwVY oL OéAeL va
evegyororjoet o xonomg. Kabe emidoyn mov yivetatr péow evog checkbox evnuepwvet
AECA TO TEQLEXOUEVO TOL MXQOLOLALletal 1) emeleQyAleTal 0NV EQPAQUOYN, XWOIS Vo
amalteltal ) emavekkivnon g dixdikaotac.
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4-ASK

[ s-nsk \/

0 16-ask .
/ Elapsed time: 2.62 seconds

Theoretical and Experimental BER of ask_errors

® Experimental 4-ASK
e — s —— Theoretical 4-ASK
1072 e

108

BER

1011 4

10-14 4

10 17 4

0.0 2.5 5.0 15 10.0 125 15.0 17.5 20.0
Eb/NO (dB)

Lxnua 19: 1o Iapaderyua tAawoiov emttAoyng

L& mEAaKTKO eTUTed0, AVTO ONUALVELOTLO XONOTNG HUTtogel va emAéEeL va eppavioet ) va
ATIOKQUPEL OUYKEKQLUEVA YOAPNHATA, VX EVEQYOTIOW|OEL MEOOOeTES AeLTOovQYieg 1) v
TEEQAABEL DIAPORETIKES TIAQAMETQOVG OTNV avAALOT] Tov. Avt) 1 dXOQACTIKOTITA
ETUTQETEL UL TIO EVEAIKTI] KAL TIQOOXQUOOLUT euTtein, kabws To meQLeXOUeVo
TIQOOCAQUOLETAL OTIS AVAYKES KAL OTIS TEOTLUNOELS TOL XQNOTN.

E@paguoyég Checkboxes og Emtotnuovika IMAaiowx

Ly emotnuoviky tekuneiwon, ta checkboxes xonowomowovviar ovxvd yix va
dLevkoAVVoLV TN dlaxeiplon oLVOeTWV oevagiwy kat dedopeévwy. 'Eva magdderypa avtrg
¢ XOMNOoNG elval 1) TagovoiaoT) dAPOPETIKWY OeVAQIWY O& éva TEXVIKO 1] ETUOTNUOVLIKO
£Yyoa@o, OTov 0 XONOoTNG UTtoRel va eTUAEEEL TTOl DEDOHEVA T) TTOLOVG VTTIOAOYLOHOUS O
ovumegAaPet. T mapaderypa, oe éva egyalelo avaAvong onuatwv, ta checkboxes
HUTTOQOVV Vo XONOIHOTIom00oVV yix TNV eTAOYN HeTaED dAPOOWV TUTIWV PATHUATIKWV
avaALoeWV 1 Yt TNV EUPAVIOTN dAXPOQETIKWY ONUATwV Tavtoxpova. H apeon
AAANAeTdQAOT) TIOL TIEOOPEQOLY  EMITEETEL TNV TAXVTATI] OUYKQLON dXPOQETIKWV
ETUAOYWV KAL TNV TIQOOAQHOYT] TNG AVAAVOTG AVAAOYA HLE TIG AVAYKESG TOL XOT)OTH).
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Equiripple Filter Frequency Response

Select Equiripple Filter Length:

Equiripple Filter 32+1 \/

Equiripple Filter 64+1

s i Elapsed time: 0.02 seconds
Equiripple Filter 128+1
Equiripple Filter 140+1

Frequency Response

100 -

1072 4 \

107* 4

Gain

1075 1

- Equiripple Filter 32+1
1078 1 —— Equiripple Filter 64+1
— Equiripple Filter 128+1
— Equiripple Filter 140+1

0 1000 2000 3000 4000
Frequency (Hz)

Zxnua 20: 20 Tlapaderyua tAatoiov emtiAoywv

Amo exmawevtikn)c anmoyng, ta checkboxes etval wwitepa amoteAeopatikd kabwg
ETULTEETIOVV OTOVG (POLTNTEC VA TELQAUATIOTOUV HE OLAPOQETIKA XAQAKTNOLOTIKA T)
TIAEAUETOOVG XwWPEIG va emnpedlovv TO OCLVOAWKO oLOTNUA 1) va avaykaloviat va
emava@éoovv dedopeva. I'a magaderypa, oe éva pabnua mov aoxoAeltal pe tnv
avAaAvoT oNHATOV, 0 @olTNTNG HToel va eTtiAéEel péow twv checkboxes mowx piAtoa Oa
EPAQHOOEL 1] TIOLX XAQAKTNQOLOTIKA TOU ONUATOg OéAel v avaAvoel, evw 1) EQAQUOYT)
EVIHLEQWVEL AVTOUATA TA AVTIOTOLX O YOXPT)UATA KL ATIOTEAETUATA.

EveAldia kat Atadgaatikr) Avalvon

H eveAl&ia mov mpoogpépovv ta checkboxes elval Wiaitepa ONUAVTIKY O& TEQLTITWOELS
omov xpewaletal va yivel avaAvorn TOAAQTIAOV TAQAUETOWVY 1] VA EQAQUOOTOUV
JLAPOQETIKEG TEXVIKES O It akoAovOia onudtwv. O xorotng pumoget va eAéyEet evkOAX
Toteg Aettovpyleg Oa evepyomoinBovv kat oteg Oa apalepOovv, mpooappuolovtag )
dlegyaoio CVUPWVA E TIG AVAYKES TOV XWOIG TeQLTTéc aAAnAemdpdoeis. H xorjon touvg
evOEOUVEL LK TILO €VEQYT) TIOOOEYYLOT] OTNV AVAALOT) DEOOUEVWY KAL 0TIV TLELQAUATLKT)
dtepyaoia, kabwg o xorjotng nmoel va eEepevvijoel eAev0eQa DLAPOQETIKES eTAOYEG.
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Entiotnuovikn kat Exnadevtikn Adia

H xorjon checkboxes mpooOétet onuavtiki) alla TO00 0NV €MOTNUOVIKT) TEKUT QWO 000
KL OTNV eKTadeLTIKT) dtaducaotio. Le emotnuovika £yyoaga, ot checkboxes pmogovv va
xonowornombovv  yix NV magovoiaon MOAVTIAOKWV oevagiwy, dlvoviag O0Tovg
avayvwoteg ) duvatdmnta va emAEEOVY TIOLEG TAQAUETQOUS 1] Tolx OevaQlx O
e£ETATOLV. LTV eKTIAEVTIKT] dladikaoia, mTEOo@EQouV éva dxdQaoTikd eQyaAelo ov
EVIOXVEL TNV AQOUOIWOT] Kal TNV KATavonor cOvOeTwV €VVolwy, EMITEETOVTIAS OTOUG
POLTNTEG VA EVEQYOTIOUOOLV DIAXPORETIKES AeLTOVQYLEC e ATAG KAl KATAvoT)TO TEOTIO.

YuvoAwd, ta checkboxes amoteAoUv éva loXLEO dADQAOTIKO EQYAAel0 TOL
dLevKOAVVEL TV eTAOYN, TNV avAaAvon Kat T oUYkELon dedouévwv 1 AelTovEylwy,
TIOOOPEQOVTAG OTOV XONOTI HIX TUO EVEAIKT] KAL TIQOCKQUOOHEVT] eUTERlx OTNV
ETULOTIUOVIKN KAL EKTTALOEVTIKT) avAALOT).

3.4.6 Loading Animation - Xpovouetontrc (Timer)

It ovyxeovn avdamtuln AoYlOpKOU, Waltepa O  €QAQHOYEG  ETUOTNHOVIKIG
OTITIKOTIONONG KAl VTTOAOYLOTIKNG, N eUTtella Tov xenotn mailel kaboplotikod goAo. H
EVOWHATWOT]  dlAdQAOTIKWV  OtolXelwv, Omws tov loading animation kat Tov
XOOVOUETONTN, PEATIWVEL OTJUAVTIKA T1) DLAdQACTIKOTITA TNG EPAQHUOYNS, kKablotwvtag
1 AELTOVQYIa TIO KATAVON TN KAL QLALKT) TTQOG TOV XONOTH).

Loading Animation

To loading animation mov xEnowomowOnke oIV  E€PAQUOYN TAQEXEL OTITIKN
AVATEOPODOTNOT) OTOV XONOTN, LTTODEKVVOVTAS OTL TO CVOTNa eTteEeQYAletal dedopéva
Kat ekTeAEl LTTOAOYLOHOUS 0Tto Tapaoknvio. H amovola onttikr)g évdeléng katax
dLdpkelx NG eKTEAEONG UTTOQEl va TROKAAETEL VY XLON 1] aBePALOTNTA OXETIKA e TNV
Kkatdotaon g dwdkaoiag. Me v meoodrkn avtov Tov oTTikov oTolyelov, 0 XoNoTng
Yvwollet ott 1 dwdikaola Poloketar oe eEEALET, PeATiwovovtag €TOL TV euTeRia
aAAnAenidoaonc.

To animation amoteAeltat and éva KUKAIKO OTOLXELO TTOV TIEQLOTQEPETAL TLVEXWS,
TEOCOUOLWVOVTAS M dadukacia emeEepyaoiac. To otoxeio avtd vAomou)Onie pe
xoromn CSS, 0mov 1 meELoTEOPT) emITVYXAVETAL e TNV eVTOAT @keyframes spin, 1) omtoix
QAVAVEWVEL TNV TIEQLOTOOPN TOL oTotXelov oe dapkn) Paom. To xowpa kot N HoEET) ™G
KivNomNg emMAEXONKAV TIOOOEKTUKA Yot Vo ONULOVEYOVV évar aloONTikd €LXAQLOTO KAl
Tavtoxpova antAd animation, oL dev ATOOTA TNV TTEOCOXT] ATIO TOV PACIKO OTOXO TNG

EPAQUOYTS.
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O xoovopetontic (timer) oe éva dladEaoTKd TeQIBAAAOV amoteAel éva KQLOWO
eQYaAelo v TNV mapakoAovONoN Kal TN HETENOT TOL XQOVOUL EKTEAEOTG dLeQYATIWV 1)
AELTOLOYLWV. LE TEXVIKA KAl EMOTNUOVIKA TAQIOWKK, OTWS AUTA TIOL APOQOVLY TNV
avAALON ONUATOV 1] TNV eTteEeQyaoia dedopévwy, 11 XO1on evog timer pmogel va tapéxet
TIOAVTLUT TANQOPOONOT] Y& TNV ATt0d00N TV aAYoQLOpwV, TNV TaXVTNTA VTTOAOYLOUWY,
kaBwg Kot ) BeAtiwon g euTElQlag TOv XONOTN), TAQEXOVTAG TOL AEDT] EVIHUEQWOT
Y ) dtxpkela kKaOe dadikaoiag.

AladoaotikotnTa péow Timer

O timer TMEOO@PEQEL DADQATTIKOTNTA, TAQEXOVTAG OTOV XONOTI CLVEXEIS EVIUEQWOTELS
OXETIKA HLE TOV XQOVO TIOL €XeL TaéADeL KaTd TNV ekTtéAeon pag diegyaoiag. Avtd eltvat
OxlTEQN XOTOLHO O€ EPAQHOYES OTIOV OL VTTOAOYLOUOL UTTOQEL Vo DEKEOOVV AOKETA,
OTtwg 1 Yo1YoEn avtioteo@r) Fourier (IFFT) 1) 1) magaywyrn peyaAwv cuvoAwv dedopévwv
Yx TNV avanaQdotaon yoapnuatwv. H duvatoétnta tov xorjotn va mapakoAovOel tov
X0OVO €KTEAEONG O€ TOAYMATIKO XQOVO €VIOXVeL TNV aloOnomn eAéyxov kat tnv
KATAVONOT) TNG €MDOAONG TWV MAQAUETOWY 0TI dLXQKELX TNG dadikaolag.

run restart restart & run all

F1 (MHz): | .75 LY /

F2 (MHz): | 9.25

R (Mbps): | 10 .
Elapsed time: - seconds

Result: a = 0.5000, Recommended M = 64

Zxnua 21: 1o Ilapaderyua x povoueTpntn

Y10 magaderypa TG avaAvong onuatwyv, o timer pmopel va xonoiwpomomOel yix va
HETONOEL TOV XOOVO TIOU QAMALTEITAL YIX TNV KATAXOKELY) KAL TNV OTITIKOTIOMON
Yoapnuatwy, tn @acuatikny avaAvon péow FFT, kaBwc kat ) dnuovgyia tuxatov
OopvPov. H eupdvion tov XQovikol dXOTIUATOG 08 TOAYUATIKO XQOvo Pondd toug
XONOTES VA EKTIUT)OOVV TTOOO ATTODOTIKA TOEXEL O AAYOQLOUOC Yix Tor dedopéva Tov €Xouv
eTAEEeL, DIVOVTAC TOLG eTloNG T dLVATOTNTA VA TERAUATIOTOVV LE TNV artddOOT] TOV

OLOTIUATOG.
Emuotnuovikn A&ia tov Timer

Y& emoOTNUOVIKA TeQBAAAOVTa, 1) duvaTtdTnTa UETENOTNG XOOVOL elval eEalQeTucd
ONUAVTIKY] Yix TNV a&loAdynomn e anddoons aAyoolOuwyv kat cvotnuatwv. O xo0vog
eKTéAEOTC VOGS aAyoplOpov amoteAet éva amo ta Pactkd HETOX TNG ATODOCT|S TOV, KALT)
XOT)01 €VOG timer eTITEETIEL TOV EVTOTILOUO ONpelwv PBeATioTOoTTOMmONG 1) TNV AloAdYN o
TWV ETIOOTEWV O& dPOoPeTIKA oevaowx. ['ia mapdderypa, otav évag xonomng HetadAet
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TIC TMAXQAMETOOVS €VOG aAyopiOpov, pmogel va mapatneroel mws aAA&lel 0 X0OVOg
EKTEAEOTIC KAL VA AVATIQOOXQUOOEL TIG ETUAOYEG TOU WOTE Vo eTITUXEL KAAUTEQX
amoteAéopata.

QAM Type: | 16-0QAM v
Roll-off: | 0.25 /
F1: (MHz) | 6.75 \/

F2: (MHz) | 9.25 )
Elzpzed time: 7.63 seconds

Br: (Mbps) | 10

BER curve for 16-QAM

® Simulation
1071 L) —— Theoretical

Bit Error Probability
=
bl

=
o
1

-

1072 1

T T T T T T T
2 1 6 8 10 12 14
Eb/NO(db)

Zxnua 22: 2o Iapaderyua xpovouetpntn

It eKMadevTikd mAalowr, 1 evowpATwor) €vog timer Bonda& Ttouvg @oirtntéc va
KATAVOT)OOLV TG 1 TTOAVTTAOKOTITA €VOS adyoptlOpov 1 1 moodtnTa dEdOUEVWV TIOV
XOTOLUOTIOLELTAL UTTOQEL Vo €MNEEATEL TOV XQOVO ekTéAeonc. OL QoLtnNTeéG HToQOoVY v
TIAQAKOAOLVONOOLY ApeTA TNV ETOEAON TWV AAAAYWDV OTIC TAQAUETOOVUS TOUG KAL Vi
KATAVOT)OOLV TNV éVVOola TNG ATIODOTIKOTITAS VTTOAOYLOUWV.

Awadgaotikr) BeAtiwon tng Eunelpiag Xorjotn

H mooo0Onkn evéc timer mpoo@épet otoug xonotes éva emimedo didkdoaong mov evioxvel
TNV EUTEQLX TOVG KATA T XONoT Mg epaopoyne. Iagéxovrag mAnpogoptes v tov
XOOVO EKTEAEONG TWV AELTOVEYLWYV, O XOTNOTNG UTOQEL V& TaxparkoAovOT|oeL T dladikaoia
o€ mMEayHaTtikd XoOVo, Xweic va xpetdletal va vTtoAoyiCel ex vEou 1) va Paciletal og pn
00ATOVG HNXAVIOUOUE Y VA EKTLUTNOEL TOV XOOVO TIOL ATALTEITAL Y TNV eKTéAeOT) evOg
LVTOAOYLOHOV.
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EmumAéov, o timer umopel va xonowonomOel we péoo ya ) PeAtiowon g
OULVOALKNG aTtddOONC TOU CLOTIHATOS, TAQEXOVTAG OTOV XQNOTH T1 duvatdt)ta vo
evromiCel  aQyoUG VUTOAOYLOHOUG 1] dxdkaoleg TOUL  anmattovVv  TMEQLOTOTEQN
BeAtiotortonon. H apeon mAneo@opnon yiax tov XQOVo Tov aTopéVeL o€ o dtaducaoio
1) TOV OLVOALKO XQOVO eKTéAeong pmogel va Pondnoet otnv kaAvTeEn Katavonon g
aTOdOO0TG TNG EPAQHOYTC KoL ot ANYPn ano@daoewyv Yo peAAovTikég BeATiooels.

Evdewtikd mapaderypa kwdika vAomoinong Animation loader — Timer:

# Loading animation
loading = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(@deg); }
100% { transform: rotate(360@deg); }

}
</style>

done = """
<div style="display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div>
</div>

loader_htmll = widgets.HTML(
value=loading

)
timer_htmll = widgets.HTML(

value="Elapsed time: - seconds"

Lvunégaoua

O timer etvat éva eEalQeTikKA XONOLHO KAl DdQAOTIKO €QYAAELD Yot TNV ETUOTNHOVIKT
KAl ekmadevTikn tekuneiwon. Ilpoogégel tn duvvatdtnTa pétonong Tov XEOvVou
EKTEAEOTC O€ MEAYHATIKO X0OVO, OLUUBAAAOVTAC 0T BeATicwon NG eUTTELQLAC TOV XON|OT)
KL OTNV avaAvoT) g amddoons Twv aAyoplOpwy. Lta eTUOTNHOVIKA Kol TEXVIKA Ttedla,
N maEakoAovOnoT Tov XeOvou elval kalol Yx TNV afloAdynon TwWV LVTOAOYIOTIKWYV

65



ETUOOTEWV KAL TNV KATAVOTOT] TNG ATOdOTIKOTITAS TwV HeOOdWV, EVW) 0& EKTTADEVTIKA
TAQLOLX TTQOOPEQEL ONUAVTIKEG YVWOELS OTOVS (POLTITES Yl TOV TEOTIO Agltovoylag twv
aAyoplOuwv.

3.4.7MyST Markdown

To MyST Markdown (Markedly Structured Text) elvat pia eméktaorn Tov TULTKOV
Markdown, oxedixopévn eduwed yix T ONUIOLEYIX TEXVIKNG TEKUNQOLWONG KAl
EKTIADEVTIKOV VALKOV pETH 0€ MAATPOQLLES OTtws oTo Jupyter Book. ITapéx et mpooOeteg
AelrtovQyleg, OMwWG TN dLVATOTNTA  ONUIOLEYIAG  OLXOPACTIKWY  OTOLXElwY, TNV
EVOWHATWOT] KWIKA Kal €EL0W0EWV, KABwg KAt TNV eUKOAT dlaXe(QLOT) VTTOOT|HELWOTEWY,
TIAQATIOUTIOV KAl AAAWV XAXQAKTNOLOTIKWYV TOL deV LTOOTNEILOVTIAL OTO KAAOLKO
Markdown.

Exnadevtika IMAeovextrpuata tov MyST Markdown

‘Eva ano ta Pacucd mAgovektuata tov MyST Markdown etvat 1) ikavotnta tov va
ovvdvalet T dvvaun g TekunElwong pe T ddpaotikdtnTa Tov Jupyter Book.
Avto €xel onpavTIKO avTIKTUTO OTn Odkaoix HAONONG KAl katavonong,
ETUTQETOVTAG OTOVS XONOTES T akOAovOa:

> Na evowpatwvouv Kaodwa kot ExteAéopa Iagadetypata: To MyST Markdown
vrootoilet Vv evowpdtworn  kdka Python xat &AAwv  yAwoowv
TIOOYQAUUATIOUOV aTtevOelag 0To Kelpevo. AVTO €MITEETEL OTOVG HaONTES vat
EKTEAOVV TTAQADELYHATA KWOKX O€ TIOAYHUATIKO XQOVO Kal va TtepapatiCovtal
HLE TIG TIAQAMETQOVG TOVG, EVIOXVOVTAC €TOL T dxdQaoTikOTTA KAt T hands-on
TEOOEYYLOT) OTN HAOnon.

> Efowoeic kat Mabnuatika XoppoAa: Xonowonowvtag to LaTeX xat to
MathJax, to MyST Markdown emtoémer TtV evowudtwor ovvOeTwv
HaONUaTIKWV EEL0WOEWY, KATL TTOV elval kKQIOIHO yix ekmadevtikd PipAla o€
ETUOTNHOVIKA Kot TexVikd media. Ot eEl0WOEG HTOQOVV VA ATIELKOVIOTOUV
amevBelag péoa 0To Kelpevo N va ava@éoovtal oe UTAOK, KAVOVTAG TI)
O ewonTIKT) AVAALON TTO KATAVONTH.

A Live Code
Press the following button to make python code interactive. It will connect you to a kernel once it says

“ready” (might take a bit, especially the first time it runs).

Lxnua 23: Information box markdown
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> Awdoaotikd Widgets: To MyST Markdown pmogel va evowpatwoet
dudpaotikd widgets péow BPAOONKWV OMws ta ipywidgets, mpoo@épovtag
OToUG XENOoTES TN duvatdTNTA Vot AAANAEeTOQOVY e tar dedopéva. Ot xorjoteg
UTTOQOVV V& AAA&LCOLV TIHEG Kal va BAETIOVY TtwS avTéG oL aAAayég emnoealovv
@ ATOTEAETUATA O€ TIOAYUATIKO XQOVO, KATL Tov [Ponddel wwaltepa otnv
KATAVOT|OT TOAVTIAOKWYV €VVOLWV.

» Tlgonyuévn Texunotwon: To MyST Markdown emutoémet tn dnuovoyila kaAa
QOUNUEVWV TEXVIKWV KEHEVWY, HE OLVATOTITEG OMWS AVTOUATN ONuovEYix
TUWVAKWV  TEQLEXOUEVWY, ONHUEWWCEWY, TAQATOUTIWOV KAl OXOAlwv. AULTO
OLEVKOAVVEL TOOO TOVG EKTIALOEVTIKOVG VAt dNULOVOYOVV OPT] KoL OQYAVWHEVX
HaOnuata 600 Kat Tovg HabnTéc/@oltnTés va akoAovBovV TNV VAN e evkoAla.

> Yuvdéoelg pe Jupyter Notebooks: Eva onuavtiko yagaktnolotikd tov MyST
elvat 11 dSLVATOTNTA VA EVOWHATWVEL Kat va petateémnel Jupyter Notebooks oe
TeXVIKA éyyoaga. ‘Etot, oL xoroteg Hmoovv va HETATEEMOLY Ta notebooks toug
oe koA dounuéva BPAla 1) oe AAAa ekmadEVTIKA HEOR, €V TAVTOXQOVA
duixtnoovvtal OAec Ol OLVATOTNTEG €KTEAEONG TOU  KWOKA KAl TNG
dLAdQATTIKOTITAG.

Enidoaon otnv Katavonon kat ot Mabnon

H xorjon tov MyST Markdown oto Jupyter Book mpoogépet évav diadpaotikd t1oomo
ddaoKkaAlag kat HAONoNg, Wwitepa 0T TEXVIKA KAL ETUOTNHOVIKA Ttedln, OTov o
KWOLKAG, OL eEL0WOELS Kal Ta dedopéva etvat Paoikd epyadela katavonons. Méoa
AaTO AVTIV TN JADQACTIKOTITA, OL XOT)OTEG OEV AOKOVVTAL O& TTAONTIKT) AVAYVWOT)
AAAG CUPHETEXOVV EVEQYA 0TI dXdIKAT L, KaTtavowvtag Babuvtepa TIg évvoleg Kat

TIC EQPAQHOYEG TOVG.

@ Tip

Before you start the exercise, you should carefully study Chapter 1 and, in particular, paragraph 1.3 of

the course booklet,

Lxnua 24: Tip box markdown

H dvvatomnta va doxkipalovv apéows tic Oewpteg tovg, va aAAnAemdoovv pe ta
dedopéva KAt var PAETOVV 08 TIOAYHATIKO XQOVO TA ATOTEAETUATA AVEAVEL TNV
QAVTOVOULA TOUG KAL EVIOXVEL TNV A@OHOlwoT TNG Yvwons. Autdg o TooTtog pddnong
OXL HOVO ETUTOXVVEL TNV KATAVONOT], AAA& evOappULVvel T dnuoveykn okédn Kat
™V emtiAvon mEoPANUATWYV.
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Lvpnegdopata

To MyST Markdown, pe tn xorjon tov oto Jupyter Book, amoteAel éva 1oxvo
goyaAeio yx tn dxdpaotik) Habnomn kat katavonor). H duvatdtnta evowpatwong
EKTEAEOIHOL KWK, HaONUATIKOV OLUPOAWV Kal dxdQAOTIKWY  OToLXElwV
kaOwotd M dxdkaoiax HAONONG TO DLVVAMLIKY] KAl €VEALKTI), €V 1 TEXVIKT)
TEKUNOLWOT EVIOXVETAL ATIO TIG TTEONYHEVES DLVATOTITES TOV Yl ONULOLQY i KaA&
OOUNUEVWYV EKTIALDEVTIKWYV VALKWYV.

3.5 Bit Error Rate Tool

To egyaAeio Bit Error Rate (BER) Tool mov avantvaue, amoteAel éva mOAUTIHO Kat
dLADQAOTIKO EKTIADEVTIKO £QYAAELO YIAX TNV AVAALOT KAL TNV KATAVONON TV PNPLakwyV
eTukovviIwv. TIpoogépel otovg XENOTeg TN dLVATOTNTA VA& HEAETHIOOVV TNV ATIOOOOT
dLaPOEETIKWV dlaxpogpwoewv Pnelakov onuatog, 0mws PSK (Phase Shift Keying), ASK
(Amplitude Shift Keying), FSK (Frequency Shift Keying), MSK (Minimum Shift Keying) kat
QAM (Quadrature Amplitude Modulation), eotidCovtac oty anddoon k&Oe texvikng oe
ooovg BER (Bit Error Rate).

Baowa Xagaktnoiotika tov EgyalAeiov

To eoyalelo avtd MEOTPEQEL OTOVG XOTOTES TN OLVATOTTA VA ETUAEEOLY HETAED TV
TEOAVAPEQD ELOWV TEXVIKWV DAHOQPWOTS, KaAOwS KAl v TROTAQUOCOLY TTAQAILETQOVS
OMwe TNV TA&n dwapoepwong (m.x. 2-ASK, 4-PSK, 16-QAM). Kabwc o xonotng
TIQOTOAQUOLEL TIG TTAQAETOOVG, TO e0YaAel0 TtapdryeL 000 Dewontikés kapumvAec BER 600
KAl TERAUATIKA amoteAéopata, emTEEMovVTIac T ovUykplon g Oewolag pe v
TIQOKTLKT).
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Modulation: | ASK A \/

Levels: | 2-ASK hd

101 A

Elzpsed time: 0.54 seconds

2-ASK | Theoretical and Experimental BER

o ® Experimental 2-ASK
——a_ —— Theoretical 2-ASK

El -
10 }\

1075 1 \

BER

1077 A Y

1072 A N\

2 4 6 8 10 12
Eb/NO (dB)

Xxnua 25: Bit Error Rate Tool

Yan ovykexQuuévn mepintwon, to yodpnua 2-ASK detxver tnv avtmapabeon tng
Oewontkng kapumOANG BER pe ta megapatika dedopeva, ETUTEETOVTAG OTOV XONOTN) Vo
deL mwg emnpedletal 11 amodoon NG dtapoopwong pe Paon to Eb/NO (Energy per Bit to
Noise Power Spectral Density Ratio). Avtr) 1 ovykolon PonOd omnv katavonorn tng
aTdOO00TNG TWV DAUOQPUTEWV O& TTOAYMUATIKA OEVAQLX, IOV UTTOQEL VA atoKA VoLV AT
ta Oewontikd anoteAéopata Adyw ntageuPoAwv, 00UV, 1) AAAWY TR YOVTWV.

Exnadevtikn Evkodia kat Atadpaotikotnta

Eva anmo ta kvoux mAgovekTUaTa TOL eQYaAeiov elvar 1 ddQACTIKOTNTH TTOV
npoo@épet. O XONOoTNG UToEel eVKOAX VA TELQAUATIOTEL HE DAPOQETIKEG TTAQAETOOVG
dléEPwong Kal va el 0 TEAYHATIKO XO0OVOo Ta amoteAéopata. Avtd 1o
XAQAKTNELOTIKO KaOloTd TO €0YaAElD WDAVIKO Yot EKTIADEVTIKOVG OKOTOVG, kaxbwg ot
HaONTES 1) OL POLTNTES UTTIOQOVV VA TTERAHATIOTOVV KAl VX dOVV AHLECA TNV €TOQAOT) TTOV
€XOUV DAPOQETIKES TEXVIKES Ol plORPwoTc oto BER. Méow tng mpooappoyrc tov Eb/NO
KAL TNG TAQATHQENONG TWV KAUTIVADV, 0L XOT)OTEG ATIOKTOUV BLWHATIKT] KATAVOTOT] TOL
TG OLAPORETLKOL TTAQAYOVTES EMNEEALOLY TNV ATIODOCT] TOU CLOTHHUATOG ETUKOLVWVIAG.
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BonOeiax otnv Katavonon twv Pneakwv Emxovwviwv

H wavotnta tov egyadeiov va ouvovalel OewonTikd Kol TERAUATIKA ATTOTEAETUATO
elvat évag eEARETIKOG TEOTOG YIX VA OLEVKOAVVEL TNV KATAVONOT TV OepeAtwdav
aQXWVv Twv Ynelakwv emkovwviwy. Iagéxoviac apeon omTiky] avatQoeodotnon yux
™V artodooT) kdOe dapdEPWOoNG, T0 EQYAAELO ETUTEETIEL OTOVG XQTOTEC VA €EETATOLV TIG
Paowkéc apxés XwEIC TNV avAyKkn Yix eEEWIKEVUEVT] YVWOT TEOYQAHUATIONOV 1)
TOAVTTAOKWV pHaOnuatik@v voAoylopwyv. EmimAéov, 11 o0YKQLOT] TV AMOTEAEOUATWY
oe dlaopeTikéc ovvOnkeg Ponddel va yivel katavontd to s o 06puPog kat dAAot
TIAQAYOVTEG  €MNEEAXCOLV TNV TOWTNTA TOLV ONHATOS Kal TNV a&loTMoTia TV
ETUKOLVWVLWV.

Lvunégaopua

To eoyaAeio Bit Error Rate Tool amoteAel pia eEatpetinn) ekmadevtikt) mAat@ooua, edued
Y TNV KATavonoT] TG amodoons dQOQETIKWV dXHOQPWOEWY OTJATOG KAL T OX€0T)
TOUVG HE TovV ELOUO opaAudtwyv bit (BER). Méow 1ng dixdoaotikng kat A&peong
OTUTIKOTIONONG, OL XONOTEG UTTIOQOVV VA AXTIOKTI)OOVV ULX OAOKATQWHEVT] EKOVA Y TIG
TEXVIKEG OLXOQPWOTIC TIOV XQTOLHOTIOLOVVTAL OTIG OUYXQOVES PNPLaKéS eTKOVWVIEG,
KaOL0TWVTAG TO VA TIOAVTIHO EQYAAELD Y1 (POLTITES, EQEVVTTES KAL ETAYYEAUATIEG OTOV
TopéQ.
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KepaAaio 4

Anotedeopata



4.1 Lab Exercise 1: Eloaywyn ota Zvotuata Pneuokng
Metadoorg

4.1.1 ArnoteAéopata Ilpooopoiwong

Ol TEOTOUOLWTELS TTOL TAQOLOLALOVTAL KAAVTITOUV DIAPOQETIKEG KATAOTATELS OTJHATOG,
pe mowkideg ovxvotnteg kat emimeda OopuPov. e kxbe mMEooopolwon magaTnEeiTaL N
AVAALOT] TOL OTJHATOC TOOO OTOV XQOVO 000 KOl 0T OLXVOTITA, aVAdEKVOOVTAC TIG
KUQLEG oLXVOTNTES TIOL eloT)XONnoav, kabwg Kol v emidoaot e derypatoAniag kat
oL EooTiOépevou BopvBov.

Freq 1(Hz): | 500

Freq 2 (Hz): \ 1000 \/

Freq 3 (Hz): | 1500

Elapsed time: 0.65 seconds

Time domain plot of x

Amplitude

—

t (sec)

Lxnua 26: Avanapaotaot) oNuUaToc ge (0000 TPLOY OVXVOTITWV

YTIG TEQIMTWOELS OTIOL dev mEOoTEéONKe BOQLBOG, OL CLXVOTNTES TWV ONUATWY elval
amOAVTA DAKQLTEG KAL TO QACHA TIAQOVLOLALEL OAPEIC KOQUYES OTIC AVTIOTOLXES
ovxvotntes. Otav o B6pvPog meootiBetal (eokeppéva otnv teAevtaia TeQlmTwon), ot
KOQUYEC TV OLXVOTITWV Elval HeV akOpa avixveLoles, aAAd emnpealovtal and v
ntagovoia BopUvBov, Tov odNYyel oe xaunAdTeQn dakoLtoTnTA.
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Frequency domain plot of x

4000

3500

2500

2000 -

Amplitude

1500

1000

500

o PR L. o | SR S, S —

0 1000 2000 3000 4000 5000 6000 7000 8000
f{Hz)

Lxnua 27: Avanapaotaocn QAo UaTos onNuaTos

4.1.2 AvaAvon Emddoewv

OL MEOOoOUOLWOELS ATIODEKVVOLY T1 dLVATOTNTA AVIXVELOTG KAL AVAALOTG CLXVOTHTWV
He ako(Pelor LTO dLAPOETIKES OLVOTKES. LTIC TTEQIMTWOELS XWEIC O0QLOo, oL oLYVOTNTES
elval amOALTA €VKQLVEIS, e AQLOTN AMOdOOT] TG AvVAALONG PATUATOS, KaBWS oL
oLXVOTNTEG €L0000L  avtikatoTToilovtal dueoa oto @dopa. EmmAéov, o xoovog
exTéAeonc oe kdBe mEooopolwoT) delxvel OTL oL HEDOdOL eVl AQKETA ATIOOOTIKES KAL
HUTTOQOVV VA TIQAYOUV ATIOTEALOUATA O HIKQO XQOVIKO OLAOTNHA, AKOUX KAl O
mnepPaAAovia omov mpootiBetal O0pvPoc.

Two sided spactrum of x

Amplitude

-2

-4

0.0 0.2 0.4 LX) [+X-3 1o
t{sec)

Twa sided spectrum of s

&
S

Magnitude
8 & 8
g8 8 8 28 8

=
ES

=3
=1

—anoo —3n000 —2000 —1000 o 1000 2000 2000 4000
f(Hz)

Lxnua 28: Avamapaotaon oNuatoc KaL pacuatos avtov e ipooOnkn Gopvpov
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H mtoooOnkn BopvBov avéavel tnv moAvmtAokotnta e avaAvong, kabwg emneealet Tnv
kaBapomnta tov onuatog. oTO00, aKOpA KAL VTIO AQUTEC TIG OoLVONKES, TO ONuAa
TIAQAMEVEL AVLXVEVOLHO, KATL TTIOU ATIODEIKVUEL TNV KAVOTNTA TNG TIEOCOUOlWoNG V&
AVTETEEEQXETAL O€ QEAALTTIKA OEVAQLX PNPLAKTG HETADOOTG.

4.1.3 Advvapieg kat ITpokAnoeig

EmumAéov, ol meplogiopol otn ovxvomnta derypatoAnpiag etvar epgpavels, kabwg ot
oLXVOTNTEG deV UTIOEOVV va LTEQPOVV €va ovykekpuuévo opo (r.x. 500 Hz otig
OUYKEKQUUEVEG TTQOOOUOLWOELS). AUTOC O TEQLOQLOHOS VTIAYOQEVETAL ATIO TOV KAVOVKX
Nyquist, kat 11 vtégPacn tov Oa odnyovoe oe avadimAworn cvxvotu)twv (aliasing),
kaOlotwvtag v avaAvon avakopn.

Ev kataxAeldy, oL TQOCOUOIWOELS AUTEG TTEOOPEQOLV [iat EEXIQETIKT] BAOT] YIX TNV
KATOVONON TG OUUTEQLPORAS TWV OTUATWYV OTOV XQOVO Kol 0TI ouXvoTnTa, kabwg kat
otV emideaom tov BoEUPOL KAL NG deLYUATOANPIAS OTNV AVAALOT) TOL OT)ATOG.

4.2 Lab Exercise 2: Wngluaxa @iAtoa

4.2.1 ArnoteAéopata Ilpooopotwong

Yanv magovoa HeAETn, avaAvOnkav o amoTteAoUATA TEOCOUOLWOEWY TIOL APOQOVV
MV €PAQUOYT] kKatl TNV a&loAdynon @iAtowv Ymeakwv onuatwy. Ot TEOoOUOLWTELg
noaypatomom)Onkay yix va eEetaotel 1 andkQLon twv @IATEwV o0& did@oeg ovvOTKeg
kat va aflodoynOel n axpifela Twv amoteAecpAtwv oe oxéon pe T OewEnTIKA
avapevopeva. Ta dypodupata mov magovotdlovtatl TEQIAAUPBAVOLY TNV &XTIOKQOLOT
TIAAHOU KL OUXVOTITAG, T PACUATIKT] TTUKVOTNTA 1oXV0G, KaBws KAl TN OUYKQLTIKT)
avAALOT PIATEWV e DX PORETIKA TTARAOLEA KAL DLXPOQETIKA UNKT).
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Stem Plot of hi2, hed, h128 Frequency Responses of A2, hvid, R128
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Zxnua 29: Pneraxa Qidtpa

4.2.2 AvaAvon Emddoewv

Ta amoteAéopata Twv MEOCOUOLWOEWV delXVOUV Hx oagn TavTIoT pe TG OewonTucég
TEOODOK(EG O PHeEYAAO PaOpo. uykekQlpéva, 1 andkLloT Twv @iAtowv bandpass tooo
OTOV XQOVIKO 000 Kal OTOV CUXVOTIKO TOHER elval eEQQETIKA KOVTA O0€ O,TL avapévetal
Oewontucda. H amokomn twv avemiOuuNTwv cuxvotiTwVv oAy ATOTOLE(TAL pE akQ(Pela,
KAl 1) 1eQLoxT) déAevone maQovalAlel eAAXLOTEG ATOKALOELS, OL OTIOlEG HTTOQOVV VA
OewonOoVV apeAnTées Y TIG TEQLOTOTEQES EQPAQMOYEC YNPLaKTG HeTAdOOoTC.
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Equiripple Filter Frequency Response

Select Equiripple Fiftsr Length:
Equiripple Filter 32+1 \/
Equiripple Filter 64+1
Elapszed time: 0.02 seconds
Equiripple Filter 128+1
Equiripple Filter 140+1

Frequency Response

10° -

10-2 4
10—4 -
c
8
1075 1
—— Equiripple Filter 32+1
10-% 1 —— Equiripple Filter 64+1

- Equiripple Filter 128+1
- Equiripple Filter 140+1

0 1000 2000 3000 4000
Frequency (Hz)

Zxnua 30: Amoxpion ovxvotntac Equiripple pidtpov

H amndkoon twv equiripple @iAtowv, OmMwg @aivetal amo TG TEOTOUOWIOELS,
avTamnokplvetal emiong otig OewEnTikéc TMEOPAEYELS, pe Ta PIATOA HeYaADTEQOL UTKOVG
v TEOO@EQOLY  KaAUTeQn amodoor ot (wvr AmoKOTNG KAL VA& HEWWVOLV TIG
tadavtwoelg ot Covn dtéAevong. Ot TAAAVTWOELS TTOL TAQATIEOVVTAL ELVAL EVTOS TwWV
AVAPEVOHEVWVY 0QlwV Y piAToar avTtov Tov tomov. EmimAéov, ta @idtoa pe mapabvoo
Kaiser magovotdlouv HKQOTEQEC ATIOKALOELS 0TI PATUATIKT] TTUKVOTNTA LOXVOG, YEYOVOg
oV ovU@wvel pe 1 Oewpla OTL avto 10 TAEABOVEO TEOCEPEQEL KAAUTEQT amOdOOT)
QATIOKOTING O€ OVYKQLOT He To tapdBvoo Hamming.
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Filter Visualization

SR

Filter: | h32

Elapsed time: 0.02 seconds
Stemn plot of selected filter
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XLxnua 31: Ontikonoinon Pidtpov
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Lxnua 32: IHapadery ua Cwovomepatov QiATpov

O X00VOG eKTEAEONG TWV TIQOOOUOLWOEWV elval eEAIQETIKA OUVTOHOG, ETUITEETIOVTAG
yonyyoon emefeQyaocia Kat TMAQAYwYr] ATOTEAEOUATWV. ALTO LTIOONAWVEL OTL &
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XONOLUOTIOLOVHEVA PIATOX Elval OLAXITEQA AXTIODOTIKA YLX XOT|OT) € TIOAYUATIKO XOOVO 1)
oe ovvONKeg OTOL aTatelTal Yo yoon emefepyaoio Yn@LAKwyV onUATwY.

4.2.3 Advvapieg kat IIgokAnoeig

Aev magatnoovvial afloonuelwtes advvapieg otmnv mEooopoiwon avtr. H pucon
amokAlon oe moOAV xapnAéc tpuéc Eb/NO ogeidetar oe tuxalo OopuPo xkat eival
AVOUEVOULEVT).

Frequency Response

T T
o —H\E / \i = Handpass Fiter with firwinz

H |

|

I III. --—- &I df Attenuation
0 .1 | 00 Hz

- W‘“W

L1000 Hz
:l =-== 3000 Hz

H‘[Wmmwm

Zxnua 33: Hapadery ua @idtpov e 2 Caovec dtéAevong

Magnitude [43]
L
(=

2000
Frequency [Hz]

4.3 Lab Exercise 3: [Ipocapuoopéva PiAtoa kat
Alxpopewon L-ASK

4.3.1 ArtoteAéopata ITpooopolwong

Ta duxyodppata mov magovotdlovtatl a@oovy TV anddooT) Twv cvotnuatwy 4-ASK oe
ovvOnkeg pe poodnkrn BopvPov, 6oL peAetdtal | o QLOUOS opaAudtwy bit (BER) oe
ox€om pe v evépyelx ava bit mog to paopa BopvPov (Eb/No). H Bewontkr) kapmoAn
BER ovykpivetal pe TNV meapatiKn, evew eTUTAE0V TEOCOUOWWOELS TTEQIAAUPBAVOLY TOV
OXedATUO Kal TV a&loAOYN o1 dAHOQPEOEwV Kal @IATOwV Ynelakwv onuatwv. Ot
miivakeg pe Ta 0000YwWVI KAL NHULTOVOELDT) onpata, Omws kat 1 ovykewon twv BER oe
duxpopetikéc ovvOrnkes Eb/No, mapéxovv kplowwa dedopéva yix tnv avaAvorn tng
ATIOd00TC TWV CLOTHUATWV.
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<[5 IV

Elapsed time: 0.05 seconds

Histogram of array x elements

Frequency
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Lxnua 34: lotoypaupa mivaxka x otoL)elwv

4.3.2 AvaAvon Emddoewv

Ta anmoteAéopata TV MEOCOUOLWOEWV Elval o€ TOAV kaAn] ovp@wvia pe T OewonTucég
nieoPAéPeis. H kapumVAn tov megapaticov BER mAnowdlel moAv ) Oewontikn) KapoAn,
wattepa ot xapnAotegec tipnég tov Eb/No. Ooo to Eb/No avéavetat ol amoxkAloelg
HELOVOVTAL TEQALTEQW, eTTLREPBALWOVOVTAG OTL TO CVOTN A AelToVQYEl CwoTd oe CLVOTKES
avénuévne mowmntag onpatos. Ou pkEés amokAloelg mov magatnovviat elval
AVAUEVOUEVEG AOYW TOUL TIEQLOQLOMEVOL  aQLOHOV  eKTEUTIOUEVWY  CULUPBOAWY 1
ETAVAATPEWV TOV TELQAATOG.

H opBoywvikr] kat nNUITOVOEdNG ATEKOVIOT] TWV ONUATWV KAXL Ol aAVTIOTOLXEG
TIOQOCOUOLWOELS OelXVOUV TS oL oLVONKES DAUOPPWONG KAl ATIODAUORPWOTG elvat
owotéc. H doun Twv onuATowv OTws palvetal ota O YOAUUATO TAQATIEUTIEL O KAROIKA
amoteAéopata TOL ovvavTwvTat otn Oewpla ™G Yn@Lakc dapoppwong. Ot duapopég
petalL twv dagoetikwVv TV Eb/No mov magatnoovvtat ota dixyoappata BER etvat
amoAvta evOvyoapuopéves pe Tic Oewpnrtikég mEoPAEPels, amodeucvioviag Tnv
0000TNTA NS TTEOTOUOIWOTC.
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Lxnua 35: lotoypaupa onuatoc pe Bopvpo

H amddoon twv mMEOCOHOLWTEWY WS TIOS TOV XQOVO eKTEAeoNG amoteAel emiong éva
onuavtikd otolxelo mov mEEmel v An@Oet vmoyrn. Lta  dixypappata mOv
TIAQOVOLAXOTNKAYV, O XQOVOG EKTEAEOTC TWV TEOOOOLWOEwWV KupatveTat amo 0.05 éwg 2.62
devteQOAemTa, avaloya pe TNV mMOoAvTAokOotnTta NG kdBe mepimtwong. Ot
TIEOOOUOLWOELS Taypatoror)Onkav pe 60.000 cOPPOAX avd 0eVAQLO, AVTLOTOLXWVTOG
oe bitstream prjkovg 60.000 X k bits, oTtov k etvatr o aplOuoc twv bits avd ovppoAo kat
oxetiCetat dpeoa pe to oxHa dapoeewong (m.x. k=2 yix 4-ASK, k=3 yia 8-ASK). To
€0Q0C TWV XOOVWV eKTEAEOTC Deweltal tkavomomTiko yx Vv efopoiwon Yneakwv
CLOTNUATWV DAHOQPWOTG, €V LTIOOEKVUEL OTL OL VAOTtOmpEVOL aAyoplOuol eltvat
KATAAATNAOL Y XQT)OT) O& Ay ATIKOU XQOVOU TERAUATIKA TteQIBAAAOvVTA.

O HKQEOS XQOVOG eKTEAeONG, WIAITEQA YIX TIC TIQOCOUOLWOELS  HIKQOTEQNG
TOAVTTAOKOTNTAG (TT.X. XWOIls O0pvPo 1) pe Aryotepa delypata), delxvel TNV AammOdOTIKT)
vAomoinon v aAyoplOuwyv xat v kaAr duxxelplon twv vToAoyoTKWV ToQwv. '
TIAQADELY A, TIOQOTOUOLWOELS OTIWS Ol ATTELKOVIOELS e TO nsamp=8 oAokAngwvovtal o€
Aryotego amo 0.2 devtepOAemTa, YeYOVOG TOL LTOOEKVUEL OTL OL LAOTIOWMHEVOL
aAyoéplOpot etvat kataAAnAoL Y taxeia avaAvon oe egyaotnoloko teptB&AAov.

Qo1600, 0 MEQLMTWOELS 0oL TooTiBetar B0pLVPoc 1] avEdvetal 0 apOUOS TV
detypndtwv 1) oLUPOAWV (Y var ekTiUMoovpe pkeés mlbavotnteg AaBouvg), o xoovog
EKTEAEOTC ALEAVETAL, OTIWG PALVETAL 08 TTOQOOOUOLWOELS e XQOVO 2.62 devtepdAeTTa.
ITapdAo mov 0 xpovog avtdg eEarxoAovOel va eltvat amodekTog, 11 avénon avt umoet va
amodofel 0TV AvAYKN €KTEVEOTEQWY VTTOAOYLOUWY YIX TNV TROoO[oiwor Boguou kat
Y Vv akQBéoteon avaAvon tov QUOHOL opaApatwv (BER).
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4-A5K

[ g-ask \/

[ 15-a3K
Elapsed time: 2.62 seconds
Theoretical and Experimental BER of ask_errors
® Experimental 4-ASK
e . .
—a —— Theoretical 4-ASK
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\.
\
N
-11
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10717 4 \
\'.
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0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
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Xxnua 36: BER L - ASK dtapioppwonc

LUVOAKA, 1) artod00T] TWV TEOCOHUOLWOEWV WS TEOG TOV XQOVO eKTEAEONG elval TMOAD
KA Kal eTUTQEMEL YOI YOQEC KAl QTMOdOTIKEG TQOOOMOLWOELS, AKOUX KAl O€
negBAAAOVTA pe aLENUEVES ATALTIOES VTOAOYIOTIKNG oXVoS. Avto kablota Tig
TIOOOOUOLWOELS KATAAATIAES YIX €QYAOTTNOLAKES EPAQUOYEC KAL LEAAOVTIKT) EVOWUATWOT)
0€ TIOAYUATIKA CUOTNUAXTAL.
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Matched Filter:

Samples per Symbol: | 16 R @® Normal
() Reversed \/
4-ASK
O s-ask Elapsed time: 0.28 seconds

O 16-ask

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

® Experimental 4-ASK
—— Theoretical 4-ASK
1072 1

1075 4

1078 1

BER

10-11 4

1014 A

10717

0.0 2.5 5.0 7.5 10.0 125 15.0 17.5 20.0
Eb/NO (dB)

Xxnua 37: BER L - ASK dtauoppwonc uel xwpic avaotpopn mivaka

4.3.3 Advvapieg kat ITpokAnoelg

ITapdtL 0L MEOoTOHOWWOELS elvat o peYAAo BaOuod akoBelc, LTTAPXOLY HEQLKES axdLVALLEG
Kl TQEOKATNOEIS TOL UTIoEOUV va avageoBovv. Tlpwtov, ot amokAioelg petald
TERAUATIKOV Kat Oewontikwv Tipwv BER ot xaunAéc tipéc Eb/No etvat eAagpoag
avénuéves. Avto mbavag opeidetat otnv Tuxaia @LoT Tov B0EVPBOL KA OTIC TAQADOXES
Tov yivovtat otnv meooopoiwot). M mepautépow meooéyylon Oa ftav n avénon tov
aQlOUOU delYHATWV Yt v HELWOOVV Ol OTATIOTIKEG ATIOKALOELS KAl VA& TIQOOEYYLOTEL
KkaAUTeQa 1) O eENTUKT] KAUTTVAN.
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Elapsed time: 0.16 seconds

nsamp: | 8

Orthoganal sinusoidal
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Matched Grthogonal Matched Sinusoidal
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Ampltude

010+ -0-2

005 4

index . . Inlex
Zxnua 38: Avanapaotacn opOoywvikov Kat NUITOVOELOOVS TIeA oV ue nsamp onpela

YuvopiCovtag, T AMOTEALCUATA TWV TIQOOOUOLWOEWV emiBeBatwvouy T OewEnTik)
ATIOd00T) TWV CLOTINUATWV PNPLAKTS LETADOOTG TIOL XQTOLHOTOLOVV dxpogpwot) ASK,
HE UIKQEC AMOKALOELS IOV HTTOEOVV va artodobovv otig ovvOnkes BopvPouv Kkat otov
avemakr) aplouo emavaAnPewv yia pukeés mbavotntec AdBoug (rare events).

4.4 Lab Exercise 4: Znuatodooia Nyquist kat Atapoggpwon
L-ASK

4.4.1 AnoteAéopata Ilpooopotwong

Ta duxypappata maeovotdlovy IKAVOTIOMTIKT] CUHEVi PE TS OewEnTucés TIEOPAEYELS
OXeTKA pe TV emidoon twv Ox@ogetikwyv kwducomounjoewv (Gray kot Natural) oe
ovvaptnor pe tov Adyo Eb/No. Ta anoteAéopata emiBePawdvouy Ott 1 kwdikoToinon
Gray odnyet oe pkotego QOO opaAudtwv (BER) oe oxéon pe v xwdworoinon
Natural, kdtt tov cvp@wvel pe ) Bewota. H anodoon tng mpooopoiwong pe Gray eivat
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TUO KOVTA OTLS OewONTIKEG KAUTIUAEG, YEYOVOS TTOL KATADEKVVEL TN XQNOUOTNTA TNG 0N
pelwor Tov QLOUOY oPaApATWV.

H mpooopoiwon pe Natural kwducomoinon epgaviCet atobnta vpnAdtepo puOUO
opaApadtwv (BER), emtlong oe ovppwvia pe m Oewpta. Avtd opeidetat oto yeyovog ot
pe Natural kwdwomoinon eva opaApa ovuPolov pmogel va mEokaAéoel MOAAATTAG
o@dAuata bit, oe avtiBeon pe v Gray, otnv onola k&Oe yertovikd oVUPoAO dlapeQet
uovo kata éva bit. Ta magamdvw amoteAéopata emiPBeBawdvovv T onuacia g
ETUAOYNG KATAAANANG KkKwdoTIOMONS Yix TV eAaxlotoromon Twv Aabwv o€
CLOTNHATA PNPLAKDV ETUKOLVWVLOV.

Bitstream Length 10000
Roll-off Factor 040
nsamp 20 \/
Group Delay 5
Filter Order: | 200 Elapsed time: 0.27 seconds

ASK Levels | 2 v

ﬂ

Zxnua 39: Anuiovpyia onuatoc pe Nyquist pidtpa
(Xpovikn xaL pacuatiKng avanaprotao)

LUVoAwd, 1 afloToTix TWV TEOOOUOIWOEwV &lvat moAv vynAr, ue v Gray
K@IIKOTIOM O™ V& TaQovotlel 0XedOV TEAELX CLUHPVIA HE TS OewENTIKES KAUTIVAEG,
evw N Natural €xet mooPA&Pec amokAloelc.

4.4.2 AvaAvon Emdooewv

Ou xpovor mov epgaviCovrat ota otrypotvna (3.27 devtepdAemta oto devteQO
duaypappa kat 8.13 devtepdAemtar 0TO MEWTO) delxvouv OTL ] TAXVTNTA TTEOOOUOLWOTG
elval aQKETA IKAVOTIOMTIKY] Ylx TOV OYKOo Oedopévwyv mov emeepyaletat Ta
dlarypdppaTa dNULOVEYOVVTAL O TEAYHUATIKO XOOVO, HE TIS TIHES VO EVIUEQWVOVTAL
apeoa kabwg AAA&LOVV OL TAQAHETOOL, OTIWS TO HIKOG TNG akoAovOing kat ot puOuioelg
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duxpdopwong. Avtr] 1 amokpon Oeweltal emMAQKWS YO YOO YWt EQAQHOYES
EQYAOTNELAKOV ETUTTEDOL Kol AVAAVOTIC CUOTNUATWY ETUKOLVWVLIAG.

Binary Seguence Length 80000
Roll-off Factor 070 \/

nsamp 16
Elapsed time: 3.27 seconds
Group Delay
Filter Order: 28

ASK Levels | 18 v

BER Curve for L-ASK

— — Theoretical
T Simulation

10714 T —

Bit Error Rate

£ 1021 \

0.0 2.5 5.0 7.5 10.0 12,5 15.0 17.5
Eb/NO (dB)

Zxnua 40: BER L - ASK drapoppwon

Y& vPnAoTEQeC TIHEC Y TTAQAUETQOVS OTWS TO UTKOG Tou bitstream 1) to mANOo0g
derypatwv ava oOuPoAo, umogel va eupaviotel eAda@oux emPeaduvon oTov Xo0Vo
amokEong, aAA& avtd elval avapevopevo A0yw TNng avénuévng VTOAOYLOTIKNG
TOAVTTAOKOTNTAG. LUVOALKA, 1) TaXVTNTA TEOOOMOIWwoNG Oeweltal TOAD IKAVOTIOUTIKT)

Y0t KO LA TKT] KL EQEVVTTIKT] XOT]OT).

4.4.3 Advvapieg kat IIpokAnoeig

O x06vOog NG MEOCOUOIWOTG 0QLOUEVWY DAYQAHUATWY EVAL ONHAVTUIKA HeYRAVTEQOG
o¢ OUYKQLON HE TQONYOVHEVEG TEOCOMOLWOELS. Autd opeldetatl mbavotata otnv
avENUEVT] TOAVTIAOKOTTA TWV TMAQAETOWYV TG TTEOCOUOLWOTNG, 0TS elval To peyYdAo
pnkog g dvadukn|g arxoAovOiag (Binary Sequence Length) kat 0 aplOpog twv derypatwv
avd ovpPoAro (nsamp). To péyebog twv dedouévwv mpog emefegyaoia avidavetal
ONHAVTIKA, KaAOWS KAl Ol LVMOAOYLOTIKEG ATIALTIOELS TNG TEOOOUOLWONG Yyl TNV
ATEKOVION TV TOLWV dlaoeTikwV KapTuAwV (Theoretical, Gray kat Natural).
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H xoovikr] dudokewa twv 25.09 devteQoAEMTWVY Elval AVAUEVOUEVT] KAL XTIODEKTI)
YWX it TOOO AETITOUEQT] TIQOCOUOLWOT), WA HE TNV E0AYWYN TEQLOOOTEQWV
pHetaBANT@V Kal To Yeyovog OTL LToAoyiletal 1 amodooT Y dPoQeTIKEG LOQPES
kwodkomoinomne. Qotdco, vrdoxovv meolbwolx PeAtiotomoinong, evdexopévws péow
BeATiwong tov aAyoelOpov 1) g XOT0TS O ATIOOOTIKWY TEXVIKWYV YLK TOV TTEQLOQLOHO
MG VTOAOYLOTIKNG ToAvTAokOTNTAS. H ouvoAwr) emidoon Tng mEooopoiwons kat 1
TaXVTTA ATOKOLONG A&OAOYOUVTAL WG TOAD  IKAVOTIOMTIKEG YIX TO €VQOG TWV
dedoEVWY KAl TwV TaQapétowyv mov enefegydlovtat. H advvapia g Natural
K@ILKOTIOM OGS elval oagng KaL aAVAHEVOUEVT, avadekVVOVTAS ETOL TNV AVWTEQOTNTX
¢ Gray kwdkoToinong otn pelwon Twv opaApatwy.

Binary Sequence Length 80000

Roll-off Factor 0.70 \/
nsamp 16
Elapsed time: 8.13 seconds
Group Delay
ASK Levels | 16 A
3
BER Curve for L-ASK
- - — Theoretical
* -
- . Gray
— —— * - *  Natural
P — *
T -
1071 S g .
"‘-..‘ *
y .

Z \ *

]

@ \\

5 -

v \

2

@

k. *
1072 1 \

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

Xxnua 41: BER L — ASK (ue Gray vs Natural Coding)

4.5 Lab Exercise 5: Ataxpoppwon QAM kat PSK

4.5.1 ArtoteAéopata ITpooopolwong

H nagovoa avaAvon agopd v amddoot) ouoTNUATOV YPNELaKTS daoPwong, 0Tws
etvat ot 4-PSK (QPSK), 16-QAM, 16-PSK xat 64-QAM, pe éugaon ot oUYKQLON TV
TIEOCOUOLWHEVWY  KauTAwV PuOpod ZeaApatwv Bit (BER) pe tic avriotouyeg
Oewontucés kaumvAes. Ta amoteAdéopata TwV TEOCOUOWWOEWY ATIOTUTIWVOLV Th)
OLVOALKN] amodoon k&Oe cvotuatog kot e£etdlovv TNV TAXVTNTA e TNV omola
TIEAYOVTAL T DLXYQARUATA, KOG kat TOavEG advvalieg OTNV TEOCOUOLWOT.
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M-PSK: | 16 A
Elapsed time: 0.27 seconds
16-PSK Constellation
NI
o110 2
0.75
o 1010 .

0.50 4

0.25 o (1000 o [00p0]

0.00 A

Quadrature

-0.25 -

-0.75
o (111 o [o11]
-1.00 4 ' L !@

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

Lxnua 42: Aotepiopoc MxM QAM

4.5.2 AvaAvon Emddoewv

H amewdvion tov aotepopov (constellation diagram) v to oxnua dixpoépepwong 16-PSK
elva Waitepa evivr|g kat axoprc. Ta oOpBoAa tomtoOeTovVTAL CUHUHETOKA OTOV XWEO
in-phase kat quadrature, 6Ttws anattettal anod T dxpopewot) PSK. O xpdvog amtdkolong
etvat poALg 0.15 devtepoAemTa, AmodelkvOoVTag TNV TaxVTNTA NG dxdikaotog.

H avanagaotaon tov aoteplopov yia to oxrpa 8x8 QAM (64-QAM) magovotdlet
™V TAT)ON Kat owoTr) Tomo0étnon Twv ovuPoAwv oto cvotnua in-phase kat quadrature.
H amewovion etvat kaOapr), kat ot Oéoelc Twv ovpPoAwv dlaxwellovtal pe oagpnvely,
delxvovtag tnv axolPetx g duxpoopwons. O xodvog amewkoviong, ot 0.47
devtePOAeTTR, elval YONY0QOGS, kKatOloTWVTAS TO CVUOTNUA KATAXAATAO Yot €QYAOTNOLAKES
LLETOT)OELS KAl avAAvoT).
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QAM Type: | 16-0AM hd
Roll-off: | 0.25

F1: (MHz) | 6.75 \/

F2: (MHz) | 9.25 )
Elapsed time: 7.63 seconds

Br: (Mbps) | 10

BER curve for 16-QAM

® simulation
1014 @ —— Theoretical

1072

H
9

Bit Error Probability

H
9
L

107° 4

2 4 6 8 10 12 14
Eb/NO(db)

Xxnua 43: BER QAM

H moooopoiwon v 1o oxfjua dixpogpwong 16-QAM epgaviCet moAD kaAn avtiotoyia
pe tn Oewentikny) kKapmoAn. O QLOUOS oPaApdtwy Yia to 16-QAM axoAovOet tn Oewoia
oe 6A0 10 €vpog tov Eb/NO, pe eAdxlotec amokAloelc mov dev emnEEALOLVV TI) CUVOALKN
afomotia tov povtéAov. O XPOVOG TIEOOOHOIWONG, av Kol HEYAAUTEQOS amd TNV
nieptmrwon g QPSK, eltvat 7.63 devteQoAemta, MAQAUEVOVTAG EVTOS TWV €MOLUNTWV
oplwv.

H ovykoion petald g 0ewenTikng KaumOANG KAt TNG TIEOOOUOLWoNG Yio TV 4-
PSK duapoopworn (QPSK) detxvel piax agrotn avrtiotorxio. Ot TQOCOUOLWEVES TIUES YIX
tov QLOUO opaAudtwy bit (BER) Bolokovtat oe oAV puker) antdotaot and T Oewoentun
KAUTTOAT), KATL TTOL ATOOEKVUEL TNV AKQLPELX TNG TEOTOUOLWOTG 0€ OAES TIS TIHEG TOV
Aoyov Eb/NO. O xp6vog mpooopolwong etvat HoALs 3.72 devtegoAenta, kablotwvtag
ddkaola eEXIQETIKA ATIOTEAETUATIKT).
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Elapsed time: 3.72 seconds

PSK Type: | QPSK hd

BER curve for 4-PSK

® Simulation

-1 ®
10 —— Theoretical

1074 1

1077 1

10-10 4

10-13

Bit Error Probability

10—16 4

10-12 4

10-22 4

2 4 6 8 10 12 14 16
Eb/NO (dB)

Lxnua 44: BER M - PSK

4.5.3 Advvapieg kat ITpokAnoelg
Aev magatnoovviar afloonuelwtes advvapies omnv meooopoiwon avtr). H pucon

amokAlon oe moAV xapnAéc tipéc Eb/NO ogeldetar oe tuxalo O6puvPo xat eival

AVOALEVOHLEVT).
4.6 Lab Exercise 6: Atxpoo@won FSK kat MSK

4.6.1 AmoteAeopata Ilpooopotwong

Ta amoteAéopata mov amekoviCovtal ota dAYQAUUATA VTTIOOEKVVOUY OUVOALKA HLX
ETUTLXNUEVT TEOOEYYLOT OTNV AVAALOT) TG ATTOD00T)C DAPOQETIKWV DLAHOQPWIEWV KAL
texvikwVv. Ol TEOOOUOLWOELS KAAVTITOUY ML €VEEX VKA OLOTNHATWY OLXHOQPWOTG
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(61w MSK kat FSK, 1600 oUppwvn 000 kat aoVU@@VT]), KL Ol LETET)OELS TOV TTOOOOTOV
o@aAudtwyv bit (BER) kat g @aocuatikng mukvotntag toxvog (PSD) eivat agketd Kovta
oTtIg OewEnTikéc TTEOODOKLEC.

EbMNo (d): 0-20

Elapsed time: 10.45 seconds

Number of Errors vs. Eb/No

300 1

250 4

= N
ul =]
[=] o

Number of Errors

=
=]
o

50 4

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

Xxnua 45: AptOuoc Aabwv

Ot kaumvdeg BER ota mepuoodtepa dayQdppata akoAovOovv TNV avapeVOUEVT
Oewontikr) mopela. Ot amokAioelg MOV TAPATNEOVVTAL & OQLOUEVA DIAOTIUATA, KLEIWS
otic xaunAég tipéc BER, pmogovv va amodobovv otov B6pupo oe cuvdvaouo pe Tov un
eTAQKT] aQlOpo emavaAPewv oe avty ) Covn mbavot)twv (rare events). ITapa Tig
HUIKQEC aLTEG ATIOKALTELS, 1] CUVOALKT] CUHPOVIA TWV TIOOCOUOLWOEWY HE T OewENTIKA
HOVTEAQ elval eEaQeTikr), €& oe xaunAotegeg tipnéc BER omov n mpooopoiwon
TEOLOLALEL oXedOV TavToToinon He Tig OewEnTuKég KapmoAec.

4.6.2 AvaAvon Emdodoewv

O XP0VOG eKTEAEOTC TWV TMEOTOUOLWOEWY, OTIWS PALVETAL ATIO TA OTLYHLOTUTIA 000VNG,
KUHAalveTtal 08 AOYkd eTUTEdR, ETUTQETMOVTIAS TNV OAOKANQWON TWV DOKIUWV XWELG
peyadeg kabvotepnoeis. Ta dayoappata ov magovotdlovv PSD yia t oOppwvn kat
aoVUPVN dlapoepwor) FSK delxvouv oagels dapoéc ot @aouaTikr] amnodotikotnta,
eruPePawvvoviac ) Oewpla. Ta amoteAéopata AMOTLVTWVOLY e aKQ(Pewx TN dxpood
0TI OVUTIEQLPORA TWV DAHOQPWIEWV AVTWYV, OTIWS AVAHEVETAL ATIO TNV AVAALOT TWV
OLXVOTITWYV TOVG.
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M-FSK: | 4-FSK v \/

Elapsed time: 6.44 seconds

BER vs. Eb/No for 4-FSK Systems

® Simulated Coherent 4-FSK
1071 1 ®  Simulated Non-Coherent 4-FSK
—— Theoretical Coherent 4-FSK
> — Theoretical Non-Coherent 4-FSK
1073 4
4
-5 4
5'3" 10
z
o
L4
g 10-7 4
w
m
10—9 4
107114

0 2 4 6 8 10 12 14
Eb/No (dB)

XZxnua 46: BER M - FSK

LZUVOALKA, Tot DA YQAUUATA TIAREXOVV ULX OaPr] KAl akQLPT] etkOva TG amddooNng TV
OLAPOOWYV CLOTNUATWY JAUOQPWONG Te OX€omn He TOov OOQUPO KAL TN PACTUATIKN
aTt6doot). OL TROTOUOWWOELS, TTAQA TIG HIKQEG amokAloels, emiBePatwvouy tig OewenTucég
TIEOPAEPeLS Kat elval emagkws allomotes. O XQOVOS eKTEAEONC elval UIKQOG KAl Ta
ATOTEAETUATA TWV TIQOCOUOLWOEWY €VIOXVOLUV TA OUVUTIEQAOUATA OXETIKA HE TNV
aTodO0T] AVTWV TWV CLOTNHATWY, TEOOPEQOVTIAS XONOLUES TANEOPOQLeS Y 1T
BeATIOTOTOMOT TWV TEXVIKWOV DtHOQPWOTG.

BER vs Ep/Ng for MSK Modulation

@ Simulated BER(without precoding)
10! 4 ® Simulated BER (with precoding)
—— Theoretical BER (without precoding)
—— Theoretical BER {with precoding)

1072 4

Bit Error Rate (BER)

10-3 1

4] 1 2 3 4 5 6 7 &
Ep/No (dB)

Xxnua 47: BER MSK
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4.6.3 Advvaplieg kat ITpokAnoeig

IMapd ) ovvoAwKT) emitvia, O HTOEOVOAY VA LTTAREOLY TIEQALTEQW PBEATIWOELS OTIC
TIQOOOMOLWOELS Y TS xapnAéc tpuéc BER, omov mapatnoovvtal Hikeés amokAioels.
Avto, OTwe avapépOnie, opeidetal otov O0QLPO 0E CLVOVACUO HLE TOV AVETIAXQKT] XQLOUO
emavaAPewv yix pkeéc mibavotnteg AdBovc. Ou aduvapliec avtéc, wotdoo, Oev
eTMNEEACOVY  ONUAVTIKA TNV  E€YKLEOTNTA TWV OLUTEQaopATwY. ErumAéov, ot
TIQOOOMOLWOELS  TAQOLOLALOLY  tkavoToNTIK OTafedTNTA, AKOUN KAl Yt 7O
TeQimAokeg dlaxplopPoels 0mws to MSK ue precoding.

FSKlevels | 4 v

Nsymb 10000 \/

EbNo 8 Elapsed time: 3.50 seconds

FSK Coherent

Power Spectral Density (dB/Hz)

0 2 4 3 B 10 12 14
Frequency (Hz)

Non Coherent FSK
10°
1071
1073
anans A
‘ ! ‘ [ 1
] 2 4

6 8 10 12 1a
Frequency (Hz)

Power Spectral Density (dB/Hz)

Xxnua 48: Paopatikn TUKVOTNTA LOXVOG
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KepaAawo 5

LUUTEQATUATA KAL LEAAOVTIKEG EMEKTATELG



5.1 Baowa AmoteAéopata

Ta amoteAéopata e eoyaciag emPePawvovv TNV  ATOTEAECUATIKOTTA 1TNG
TIEOCOUOLWONG Kat TG ddpaotikodTNTag 0TI acknoels Wneuaxwv Emkowvwviov.

Axpipera ITgoooporwoewv: Ta mpooopowpéva duxypdpupoata BER (Bit Error Rate)
mov mapdxOnkav ywx g daxpoppwoelc MSK kat FSK mapovoiwklovv vinAn
ovppvia pe T OewEnTikég kKapmVAeg, Waitepa yix vymAEc Tipég Tov Eb/NO. Ot
amokAloelc mov magatnEovvtatl ot XaunAdtepeg Tipéc Eb/NO eltvat pkpés xkat
avVapEVOUEVESG AOYw Tov BOEUPBOL Kal TWV TIEQLOQLOUWY TTG TTEOTOHOLIWOTGC.

EvéAwktn IIpooappoyn Iagapétowv: H xoron duxdoaotikwv ogydvwv (01tws
OALOONTIOWV) EMITEETEL OTOVG XQNOTEC VA TEOTIOTOLOVV TIXQAMETQOVG, OTIWS TO
AN00¢ Twv ovpPoAwv (Nsymb), ta emtimteda FSK, kat to Eb/NO, kot va magatnoovv
apeoa TNV eMOQAOT) AVTWV TWV TAQAUETOWV OTNV ATIODO0T TOL CLOTNUATOG. AUTO
TIQOO@EQEL OTOVG POLTNTEG ULX TIO KHEOT) KATAVOTOT] TwV OEwONTIKWVY €VVOLWV
HEOW TNG TIRAKTIKNG £QAQUOYNG.

Ontikonoinon kat Avalvon @Paocpatikrs IMukvomnras: Ta duxyodupata
PAOHUATIKTG TLUKVOTNTAC LWOoXVOG (PSD) mov mpokvmttovv amd tnv meooopoiwor FSK
ATIOOEIKVVOLUY  Oa@elc daxoEéc HeTalD TNG OULVEKTIKNG Kol M) OULVEKTIKIG
OLHHOQPWONG, TTEOTPEQOVTAC L TIOAKTIKT] ATIELKOVIOT] TV BewONTIKWV EVVOLWV
OXETIKA HLE TNV ATtOd00T] TOL CLOTIIUATOS KAL TI PACTHUATIKY] ATIODOTIKOTITA.

5.2 Xuvumepaopata

H eoyaoia emituyxdvel tov 0tdX0 TNG ONUIOLEYIAG MG JADQAOTIKNG TIAATEOQUAC
exmaidevone ot Wneuakéc Emkowvwviec. Méoa amd v aviKatAotaon TV
goyaotnolakwv acknoewv amnd Python, mapéyxetat éva mo evEAIKTO KAl TEOCAQUOTILO
TeQIBAAAOV uAOTOTC, TOL eTUTOETIEL OTOVG POLTNTES VA AAANAETOQOVV He T dedopuéva
0€  TEAYHATIKO XOOVO KAl V& €E€QELVOVV  TIC ETMIDO0ES TWV OLOTNUATWV
TNAETUKOLVWVLV.

Ta amoteAéopata delXvouv OTLOL TEOTOUOWWOELS TIQOOPEQOLY AKOLPT| LOVTEAR, Tt
ool OLVHPWVOLY pe TIC OewEnTKés avaAvoels, evw 1N ddEAOTIKY] @LOT TNG
TAQTEOQUAG evioXVeL TNV katavonon twv @orttwv. Ot @outntéc umopovv va
TEELQAUATIOTOUV UE OLXPOQETIKA TEVAQLR, VA TaxQakoAovOrjoovv v emidoaoct) Tov
BopVPBov KAt AAAWV TAQAUETEWV 0TIV ATOd00T] Kol va eUBaOUVOLV 0TV KATAVOTOT) T1G
Oewolag Héoa amo TV TEAKTIKY] EQAQLOYT] TIG.
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5.3 Evowpatwor Iloonyuevwv Evvouwv

H eméxtaon g wotooeAidac pe vAwod ano 1o padnua «Wneuakéc Emowvwvieg II»
amoteAel @uowr] eEEALEN yia TV TAATEOQUA, KaOWS TEOOPEQEL OTOVG POLTNTEG
TIEOOPBAOT) O€ TIO TEOXWETHUEVES YVWOELS OTOV TOHEX TV TNAgTIKOWVWVIWV. To paddnua
avtd KaAVvTTEL OepeAlwdels évvoleg OMWS T TEOXWENUEVA CLOTHATA JLXHOQRPWOTC
(m.x. QAM, OFDM), I'oappikovg Tunpatikovg Kaduceg (Linear block codes), KukAwkotg
kwodikeg, Kwdwomoinon Reed-Solomon, XuveAwtikr) kwdwcoroimon. H  magoxn
ONHEWOEWV KAL VAIKOV HEOW TNG TTAATPOQUAG UTIOQEL VA TTQOOPEQEL OTOVGS (POLTNTEG LA
OLXdQAOTIKI) KAL OAOKATIQWHEVT] EKTIADEVTIKY] EUTIEQIR, EVIOXVOVTAS TNV KATAVOT|OM
aVTOV TV BepudTwv.

5.4 Avantuén Néwv Auxdoaotikwv Lrotxelwv Ue
TIQOTYHEVEG DADQATTIKEG DLVATOTITEG

H peAdovtikn avamtuén e mAatodopac umogel va meQUAaUPAaveL TNV eVOWHATWON IO
efeAtypévwy dadoaotikwy  eovadeiwv. T'ia magdderypa, 1 X0Non dxdQaAoTIKWYV
AYQAUHATWV KL TOWIATTATWV AVATIAQAOTATEWY UTIOQEL VA ETUTQEPEL OTOVG (POLTNTEG
V& TEEQAUATLOTOUV HLE DLAPOQES TAQAUETOOVUS CLOTNHUATWY ETUKOLVWVIAGS, OTIWS TNV LOXV
ONHATOC, TO €VP0G Cwvng Kal T dtddoon Twv onudtwyv. Ot portntéc Oa pmogovoav va
eKTEAOVV TTQOOOUOLWOELS, TAQAKOAOLOWVTAS T8 TEAYHATIKO X0OVO MW emneexlovtatl
T CLOTNHATA ETUKOLVWVIAG ATIO TIG AAAQAYEG O& TAQAETOOVS OIS 0TOo ot BogvBov
KAL OTNV andoTaor HETAO00TG.

[Na v vAomomon Ttwv JadQACTIKOV ALTWV dLVATOTHTWY, KHTOQOVV Vo
a&lomomOovv BipAo01Kec 6Tiws ot Plotly kat Bokeh, ot omoieg emitpémovv ) dnuovgyia
dLdpaoTTIKWV Yoapkwy amnetkovioewv. Ot BiBAL00NKkeg avTtéc mapéxovv TV eveAtéia yia
T ONULOLEY I YOAPNUATWY TIOV €TUTEETOVV TNV AUEOT) AAANAETOQAON TWV XONOTWV e
T dedopéva, YEYOVOS MOV HTOQEL VA TIQOOQEQEL OTOVG (POLTNTES UL TILO OTITIKY KAl
TIOAKTLKT] KATAVONOT TV TNAETUKOWVWVIAKWV €VVOLWV.

H mpoo0nkn onuetwoewv kat aoknoewv and to pabnua «Pneuaxéc Emucovwvieg
II», oe cLVOLACHO e TNV AVATITLET VEWV DdEATTIKWY OTOLXElWV, ATIOTEAEL ONUAVTIKT
pneAAdovtikr) BeAticoon g mAat@ogpas. H evowpdtwon avtav Twv xagak ooty 0L
HOVO Oat eVIoXVOEL TNV EKTIADEVTIKT] EUTIEQIX TWV POLTNTWV, AAAA KoL O Tovg emitEéet
V& €QAQUOCOLYV TIG O ewENTUKES TOVG YVWOELS 0€ TIOAKTIKES KAl OLXOQAOTTUKES EQPAQHOYEG,
TIQOETOLUALOVTAG TOUG KAAVTEQA YL TNV EMAYYEAUATIKY] TOUG TIOQEIX OTOV TOMEX TWV
TNAETUKOWVWVLOV.
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ITAnenc Odnyos Eykataotaong

H dnuovgyia kat dnpooievon evog Jupyter Book etvat pia amoteAeopatikr) pé@odog yia
™ ovyyoar kot dxvoun dwdoaoctikwv BBAlwv mov meQtAapPavouvy kelpevo Kat
EKTEAEOLHO KWOLKA. LE AVTOV TOV 001 YO, TTEQLYQAPOVTAL:

e N dwdkacia eykatdotaong mg Python

* N EYKATAOTAON TwV antapaitntwyv BiBAoOnkwv Python pe Conda

e 1 eykataotaon g PiBA0ONKNg Jupyter Book

e ndnuoveyia evég Jupyter Book

e ndnuooctevon) tov néow GitHub.

Eykataotaon tng Python otov YnoAoyiotr)
Apxkd, amouteitaln eykataotaon g Python. AkoAovOnote ta mapakatw Pripata:

1. KateBaote 10 ekteAéoo apxeio e Python amo tnv enionun wtooeAida:

https://www.python.org/downloads/

2. AxoAovOrnote TOV 001 YO €YKATAOTAOTG KAL KATA TNV eyKataotaot), BeBatwbelte
oTL éxete etAé€el v emtiAoyr) "Add Python to PATH".

3. OAoxkAnpwote Vv eykatdotaon akoAovbwvtag i odnyliec.

Metd v eykataotaon, avoifte éva teguatikd (Command Prompt 13 PowerShell) ko
eTUREPALWOTE TNV ETUTLXNHEVT EYKATAOTAON UE TNV EVTOATN:

python —--version
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Eykataotaon twv BipAoOnkwv python pe Conda

H xonon tov Conda, evoc duxxewowot) makétwv kKat megipaAdoviwv v Python,
dLELKOADVEL TNV EYKATAOTAOT] TV anaxpaltntwv PALONKOV v TNV avamtuén g
epaguoyne Héow tov Jupyter Book. AkoAovOrote TIC TAQAKATW EVTOAEC yix va
eykataomoete TG BLBAL0ONKkeg péow Conda:

1. KateBaote to Conda amod v emionun wotooeAda:

https://www.anaconda.com/download/success

2. AxoAovOrote Tov 0dNYo £YKATAOTAONG.
3. Anuoveyia mepiBaAAovtog Conda:

conda create --name myenv python=3.9

conda activate myenv

4. Eykataotaon tov Jupyter Notebook:

conda install -c conda-forge notebook

5. Eyxataotaon BPA0ONKOV Y eMOTNHOVIKOUS VTTOAOYIOMOVG:

conda install -c anaconda numpy

conda install -c anaconda scipy

conda install veeresht::scikit-commpy

6. Eyxataotaon BpA0ONk@V yix yoagnuata:

conda install -c conda-forge matplotlib

7. Eykatdotaon tov IPython & IPyWidgets yix didoaotikéc epappoyéc:

conda install anaconda: :ipython

conda install anaconda::ipywidgets

8. Requests

conda install anaconda::requests
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Eykataotaon Jupyter Book

' ™ dnuovpyia tov Jupyter Book, meémel mowta va €YKATAOTIOOVLLE TO TTAKETO TOL:

pip install -U jupyter-book

Anpiovgyia Jupyter Book

H napaxatw evotnta megtAapBavet Tig evToA£g dNULOLEYIAG, KATAOKELTG KAt TTEOBOANG

evog Jupyter Book.

1. EvtoAn dnuoveyiag véou Jupyter Book:

jupyter-book create mybook

2. EvtoAéc kataokevn|g kat mEoBoAng tov Jupyter Book:

I.  EvtoAn kataoxevrnc tov Jupyter Book:

jupyter-book build mybook/

II. Tw v meoPoArn tov BipAlov tomtikd, petaBeite otov @pdakeAo _build/html won
avoi&te o apyelo index.html.

III.  EvaAAaxTikd, UTOQE(TE VA XONOLUOTIOMOETE TOV TIQAKATW Server yix Tnv
TteoBoAT) Tov BiAlov:

python -m http.server --directory mybook/ build/html

AvéBaopa oto GitHub kat Anpooievon oto Atadiktvo

IN'a va avePaoete to BiAio oto GitHub xat va to dnuooievoete, arxoAovOrote ta
TIAKATW PripaTo:
1. Anuovpyia GitHub Repository:
I. XvvdeOeite otov Aoyaguaoud oag oto GitHub xkat dnuiovoynote éva véo
repository.
II. KateBaote to Git amo v emionun otooeAida:

https://git-scm.com/downloads

II.  AxoAovOrjote Tov 001 Y0 £yKATAOTAONG.
IV. AxoAovOwc, OTO TEQUATIKO TOL TOTIUKOU OQKG CLOTIUATOS, ATO KATIOLO

pdredo TG eTAOYNG oag:

git init

git add
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git commit -m "Initial

git remote add origin <URL_tou_Repository>

git push -u origin master

2. AxoAovOnjote tov emtionpo odnyo dnuioveyiag GitHub Pages:

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

3. EvtoAn dnuootevong tov Jupyter Book

jupyter-book publish gh-pages mybook/ --repository <URL tou_Repository>

H evtoAn avtr) Oa dnuioveyroel éva branch gh-pages wat Oa dnuooievoet to
BpAlo oto AladikTvo péow g vmneeoiag GitHub Pages.

4. Awxvopur) tov BipAiov:

Meta 1t onuootevorn, to PiPAlo Oa  etvar dwxBéowo ot devOuvor
https://<évoua yonjotn>.github.io/<repository name>.
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Odnyog xonong tov Jupyter Book pe to Thebe

Avtdg 0 0dnyog meQryeapet T xoNon dxdoaotikov kwdika oe éva Jupyter Book mov
xonouoTotet to Thebe yia extéAeon kwduca. AkoAovOrjote Ta Tapakdtw Pripata yix va
eEaopalioete opaAn Aertovpyla Tov dxdQAoTIKOV TteQIBAAAOVTOC.

Exxivnon Atadgaotikov Kwdika

e Apxwka, matnote 1o kovumi Interactive Code otnv kopugr) g oeAidac.

Python Interactive Code

Zxnua 1: Kovuni Interactive code

o Tleouuévete 600 1 dducaoia detxvel unvopata oTwg starting, fetching, launching,
building x.&.). Otav 10 cvotua eppavioel ot eivar Ready, n oeAda etval étowun
Y ekTéAeoT) dadEAOTIKOV KWOLKA.

Launching from mybinder.org: starting ‘

Tnv mowt ook Ba xpewxotel avapovr) 2.

Launching from mybinder.org: ready ‘

Zxnua 2: Avauovn yia étoipo kernel

o Av deite Ot ) ddkaoia kaBvotegel yix meQuoodteQo amd 5 Aemtd xwolg va
MEOXwEEl ot emopeva Pripata, 1 av kavel fail, dokipaote va kavete refresh
(avavéwor) ot oeAdA KAl eMAVAAAPETE T TAQATIAVW PrIUATA.

Enavekkivnon kat ExtéAleon OAwv

e Av OéAete va emavekkiviioete OAO TO OLOTNUA KAL V& €KTEAETETE OAOVG TOLG
KWOLKEG €K VEOU, matrjote to kovuTtl Restart and Run All.

A

run restart restart & run all

Avtr) 1 Aetrtovpyla Oa teé€el VAOLS TOLG KWOLKES amtd TNV XN, Kabapllovtag
TIQONYOVUEVEG EKTEAETELC.

Me avta ta Prjpata, to Jupyter Book oag Oa Aertovpyel dladoaoTikd, emITEETOVTAG TNV
EKTEAEOT) KAL TNV AVAALOT TWV EQYAOTNOLXKWY AOKIOEWV.
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Documentation: Basic Elements of a Jupyter Book

Aour) tov Jupyter Book

‘Eva Jupyter Book amoteAeitar and pioe ovAAOYT) apxelwv OV 0QYAVWVOVTAL 08 HLX

ovykekoLuévn dour) Yix va dnuiovpynOetl to teAko BBAlo.

Baowa Xtowxela:

> _config.yml: To apxeio pvOuioewv tov Jupyter Book. ITeptéxet mapapétooug yiax to

nwe Ba dnuovpynOel kat Oa eppaviotel To BAlo, 6OTwe Tov TiTAO, TO AoYdTULTIO,
TIC ETEKTATELS KAL AAAEC TTAQAETEOVG DIAUOQPWONG.

_toc.yml: To apxelo Table of Contents (ITivaxac ITegtexopévwv), To omoio kaBopilet
™V LEpapxla Twv kepadalwv kat twv evotrtwv oto BiPAlo oac.

Apxeia megrexopévov: Avta etvat ta agyeta oe pooen) Markdown (.md) 1) Jupyter
Notebooks (.ipynb) mov amoteAovv t0 TteQLexOpeVo Tov BiAlov.

Apxela ITegrexopévovu

Markdown (.md) (Markdown - Documentation, n.d.):

Apxela amAoy KeWWévov TOL  XENOLHOTIOLOVY OULVTIAKTIKY] ONHAvVOT Y TN
HOQ@OTIONON TEQLEXOUEVOD, ETMUITEETMOVTIAS TNV €VKOATN dnuovoyla dopnuévwv
EYYOAPWYV e LOQPES OTIWS TITAOVG, AloTES, CUVOETHOVGS Kol ELKOVEG.

MyST Markdown (.md) (Myst Markdown - Documentation, n.d.):

Mwx eméktaon tov Markdown mov mpooOétel emumAéov Aetrtovgyteg, OMwe TV
vrooTELEN Y padnuatik ovpPola pe LaTeX, duxdpoaotikd otorxelx kat tn
dLVATOTNTA EVOWUATWOTG dOHWV KWIKA KAl THQATIOUTIWV, KaOlotwvTtag To
LOAVIKO YL T ONULOVQY I TEXVIKWY KAL ETUOTIUOVIKWV EYYOAPWV.

Jupyter Notebooks (.ipynb) (Jupyter Notebooks Files - Documentation, n.d.):

Toa Jupyter Notebooks umopovv va meQlapBavovy kelpevo, KwOKa KAl
ATOTEAETUATA, OAX EVOWHATWHEVA T8 £VA £YYRAPO. AVTA T apXela ETUTQETOVY
) ddoaoTKOTNTA, KAOws 0 avayvwotng HmoQel var exteAel ta UTAOK KWK
KATA TNV avayvwon tov BipAlov.
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PvOuioeig tov Jupyter Book

_config.yml (Jupyter Book - Configuration File, n.d.):

To _config.yml xaOopilet T yevikn dapoopwor) tov BipAlov. Iapaxkdtw napatiBevtat
OAgg oL puOpioelc ov pmopel va mepAapPdvet to agyxelo palt pe pia ovvtoun e&nynon

Ywx kaBOepla:

: My Jupyter Book

: The Jupyter Book community

: [_build, Thumbs.db, "** _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 (Jupyter Book - Table of Contents, n.d.):

To apxelo _tocyml opyavwver Tto Tmeglexopevo tov PiPAlov o KePAAalx Kat
vriokepadata. Iagakdtw magatiOetal ) TeAwKr) doun g eQagUOYNG:

: jb-book
: intro

: About

: content/D om_Lab_BerTool

Xxnua 3: _toc.yml

Avto 1o apyelo kabopilet ™ oepd pe Vv omola ta agxeiow Markdown kat Jupyter
Notebooks Oa eupaviotovv oto BiAlo.
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Alxdoaotkotnta pe to Thebe

Muwx amo Tic o wxveéc Aertovyieg tov Jupyter Book etvai 1) xorjomn tov Thebe vy v

EVOWHATWOT] OlxdaoTIKOV Kwdlka amevBelag otnv 1otooeAlda. Me avtov tov 1o0mo, ot

XOT)OTEC HTTOQOVY VA €KTEAOVV TAX TTAQADELY AT KWOKAX T& TIOXYHATIKO X0OVO XWOIS va

xoewaletal va kateAoovy ta apxela.

_config.yml

I'a va evepyomomoete 1o Thebe, moémel va mpooBéoete TIg mapakdtw oubuloelg
oto apxelo _config.yml:

launch_buttons:
thebe: true

requirements.txt

o

A@ov evepyomomOei n emtidoyr] “thebe: true” oto apxelo “_config.yml”, Oa mpémet

va dnuuoveynBet évag online kernel oto https://mybinder.org/ . T'iax va emutevxOetl

QaUTO, Elval AmMAQAITNTO VA LTAQXEL OTOV MO e£wTeQd @dakeAo tov GitHub
repository to agyxelo “requirements.txt”’, to omolo Oa meQUAapBavel OAec Tig
BPAoONKec mov xonopomow)Onkav. Avto erutpémel oto Binder va exteAéoel
owotd Tov Kwdka péow Tov Thebe, dwxopaAiCovtac oOtL oL amapaltnTeg
efapmioelc O  eykataotabovv  avtopata. Ilagaxdtw magatiOetar To
TLEQLEXOMEVO TOV “requirements.txt” tng epaguoync:

numpy==1.24.3
scipy==1.10.1
matplotlib

ipython
ipywidgets==7.7.2
requests
scikit-commpy

113


https://mybinder.org/

e Binder

A@ov ovunAnowOel to agxelo “requirements.txt”, petaPatvovue oty WotooeAida
https://mybinder.org/ . Exel, copumAnowvovpe ta anartovpeva media yi to GitHub

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 - m

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 ano px ovvtoun avapovn, to ovotnua Oa dnuioveyroet tov online kernel, o
oTtolog Oa etvat €TOLHOG Y XQOT)OT), ETUTQETOVTAG TNV €KTEAEOT] TOV KWOKA HEOW TOL

Thebe.
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Documentation of Lab Exercises

Lab Exercise 1: Eloarywyn ota Lvotuata Wneak)c
Metadoomnc

Anuiovpyio Oopvfwdovs Enuatog ki
AvaAvon Oacuatixng Ivkvorntag Ioxvog

# Loading animation HTML code
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(e@deg); }
100% { transform: rotate(360deg); }

}
</style>

# HTML code to display a checkmark when loading is complete
done = """
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div>
</div>

# Create an HTML widget to display the loading animation
loader_html2 = widgets.HTML(
value=loading

)

# Create an HTML widget to display the elapsed time
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timer_html2 = widgets.HTML(
value="Elapsed time: - seconds"

# Output widget where plots will be displayed
plot_output2 = widgets.Output()

# Function to calculate the next highest power of 2
def nextpow2(i):

Calculate the next power of 2 greater than or equal to the integer 1i.

Parameters:
i (int): Input integer.

Returns:
int: Next power of 2 greater than or equal to i.
n=1
while n < i:
n *= 2
return n

# Function to update plots with input frequencies
def update_plots2(freql, freq2, freq3):

Update the plots based on the provided frequencies.

Parameters:

freql (int): Frequency of the first sine wave (Hz).
freq2 (int): Frequency of the second sine wave (Hz).
freq3 (int): Frequency of the third sine wave (Hz).
# Start timer and show loading animation
loader_html2.value = loading

start_time = time.time()

# Sampling parameters

Fs = 8000 # Sampling frequency (Hz)

Ts = 1/Fs # Sampling period (seconds)

L = 8000 # Length of signal (number of samples)
T=1L*Ts # Total duration of signal (seconds)

t = np.arange(@, L) * Ts # Time vector from @ to T-Ts (inclusive)

# Create the composite signal using the three input frequencies
new_x = np.sin(2*np.pi*freql*t) + 0.8*np.sin(2*np.pi*freq2*t) +
np.sin(2*np.pi*freq3*t)
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# Generate random noise
rand_n = np.random.randn(len(new_x)) # Random noise with same length as new_x

# Check if any of the input frequencies are out of bounds
if any(freq < @ for freq in [freql, freq2, freq3]) or any(freq > 3900 for freq
in [freql, freq2, freq3]):
# If invalid frequency, clear the output and display a warning message
with plot_output2:
plot_output2.clear_output(wait=True)
warning_html2 = widgets.HTML(
value="<div style='color: black; background-color: #ffffcc; padding:
10px; border-radius: 5px; font-size: 16px; text-align: center;'>"
"<b>/N\ Warning:</b> Frequency should not exceed 3900 and must
be non-negativel</div>",
placeholder="",
description="",
)
display(warning_html2)
# Update the timer and loader to indicate completion
elapsed_time = time.time() - start_time
timer_html2.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html2.value = done
else:
# If frequencies are valid, proceed to update the plots
with plot_output2:
plot output2.clear output(wait=True)
# Plotting setup: create a figure with 4 subplots
fig, axs = plt.subplots(4, 1, figsize=(12, 20))

# Time domain plot of random noise rand_n
axs[@].plot(t, rand_n, color="#00CC96")
axs[@].set _title('Time domain plot of n')
axs[@].set_xlabel('t (sec)")

axs[@].set _ylabel('Amplitude")
axs[@].grid(True)

# Compute FFT parameters

N = nextpow2(L) # Length of Fourier transform (next power of
2)

Fo = Fs / N # Frequency resolution

f = np.arange(9, N) * Fo # Frequency vector

f shifted = f - Fs/2 # Shifted frequency vector for centered
spectrum

# Compute the FFT of the noise signal

rand_N = np.fft.fft(rand_n, N) # Compute DFT for N points

rand_N = np.fft.fftshift(rand_N) # Shift zero frequency
component to center
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power_n = np.multiply(rand_N, np.conj(rand_N)) / N / L # Compute power
spectral density

# Frequency domain plot of the noise power spectrum
axs[1].plot(f_shifted, power_n.real, color="#1F77B4")
axs[1].set_title('Frequency domain plot of n')
axs[1].set_xlabel('f (Hz)"')
axs[1].set_ylabel('Amplitude")

axs[1].grid(True)

# Create the noisy signal by adding noise to the composite signal
S = new_X + rand_n

# Time domain plot of the noisy signal s
axs[2].plot(t, s, color="#00CC96")
axs[2].set_title('Time domain plot of s')
axs[2].set_xlabel('t (sec)")
axs[2].set_ylabel('Amplitude")
axs[2].grid(True)

# Compute the FFT of the noisy signal s
S = np.fft.fft(s, N)
S = np.fft.fftshift(S)

# Frequency domain plot of the noisy signal s
axs[3].plot(f_shifted, np.abs(S), color="#1F77B4")
axs[3].set _title('Frequency domain plot of s')
axs[3].set_xlabel('f (Hz)"')
axs[3].set_ylabel('Magnitude")

axs[3].grid(True)

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

# Update the timer and loader to indicate completion
elapsed_time = time.time() - start_time

timer_html2.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_html2.value = done

# Create three IntText widgets for input frequencies

freql_input2 = widgets.IntText(value=500, description="'Freq 1 (Hz):',
continuous_update=False)

freq2_input2 = widgets.IntText(value=1000, description="Freq 2 (Hz):',
continuous_update=False)

freq3_input2 = widgets.IntText(value=1500, description="Freq 3 (Hz):',
continuous_update=False)
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# Group the frequency inputs together in a vertical box
inputs_box = widgets.VBox([freql_input2, freq2_input2, freq3_input2])

# Group the loader and timer together (they will appear next to each other
horizontally)

loader_timer_box = widgets.VBox([loader_html2, timer_html2],
layout=widgets.Layout(margin='0 @ @ 40px"))

# Place the inputs and the loader/timer horizontally next to each other
ui = widgets.HBox([inputs_box, loader_timer_box])

# Create an interactive output that updates plots when input frequencies change
out = widgets.interactive_output(update plots2, {

"freql': freql_input2,

"freg2': freq2_input2,

'freq3': freq3_input2
)

# Display the UI and the plot output
display(ui, plot_output2)

IToAAamAaoixouog Enuatwyv kot AvaAvon
oto Ilebio Xpovov kar Zoxvotntag

# Loading animation HTML code
loading = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(edeg); }
100% { transform: rotate(360deg); }

}
</style>

# HTML code to display a checkmark when loading is complete
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done =
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div>
</div>

# Create an HTML widget to display the loading animation
loader_html3 = widgets.HTML(
value=loading

)

# Create an HTML widget to display the elapsed time
timer_html3 = widgets.HTML(
value="Elapsed time: - seconds"

# Output widget where plots or warnings will be displayed
plot_output3 = widgets.Output()

# Function to calculate the next highest power of 2 greater than or equal to i
def nextpow2(i):

Calculate the next power of 2 greater than or equal to the given integer.

Parameters:
i (int): Input integer.

Returns:
int: Next power of 2 greater than or equal to i.
n=1
while n < i:
n *= 2
return n

# Function to update plots based on the input frequencies
def update_plots3(freql, freq2, freq3):

Update the plots with the given input frequencies.

Parameters:

freql (int): Frequency of the first sine wave (Hz).
freq2 (int): Frequency of the second sine wave (Hz).
freq3 (int): Frequency of the third sine wave (Hz).
# Start the timer and show the loading animation
loader_html3.value = loading
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start_time = time.time()

# Check if any of the input frequencies are negative or exceed 500 Hz
if any(freq < @ for freq in [freql, freg2, freq3]) or any(freq > 500 for freq in
[freql, freq2, freq3]):
# If invalid frequencies, display a warning message
with plot output3:

plot_output3.clear_output(wait=True)
warning_html3 = 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 500 and must

be non-negative!</div>",

else:

placeholder="",

description="",
)
display(warning_html3)
# Update the elapsed time and loader to indicate completion
elapsed_time = time.time() - start_time
timer_html3.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_html3.value = done

# Proceed with the plot if all frequencies are within the limit
with plot_output3:

warnings

signal

second

plot_output3.clear_output(wait=True) # Clear any existing plots or

Fc = 1500 # Carrier frequency in Hz
Fs = 8000 # Sampling frequency in Hz
Ts =1 / Fs # Sampling period in seconds

L = int(Fs) # Length of signal (number of samples), for a 1l-second

t = np.linspace(®, 1, L, endpoint=False) # Time vector from @ to 1

# Create the composite signal s as a sum of three sine waves
s = np.sin(2 * np.pi * freql * t) + 0.8 * np.sin(2 * np.pi * freq2 * t)

+ np.sin(2 * np.pi * freg3 * t)

# Create the carrier signal z at frequency Fc

z = np.sin(2 * np.pi * Fc * t)

# Modulate the signal s using the carrier z (Amplitude Modulation)
y =5s *z

# Plotting the modulated signal in time domain
fig, axs = plt.subplots(2, 1, figsize=(12, 10))

# Plot the modulated signal y in the time domain

axs[@].plot(t, y, color="#00CC96")
axs[0].set_title('Time domain plot of modulated signal y')
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axs[0].set _xlabel('Time (sec)')

axs[@].set_ylabel('Amplitude")

axs[@].set_x1lim(@, ©.2) # Zoom into the first 0.2 seconds for clarity
axs[0].set_ylim(-2, 2) # Set the y-axis limits

axs[@].grid(True)

Fourier Transform to obtain the frequency domain representation

= nextpow2(L) # Number of points for FFT, next power of 2 from L
np.fft.fft(y, N) # Compute the FFT of the modulated signal

= np.fft.fftshift(Y) # Shift the zero frequency component to the

< < zZ #
]

center
f = np.linspace(-Fs/2, Fs/2, N) # Frequency vector for plotting

# Plot the magnitude of the Fourier Transform

axs[1].plot(f, np.abs(Y), color="#1F77B4")

axs[1].set _title('Frequency domain plot of modulated signal y')
axs[1].set_xlabel('Frequency (Hz)')
axs[1].set_ylabel('Magnitude")

axs[1].grid(True)

# Adjust layout and display the plots
plt.tight_layout()
plt.show()

# Update the elapsed time and loader to indicate completion
elapsed_time = time.time() - start_time

timer_html3.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html3.value = done

# Create a label to show a warning above the text boxes
warning_label = widgets.Label(value="Make sure the frequencies do not exceed 500
HZII)

# Create IntText widgets for frequency input, with default values and no continuous
update

freql_input3 = widgets.IntText(value=100, description="'Freq 1 (Hz):',
continuous_update=False)

freq2_input3 = widgets.IntText(value=200, description='Freq 2 (Hz):',
continuous_update=False)

freq3_input3 = widgets.IntText(value=300, description="'Freq 3 (Hz):',
continuous_update=False)

# Group the frequency inputs and the warning label together in a vertical box
inputs_box = widgets.VBox([freql_input3, freq2_input3, freq3_input3, warning_label])

# Group the loader and timer together in a vertical box, with some left margin

loader_timer_box = widgets.VBox([loader_html3, timer_html3],
layout=widgets.Layout(margin="0 @ @ 40px"))
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# Place the inputs and the loader/timer horizontally next to each other
ui = widgets.HBox([inputs_box, loader_timer_box])

# Create an interactive output that updates when the frequency inputs change
widgets.interactive_output(update_plots3, {'freql': freql_input3, 'freqg2':
freq2_input3, 'freq3': freq3_input3})

# Display the UI and the plot output widget
display(ui, plot_output3)

Dacuatixny Avadvon Lniuatog pe Tunuatomomuévn
FFT ka1 Evyxpion pe 1 MéOodo Welch

# Loading animation HTML code
loading = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(e@deg); }
100% { transform: rotate(360deg); }

}
</style>

# HTML code to display a checkmark when loading is complete
done = """
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div>
</div>

# Create an HTML widget to display the loading animation
loader_html4 = widgets.HTML(
value=loading
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# Create an HTML widget to display the elapsed time
timer_html4 = widgets.HTML(
value="Elapsed time: - seconds"

# Function to calculate the next highest power of 2
def nextpow2(i):

Calculate the next power of 2 greater than or equal to the given integer.

Parameters:
i (int): Input integer.

Returns:
int: Next power of 2 greater than or equal to i.
n=1
while n < i:
n *= 2
return n

# Custom implementation of the Welch's method for power spectral density estimation
def pwelch(x, Fs):

Estimate power spectral density using a custom implementation of Welch's method.

Parameters:
x (array_like): Input signal.
Fs (float): Sampling frequency.

Returns:
tuple: Frequencies and corresponding power spectral density estimates.

Ts =1/ Fs # Sampling period

L = np.size(x) + 1 # Length of the signal
T=1L*Ts # Total duration

N = 2%nextpow2(L) # FFT length (next power of 2)
Fo = Fs / N # Frequency resolution

f = np.arange(9, N) * Fo # Frequency vector

# Determine window size for segmenting the signal
window_size = nextpow2(np.size(x)/8)
if (window_size < 256):
window_size = 256
windows = np.size(x) // (window_size // 2) - 1 # Number of overlapping windows
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# Create an indexer for overlapping windows

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

windowed_x = x[indexer] # Segment the signal into overlapping windows

avg_pwr = @ # Initialize average power
for window in windowed x:
window = window * np.hanning(np.size(window)) # Apply Hanning window

L = np.size(window) + 1

T=1L%*Ts

N = 2”nextpow2(L) # FFT length (next power of 2)
Fo =Fs / N

f = np.arange(9, N) * Fo
window_fft = np.fft.fft(window, N) # Compute FFT
power = np.multiply(window_fft, np.conj(window_fft)) / N / L # Compute
power spectral density
avg_pwr = avg_pwr + power # Accumulate power over all windows
avg pwr = avg _pwr / windows # Average the power spectral density

return f[np.arange(®, N // 2)], avg_pwr[np.arange(@, N // 2)] # Return one-
sided spectrum

# Function to update plots based on slider value
def update plots3(Fs):

Update the plots based on the sampling frequency slider value.

Parameters:

Fs (int): Sampling frequency (Hz).

# Start timer and show loading animation
loader_html4.value = loading

start_time = time.time()

L = 1000 # Length of the signal
T=1/ Fs # Sampling period
tl = np.arange(®, L) * T # Time vector

# Recompute signal x with new sampling frequency
last x = np.sin(2 * np.pi * 30 * t1) + 0.8 * np.sin(2 * np.pi * 80 * (t1 - 2)) +
np.sin(2 * np.pi * 60 * t1)

# Compute power spectral density using custom pwelch function
f1, Pxx1 = pwelch(last_x, Fs)

# Compute power spectral density using SciPy's signal.welch function
2, Pxx2 = signal.welch(last_x, fs=Fs)
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# Create plots to compare the two methods
fig, axs = plt.subplots(2, 1, figsize=(15, 10))

# Plot custom pwelch result

axs[@].plot(f1l, Pxx1)

axs[0].set(xlabel="Frequency (Hz)', ylabel='Power', title='Periodogram
pwelch()")

axs[@].grid()

# Plot signal.welch result

axs[1].plot(f2, Pxx2)

axs[1].set(xlabel="Frequency (Hz)', ylabel='Power', title='Periodogram
signal.welch()")

axs[1].grid()

# Adjust layout to prevent overlap

plt.tight_layout()

# Show elapsed time

elapsed_time = time.time() - start_time

timer_html4.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_html4.value = done

# Create slider widget for sampling frequency Fs
Fs_slider = widgets.IntSlider(
value=500,
min=100,
max=2000,
step=100,
description="'Sampling Frequency (Fs):',
layout=Layout(width="auto', flex='1 1 auto'),
style={"'description_width': 'initial'},
continuous_update=False

# Display the sliders and output
vbox_layout = Layout(display="flex', flex flow='column', align items='center')

# Group the frequency inputs together in a horizontal box
inputs_box = widgets.HBox([Fs_slider], layout=Layout(flex='1 1 auto', width="auto"'))

# Group the loader and timer together in a vertical box (they will appear next to
each other horizontally)

loader_timer_box = widgets.VBox([loader_html4, timer_html4d],
layout=widgets.Layout(margin='0 @ @ 20px', width="auto"'))

# Arrange the inputs and the loader/timer horizontally

ui = widgets.HBox([inputs_box, loader_timer_box], layout=Layout(display='flex’,
justify content='center', width="'100%"', align items='center'))
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# Create an interactive output that updates when the slider value changes
out = widgets.interactive output(update plots3, {'Fs': Fs_slider})

# Display the UI and the output
display(ui, out)
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Lab Exercise 2: Wnelaxka Oidtoa

Tpomomoinon Kwbika ue Xpnon ifftshift/fftshift
yiax BeAdtiotomoinon Oaocuatiknc Avadvong

# Loading animation HTML code for visual feedback during processing
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(edeg); }
100% { transform: rotate(360deg); }

}
</style>

# HTML code to display a checkmark when loading is complete
done = """
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div>
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_htmll = widgets.HTML(
value=loading

)

timer_htmll = widgets.HTML(
value="Elapsed time: - seconds"

)

# Replace the URL with the URL of the raw content (sima.txt file)

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

response = requests.get(url)
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# Read the data from the text file, converting each line to a float, and store in

array 's
s = np.array([float(line) for line in response.text.splitlines()])

# Set the sampling frequency
Fs = 8192

# Compute the Power Spectral Density (PSD) of the signal 's' using Welch's method
f, Pxx = scipy.signal.welch(s, Fs)

# Number of frequency bins for FFT, set to the sampling frequency
N =Fs

# Create a frequency domain filter 'H' with ones in the passband and zeros in the
stopband
H = np.concatenate((np.ones(N//8), np.zeros(N//4), np.ones(N//8)))

# Compute the impulse response 'h' by taking the inverse FFT of 'H' and keep the
real part
h = np.fft.ifft(H, n=N).real

# Shift the impulse response to center it (align zero time to the center)
h = np.fft.fftshift(h)

# Extract different lengths of the impulse response for various filters
h32 = h[N//2-16:N//2+17] # Filter with 33 coefficients
h64 = h[N//2-32:N//2+33] # Filter with 65 coefficients
h128 = h[N//2-64:N//2+65] # Filter with 129 coefficients

+

Alternatively, ensure 'H' is correctly defined and calculated as before
Create the frequency domain filter 'H' using horizontal stacking of arrays
= np.hstack((np.ones(int(Fs/8)), np.zeros(int(Fs - Fs/4)), np.ones(int(Fs/8))))

I #

++

Compute the impulse response 'h' and take the real part
= np.real(np.fft.ifft(H))

>

# Find the middle index of the impulse response
middle = int(len(h) / 2)

# Shift the impulse response to center it by rearranging the halves
h = np.hstack((h[middle:], h[:middle]))

# Extract various impulse responses of different lengths centered around the middle
index

h32 = h[middle-16:middle+16]

h64 = h[middle-32:middle+32]

h128 = h[middle-64:middle+64]

h140 = h[middle-70:middle+70]
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h256 = h[middle-128:middle+128]

# Create a dictionary to store different filter variants for easy access
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],

# Create an output widget to display plots
output2 = widgets.Output()
output2.layout = Layout(width="auto', margin='@ auto')

# Function to generate and display the stem plot for the selected filter
def plot_stem(h_key):

# Start the timer

start_time = time.time()

with output2:
loader_htmll.value = loading # Show loading animation
clear_output(wait=True) # Clear any previous output in the widget
h_data = h_variants[h _key] # Get the impulse response data for the
selected filter
x_values = np.arange(len(h_data)) # Create an array of indices for plotting

plt.close('all") # Close any existing figures to prevent
overlaps

fig, ax = plt.subplots() # Create a new figure and axes

# Generate a stem plot of the impulse response

markerline, stemlines, baseline = ax.stem(x_values, h_data, '-.")

# Customize the baseline appearance
plt.setp(baseline, ‘'color', 'k', 'linewidth', 2)
# Set plot titles and labels

plt.title('Stem plot of selected filter')
plt.xlabel('Index")

plt.ylabel('Amplitude")

# Update the elapsed time and loader to indicate completion
elapsed_time = time.time() - start_time

timer_htmll.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_htmll.value = done

# Display the plot
plt.show()

# HTML Label for the visualization section
html_label = widgets.HTML(
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value="<h2 style='font-weight: bold; font-size: 30px; text-align:
center; '>Filter Visualization</h2>"

)

# Setup the dropdown widget for selecting different filters
dropdown = widgets.Dropdown(
options=list(h_variants.keys()), # Options are the keys from h_variants
dictionary
value='h32", # Default selected value
description="'Filter:"

# Function that updates the plot when the dropdown selection changes
def update_plot(change):
plot_stem(change[ 'new']) # Call plot_stem with the new selection

# Observe the dropdown for changes and call update_plot when it changes
dropdown.observe(update plot, names='value')

# Layout settings for aligning items vertically and horizontally
vbox_layout = Layout(

display="flex",

flex flow='column',

align_items='center',

justify content='space-between’

# Group the loader and timer together (they will appear next to each other
horizontally)
loader_timer_box = widgets.VBox(

[loader_htmll, timer_htmll],

layout=widgets.Layout(margin='0 @ @ 40px"')

# Arrange the dropdown and loader/timer horizontally

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

# Group the HTML label, UI components, and output widget in a vertical box layout
vbox_final = widgets.VBox([html_label, ui, output2])

# Display the final VBox containing all components
display(vbox_final)

# Initial call to display the plot using the default value from the dropdown
plot stem(dropdown.value)
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# Loading animation HTML code for visual feedback during processing
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(edeg); }
100% { transform: rotate(360deg); }

}
</style>

# HTML code to display a checkmark when loading is complete
done = """
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div>
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_html2 = widgets.HTML(
value=loading

)

timer_html2 = widgets.HTML(
value="Elapsed time: - seconds"

)

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

freq64, resp64 = signal.freqz(h64)

freql28, respl28 = signal.freqz(h128)

freqld40, respléd = signal.freqz(h140)

freq256, resp256 = signal.freqz(h256)
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# Create a dictionary to map filter names to their corresponding variables
filter_dict = {

"h32': h32,
"h64': he4,
"'h128': h128,
"'h140': h14e,
"h256': h256

# Function to apply window and compute frequency responses
def compute_filtered_freq_responses(window_type='Rectangular'):

Compute the frequency responses of filters with the specified window type.

Parameters:
window_type (str): Type of window to apply ('Rectangular', 'Hamming', or
'Kaiser').

Returns:
freqs (dict): Dictionary of frequency arrays for each filter.
resps (dict): Dictionary of frequency responses for each filter.
fregs, resps = {}, {}
for filt_size in [32, 64, 128, 140, 256]:
filt name = f'h{filt_size}' # Construct filter name as a string
filt = filter_dict[filt_name] # Access the filter array from the dictionary

# Apply the specified window to the filter coefficients

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

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

# Compute the frequency response of the windowed filter
freqs[filt_name], resps[filt_name] = signal.freqz(filt)
return freqs, resps

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

# Create an output widget to display plots
output3 = widgets.Output()
output3.layout = Layout(width='auto', margin='@ auto')

def update_plotl(change=None):
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Update the plot based on the selected window type and filters.

Parameters:

change: Optional parameter for observe callbacks (not used here).
# Start timer

start_time = time.time()

# Get the selected window type from the dropdown
window_type = window_type_ dropdown.value

# Compute frequency responses with the selected window
freqs, resps = compute_filtered_freq_responses(window_type)

with output3:
loader_html2.value = loading # Display loading animation
clear_output(wait=True) # Clear previous output
plt.figure(figsize=(10, 5))
# Loop through each filter and plot if the corresponding checkbox is checked
for filt in ['h32', 'he4', 'h128', 'h140', 'h256']:
if checkboxesl[filt].value:

w, h = freqs[filt], resps[filt]

plt.plot(©.5 * Fs * w / np.pi, 20 * np.loglo(np.abs(h)), label=Ffilt)
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()

# Show elapsed time

elapsed_time = time.time() - start_time

timer_html2.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html2.value = done # Display completion checkmark

plt.show()

# Create checkboxes for each filter
checkboxesl = {f'h{size}': widgets.Checkbox(value=True, description=f'h{size}"') for
size in [32, 64, 128, 140, 256]}
# Observe changes in the checkboxes to update the plot
for cb in checkboxesl.values():
cb.observe(update plotl, names='value')

# Dropdown for selecting the window type
window_type_dropdown = widgets.Dropdown(
options=['Rectangular', 'Hamming', 'Kaiser'],
value="Rectangular’,
description="Window Type:',
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style={"'description_width': 'initial'}
)
# Observe changes in the dropdown to update the plot
window_type_dropdown.observe(update_plotl, names='value')

# HTML Label for the visualization
html_label = widgets.HTML(

value="<h2 style='font-weight: bold; font-size: 30px; text-align:
center; '>Filter Frequency Response Visualization</h2>"

)

# VBox layout to align items

vbox_layout = Layout(align_items='center', justify content='center')
vbox_checkboxes = widgets.VBox(list(checkboxesl.values()) + [window_type_dropdown],
layout=vbox_layout)

# Group the loader and timer together (they will appear next to each other
horizontally)
loader_timer_box = widgets.VBox(

[loader_html2, timer_html2],

layout=widgets.Layout(margin="'0 @ @ 20px', width="auto")

# Combine the checkboxes and loader/timer in a horizontal box
vbox_loader = widgets.HBox([vbox_checkboxes, loader_timer_box])

# Combine everything into a final VBox with the layout
vbox_final = widgets.VBox([html_label, vbox_loader, output3], layout=vbox_layout)

# Display the final layout
display(vbox_final)

# Initial plot update to show default visualization
update_plotl()

Lxediwopuog DiAtpov Parks-McClellan kot Eoyxpion
Amokpicewv Lvoxvotntag yia Aicgpopa Mnkn

# Loading animation HTML code for visual feedback during processing
loading = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; ' >
<div class="loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
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border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(edeg); }
100% { transform: rotate(360deg); }

}
</style>

# HTML code to display a checkmark when loading is complete
done = """
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div>
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_html3 = widgets.HTML(
value=loading

)

timer_html3 = widgets.HTML(
value="Elapsed time: - seconds"

)

# Define a dictionary 'filters' containing equiripple filters of various lengths
filters = {

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

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

"Equiripple Filter 128+1': scipy.signal.remez(129, [0, ©.1*Fs, ©.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, 8], Hz=Fs)
}

# Create an output widget to display the plot
output_plot2 = widgets.Output()
output_plot2.layout = Layout(width="auto', margin='@ auto')

# Function to update the plot based on selected filters
def update_plot2(change=None):
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Update the frequency response plot based on the selected filters.

Parameters:
change (dict): Dictionary containing information about the change event.
# Start timer
start_time = time.time()
# Get the list of selected filters from the checkboxes
selected_filters = [cb.description for cb in checkboxes2 if cb.value]
with output_plot2:
loader_html3.value = loading # Display loading animation
clear_output(wait=True) # Clear previous output
plt.figure(figsize=(10, 5))
# Loop through each selected filter and plot its frequency response
for filter_name in selected_filters:
filter_coeffs = filters[filter_name] # Get the filter coefficients
# Compute the frequency response
w, h = signal.freqz(filter_coeffs, worN=8000)
# Plot the magnitude of the frequency response on a semilogarithmic
scale
plt.semilogy(w * Fs / (2 * np.pi), np.abs(h), label=filter_name)
plt.title('Frequency Response')
plt.xlabel('Frequency (Hz)")
plt.ylabel('Gain")
plt.legend()
plt.grid(True)

# Show elapsed time

elapsed_time = time.time() - start_time

timer_html3.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_html3.value = done # Display completion checkmark

plt.show()

# Create checkboxes for each filter to allow user selection
checkboxes2 = [widgets.Checkbox(value=True, description=name) for name in
filters.keys()]
# Observe changes in the checkboxes to update the plot when selections change
for cb in checkboxes2:

cb.observe(update plot2, names='value')

# HTML Label for the visualization
html_label = widgets.HTML(

value="<h2 style="font-weight: bold; font-size: 30px; text-align:
center; '>Equiripple Filter Frequency Response</h2>"

)

# VBox layout to align items vertically and center them
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vbox_layout = Layout(align items='center', justify content='center')

# Create a vertical box containing the label and checkboxes
vbox_checkboxes = widgets.VBox(
[widgets.Label('Select Equiripple Filter Length:')] + checkboxes2,
layout=vbox_layout

# Group the loader and timer widgets vertically
loader_timer_box = widgets.VBox(
[loader_html3, timer_html3],
layout=widgets.Layout(margin="0 @ @ 20px', width="auto")

# Arrange the checkboxes and loader/timer horizontally
vbox_loader = widgets.HBox([vbox_checkboxes, loader_timer_box])

# Combine the HTML label, controls, and output plot into a final vertical box
vbox_final = widgets.VBox([html label, vbox_loader, output_plot2],
layout=vbox_layout)

# Display the final layout
display(vbox_final)

# Initial plot update to show default visualization
update plot2()

Loykpion Anoxpioewv Lvxvotntag Piltpov Parks-
McClellan ue Aiapopetikég Oprakés LuoxvoTnTeg

# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is
ongoing
loading =
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Green */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>

</div>
<style>
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@keyframes spin {
0% { transform: rotate(@deg); } /* Starting point of the animation */
100% { transform: rotate(360deg); } /* Ending point after one full rotation
*/
}
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished
done = """

<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>

<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div> <!-- Unicode

checkmark symbol -->

</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_html4 = widgets.HTML(
value=loading # Initially display the loading animation

)
timer_html4 = widgets.HTML(

value="Elapsed time: - seconds" # Placeholder for elapsed time
)

# Define a dictionary 'filters3' containing equiripple filters of various lengths
# Each filter is designed using the Parks-McClellan algorithm (remez function)
filters3 = {

"Equiripple Filter 32+1': scipy.signal.remez(

33, # Filter length (number of taps)
[0, ©.11 * Fs, ©.12 * Fs, 0.5 * Fs], # Band edges in Hz
[1, o], # Desired amplitudes in each band (1 in passband,
@ in stopband)
Hz=Fs # Sampling frequency
)J
'"Equiripple Filter 64+1': scipy.signal.remez(
65,
[0, .11 * Fs, ©.12 * Fs, 0.5 * Fs],
[1, @],
Hz=Fs
)s
"Equiripple Filter 128+1': scipy.signal.remez(
129,
[0, ©.11 * Fs, ©.12 * Fs, 0.5 * Fs],
[1, @],
Hz=Fs
)s
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"Equiripple Filter 140+1': scipy.signal.remez(
141,
[0, ©.11 * Fs, ©.12 * Fs, 0.5 * Fs],
[1, o],
Hz=Fs
)5
"Equiripple Filter 256+1': scipy.signal.remez(
257,
[0, ©.11 * Fs, ©.12 * Fs, 0.5 * Fs],
[1, @],
Hz=Fs

# Create an output widget to display the plot
output_plot3 = widgets.Output()

# Function to update the plot based on selected filters
def update_plot3(change=None):

Update the frequency response plot based on the selected filters.

Parameters:
change (dict): Dictionary containing information about the change event.
# Start the timer and show the loading animation
start_time = time.time()
selected_filters = [cb.description for cb in checkboxes3 if cb.value] # Get
names of selected filters
with output_plot3:
loader_html4.value = loading # Display the loading animation
clear_output(wait=True) # Clear previous outputs
plt.figure(figsize=(10, 5)) # Create a new figure for plotting
# Loop through each selected filter and plot its frequency response
for filter_name in selected_filters:
filter_coeffs = filters3[filter_name] # Retrieve filter coefficients
from the dictionary
# Compute the frequency response of the filter
w, h = signal.freqz(filter_coeffs, worN=8000)
# Plot the magnitude response (gain) in decibels
plt.semilogy(w * Fs / (2 * np.pi), np.abs(h), label=filter_name)

plt.title('Frequency Response') # Set the plot title
plt.xlabel('Frequency (Hz)'") # Label the x-axis
plt.ylabel('Gain") # Label the y-axis
plt.legend() # Display a legend
plt.grid(True) # Add grid lines to the plot

# Update the elapsed time and loader to indicate completion
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elapsed _time = time.time() - start_time # Calculate elapsed
time

timer_html4.value = f"Elapsed time: {elapsed_time:.2f} seconds" # Update
timer display

loader_html4.value = done # Display the
completion checkmark

plt.show() # Display the plot

# Create checkboxes for each filter to allow user selection
checkboxes3 = [widgets.Checkbox(value=True, description=name) for name in
filters3.keys()]
# Set up observers to call 'update_plot3' when the value of a checkbox changes
for cb in checkboxes3:

cb.observe(update_plot3, names='value')

# HTML Label for the visualization section
html _label3 = widgets.HTML(

value="<h2 style='font-weight: bold; font-size: 30px; text-align:
center; '>Equiripple Filter Frequency Response</h2>"

)

# VBox layout to align items vertically and center them
vbox_layout3 = Layout(
display="flex",
flex flow='column', # Arrange items in a column (vertical layout)
align_items='center', # Center items horizontally
justify content='space-between' # Distribute space evenly

# Create a vertical box containing the label and checkboxes
vbox_checkboxes3 = widgets.VBox(

[widgets.Label('Select Equiripple Filter Length:')] + checkboxes3, # Add a
label and the checkboxes

layout=vbox_ layout3

# Group the loader and timer widgets vertically
loader_timer_box = widgets.VBox(
[loader_html4, timer_html4],
layout=widgets.Layout(margin='0 @ @ 20px', width="auto') # Add left margin and
auto width
)

# Arrange the checkboxes and loader/timer horizontally
vbox_loader = widgets.HBox(
[vbox_checkboxes3, loader_timer_box]
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# Combine the HTML label, controls, and output plot into a final vertical box
vbox_final3 = widgets.VBox(

[html_label3, vbox_loader, output_plot3], # Add the label, controls, and output
to the VBox

layout=vbox_layout3

# Display the final layout in the notebook
display(vbox_final3)

# Initial plot update to show default visualization
update_plot3()

Daopatikny Avadvon kot Pidtpapiopa Enuatog
pue Oidtpa Parks-McClellan yia AixopeTikég
Opiaxég Lvoxvotnteg

# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is
ongoing
loading =
<div style='display: flex; justify-content: center; align-items: center; height:
80px; ' >
<div class="loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>

</div>
<style>
@keyframes spin {
0% { transform: rotate(@deg); } /* Starting point of the rotation */
100% { transform: rotate(360deg); } /* Ending point after one full rotation
*/
}
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished
done = mmon
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<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!--
Unicode checkmark symbol -->
</div>

# Create HTML widgets to display the loading animation and elapsed time
# These widgets will be updated during processing to provide user feedback
loader_htmlé = widgets.HTML(

value=loading # Initially display the loading animation

)
timer_htmlé = widgets.HTML(

value="Elapsed time: - seconds" # Placeholder for elapsed time
)

# Sampling frequency
Fs = 8192 # Sampling frequency in Hz

# Signal duration
t = np.arange(@, 1.9, 1/Fs) # Time vector from © to 1 second with step size 1/Fs

# Re-define the signal with new frequencies

# The signal 's_new' is a sum of four sinusoids at different 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
# We define a dictionary 'filters5' containing different equiripple filters
# Each filter is designed using the Parks-McClellan algorithm (remez function)
filters5 = {
"Equiripple Filter 32+1 Q3': signal.remez(

33, # Filter length (number of taps)
[0, ©.1*Fs, ©.15*Fs, 0.5*Fs], # Band edges in Hz for Question 3
[1, o], # Desired amplitudes in each band (1 in
passband, © in stopband)
Hz=Fs # Sampling frequency
)J
"Equiripple Filter 32+1 Q4': signal.remez(
33,
[0, ©.11*Fs, ©.12*Fs, ©0.5*Fs], # Band edges in Hz for Question 4
[1, o],
Hz=Fs
)J
"Equiripple Filter 64+1 Q3': signal.remez(
65,
[0, ©.1*Fs, ©.15*Fs, 0.5*Fs],
[1, o],
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Hz=Fs
)
"Equiripple Filter 64+1 Q4': signal.remez(
65,
[0, ©.11*Fs, ©.12*Fs, ©.5*Fs],
[1, @],
Hz=Fs
)
"Equiripple Filter 128+1 Q3': signal.remez(
129,
[0, ©.1*Fs, ©.15*Fs, 0.5*Fs],
[1, @],
Hz=Fs
)
"Equiripple Filter 128+1 Q4': signal.remez(
129,
[0, ©.11*Fs, ©.12*Fs, ©.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, ©.12*Fs, 0.5*Fs],
[1, @],
Hz=Fs
)

# Create checkboxes for each filter

# Users can select which filters to include in the plot

checkboxes5 = [widgets.Checkbox(value=True, description=name) for name in
filters5.keys()]

# Create an output widget to display the plot
output_plot5 = widgets.Output()

# Function to update the plot based on selected filters
def update_plot5(dummy=None):
with output plot5:
# Start timer and show the loading animation
loader_html6.value = loading
start_time = time.time()
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# Clear the current plot output
output_plot5.clear_ output(wait=True)
# Start a new plot
plt.figure(figsize=(14, 4))
# Add original signal PSD (Power Spectral Density)
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 checkboxes5:
if cb.value: # Only plot if the checkbox is checked
filter_name = cb.description
filter_coeffs = filters5[filter_name]
# Apply the filter to the signal
filtered_signal = signal.lfilter(filter_coeffs, 1.0, s_new)
# Compute the PSD of the filtered signal
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")

# Update the elapsed time and loader to indicate completion
elapsed_time = time.time() - start_time

timer_html6.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_html6.value = done

plt.show()

# Attach the update_plot function to the checkboxes
# Whenever a checkbox value changes, the plot will update
for cb in checkboxes5:

cb.observe(update_plot5, names='value')

# Initial call to update the plot with the default selections
update_plot5()

# HTML Label for enhanced UI
html_label = widgets.HTML(

value="""

<h2 style='font-weight: bold; font-size: 30px; text-align: center; margin: 20px
@ 0 0;'>Power Spectral Density</h2>

<h4 style='font-weight: bold; font-size: 16px; text-align: center; margin: 0 ©
20px 0; '>(using Parks-McClellan filters)</h4>
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# Group the loader and timer together (they will appear next to each other
horizontally)
loader_timer_box = widgets.VBox(

[loader_html6, timer_html6],

layout=widgets.Layout(margin="0 @ @ 20px', width="auto")

# Create a vertical box to hold the checkboxes
vbox_checkboxes5 = widgets.VBox(checkboxes5)

# Arrange the checkboxes and loader/timer horizontally
ui = widgets.HBox(
[vbox_checkboxes5, loader_timer_box],
layout=Layout(justify content='center', align_items='center')

# Combine the HTML label, controls, and output plot into a final vertical box
out = widgets.VBox([html_label, ui, output_plot5])

# Display the checkboxes and the plot
display(out)

Lxebiaoyuog Zwvomepatov Pidtpov
kot Eapuoyn tov oe Lnjpa péow Avo Me@odwv

# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is

ongoing
loading = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class='loader' style='border: 12px solid #f3f3f3; /* Light grey border
*/
border-top: 12px solid #01cc97; /* Blue border
on top */
border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spinning
animation */'></div>
</div>
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<style>
@keyframes spin {
0% { transform: rotate(edeg); }

/* Starting position */

100% { transform: rotate(36@deg); } /* Full rotation */

}
</style>

# HTML code to display a checkmark when loading is complete

# This code shows a green checkmark indicating that processing has finished

done =

<div style='display: flex; justify-content: center; align-items: center;

height: 80px;'>

<div style='font-size: 40px; color: #01cc97;'>&#10003;</div>

Unicode checkmark symbol -->
</div>

# Create HTML widgets to display the loading animation and
loader_html7 = widgets.HTML(
value=loading # Initially display the loading animation

)

timer_html7 = widgets.HTML(

value="Elapsed time: - seconds" # Placeholder for the
)
# Define your input widgets for the frequencies f1 and f2
f1_input = widgets.IntText(
value=600, # Default value for f1
description="f1 (Hz):', # Label for the widget
continuous_update=False # Update only when the
)
f2_input = widgets.IntText(

value=1100,
description="f2 (Hz):"',
continuous_update=False #

H

Default value for f2
Label for the widget
Update only when the

H

# Define the output area for the plots
plot_output2 = widgets.Output()

<!--

elapsed time

elapsed time display

in Hz

user finishes typing

in Hz

user finishes typing

# Define the function to process the signal when the frequencies change

def process_signal(change):

This function processes the signal using the specified frequencies f1 and f2.
It designs a bandpass filter, applies it to the signal, and plots the results.

# Start the timer and show the loading animation
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loader_html7.value = loading
start_time = time.time()

# Retrieve the current values of f1 and f2 from the input widgets
f1, f2 = f1_input.value, f2_input.value

# Check if the frequencies are within acceptable limits (@ to 4000 Hz)
if any(freq < @ for freq in [f1, f2]) or any(freq > 4000 for freq in [f1, f2]):
# Clear the output and display a warning message if frequencies are out of
bounds
with plot_output2:
plot_output2.clear_output(wait=True)
warning_htmll = 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-negativel</div>",
placeholder="",
description="",
)
display(warning_html1)
# Update the elapsed time and show completion
elapsed_time = time.time() - start_time
timer_html7.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html7.value = done
else:
# Proceed with the processing and plotting if frequencies are valid
with plot_output2:
plot output2.clear output(wait=True) # Clear previous output
plt.close('all') # Close existing figures to prevent memory leaks

# Load the signal data from the specified URL
url = "https://raw.githubusercontent.com/ntua-el17840/Interactive-
Digital-Communications/main/test-book/_static/sima.txt"

response = requests.get(url)

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

Fs = 8192 # Sampling frequency in Hz

# Calculate parameters for the bandpass filter design

f2ml = f2 - f1 # Bandwidth of the filter

f2pl = (f2 + f1) / 2 # Center frequency of the filter

N = 256 # Number of filter coefficients (taps)
Ts =1/ Fs # Sampling interval

# Time vector centered around zero for symmetric filter
t = np.arange(-(N - 1), N, 2) * Ts / 2
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modulation

# Design the bandpass filter using the sinc function and cosine

hbp = 2 / Fs * np.cos(2 * np.pi * f2p1 * t) * np.sinc(f2ml * t)
# Apply a Kaiser window to the filter coefficients to reduce side lobes
hbpw = hbp * kaiser_atten(len(hbp), 5)

# Compute frequency responses of the filters
w, h = freqz(hbp, worN=8000) # Frequency response of the basic

bandpass filter

w_w, h_w = freqz(hbpw, worN=8000) # Frequency response of the windowed

bandpass filter

responses

fs = Fs # Sampling frequency for plotting

# Create a figure with a 1x2 subplot layout for impulse and frequency

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

# Plot 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 Index')

axs[@].set _ylabel('Amplitude")

axs[0].legend()

axs[@].grid(True)

# Plot the frequency responses on the second subplot
axs[1].plot(w / np.pi * (fs / 2), 20 * np.logl@(abs(h)), label='Bandpass

Filter', color="b")

axs[1].plot(w w / np.pi * (fs / 2), 20 * np.logle(abs(h_w)),

label="Windowed Bandpass Filter', color='r")

filters

filter

filter

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)

# Convolve the original signal with the filter coefficients to apply the
sima_bp = convolve(s, hbp, mode="same") # Output of basic bandpass
sima_bpw = convolve(s, hbpw, mode='same') # Output of windowed bandpass

# Create another figure with a 1x2 subplot layout for PSD plots
fig, axs = plt.subplots(l, 2, figsize=(14, 4))
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# Plot the Power Spectral Density (PSD) of the basic bandpass filtered
signal

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

axs[@].semilogy(f, Pxx)

axs[@].set_title('PSD of Bandpass Filtered Signal')

axs[0].set_xlabel('Frequency [Hz]")

axs[0].set_ylabel('PSD [V**2/Hz]")

axs[@].grid(True)

# Plot the PSD of the windowed bandpass filtered signal

f, Pxx = welch(sima_bpw, Fs, nperseg=1024)
axs[1].semilogy(f, Pxx)

axs[1].set_title('PSD 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() # Adjust the layout to prevent overlap

# Update the elapsed time and show the completion checkmark
elapsed_time = time.time() - start_time

timer_html7.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_html7.value = done

plt.show()

# Attach the event handler to the frequency input widgets

# The 'process_signal' function will be called whenever the value changes
f1_input.observe(process_signal, names='value')
f2_input.observe(process_signal, names='value')

# Arrange the input widgets in a vertical box
input_ui = widgets.VBox([f1l_input, f2_input])

# Group the loader and timer widgets vertically
loader_timer_box = widgets.VBox(
[loader_html7, timer_html7],
layout=widgets.Layout(margin='0 @ @ 20px', width="auto')

# Arrange the input widgets and loader/timer horizontally
ui = widgets.HBox(
[input_ui, loader_ timer box],
layout=Layout(align_items='center")

# Display the UI components and the plot output area
display(ui, plot output2)
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# Call 'process_signal' initially to display the plots with default values
process_signal(None)

Lxebiaouog Zwvomnepatov DiAtpov Parks-McClellan
pue ArtooPeon 60 dB ka1 Eqpapuoyn oe Lnjua
IToAAamAwv Lvxvotntwv

Fs = 8192 # Sampling frequency in Hz
fl1, f2 = 600, 1100 # Passband frequencies in Hz
delta_f = 50 # Transition band width to ensure desired attenuation

# Define the frequency bands for the filter
# The structure is [@, f_stopl, f _passl, f pass2, f stop2, Fs/2]
bands = [0, f1 - delta_f, f1, f2, f2 + delta_f, 0.5 * Fs]

# Desired gain values in the bands: © for stopbands and 1 for passbands
desired = [0, 1, 9]

# Define the weights for each band to emphasize attenuation in the stopbands
weights = [100, 1, 100]

# Estimate the number of taps (filter order). May need adjustment for optimization.
numtaps = 400

# Design the FIR filter using the remez function (Parks-McClellan algorithm)
filter_taps = remez(numtaps, bands, desired, weight=weights, fs=Fs)

# Calculate the frequency response of the filter
w, h = freqz(filter_taps, worN=8000, fs=Fs)

# Display the frequency response

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

plt.plot(w, 20 * np.logl@(abs(h)), label="Bandpass Filter")
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.legend()

plt.show()
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Lxebiaouog ko YAomoinon @idtpov pe Avo Zwveg
A1édevong: (0 Hz, 500 Hz) ko (1100 Hz, 3000 Hz)

Fs = 8192 # Sampling frequency in Hz

# Define our target frequency response.

# We want to create a bandpass filter that passes frequencies between 0-500 Hz and
1100-3000 Hz.

# 'target_freqs' specifies the frequency band edges.

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

# 'target_response' specifies the desired gain at each frequency in 'target_freqgs'.
# A value of 1 indicates the passband, and © indicates the stopband.
target_response = [1, 1, 0, 0, 1, 1, 0, 0]

# Define the number of taps (filter order + 1) for the FIR filter.

# Increasing 'numtaps' can improve the filter's frequency response but also
increases computation.

numtaps = 350 # Adjust the filter order as needed

# Design the FIR filter using the firwin2 function.
# 'firwin2' creates a linear-phase FIR filter with the specified frequency response.
filter_taps = firwin2(numtaps, target freqs, target_response, fs=Fs)

# Calculate the frequency response of the filter using 'freqz'.

# 'w' contains the frequencies at which the response is computed.
# 'h' contains the complex frequency response.

w, h = freqz(filter_taps, worN=2000, fs=Fs)

# Display the frequency response of the filter.

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)

# Add a horizontal line at -60 dB to indicate the 60 dB attenuation level.
plt.axhline(-60, color="red', linestyle='--', label="60 dB Attenuation", linewidth=1)

# Add vertical lines to mark the critical frequencies (band edges).

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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Lab Exercise 3: IIpooappoopuéva Pidtoa kot Altpoggpaon
L-ASK

Tpormomoinon Kwdika yia Toxaio AerypuatoAnia
amno Kataveunuéves Tinég kot EnaAnOevon

Oporopoppnc Katavourg

# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is
ongoing
loading =
<div style='display: flex; justify-content: center; align-items: center; height:
80px; ' >
<div class="loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
on top */

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spinning
animation */'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(edeg); } /* Start rotation at © degrees */
100% { transform: rotate(36@deg); } /* Full rotation (360 degrees) */

}
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished
done = """

<div style='display: flex; justify-content: center; align-items: center; height:
80px; ' >

<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div> <!-- Unicode

checkmark symbol -->

</div>
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# Create HTML widgets to display the loading animation and elapsed time
loader_htmll = widgets.HTML(
value=loading # Initially display the loading animation
)
timer_htmll = widgets.HTML(
value="Elapsed time: - seconds" # Placeholder for the elapsed time display

def generate_histogram(k, d):

This function generates a histogram based on user-specified parameters 'k' and
'd'.

Parameters:
- k (int): Determines the number of quantization levels L = 27k.
- d (float): The distance between quantization levels.

The function performs the following steps:

1. Generates M random samples uniformly distributed over the quantization
levels.

2. Calculates the appropriate bins for the histogram based on 'L' and 'd'.

3. Plots the histogram showing the frequency of each quantized value.

4. Displays a loading animation while processing and shows the elapsed time
after completion.

# Start the timer and show the loading animation
loader_htmll.value = loading
start_time = time.time()

M = 40000 # Number of random samples to generate

L =2 **k # Calculate L as 2 raised to the power of k, determining the
number of levels

# Generate M random samples uniformly distributed over the quantization levels
# The quantization levels are centered around zero and spaced by 'd'

# x will contain values like -L*d/2 + d/2, -L*d/2 + 3d/2, ., L*d/2 - d/2

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

# Define the bins for the histogram

bins = np.arange(-L*d/2, L*d/2 + d, d) # Bin edges from -L*d/2 to L*d/2
with step size 'd’
A = np.arange(-L*d/2 + d/2, L*d/2, d) # Positions for x-ticks at the

center of each bin
# Create a figure and axis for the histogram

fig, ax = plt.subplots(l, 1, figsize=(14, 4))
# Plot the histogram of x with specified bins and visual style
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ax.hist(x, bins=bins, edgecolor='white', color="#1F77B4")

ax.set_xticks(A) # Set the x-ticks to the centers of the bins
ax.set_xlabel("Integers") # Label for the x-axis
ax.set_ylabel("Frequency") # Label for the y-axis

ax.set_title("Histogram of array x elements") # Title of the plot

# Calculate and display the elapsed time

elapsed_time = time.time() - start_time

timer_htmll.value = f"Elapsed time: {elapsed time:.2f} seconds"”

loader_htmll.value = done # Replace the loading animation with the
completion checkmark

plt.show() # Display the plot

# UI Components for user input
k_input = widgets.IntText(

value=3, # Default value for k
description="k: "', # Label for the input widget
continuous_update=False # Update only when the user presses Enter or
moves away from the field
)
d_input = widgets.FloatText(
value=1, # Default value for d
description="d:"’, # Label for the input widget
continuous_update=False # Update only when the user presses Enter or
moves away from the field
)

inputs = widgets.VBox([k_input, d_input]) # Arrange the input widgets vertically

# Group the loader and timer together; they will appear next to each other horizontally
loader_timer_box = widgets.VBox(

[loader_htmll, timer_htmll],

layout=widgets.Layout(margin="0 @ @ 20px', width="auto') # Add left margin and
auto width
)

# Arrange the input widgets and loader/timer horizontally
ui = widgets.HBox(
[inputs, loader_ timer box],
layout=Layout(align _items='center') # Center the items vertically

# Create an interactive output that updates when 'k' or 'd' changes
out = widgets.interactive_output(generate_histogram, {'k': k_input, 'd': d_input})

# Display the UI components and the output area
display(ui, out)
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AvaAvon Iotoypauuatwyv yia Aiapopetikég Tipég
EbNo ka1 Epunveia Aicepopwv

# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is
ongoing
loading =
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
on top */

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spinning
animation */'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(e@deg); } # Start rotation at © degrees
100% { transform: rotate(360deg); } # Full rotation (360 degrees)

}
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished
done = """

<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>

<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!--

Unicode checkmark symbol -->

</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_html2 = widgets.HTML(
value=loading # Initially display the loading animation

)
timer_html2 = widgets.HTML(

value="Elapsed time: - seconds" # Placeholder for the elapsed time display
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def generate_histogram(k, EbN@_db, d):
This function generates a histogram of a noisy signal after passing through a
matched filter.

Parameters:

- k (int): Number of bits per symbol (determines the modulation order L = 27k)

- EbN@_db (float): Energy per bit to noise power spectral density ratio in
decibels

- d (float): Minimum distance between signal constellation points

The function performs the following steps:

1. Generates random symbols according to the specified modulation order.

2. Adds white Gaussian noise to the upsampled signal based on the specified
Eb/Ne.

3. Passes the noisy signal through a matched filter.

4. Plots the histogram of the matched filter output.

# Start timer and show the loading animation

loader_html2.value = loading

start_time = time.time()

M = 60000 # Number of symbols to simulate
nsamp = 16  # Oversampling factor (number of samples per symbol)

L =2 * k # Modulation order (number of signal levels)

# Calculate SNR in dB based on Eb/N@ and oversampling factor
SNR_db = EbN@_db - 10 * np.logl@(nsamp / (2 * k))

SNR = 10 ** (SNR_db * ©.1) # Convert SNR from dB to linear scale

# Generate random symbols from the constellation points

x = (2 * np.floor(L * np.random.rand(M)) - L + 1) * d / 2
# Calculate theoretical power of the signal

Px = (d ** 2 / 4) * (L ** 2 - 1) / 3

# Measure the actual power of the generated symbols
Measured_x = np.sum(x ** 2) / len(x)

# Upsample the signal by repeating each symbol nsamp times
y = np.repeat(x, nsamp)

# Generate white Gaussian noise with calculated variance based on SNR
noise = np.random.normal(@, np.sqrt(Measured_x / SNR), len(y))

y_noisy = y + noise # Add noise to the upsampled signal

# Reshape the noisy signal into a matrix where each row corresponds to one
symbol
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y_reshaped = np.reshape(y_noisy, (M, nsamp))
matched = np.ones((nsamp, 1)) # Matched filter coefficients (all ones)

# Apply the matched filter to each symbol by matrix multiplication
z = np.matmul(y_reshaped, matched) / nsamp # Average over nsamp samples

# Define the positions for x-ticks based on the constellation points
A = np.arange(-(L - 1) *d / 2, L *d / 2, d) # Correct range for ticks

# Plot the histogram of the matched filter output

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")

ax.legend(["Eb/N@ = " + str(EbNe_db)])

ax.set_title( 'Histogram of the Noisy Signal')

# Calculate and display the elapsed time

elapsed_time = time.time() - start_time

timer_html2.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html2.value = done # Replace the loading animation with the completion

checkmark

plt.show() # Display the plot

# UI Components for user input
k_input = widgets.IntText(

value=3, # Default value for k
description="k:", # Label for the input widget
continuous_update=False # Update only when the user presses Enter or
moves away from the field
)
d_input = widgets.IntText(
value=5, # Default value for d
description="d:", # Label for the input widget
continuous_update=False # Update only when the user presses Enter or

moves away from the field

)

EbNO_db_slider = widgets.FloatSlider(

value=12, # Default value for Eb/N@ in dB

min=0,

max=20,

step=0.1,

description="Eb/N@ (dB):"', # Label for the slider

continuous_update=False # Update only when the user releases the slider
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# Arrange the input widgets vertically
inputs = widgets.VBox([k_input, d_input, EbN@_db_slider])

# Group the loader and timer together; they will appear next to each other
horizontally
loader_timer_box = widgets.VBox(

[loader_html2, timer_html2],

layout=widgets.Layout(margin="'0 @ @ 20px', width='auto') # Add left margin and
auto width
)

# Arrange the inputs and loader/timer horizontally
ui = widgets.HBox(
[inputs, loader_timer_box],
layout=Layout(align_items='center') # Center the items vertically

# Create an interactive output that updates when any input changes
out = widgets.interactive output(

generate_histogram,

{'k": k_input, 'd': d_input, 'EbN@ _db': EbN@ _db_slider}

# Display the UI components and the output area
display(ui, out)

YroAoyiopog kot Eoykpion BER
péow E&iowong xat BERTOOL oto MATLAB

# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is
ongoing
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
on top */

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
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animation: spin 2s linear infinite; /* Spinning
animation */'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(@deg); } /* Start rotation at © degrees */
100% { transform: rotate(360deg); } /* Full rotation (360 degrees) */

}
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished

done =
<div style="display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!--
Unicode checkmark symbol -->
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_html3 = widgets.HTML(
value=loading # Initially display the loading animation

)
timer_html3 = widgets.HTML(

value="Elapsed time: - seconds" # Placeholder for the elapsed time display
)

def ask_errors(k, M, nsamp, EbNe _db):
This function simulates an ASK (Amplitude Shift Keying) communication system and
calculates the number of errors.

Parameters:

k (int): Number of bits per symbol (determines the modulation order L = 27k)
M (int): Number of symbols to simulate

nsamp (int): Number of samples per symbol (oversampling factor)

EbNe _db (float): Energy per bit to noise power spectral density ratio in
decibels

The function performs the following steps:

1. Generates random symbols according to the specified modulation order.

2. Modulates the symbols using ASK modulation.

3. Adds white Gaussian noise to the upsampled signal based on the specified
Eb/Ne.

4. Passes the noisy signal through a matched filter.
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5. Demodulates the signal and counts the number of symbol errors.

Returns:

- errors (int): The number of symbol errors detected.
# Calculate the modulation order

L =2 ** [

# Adjust SNR based on the oversampling factor and bits per symbol
SNR_db = EbN@ db - 10 * np.logl@(nsamp / (2 * k))
SNR = 10 ** (SNR_db * ©.1) # Convert SNR from dB to linear scale

# Generate random symbols from the constellation points
x = 2 * np.floor(L * np.random.rand(M)) - L + 1 # Symbols from -L+1 to L-1,
step 2

# Calculate theoretical power of the signal
Px=(L*2-1)/3

# Measure the actual power of the generated symbols
Measured_x = np.sum(x ** 2) / len(x)

# Upsample the signal by repeating each symbol nsamp times
y = [l
for i in range(len(x)):
y.extend([x[i]] * nsamp)
y = np.array(y)

# Generate white Gaussian noise with calculated variance based on SNR
noise = np.random.normal(@, np.sqrt(Measured_x / SNR), len(y))
y_noisy = y + noise # Add noise to the upsampled signal

# Reshape the noisy signal into a matrix where each row corresponds to one
symbol
y = np.reshape(y_noisy, (M, nsamp))

# Define the matched filter (simple averaging filter)
matched = np.ones((nsamp, 1))

# Apply the matched filter to each symbol by matrix multiplication

z = np.matmul(y, matched) / nsamp # Average over nsamp samples

# Possible symbol levels in the modulation scheme

1 = np.arange(-L + 1, L, 2) # Symbol levels from -L+1 to L-1, step 2
# Flatten z to 1D array

z = z[:, 0]
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errors = @ # Initialize error counter

# Demodulate and count errors
for i in range(len(z)):
differences = np.abs(l - z[i]) # Compute differences to all possible symbol

levels
m = np.min(differences) # Find the minimum difference
index = np.where(differences == m)[0][@] # Get the index of the closest
symbol
z[i] = 1[index] # Assign the closest symbol
if x[i] !'= z[i]: # Compare with transmitted symbol
errors += 1 # Increment error counter if symbols differ

return errors # Return the total number of errors

# Update Eb/N@ dB range to go up to 20 dB

M = 10000 # Number of symbols to simulate

nsamp = 16 # Oversampling factor

EbN@_db = np.arange(@, 21, 2) # Eb/N@ values from © to 20 dB in steps of 2 dB
EbNe = 10 ** (EbNe_db / 10) # Convert Eb/N@ from dB to linear scale

# Define the checkboxes for each modulation level

checkbox_4gam = Checkbox(value=True, description='4-ASK") # 4-level ASK modulation
checkbox_8qgam = Checkbox(value=False, description="'8-ASK') # 8-level ASK modulation
checkbox_16gam = Checkbox(value=False, description='16-ASK"')# 16-level ASK
modulation

# Create an output widget to display the plot
plot_output = Output()

def plot selected modulations(change):
This function plots the theoretical and experimental Bit Error Rate (BER) curves
for selected ASK modulation schemes based on the checkboxes.

Parameters:
- change: An event handler parameter (not used in the function body)

The function performs the following steps:

1. Iterates over the selected modulation schemes.

2. For each scheme, computes the experimental BER using the ask_errors function.
3. Computes the theoretical BER for comparison.

4. Plots both BER curves on a semilog plot.

# Start timer

start_time = time.time()
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with plot output:
loader_html3.value = loading # Display the loading animation
plot_output.clear_ output(wait=True) # Clear previous output

plt.figure(figsize=(10, 7))

# Define colors for each modulation scheme

colors = {'4-ASK': ('red', "tomato'), '8-ASK': ('green', 'limegreen'), '16-
ASK': ('blue', 'dodgerblue')}

# Iterate over modulation schemes and corresponding checkboxes
for k, checkbox in zip([2, 3, 4], [checkbox_4qam, checkbox_8qam,
checkbox_16qgam]):
if checkbox.value:
L =2 ** k # Modulation order
modulation_name = f'{L}-ASK"

# Compute experimental BER by simulating errors at different Eb/N©
values

ber = [ask_errors(k, M, nsamp, db) / (M * k) for db in EbNe_ db]

plt.semilogy(EbN@_db, ber, 'o', label=f'Experimental
{modulation_name}', color=colors[modulation_name][9])

# Compute theoretical BER for comparison

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

plt.semilogy(EbN@_db, ber_theoretical, linestyle='-",
label=f'Theoretical {modulation_name}', color=colors[modulation_name][1])

plt.grid(True, which="both') # Add grid lines

plt.xlabel("Eb/N@ (dB)") # Label for x-axis
plt.ylabel("BER") # Label for y-axis
plt.legend() # Display legend

plt.title('Theoretical and Experimental BER of ASK Modulations') # Plot
title

# Calculate and display the elapsed time

elapsed_time = time.time() - start_time

timer_html3.value = f"Elapsed time: {elapsed_time:.2f} seconds"”

loader_html3.value = done # Replace the loading animation with the
completion checkmark

plt.show()
# Attach the update_plot function to the 'value' property of each checkbox
checkbox_4gam.observe(plot selected modulations, names='value')

checkbox_8gam.observe(plot_selected modulations, names='value')
checkbox_16gam.observe(plot_selected modulations, names='value')
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# Arrange the checkboxes vertically
inputs = widgets.VBox([checkbox_4gam, checkbox_8qgam, checkbox_16gam])

# Group the loader and timer together; they will appear next to each other
horizontally
loader_timer_box = widgets.VBox(

[loader_html3, timer_html3],

layout=widgets.Layout(margin="0 @ © 20px', width="auto")

# Arrange the inputs and loader/timer horizontally
ui = widgets.HBox(
[inputs, loader_timer_box],
layout=Layout(align_items='center') # Center the items vertically

# Setup the display layout
display(ui, plot_output)

# Display the initial plot
plot_selected modulations(None)

Tpomomoinon kat EnaAnOevon Kwdika
Lvotnuatog Aiauoppwong ue Xpnon @iltpov
kot IlpocOnkn GopvPfov

# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is
ongoing
loading = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; ' >
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
on top */

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spinning
animation */'></div>
</div>
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<style>

@keyframes spin {
0% { transform: rotate(edeg); } /* Start rotation at @ degrees */
100% { transform: rotate(360deg); } /* Full rotation (360 degrees) */

}
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished

done = """
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>

<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!--
Unicode checkmark symbol -->

</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_html4 = widgets.HTML(
value=loading # Initially display the loading animation

)
timer_html4 = widgets.HTML(

value="Elapsed time: - seconds" # Placeholder for the elapsed time display
)

def ask_errors_new(k, M, nsamp, EbN@ db):

This function simulates an ASK (Amplitude Shift Keying) communication system
with pulse shaping

and matched filtering, and calculates the number of symbol errors.

Parameters:
k (int): Number of bits per symbol (determines the modulation order L = 27k)
M (int): Number of symbols to simulate

nsamp (int): Number of samples per symbol (oversampling factor)

EbNO_db (float): Energy per bit to noise power spectral density ratio in
decibels

The function performs the following steps:

. Generates random symbols according to the specified modulation order.
. Applies pulse shaping using an orthogonal pulse of unit energy.

. Upsamples the signal by inserting zeros between symbols.

. Convolves the upsampled signal with the pulse shaping filter.

. Adds white Gaussian noise to the signal based on the specified Eb/Ne@.
. Passes the noisy signal through a matched filter.

. Samples the matched filter output at the symbol rate.

No uvih wNR
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8. Demodulates the signal by finding the closest symbol level.
9. Counts the number of symbol errors by comparing transmitted and received
symbols.

Returns:

- errors (int): The number of symbol errors detected.

# Constants and signal generation

L =2 ** k # Modulation order (number of signal levels)

# Adjust SNR based on the oversampling factor and bits per symbol

SNR_db = EbN@ db - 10 * np.logl@(nsamp / (2 * k))

# Generate random symbols from the constellation points

x = 2 * np.floor(L * np.random.rand(M)) - L + 1 # Symbols from -L+1 to L-1,
step 2

# Filter impulse response: orthogonal pulse of unit energy
h = np.ones(nsamp) / np.sqrt(nsamp) # Pulse shaping filter

# Upsample x by inserting zeros between symbols
y_upsampled = np.zeros(M * nsamp) # Initialize upsampled signal array
y_upsampled[::nsamp] = x # Insert symbols every nsamp samples

# Convolution with the filter impulse response (pulse shaping)
y = np.convolve(y_upsampled, h, mode='full')[:M * nsamp] # Truncate to original
length

# Add AWGN (Additive White Gaussian Noise)

signal_power = np.mean(y ** 2) # Calculate signal power

SNR_linear = 10 ** (SNR_db / 10) # Convert SNR from dB to linear scale
noise_power = signal power / SNR_linear # Calculate noise power

# Generate white Gaussian noise

noise = np.random.normal(9, np.sqrt(noise power), y.shape)

y_noisy = y + noise # Add noise to the signal

# Matched filter (matched to the pulse shaping filter)

matched = h[::-1] # Time-reversed version of h

yrx = np.convolve(y_noisy, matched, mode='full') # Convolve received signal
with matched filter

# Sampling at the end of each symbol period
z = yrx[nsamp - 1l::nsamp][:M] # Sample every nsamp samples, starting at nsamp -

# Decision making (Demodulation)
1 = np.arange(-L + 1, L, 2) # Possible symbol levels
z_decoded = np.zeros(M, dtype=int) # Initialize decoded symbols array
for i in range(M):
# Find the closest symbol level to the received sample
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index = np.argmin(np.abs(l - z[i]))
z_decoded[i] = 1[index]

# Count symbol errors by comparing transmitted and received symbols
errors = np.sum(x != z_decoded)

return errors

# Simulation parameters
M = 10000 # Number of symbols to simulate
EbN@_db = np.arange(©, 21, 2) # Eb/N@ values from © to 20 dB in steps of 2 dB

# Initialize the widgets
checkbox_4gaml = Checkbox(value=True, description="4-ASK") # Checkbox for 4-level
ASK modulation
checkbox_8gaml
ASK modulation
checkbox_16qgaml
ASK modulation
nsamp_dropdownl = Dropdown(
options=[4, 8, 16, 32, 64], # Options for samples per symbol
value=16, # Default value
description="'Samples per Symbol:', # Label for the dropdown
style={"'description_width': 'initial'}

Checkbox(value=False, description="'8-ASK"') # Checkbox for 8-level

Checkbox(value=False, description="16-ASK"')# Checkbox for 16-level

# Create an output widget to display the plot
plot_outputl = Output()

def plot_selected_modulationsl(change):
This function plots the theoretical and experimental Bit Error Rate (BER) curves
for selected ASK modulation schemes with pulse shaping, based on the user-
selected
number of samples per symbol.

Parameters:
- change: An event handler parameter (not used in the function body)

The function performs the following steps:

1. Retrieves the selected samples per symbol (nsamp) from the dropdown.

2. Iterates over the selected modulation schemes.

3. For each scheme, computes the experimental BER using the ask_errors_new
function.

4. Computes the theoretical BER for comparison.

5. Plots both BER curves on a semilog plot.

# Start timer and show the loading animation
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loader_html4.value = loading
start_time = time.time()

with plot outputl:
plot_outputl.clear_output(wait=True) # Clear previous output
nsamp = nsamp_dropdownl.value # Get the selected value from the dropdown
plt.figure(figsize=(10, 7))

# Define colors for each modulation level
colors = {

"4-ASK': 'red',

"8-ASK': 'green',

'16-ASK': 'blue'

# Iterate over modulation schemes and corresponding checkboxes
for k, checkbox, color in zip([2, 3, 4], [checkbox_4gaml, checkbox_8qgaml,
checkbox_16gaml], colors.values()):
if checkbox.value:
L =2 ** k # Modulation order
modulation_name = f'{L}-ASK'
ber = np.zeros(len(EbNe_db)) # Initialize BER array
for index, eb_n@ in enumerate(EbNe_db):
# Simulate experimental BER
errors = ask_errors_new(k, M, nsamp, eb_n®)
ber[index] = errors / (M * np.log2(L)) # Calculate BER

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

# Theoretical BER for comparison

EbN@_linear = 10 ** (EbN@_db / 10) # Convert Eb/N@ from dB to
linear scale

ber_theoretical = (((L - 1) / L) * erfc(np.sqrt(EbN@_linear * (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') # Add grid lines

plt.xlabel("Eb/N@ (dB)") # Label for x-axis

plt.ylabel("BER") # Label for y-axis

plt.title(f'Theoretical and Experimental BER of modified ask_errors
[nsamp={nsamp}]') # Plot title

plt.legend() # Display legend

# Calculate and display the elapsed time
elapsed_time = time.time() - start_time
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timer_html4.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html4.value = done # Replace the loading animation with the
completion checkmark

plt.show()

# Attach the update function to observe changes in checkboxes and dropdown
checkbox_4qgaml.observe(plot_selected_modulationsl, names='value')
checkbox_8gaml.observe(plot_selected_modulationsl, names='value')
checkbox_16qgaml.observe(plot_selected_modulationsl, names='value')
nsamp_dropdownl.observe(plot_selected_modulationsl, names='value')

# Arrange the input widgets vertically
inputs = widgets.VBox([nsamp_dropdownl, checkbox_4gaml, checkbox_8qami,
checkbox_16qaml])

# Group the loader and timer together; they will appear next to each other
horizontally
loader_timer_box = widgets.VBox(

[loader_html4, timer_html4],

layout=widgets.Layout(margin="'0 @ @ 20px', width="auto")

# Arrange the inputs and loader/timer horizontally
ui = widgets.HBox(
[inputs, loader_timer_ box],
layout=Layout(align_items='center') # Center the items vertically

# Display the widgets and the output container
display(ui, plot_outputl)

# Call the function initially to display the plot
plot_selected modulations1(None)

Lxediaon Tunuatwv Enuatwv Aiepoppwong
Xwpic Oopvfo kat AvaeAdvon Amotedecuatwy

def ask_errors_modified(k, M, nsamp, add_noise=False):

This function simulates a digital communication system with optional noise

addition.

Parameters:
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k (int): Number of bits per symbol (determines the modulation order L = 27k)
M (int): Number of symbols to simulate

nsamp (int): Number of samples per symbol (oversampling factor)

add _noise (bool): If True, adds Additive White Gaussian Noise (AWGN) to the

signal

Returns:

- x[:20] (ndarray): First 20 transmitted symbols

- y[:20*nsamp] (ndarray): First 2@*nsamp samples of the transmitted signal after
pulse shaping

- yrx[:20*nsamp] (ndarray): First 20*nsamp samples of the received signal after
matched filtering

L =2 ** k # Modulation order (number of signal levels)

# Generate random symbols from the constellation points
# Symbols range from -L+1 to L-1 with a step of 2
X = 2 * np.floor(L * np.random.rand(M)) - L + 1

# Create the filter impulse response (pulse shaping filter)
# Here, we use a rectangular pulse of duration 'nsamp' with unit energy
h = np.ones(nsamp) / np.sqrt(nsamp)

# Sender side: upsample and then convolve (filter) the signal

# 'upfirdn' performs upsampling, FIR filtering, and downsampling

y = upfirdn(h, x, up=nsamp) # Upsample by 'nsamp' and filter with 'h'

y = y[:M * nsamp] # Truncate to desired length in case convolution extends the
signal

# Optionally add noise to the transmitted signal
y_noisy =y
if add_noise:
SNR_db = 10 # Example SNR value in dB; adjust as necessary
SNR_linear = 10 ** (SNR_db / 10) # Convert SNR from dB to linear scale
P_x = np.mean(y ** 2) # Calculate signal power
noise_variance = P_x / SNR_linear # Calculate noise variance based on SNR
# Generate white Gaussian noise
noise = np.random.normal(9, np.sqrt(noise_variance), len(y))
y_noisy = y + noise # Add noise to the transmitted signal

# Receiver side: matched filtering

matched = h[::-1] # Matched filter is the time-reversed version of 'h'

yrx = convolve(y_noisy, matched, mode='full') # Convolve received signal with
matched filter

yrx = yrx[:M * nsamp] # Truncate to desired length

# Returning slices for visualization (first 20 symbols and corresponding
samples)
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return x[:20], y[:20 * nsamp], yrx[:20 * nsamp]

import matplotlib.pyplot as plt

k =3 # Number of bits per symbol (e.g., k=3 for 8-ASK)
M = 100 # Total number of symbols to simulate
nsamp = 16 # Number of samples per symbol (oversampling factor)

# Get the signal parts for visualization
x_part, y part, yrx_part = ask_errors_modified(k, M, nsamp, add noise=False)

# Create a figure and a set of subplots to display the signals
fig, axs = plt.subplots(l, 3, figsize=(14, 5))

# Plot the transmitted symbols x[1:20]

markerline, stemlines, baseline = axs[0].stem(x_part)
plt.setp(stemlines, 'linewidth', ©.5) # Set the stem lines' width
plt.setp(markerline, 'markersize', 4) # Set the marker size
axs[0].set_title('x[1:20] (Transmitted Symbols)"')
axs[0].set_xlabel('Symbol Index')

axs[@].set_ylabel('Amplitude")

# Plot the transmitted signal after pulse shaping y[1:20*nsamp]
markerline, stemlines, baseline = axs[1].stem(y_part)
plt.setp(stemlines, 'linewidth', ©.5)

plt.setp(markerline, 'markersize', 4)
axs[1].set_title('y[1:20*nsamp] (Transmitted Signal)"')
axs[1].set_xlabel('Sample Index')
axs[1].set_ylabel('Amplitude")

# Plot the received signal after matched filtering yrx[1:20*nsamp]
markerline, stemlines, baseline = axs[2].stem(yrx_part)
plt.setp(stemlines, 'linewidth', ©.5)

plt.setp(markerline, 'markersize', 4)
axs[2].set_title('yrx[1:20*nsamp] (Received Signal)"')
axs[2].set_xlabel('Sample Index')

axs[2].set_ylabel('Amplitude")

# Adjust layout to prevent overlap
plt.tight layout()

# Show the plot
plt.show()
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# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is
ongoing
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(edeg); } /* Start rotation at © degrees */
100% { transform: rotate(360deg); } /* Full rotation (360 degrees) */

}
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished

done =
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!--
Unicode checkmark symbol -->
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_html5 = widgets.HTML(
value=loading # Initially display the loading animation

)
timer_html5 = widgets.HTML(

value="Elapsed time: - seconds" # Placeholder for the elapsed time display
)
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def ask _errors_sin wrong(k, M, nsamp, EbN@ db, matched filter type='Normal'):
This function simulates an ASK communication system using a cosine-shaped pulse
and calculates the number of symbol errors.

Parameters:
k (int): Number of bits per symbol (determines the modulation order L = 27k)
M (int): Number of symbols to simulate
nsamp (int): Number of samples per symbol (oversampling factor)
EbN@_db (float): Energy per bit to noise power spectral density ratio in
decibels

- matched_filter_type (str): Type of matched filter to use ('Normal' or
'Reversed')

The function performs the following steps:

. Generates random symbols according to the specified modulation order.
. Uses a cosine-shaped pulse for pulse shaping.

. Upsamples the signal and filters it with the pulse shape.

. Adds white Gaussian noise to the signal based on the specified Eb/N@.
. Passes the noisy signal through a matched filter.

. Samples the matched filter output at the symbol rate.

. Demodulates the signal by finding the closest symbol level.

. Counts the number of symbol errors.

00 NOUVT A~ WNR

Returns:
- errors (int): The number of symbol errors detected.

# Modulation order
L =2 ** k

# Adjust SNR based on the oversampling factor and bits per symbol
SNR_db = EbN@_db - 10 * np.logl@(nsamp / (2 * k))
SNR_linear = 10 ** (SNR_db / 10) # Convert SNR from dB to linear scale

# Generate random symbols from the constellation points
x = 2 * np.floor(L * np.random.rand(M)) - L + 1 # Symbols from -L+1 to L-1,
step 2

# Create the pulse shaping filter using a cosine function

# The pulse h is a cosine-shaped pulse over 'nsamp' samples

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

h =h / np.sgrt(np.sum(h ** 2)) # Normalize the pulse to have unit energy
# Sender side: upsample and then convolve (filter) the signal

y = upfirdn(h, x, up=nsamp) # Upsample by 'nsamp' and filter with 'h'

y = y[:M * nsamp] # Truncate to desired length
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# Calculate signal power for noise calculation
P_x = np.mean(y ** 2)
noise_variance = P_x / SNR_linear # Noise variance based on SNR

# Generate white Gaussian noise
noise = np.random.normal(9, np.sqrt(noise_variance), len(y))
y_noisy = y + noise # Add noise to the transmitted signal

# Receiver side: matched filtering

# Use either the normal pulse or its time-reversed version based on
'matched_filter_type'

matched = h[::-1] if matched filter_type == 'Reversed' else h

yrx = np.convolve(y noisy, matched, mode='full')

# Sampling at the symbol rate (every 'nsamp' samples)
z = yrx[nsamp - 1:M * nsamp:nsamp]

# Decision making (Demodulation)

levels = np.arange(-L + 1, L, 2) # Possible symbol levels

# For each sample, find the closest symbol level

z_decided = levels[np.abs(levels[:, None] - z).argmin(axis=0)]

# Count symbol errors
errors = np.count_nonzero(x != z_decided)

return errors

# Create a RadioButtons widget for selecting the matched filter type
matched_radio = RadioButtons(
options=["'Normal', 'Reversed'], # Options for matched filter type
value="Normal', # Default value
description="Matched Filter:',
disabled=False

# Simulation parameters
M = 10000 # Number of symbols to simulate
EbN@_db = np.arange(@, 21, 2) # Eb/N@ values from @ to 20 dB in steps of 2 dB

# Initialize checkboxes for selecting modulation schemes

checkbox_4ask = Checkbox(value=True, description="4-ASK') # Checkbox for 4-level
ASK modulation

checkbox_8ask = Checkbox(value=False, description="8-ASK') # Checkbox for 8-level
ASK modulation

checkbox_16ask = Checkbox(value=False, description="16-ASK"')# Checkbox for 16-level
ASK modulation

# Dropdown widget for selecting samples per symbol
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# Cr

p_dropdown = Dropdown(

options=[4, 8, 16, 32, 64], # Options for samples per symbol
value=16, # Default value

description="'Samples per Symbol:',
style={"'description_width': 'initial'}

eate an output widget to display the plot

plot_output = Output()

def

sele

type

plot_selected_modulations(change):

This function plots the theoretical and experimental Bit Error Rate (BER) curves
for selected ASK modulation schemes using a cosine-shaped pulse, based on user-
cted

parameters such as samples per symbol and matched filter type.

Parameters:
- change: An event handler parameter (not used in the function body)

The function performs the following steps:
Retrieves the selected parameters from the widgets.
. Iterates over the selected modulation schemes.
For each scheme, computes the experimental BER using 'ask_errors_sin_wrong'.
. Computes the theoretical BER for comparison.
. Plots both BER curves on a semilog plot.

ui ph W NP

# Start timer and show the loading animation
start_time = time.time()
loader_html5.value = loading

with plot_output:
plot output.clear output(wait=True) # Clear previous output
nsamp = nsamp_dropdown.value # Get the selected samples per symbol
matched_filter_type = matched_radio.value # Get the selected matched filter

plt.figure(figsize=(10, 7))
colors = {"4-ASK': 'red', '8-ASK': 'green', '16-ASK': 'blue'}

# Iterate over modulation schemes and corresponding checkboxes
for k, checkbox, color in zip(
[2, 3, 4], # k values for 4-ASK, 8-ASK, 16-ASK
[checkbox_4ask, checkbox_ 8ask, checkbox 16ask],
colors.values()

if checkbox.value:
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L =2 ** k # Modulation order
modulation_name = f'{L}-ASK'
ber = np.zeros(len(EbN@_db)) # Initialize BER array

# Simulate experimental BER for each Eb/NO value
for index, eb_n@ in enumerate(EbNe_db):
errors = ask_errors_sin_wrong(k, M, nsamp, eb_n@,
matched_filter_type)
ber[index] = errors / (M * np.log2(L)) # Calculate BER

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

# Theoretical BER for comparison
EbNO_linear = 10 ** (EbNe_db / 10) # Convert Eb/N@ from dB to
linear scale
ber_theoretical = (((L - 1) / L) * erfc(
np.sqrt(EbNe_linear * (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") # Add grid lines

plt.xlabel("Eb/N@ (dB)") # Label for x-axis

plt.ylabel("BER") # Label for y-axis

plt.title(f'Theoretical and Experimental BER of ASK Modulations
[nsamp={nsamp}]")

plt.legend() # Display legend

# Calculate and display the elapsed time

elapsed_time = time.time() - start_time

timer_html5.value = f"Elapsed time: {elapsed time:.2f} seconds"”

loader_html5.value = done # Replace the loading animation with the
completion checkmark

plt.show()

# Attach the update function to observe changes in checkboxes, dropdown, and radio
buttons

checkbox_4ask.observe(plot selected modulations, names='value')
checkbox_8ask.observe(plot selected modulations, names='value')
checkbox_16ask.observe(plot_selected modulations, names='value')
nsamp_dropdown.observe(plot selected modulations, names='value')
matched_radio.observe(plot_selected _modulations, names='value')

# Arrange the widgets for user input
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inputsl = widgets.HBox([nsamp_dropdown]) # Samples per symbol dropdown

inputs2 = widgets.HBox([matched_radio], layout=Layout(margin="0 @ @ 20px")) #
Matched filter radio buttons

inputsl2 = widgets.HBox([inputsl, inputs2], layout=Layout(align_items='center')) #
Combine inputs

inputs3 = widgets.VBox([checkbox_4ask, checkbox_8ask, checkbox_16ask]) # Modulation
scheme checkboxes

inputs = widgets.VBox([inputsl2, inputs3]) # All input widgets

# Group the loader and timer together
loader_timer_box = widgets.VBox([loader_html5, timer_html5])

# Arrange the inputs and loader/timer horizontally
ui = widgets.HBox([inputs, loader_timer_box], layout=Layout(align_items='center"))

# Display the widgets and the output container
display(ui, plot_output)

# Call the function initially to display the plot
plot_selected_modulations(None)

Lxediaon OpOoywvixov xat Hutovikoo HaAuov
yia Aieopeg Tiuég nsamp

# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is

ongoing
loading = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class='loader' style='border: 12px solid #f3f3f3; /* Light grey border
*/
border-top: 12px solid #01cc97; /* Blue border
on top */
border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spinning
animation */'></div>
</div>
<style>
@keyframes spin {
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0% { transform: rotate(@deg); } /* Start rotation at © degrees */
100% { transform: rotate(360deg); } /* Full rotation (360 degrees) */

}
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished
done = """

<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>

<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!-- Unicode

checkmark symbol -->

</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_htmlé = widgets.HTML(
value=loading # Initially display the loading animation

)
timer_htmlé = widgets.HTML(

value="Elapsed time: - seconds" # Placeholder for the elapsed time display
)

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

# Define a function to plot the filters when the nsamp value changes

def plot_filters(change):
This function plots the orthogonal and sinusoidal pulse shaping filters,
as well as their matched filters. It updates the plots based on the selected
number of samples per symbol (nsamp).

Parameters:

- change: An event handler parameter (not used in the function body)

# Start timer and show the loading animation

start_time = time.time()

nsamp = nsamp_input.value # Get the selected nsamp value from the dropdown

with output:
loader_html6.value = loading # Display the loading animation
output.clear_output(wait=True) # Clear previous output

# Define the orthogonal pulse shaping filter

# It is a rectangular pulse of duration 'nsamp' with unit energy
orthogonal = np.ones(nsamp) / np.sqrt(nsamp)
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# Define the sinusoidal pulse shaping filter

# It is a cosine function over 'nsamp' samples, normalized to unit energy

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

sinusoidal = sinusoidal / np.sqrt(np.sum(sinusoidal ** 2)) # Normalize to
unit energy

# Define the matched filters (time-reversed versions)
matched_orthogonal = orthogonal[::-1] # Time-reversed orthogonal filter
matched_sinusoidal = sinusoidal[::-1] # Time-reversed sinusoidal filter

# Create subplots to display the filters
fig, axs = plt.subplots(2, 2, figsize=(14, 8))

# Plot the orthogonal filter

markerline, stemlines, baseline = axs[0, ©].stem(orthogonal)
plt.setp(stemlines, 'linewidth', ©.5) # Adjust line width
plt.setp(markerline, 'markersize', 4) # Adjust marker size
axs[@, 0].set_title('Orthogonal Pulse Shaping Filter')
axs[0, 0].set_xlabel('Sample Index')

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

# Plot the sinusoidal filter

markerline, stemlines, baseline = axs[0, 1].stem(sinusoidal)
plt.setp(stemlines, 'linewidth', ©0.5)

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

axs[@, 1].set_title('Sinusoidal Pulse Shaping Filter')
axs[0, 1].set_xlabel('Sample Index')

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

# Plot the matched orthogonal filter

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

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

axs[1l, 0].set_title('Matched Orthogonal Filter')

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

axs[1l, ©].set_ylabel('Amplitude")

# Plot the matched sinusoidal filter

markerline, stemlines, baseline = axs[1l, 1].stem(matched sinusoidal)
plt.setp(stemlines, 'linewidth', ©.5)

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

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

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

axs[1l, 1].set_ylabel('Amplitude’)

plt.tight_layout() # Adjust layout to prevent overlap
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# Calculate and display the elapsed time

elapsed_time = time.time() - start_time

timer_html6.value = f"Elapsed time: {elapsed time:.2f} seconds"”

loader_html6.value = done # Replace loading animation with completion
checkmark

plt.show() # Display the plots

# Widget UI component: Dropdown for selecting nsamp
nsamp_input = widgets.Dropdown(
options=[8, 16, 32, 64], # Possible values for nsamp
value=8, # Default value
description="nsamp:', # Label for the dropdown

# Attach the plot_filters function to the nsamp_input widget
nsamp_input.observe(plot_filters, names='value')

# Arrange the input widget vertically
inputs = widgets.VBox([nsamp_input])

# Group the loader and timer together with a margin
loader_timer_box = widgets.VBox(
[loader_html6, timer_html6],
layout=widgets.Layout(margin="0 @ @ 20px', width="auto")

# Arrange the UI components horizontally

ui = widgets.HBox(
[inputs, loader_timer_box],
layout=Layout(align_items='center') # Center alignment

# Combine the UI and output area
out = widgets.VBox([ui, output])

# Display the user interface
display(out)

# Initial call to plot the filters with default nsamp value
plot_filters(None)
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Lab Exercise 4: Znuatodotnor Nyquist kat Alxpoeewor
L-ASK

Hapaywyn Enuatog 8-ASK ue Kwodixoroinon Gray
ka1t Piltpa Nyquist: Avadvon Liuatog
Kot Daopatog

# 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"+4g[1i]
g.append(char)
for i in range (k-1,-1,-1):
gli]="0"+g[1]

gray code recurse (g,n-1)

g=[lel,l]-l]
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(l << n):

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 = []
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for i in range(n_bits):
random_bit = random.randint(o, 1)
bitstream.append(random_bit)
return bitstream

# The function createlevels 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

t = np.arange(0, 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)))
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elif t_shifted == 1/ 8 / roll off / F@ or t_shifted == - 1 / 8 / roll off /
Fo :
h.append((roll off * np.sqrt(F@)) * ((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 * F@ * 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 0”2 (sigma)
def generateAWGN(signal, mu, sigma):

noise = sigma * np.random.randn(len(signal)) + mu

return noise

# Loading animation HTML code for visual feedback during processing

# This HTML code creates a spinning loader animation to indicate that processing is
ongoing
loading =
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<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class='loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
on top */

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spinning
animation */'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(edeg); } /* Start rotation at @ degrees */
100% { transform: rotate(360deg); } /* Full rotation (360 degrees) */

¥
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished
done = """
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div>
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_htmll = widgets.HTML(
value=loading # Initially display the loading animation

)
timer_htmll = widgets.HTML(

value="Elapsed time: - seconds" # Placeholder for the elapsed time display
)

# Declare global variables for filter and parameters
global filt, g_delay, g _nsamp

def interactive_signal_processingl(n_bits, L, roll_off, nsamp, delay):

This function performs interactive signal processing for an L-ASK modulation
scheme.

It generates random bits, maps them to symbols using Gray encoding, applies
pulse shaping
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with a root raised cosine filter, and visualizes the signals at different
stages.

Parameters:

- n_bits (int): Length of the binary bitstream.
- L (int): Number of amplitude levels in ASK modulation (e.g., 2, 4, 8, 16).
- roll off (float): Roll-off factor for the root raised cosine filter.
- nsamp (int): Number of samples per symbol (oversampling factor).

- delay (int): Group delay of the filter.

The function updates global variables for the filter, delay, and nsamp.
It also displays four plots:

1. Root Raised Cosine Filter response.

2. Filtered signal with original symbols overlaid.

3. Transmitted and received signals for comparison.

4. Power Spectral Density of the received signal.

# Start timer and display loading animation
loader_htmll.value = loading
start_time = time.time()

# Update global variables for use outside the function
global filt, g delay, g nsamp

g _delay = delay

g_nsamp = nsamp

# Generate a random bitstream of length n_bits
bitstream = generateRandomBits(n_bits)

# Calculate the amplitude (A) and bits per symbol (k)
A=1L -1
k = int(log2(L))

# Create the amplitude levels for the modulation
y_levels = createlLevels(A, L)

# Map bits to symbols based on bits per symbol (k)
symbols = createSymbols(k, bitstream)

# Generate Gray encoding for symbol mapping
gray_encoding = grayCode(k)

# Map the symbols to amplitude levels using Gray encoding
x_gray = [y_levels[gray_encoding.index(symbol)] for symbol in symbols]

# Generate the root raised cosine filter
t _filter, filt = rootRaisedCosine(nsamp, roll off, delay)
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# Upsample the signal by inserting zeros between samples
y = upSample(x_gray, nsamp)

# Convolve the upsampled signal with the filter (transmit filtering)
y_transmitted = scipy.signal.convolve(y, filt)

# Convolve the transmitted signal with the filter again (receive filtering)
y_received = scipy.signal.convolve(y_transmitted, filt)

# Downsample the received signal to symbol rate

y_final = downSample(y_received, nsamp)

y final = y final[2 * delay: len(y_final) - 2 * delay] # Adjust for filter
delay

# Create a figure object with specified size
fig = plt.figure(figsize=(20, 12))

# First subplot - Root Raised Cosine Filter response
axl = fig.add_subplot(2, 2, 1)

axl.plot(t_filter, filt)

axl.set_title('Root Raised Cosine Filter')
axl.set_xlabel('Time")

axl.set_ylabel('Amplitude')

axl.grid(True)

# Second subplot - Filtered signal with original symbols overlaid

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')

# Generate stem positions for original symbols
t_symbols = np.arange(9, 1@*nsamp, nsamp) # Stem positions every nsamp samples
y _stems = y transmitted[t_symbols] # Corresponding y-values at stem positions

# Overlay stem plot for original symbols

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 - Transmitted and received signals comparison

ax3 = fig.add_subplot(2, 2, 3)
t = np.arange(9, len(y[:10]))
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ax3.plot(t, y final[:10], label='Received')

ax3.stem(t, x_gray[:10], label='Transmitted', linefmt='Cl-', markerfmt='Clo"',
basefmt=" ")

ax3.set_title('Signal Visualization')

ax3.set_xlabel('Time")

ax3.set_ylabel('Amplitude")

ax3.legend()

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.logle(Pxx_den) # Convert to dB scale

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 the layout to prevent overlap
plt.show()

# Display elapsed time and update loading animation
elapsed_time = time.time() - start_time

timer_htmll.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_htmll.value = done

# Widget setup for interactive parameters

n_bits_sliderl = IntSlider(
min=10000, max=100000, step=10000, value=10000,
description="Bitstream Length', style={'description_width': 'initial'},
layout=Layout(width="100%"'), continuous update=False

)

roll off sliderl = FloatSlider(
min=0.1, max=1.0, step=0.1, value=0.4,
description="'Roll-off Factor', style={'description_width': 'initial'},
layout=Layout(width="100%"'), continuous update=False

)

L_dropdownl = Dropdown(
options=[2**i for i in range(1, 6)], value=2,
description="ASK Levels', style={'description_width': 'initial'},
continuous_update=False

)

nsamp_sliderl = IntSlider(
min=10, max=40, step=1, value=20,
description="nsamp', style={'description_width': 'initial'},
layout=Layout(width="100%"'), continuous update=False
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delay sliderl = IntSlider(
min=1, max=10, step=1, value=5,
description="'Group Delay', style={'description_width': 'initial'},
layout=Layout(width="100%"'), continuous_update=False

# Create the interactive output for the function
out = widgets.interactive_ output(
interactive_signal_processingil,
{'n_bits': n_bits_sliderl,
'L': L_dropdownl,
'roll off': roll off sliderl,
‘nsamp': nsamp_sliderl,
"delay': delay_sliderl}

# Function to update filter order when sliders change

def update_filter_orderl(*args):
filter_orderl = 2 * nsamp_sliderl.value * delay_sliderl.value
filter_order_displayl.value = filter_orderl

# Observers to trigger filter order update on slider value changes
nsamp_sliderl.observe(update_filter_orderl, 'value')
delay sliderl.observe(update filter orderl, 'value')

# Display the filter order with an IntText widget
filter_order_displayl = widgets.IntText(
value=2 * nsamp_sliderl.value * delay_sliderl.value,
description="Filter Order:',
disabled=True

# Arrange the input widgets in a VBox layout

inputs = widgets.VBox([
n_bits_sliderl, roll_off_sliderl, nsamp_slideril,
delay sliderl, filter_order_displayl, L_dropdownl

D

# Group the loader and timer together (they will appear next to each other
horizontally)
loader_timer_box = widgets.VBox(

[loader_htmll, timer_htmll],

layout=widgets.Layout(margin="0 @ © 20px', width="auto')

# Arrange the UI with HBox and layout options
ui = widgets.HBox(
[inputs, loader_ timer_ box],
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layout=widgets.Layout(align items='center', flex flow='row nowrap')

)

inputs.layout.flex = '1 1 auto' # Flex-grow, flex-shrink, flex-basis for input
widgets

loader_timer_box.layout.flex = '@ 1 auto' # No flex-grow for loader/timer box

# Display the UI components and the interactive output
clear_output(wait=True) # Clear the previous output to refresh
display(ui, out)

MeAérn Enidboong BER yi1a 8-ASK:
Enidbpaon Taéng DiAtpov Nyquist kot Roll-Off

# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is
ongoing
loading =
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>

</div>

<style>

@keyframes spin {
0% { transform: rotate(edeg); } /* Start rotation at @ degrees */
100% { transform: rotate(360deg); } /* Full rotation (360 degrees) */

}
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished
done = """
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div>
</div>

# Create HTML widgets to display the loading animation and elapsed time
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loader_html2 = widgets.HTML(
value=loading # Initially display the loading animation

)
timer_html2 = widgets.HTML(

value="Elapsed time: - seconds" # Placeholder for the elapsed time display
)

def interactive_signal processing2(n_bits=80000, roll off=0.7, nsamp=16, delay=4,
L=16):

This function simulates an L-ASK communication system with pulse shaping and
additive white Gaussian noise (AWGN).

It calculates and plots both theoretical and simulated Bit Error Rate (BER)
curves.

Parameters:

- n_bits (int): Length of the binary bitstream.

- roll_off (float): Roll-off factor for the root raised cosine filter.

- nsamp (int): Number of samples per symbol (oversampling factor).

- delay (int): Group delay of the filter.

- L (int): Number of amplitude levels in ASK modulation (e.g., 2, 4, 8, 16).

The function performs the following steps:

. Generates random bits and maps them to symbols using Gray encoding.

. Applies pulse shaping with a root raised cosine filter.

. Simulates transmission over an AWGN channel for various Eb/N@ values.
Calculates the theoretical and simulated BER.

. Plots the BER curves.

uvi ph W N

# Start timer and display loading animation
loader_html2.value = loading
start_time = time.time()

# Generate a random bitstream of length n_bits
bitstream = generateRandomBits(n_bits)

# Calculate the amplitude (A) and bits per symbol (k)
A=1L -1
k = int(log2(L))

# Create the amplitude levels for the modulation
y levels = createlLevels(A, L)

# Map bits to symbols based on bits per symbol (k)
symbols = createSymbols(k, bitstream)

# Generate Gray encoding for symbol mapping
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gray_encoding = grayCode(k)

# Map the symbols to amplitude levels using Gray encoding
x_gray = [y_levels[gray_encoding.index(symbol)] for symbol in symbols]

# Generate the root raised cosine filter
t_filter, filt = rootRaisedCosine(nsamp, roll_off, delay)

# Upsample the signal by inserting zeros between samples
y = upSample(x_gray, nsamp)

# Convolve the upsampled signal with the filter (transmit filtering)
y_transmitted = scipy.signal.convolve(y, filt)

# Initialize lists to store BER values
berTheoretical = []

berSimulation = []

EbNO max = 20 # Maximum Eb/N@ value in dB

# Loop over a range of Eb/NO@ values to simulate different noise levels
for EbN@_db in range(l, EbN@_max):
# Convert Eb/NO@ from dB to linear scale
EbNe = 10 ** (EbN@_db / 10)
# Adjust SNR based on oversampling factor and bits per symbol
SNR_db = EbN@_db - 10 * np.logl@(nsamp / 2 / k)
SNR = 10 ** (SNR_db / 10)

# Calculate the power of the transmitted signal and noise power
P = np.mean(y_transmitted ** 2)
Pn = P / SNR

# Generate AWGN noise
noise = np.random.normal(@, sqrt(Pn), len(y_transmitted))
y_noisy = y_transmitted + noise # Add noise to the transmitted signal

# Convolve the noisy signal with the filter (receive filtering)
z_received = scipy.signal.convolve(y noisy, filt)

# Downsample the received signal to symbol rate

z_final = downSample(z_received, nsamp)

z_final = z_final[2 * delay : len(z_final) - 2 * delay] # Adjust for filter
delay

# Initialize error counter
errors = 0
# Symbol decision based on minimum distance
for i in range(len(z_final)):
differences = np.abs(y_levels - z_final[i])
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index = np.argmin(differences)
if y levels[index] != x_gray[i]:
errors += 1

# Calculate simulated BER
berSimulation.append(errors / n_bits)

# Calculate theoretical BER for L-ASK modulation
Pe = (L - 1) / L * erfc(sqrt(3 * k / (L**2 - 1) * EbNO))
berTheoretical.append(Pe / k)

# Plotting the BER curves

plt.figure(figsize=(10, 6))
plt.semilogy(berTheoretical, label='Theoretical')
plt.semilogy(berSimulation, 'o', label='Simulation"')
plt.xlabel('Eb/N@ (dB)")

plt.ylabel('Bit Error Rate')

plt.title('BER Curve for L-ASK")

plt.legend()

plt.grid(True)

# Display elapsed time and update loading animation
elapsed_time = time.time() - start_time

timer_html2.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html2.value = done

plt.show()

# Creating sliders and dropdowns for interactive parameters

n_bits_slider2 = IntSlider(
min=10000, max=100000, step=10000, value=80000,
description="'Binary Sequence Length', style={'description width': "initial'},
layout=Layout(width="100%"), continuous update=False

)

roll off_slider2 = 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_slider2 = IntSlider(
min=8, max=32, step=1, value=16,
description="nsamp', style={'description_width': 'initial'},
layout=Layout(width="100%"), continuous_update=False

)

delay slider2 = IntSlider(
min=1, max=8, step=1, value=4,
description="Group Delay', style={'description_width': "initial'},
layout=Layout(width="100%"), continuous_update=False
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)

L_dropdown2 = Dropdown(
options=[2**i for i in range(l1, 6)], value=16,
description="ASK Levels', style={"'description_width': 'initial'},
continuous_update=False

# Create the interactive output for the function
out = widgets.interactive_output(
interactive_signal processing2,
{'n_bits': n_bits_slider2,
'roll off': roll off slider2,
‘nsamp': nsamp_slider2,
'delay’': delay_slider2,
"L': L_dropdown2}

# Display filter order with an IntText widget
filter_order_display2 = widgets.IntText(
value=2 * nsamp_slider2.value * delay_slider2.value,
description="Filter Order:',
disabled=True

# Function to update filter order dynamically when sliders change
def update_filter_order2(*args):
filter_order2 = 2 * nsamp_slider2.value * delay_slider2.value
filter_order_display2.value = filter_order2

# Attach observers to sliders to update filter order when values change
nsamp_slider2.observe(update_filter_order2, 'value')
delay slider2.observe(update filter order2, 'value')

# Group the input widgets into a VBox

input_widgets = widgets.VBox([
n_bits_slider2, roll off_slider2, nsamp_slider2,
delay slider2, filter_order_display2, L_dropdown2

], layout=widgets.Layout(flex='1 1 auto', width="auto"'))

# Group the loader and timer together

loader_timer_box = widgets.VBox(
[loader_html2, timer_html2],
layout=widgets.Layout(margin="0 @ © 20px', width="auto')

# Combine input widgets and loader/timer into a horizontal layout (HBox)
ui = widgets.HBox(
[input_widgets, loader_timer box],
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layout=widgets.Layout(align items="center")

# Display the UI components and the interactive output
clear_output(wait=True) # Clear the previous output
display(ui, out)

Loyxpion KaunvAdwv BER-Eb/No yia 16-ASK
kot 8-ASK ue Mn Gray Kwdixomoinon

# Loading animation HTML code for visual feedback during processing
# This HTML code creates a spinning loader animation to indicate that processing is
ongoing
loading =
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>

</div>

<style>

@keyframes spin {
0% { transform: rotate(edeg); } /* Start rotation at @ degrees */
100% { transform: rotate(360deg); } /* Full rotation (360 degrees) */

}
</style>

# HTML code to display a checkmark when loading is complete
# This code shows a green checkmark indicating that processing has finished
done = """
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 40@px; color: #01cc97;'>&#10003;</div>
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_html3 = widgets.HTML(
value=loading # Initially display the loading animation

)
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timer_html3 = widgets.HTML(
value="Elapsed time: - seconds" # Placeholder for the elapsed time display

def interactive_signal processing with_natural(n_bits=80000, roll off=0.7, nsamp=16,
delay=4, L=16):

This function simulates an L-ASK communication system using both Gray and
Natural encoding schemes.

It calculates and compares the Bit Error Rate (BER) for both encoding methods
over an AWGN channel.

Parameters:

n_bits (int): Length of the binary bitstream.

roll_off (float): Roll-off factor for the root raised cosine filter.

nsamp (int): Number of samples per symbol (oversampling factor).

delay (int): Group delay of the filter.

L (int): Number of amplitude levels in ASK modulation (e.g., 2, 4, 8, 16).

The function performs the following steps:

1. Generates random bits and maps them to symbols using both Gray and Natural
encoding.

2. Applies pulse shaping with a root raised cosine filter.

3. Simulates transmission over an AWGN channel for various Eb/N@ values.

4. Calculates the BER for both encoding schemes.

5. Plots the BER curves for comparison.

# Start timer
loader_html3.value = loading
start_time = time.time()

# Common setup

bitstream = generateRandomBits(n_bits)
A=1L -1

k = int(log2(L))

y levels = createlevels(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)
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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, EbN@_max):
# Convert Eb/NO@ from dB to linear scale
EbN@ = 10 ** (EbN@ db * ©.1)
SNR_db = EbN@_db - 10*np.logle(nsamp/2/k)
SNR = 108 ** (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)

# 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
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# 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 = @
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)):

# 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) * EbNQ))
berTheoretical.append(Pe / k)
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# 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/NO (dB)")

plt.ylabel('Bit Error Rate')

plt.title('BER Curve for L-ASK")

plt.legend()

plt.grid(True)

# Show elapsed time

elapsed_time = time.time() - start_time

timer_html3.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_html3.value = done

plt.show()

# Creating sliders and dropdown

n_bits_sliderl = IntSlider(min=10000, max=100000, step=10000, value=80000,
description='Binary Sequence Length', style={'description_width': 'initial'},
layout=Layout(width="100%"), continuous_update=False)

roll _off_sliderl = 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_sliderl = IntSlider(min=8, max=32, step=1, value=16, description='nsamp’,
style={"'description_width': 'initial'}, layout=Layout(width='100%"),
continuous_update=False)

delay_sliderl = IntSlider(min=1, max=8, step=1, value=4, description='Group Delay',
style={"'description_width': 'initial'}, layout=Layout(width="100%"),
continuous_update=False)

L_dropdownl = Dropdown(options=[2**i for i in range(l, 6)], value=16,
description="ASK Levels', style={'description_width': "initial'},
continuous_update=False)

# Create a VBox for the input widgets (similar to the first code snippet)
input_widgets = widgets.VBox([n_bits sliderl, roll off_sliderl, nsamp_slideril,
delay sliderl, L_dropdownl], layout=widgets.Layout(flex="'1 1 auto', width="auto"))

# Group the loader and timer together (they will appear next to each other
horizontally)

loader_timer_box = widgets.VBox([loader_html3, timer_html3],
layout=widgets.Layout(margin="0 @ @ 20px', width="auto"'))

# Combine input widgets and loader/timer box into an HBox with aligned items

ui = widgets.HBox([input_widgets, loader_timer_box],
layout=widgets.Layout(align items='center"))
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# Create the interactive output for the interactive_signal_processing with_natural
function
out = widgets.interactive_output(interactive_signal processing with_natural,
{'n_bits': n_bits_slideril,

'roll_off': roll off slideril,

‘nsamp’: nsamp_sliderl,

'delay': delay_slideri,

'L': L_dropdownl})

# Display the UI and output

clear_output(wait=True) # Clear the previous output
display(ui, out)

199



Lab Exercise 5: Aiapoopworn QAM kat PSK

Lxebiaon Enuatikov Aotepiopuov 64-QAM
pe Kwoixkomoinon Gray

# Loading animation HTML code for visual feedback during processing
loading = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
*/

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spinning
animation */'>
</div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(@deg); } /* Start rotation */
100% { transform: rotate(360deg); } /* End rotation */

¥
</style>

# HTML code to display a checkmark when loading is complete
done = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!-- Checkmark
symbol -->
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_htmll = widgets.HTML(value=loading) # Initially show loading animation
timer_htmll = widgets.HTML(value="Elapsed time: - seconds") # Placeholder for
elapsed time

def generate_gam_constellation(L):
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Generate the QAM constellation points for a square L x L QAM.

Parameters:
- L: Number of points along one axis (e.g., L=4 for 16-QAM)

Returns:

- mapping: 1D numpy array of complex numbers representing constellation points
M=1L*L # Total number of constellation points

1 = int(np.log2(L)) # Number of bits per axis

# Generate equally spaced points along the real and imaginary axes
X = np.arange(-(L - 1), L, 2)
y = np.arange(-(L - 1), L, 2)

# Create a grid of points (constellation)

XV, yv = np.meshgrid(x, y)

mapping = xv + 1j * yv # Combine real and imaginary parts
mapping = mapping.flatten() # Flatten to 1D array

return mapping

def plot_gam_constellation(L):

Plot the QAM constellation for a given L.

Parameters:

- L: Number of points along one axis (e.g., L=4 for 16-QAM)
# Start timer and display loading animation
loader_htmll.value = loading

start_time = time.time()

mapping = generate_gam_constellation(L)
M=1L*L
1 = int(np.log2(L))

# Plot the constellation points
plt.figure(figsize=(10, 7))
plt.scatter(mapping.real, mapping.imag)

if L < 16: # Include labels for smaller constellations
# Generate binary labels for each point
labels [bin(i)[2:].2zfill(2 * 1) for i in range(M)]
dx, dy = -0.5, 0.3 # Offset for labels
for i in range(len(labels)):
plt.text(mapping[i].real + dx, mapping[i].imag + dy, labels[i],
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bbox=dict(facecolor="red', alpha=0.5))

plt.grid(True)

plt.xlim(-L, L)

plt.ylim(-L, L)

plt.title(f"{L}x{L} QAM Constellation")
plt.xlabel("In-phase™)
plt.ylabel("Quadrature")

plt.show()

# Update elapsed time and loading animation

elapsed_time = time.time() - start_time

timer_htmll.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_htmll.value = done

# Create a dropdown widget to select the value of L
L_dropdown = Dropdown(options=[2, 4, 8, 16, 32, 64], value=8, description="L-QAM:",
continuous_update=False)

# Group the loader and timer widgets vertically
loader_timer_box = widgets.VBox([loader_htmll, timer_html1l],
layout=widgets.Layout(margin="0 @ @ 20px', width="auto"'))

# Create an interactive plot that updates when L changes
interactive_plot = interact(plot_gam_constellation, L=L_dropdown)

# Arrange input widgets and output
input_widgets = VBox([L_dropdown], layout=Layout(width="auto"))
plot output = interactive plot.widget.children[-1] # The output plot widget

# Combine input widgets and loader/timer into a horizontal box
inputs_and _loader = HBox([input widgets, loader_ timer_box],
layout=Layout(align_items="center'))

# Create a vertical box to hold the entire UI
ui = VBox([inputs_and_loader, plot_output])

# Clear previous output and display the UI
clear_output(wait=True)
display(ui)

Lxebdioon Lnuatikov Aotepiopov PSK

# Loading animation HTML code for visual feedback during processing
loading = """
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<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class='loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
*/

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spinning
animation */'>
</div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(@deg); } /* Start rotation */
100% { transform: rotate(36@deg); } /* End rotation */

}
</style>

# HTML code to display a checkmark when loading is complete
done = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; ' >
<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div> <!-- Checkmark
symbol -->
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_html2 = widgets.HTML(value=loading)
timer_html2 = widgets.HTML(value="Elapsed time: - seconds")

def generate_psk_constellation(M):

Generate the PSK constellation points for M-PSK modulation.

Parameters:
- M: Modulation order (e.g., M=8 for 8-PSK)

Returns:
- mapping: Numpy array of complex numbers representing constellation points

k = int(np.log2(M)) # Number of bits per symbol
phl = np.pi / 4 # Initial phase
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# Initialize theta with initial phase values
theta = np.array([phl, -phl, np.pi - phl, -np.pi + phl])
mapping = np.exp(1j * theta) # Initial constellation points

# Generate PSK constellation for higher-order M
if k > 2:
for j in range(3, k + 1):
theta = theta / 2
mapping = np.exp(1lj * theta)
mapping = np.concatenate((mapping, -np.conjugate(mapping))) # Mirror
across origin

theta = np.angle(mapping) # Update theta

return mapping

def plot_psk_constellation(M):

Plot the PSK constellation for a given M.

Parameters:

- M: Modulation order (e.g., M=8 for 8-PSK)
# Start timer and display loading animation
loader_html2.value = loading

start_time = time.time()

constellation = generate_psk_constellation(M)
k = int(np.log2(M))

# Plot the constellation points

plt.figure(figsize=(10, 7))
plt.scatter(np.real(constellation), np.imag(constellation))
plt.grid(True)

plt.title(f'{M}-PSK Constellation')

plt.xlabel('In-Phase')

plt.ylabel('Quadrature")

plt.axhline(®@, color='gray', linewidth=0.5) # Horizontal axis
plt.axvline(®, color='gray', linewidth=0.5) # Vertical axis

# 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)),
bbox=dict(facecolor="red', alpha=0.5))
plt.show()

# Update elapsed time and loading animation
elapsed time = time.time() - start_time
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timer_html2.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html2.value = done

# Create a dropdown widget to select the value of M
M_dropdown = widgets.Dropdown(options=[4, 8, 16, 32, 64], value=16, description="M-
PSK:")

# Group the loader and timer widgets vertically
loader_timer_box = widgets.VBox([loader_html2, timer_html2],
layout=widgets.Layout(margin="'0 @ @ 20px', width="auto'))

# Create an interactive plot that updates when M changes
interactive_plot = interact(plot_psk_constellation, M=M_dropdown)

# Arrange input widgets and output
input_widgets = VBox([M_dropdown], layout=Layout(width="auto"))
plot_output = interactive_plot.widget.children[-1]

# Combine input widgets and loader/timer into a horizontal box
inputs_and_loader = HBox([input_widgets, loader_timer_box],
layout=Layout(align_items="'center'))

# Create a vertical box to hold the entire UI
ui = VBox([inputs_and_loader, plot output])

# Clear previous output and display the UI
clear output(wait=True)
display(ui)

EmuAoyn kot ESopoiwon Evotnuatos M-QAM yia
PvOuo 10 Mbps oe Zwvomepato Aicevdo 6.75-9.25 MHz

# HTML loading animation and completion checkmark
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
*/

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
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animation: spin 2s linear infinite; /* Spinning
animation */'>

</div>
</div>
<style>
@keyframes spin {

0% { transform: rotate(@deg); } /* Start rotation */

100% { transform: rotate(360deg); } /* End rotation */

}
</style>

done =
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div> <!-- Checkmark
symbol -->
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_html3 = widgets.HTML(value=loading)
timer_html3 = widgets.HTML(value="Elapsed time: - seconds")

# Function to calculate roll-off factor and recommend the best M
def calculate_rolloff(f1i, f2, R):

Calculate the roll-off factor and recommend the best modulation order M.

Parameters:

- f1: Lower frequency in MHz
- f2: Upper frequency in MHz
- R: Data rate in Mbps

Returns:
- best_a: Calculated roll-off factor
- best M: Recommended modulation order M

W= (f2 - f1) * 1le6 # Bandwidth in Hz

R =R * 1e6 # Data rate in bps

possible Ms = [4, 16, 64, 256, 1024, 4096, 16384] # Possible M values
best M = None

best_a = None
for M in possible Ms:
a = np.log2(M) * W / R - 1
if @< ac<1l:
best M
best_a

M
a
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break
return best_a, best_M

# Input widgets for frequencies and data rate

f1_input = widgets.FloatText(description="F1 (MHz):', value=6.75)
f2_input = widgets.FloatText(description="F2 (MHz):', value=9.25)
R_input = widgets.FloatText(description="R (Mbps):', value=12)

# Function to update and display the result

def update_result(f1, f2, R):
# Start timer and display loading animation
loader_html3.value = loading
start_time = time.time()

a, M = calculate rolloff(fl, f2, R)

# Update elapsed time and loading animation

elapsed_time = time.time() - start_time

timer_html3.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html3.value = done

# Display the result

if M is not None:
result_html.value

else:
result_html.value

f"Result: a = {a:.4f}, Recommended M = {M}"

"No suitable M found within the given constraints."

# Widget to display the result
result _html = widgets.HTML(value="Result: a = ©0.2500, Recommended M = 64")

# Group the loader and timer widgets vertically
loader_timer_box = widgets.VBox([loader_html3, timer_html3],
layout=widgets.Layout(margin="0 @ @ 20px', width="auto"'))

# Arrange input widgets
input_widgets = widgets.VBox([fl_input, f2_input, R_input],
layout=widgets.Layout(width="auto"))

# Combine inputs and loader/timer into a horizontal box
ui = widgets.HBox([input_widgets, loader_timer_box],
layout=widgets.Layout(align items="'center"))

# Create interactive output
out = widgets.interactive output(update_result, {'f1': f1_input, 'f2': f2_input,
'R'": R_input})

# Clear previous output and display the UI
clear output(wait=True)
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display(ui, result html)

# Loading animation and completion checkmark HTML code
loading = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(edeg); }
100% { transform: rotate(360deg); }

¥
</style>

done =
<div style='display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div>
</div>

# Create HTML widgets for loading animation and elapsed time
loader_html4 = widgets.HTML(
value=loading

)

timer_html4 = widgets.HTML(
value="Elapsed time: - seconds"”

)

# HTML widget for displaying warnings
warning_html = widgets.HTML(
value=""

def rootRaisedCosine(nsamp, roll off, delay):

Generate a root raised cosine filter.

Parameters:
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nsamp: Number of samples per symbol
roll _off: Roll-off factor
delay: Filter delay in symbol periods

Returns:

#

Fo
Br
Fs
Td
Ts
F1
F2
fi

h: Filter coefficients

Calculate necessary frequencies and times
0.5 / nsamp

=1

Br * nsamp

1/ Br

1/ Fs

Fo * (1 - roll off)

= FO * (1 + roll off)

lter_order = 2 * nsamp * delay

= np.arange(@, filter_order, Td)
=[]
r i in range(len(t)):
t_shifted = t[i] - filter_order / 2
if t_shifted == 0:
h.append(np.sqrt(2 * FO) *(1 + roll off * ((4 / np.pi) - 1)))

elif t_shifted == 1 / 8 / roll_off / FO or t_shifted == - 1 / 8 / roll_off /
Fo :
h.append((roll off * np.sqrt(F@)) * ((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 * F@) / (1 - 64 * roll off * roll off * F@ * 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 h
def ber_gam(EbNo, M, roll off, F1, F2, Br):
Calculate the Bit Error Rate (BER) for QAM modulation.
Parameters:

EbNo: Energy per bit to noise power spectral density ratio in dB
M: Modulation order

roll off: Roll-off factor

F1: Lower frequency in MHz

F2: Upper frequency in MHz

Br: Bit rate in Mbps
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Returns:

- BER: Bit Error Rate

# Convert units from MHz and Mbps to Hz and bps

F1 = F1 * 1e6

F2 = F2 * 1e6

Br = Br * 1leb6

W=F2 - F1 # Bandwidth in Hz

fc=F1L+W/ 2 # Carrier frequency

nsamp = int(np.ceil(2 * F2 / Br)) 47 # Number of samples per symbol

0.25 # Roll-off factor
int(np.sqrt(M))
np.log2(L)
=2 *1
Nsymb = 10000
SNR = EbNo - 10 * np.logl@(nsamp / k / 2) # oe db
core = [1+1j, 1-1j, -1+41j, -1-1j]
mapping = core[:]
if 1> 1:
for j in range(l, int(l)):
mapping = list(map(lambda x: x + j * 2 * core[@], mapping))
conj_arr = np.conj(mapping)
mapping = mapping + conj_arr.tolist()
conj_arr = -np.conj(mapping)
mapping = mapping + conj_arr.tolist()

A oo
1}

# Generate random sequence

x = np.floor(2 * np.random.rand(int(k * Nsymb), 1))
x_temp = np.reshape(x, (int(len(x) / (k)), int(k)))
xsym = []

# Split the list into sublists and put the contents of each sublist
# into a string so that with the int() command it is converted from binary to
decimal
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 = xsym + [a]

y =[]

for n in range(len(xsym)):
y =y + [mapping[xsym[n]]]
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# Generate shaping filter

delay = 10

filtorder = delay * nsamp * 2

shaping_filter = rootRaisedCosine(nsamp, roll off, delay)

# Transmit signal
ytx = upfirdn([1], y, nsamp) # upsample
ytx = np.convolve(ytx, shaping filter)

m = np.arange(l, len(ytx) + 1)
s = np.real(np.multiply(ytx, np.exp(1j * 2 * np.pi * fc * m / nsamp)))
s_matrix = np.matrix(s) # transpose

s_matrix = s_matrix.getH()

s_list = s_matrix.tolist()

Ps = 10 * np.loglo(np.matmul(s, s_list) / len(s)) # Power of complex signal in
dB

Pn = Ps - SNR

n = np.sqrt(10**(Pn / 10)) * np.random.randn(1l, len(ytx))
snoisy = s + n

# receiver

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] # downsample

yrx = yrx[2 * delay + @:len(yrx) - 2 * delay]

yi = yrx.copy()
yq = np.imag(yi)
yi = np.real(yi)
xrx = []

g = np.arange(-L + 1, L, 2)

for n in range(len(yrx)):

differences = np.abs(q - yi[n]) # Array with the differences of the signal
from the levels

m = min(differences)

[index], = np.where(differences == m)

yi[n] = q[index]

differences = np.abs(q - yq[n]) # Array with the differences of the signal
from the levels

m = min(differences)

[index], = np.where(differences == m)
ya[n] = q[index]
error = 0
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for i in range(len(yrx)):
if y[i] !'= yi[i] + yq[i] * 13:
error += 1
return error / len(x)

def plot ber gam(M, roll off, F1, F2, Br):

Plot the BER curve for QAM modulation.

Parameters:

- M: Modulation order

- roll off: Roll-off factor
- F1: Lower frequency in MHz
- F2: Upper frequency in MHz
- Br: Bit rate in Mbps

# Validate input frequencies
if F1 >= F2:

warning_html.value = "<div style='color: red; font-size: 16px; '>Warning:

should be less than F2.</div>"
return

warning_html.value # Clear any previous warnings

# Start the timer
loader_html4.value = loading
start_time = time.time()

ber_exp = []
ber_th = []
L = int(np.sqrt(M))
for i in range(1, 15):
ber_exp.append(ber_gam(i, M, roll off, F1, F2, Br))
ber_th.append(((L - 1) /(L*np.log2(L)) * scipy.special.erfc(np.sqrt(3 *
np.log2(L) / (L * L - 1) * 10**(i/10)))))

plt.figure(figsize=(10, 8))

plt.semilogy(range(1l, 15), ber_th) # Plot theoretical BER as a line
plt.semilogy(range(1l, 15), ber_exp, 'o') # Plot experimental BER as points
plt.legend([ 'Theoretical', 'Simulation'])

plt.xlabel('Eb/N@(db)")

plt.ylabel('Bit Error Probability')

plt.title(f'BER curve for {M}-QAM")

plt.grid(which="both")

plt.show()

# Stop the timer and update the timer HTML
elapsed time = time.time() - start_time
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timer_html4.value = f"Elapsed time: {elapsed time:.2f} seconds"”
# Update the loading animation to done
loader_html4.value = done

# 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="F1l: (MHz)')
F2_input = widgets.FloatText(value=9.25, description="F2: (MHz)")
Br_input = widgets.FloatText(value=10, description='Br: (Mbps)")

# Group the loader and timer together (they will appear next to each other
horizontally)

loader_timer_box = widgets.VBox([loader_html4, timer_html4],
layout=widgets.Layout(margin='0 @ @ 20px', width="auto'))

# Create a VBox for the input widgets (similar to the first code snippet)
input_widgets = widgets.VBox([gam_selector, roll off_input, F1_input, F2_input,
Br_input, warning_html], layout=widgets.Layout(width="auto"))

# Create an HBox to combine inputs and loader timer box, with the same layout style
ui = widgets.HBox([input widgets, loader_timer_box],
layout=widgets.Layout(align_items="'center'))

# Create the interactive output for the plot_ber_gam function
out = widgets.interactive_output(plot_ber_gam, {'M': gam_selector, 'roll off':
roll off_input, 'F1': F1_input, 'F2': F2_input, 'Br': Br_input})

# Display the UI and output
clear_output(wait=True) # Clear the previous output
display(ui, out)

Meiwon Taéng Lvotnuatosc QAM
yiex BeAtiwon IiOavotntag LoaAuatog Bit
ka1 AvaAvon PvOuov Metadoong

# Loading animation and done checkmark HTML code
# These HTML snippets are used to display a loading spinner and a completion
checkmark in the UI.
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loading =
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border
*/
border-top: 12px solid #01cc97; /* Greenish-
blue border on top */
border-radius: 50%; /* Make it a
circle */
width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spin
animation */'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(@deg); } /* Start at © degrees */
100% { transform: rotate(36@deg); } /* Rotate full circle */

}
</style>

done =
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!-- Unicode
checkmark -->
</div>

# Create HTML widgets for the loading animation and timer display
loader_html5 = widgets.HTML(value=loading)
timer_html5 = widgets.HTML(value="Elapsed time: - seconds")

def rtrapezium(nsamp, rolloff, delay):

Generate a root-raised cosine (RRC) filter using the trapezium method.

Parameters:

- nsamp (int): Number of samples per symbol (oversampling factor)
- rolloff (float): Roll-off factor (@ < rolloff <= 1)

- delay (int): Filter delay in symbol periods

Returns:

- rrc (numpy array): Filter coefficients
T
t

1 # Symbol period
np.arange(-delay*T, (delay*T) + 1/nsamp, 1/nsamp) # Time vector
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rrc = np.zeros_like(t) # Initialize filter coefficients

# Calculate filter coefficients
for i, ti in enumerate(t):
if ti == 0.0:

rrc[i] = 1.0 - rolloff + 4 * rolloff / np.pi
elif abs(ti) == T / (4 * 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:
numerator = (np.sin(np.pi * ti * (1 - rolloff) / T) +
4 * rolloff * ti * np.cos(np.pi * ti * (1 + rolloff) / T) /
T)
denominator = (np.pi * ti * (1 - (4 * rolloff * ti / T) ** 2))
rrc[i] = numerator / denominator

# Normalize filter coefficients
rrc = rrc / np.sqrt(np.sum(rrc**2))
return rrc

def run_simulation(f1l, f2, gam_type):
Simulate the transmission and reception of a QAM signal and plot the power
spectral density.

Parameters:

- f1 (float): Lower cutoff frequency in MHz

- f2 (float): Upper cutoff frequency in MHz

- gam_type (int): Modulation order (e.g., 16 for 16-QAM)
# Start the timer and display loading animation
loader_html5.value = loading

start_time = time.time()

# Parameters
k = int(np.log2(gam_type)) # Bits per symbol
M = 2%*k # Modulation order
Nsymb = 30000 # Number of symbols
pulse type =1 # Pulse shaping filter type (1 for RRC)
nsamp = 32 # Oversampling factor
fc = (f1 + f2) / 2 # Carrier frequency (MHz)
bandwidth = f2 - f1 # Signal bandwidth (MHz)
rolloff = bandwidth / (2 * fc) # Roll-off factor
EbNo = 10 # Energy per bit to noise power spectral density
ratio in dB

SNR = EbNo - 10 * np.logl@(nsamp / k / 2) # Signal-to-noise ratio per sample
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# Phase and mapping initialization

phl = np.pi / 4

theta = np.array([phl, -phl, np.pi - phl, -np.pi + phl])
mapping = np.exp(1j * theta)

if k > 2:
# Generate PSK constellation for higher-order modulation
for j in range(3, k + 1):
theta = theta / 2
mapping = np.exp(1lj * theta)
mapping = np.concatenate([mapping, -np.conj(mapping)])
theta = np.angle(mapping)

# Transmitter

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 bits to decimal
symbols

y = mapping[xsym] # Map symbols to constellation points

# Shaping filter definition
if pulse_type == 1: # Nyquist pulse shaping with RRC filter
delay = 8 # Group delay in symbol periods
shaping_filter = rtrapezium(nsamp, rolloff, delay)
else: # Rectangular pulse
delay = 0.5
shaping_filter = np.ones(nsamp) / np.sqrt(nsamp) # Normalize filter

# Transmitted signal
ytx = upfirdn([1], y, nsamp) # Upsample the signal
ytx = convolve(ytx, shaping filter, mode='same') # Apply shaping filter

# Quadrature modulation

m = np.arange(len(ytx))

s = np.real(ytx * np.exp(1j * 2 * np.pi * fc * m / nsamp)) # Modulate to
carrier frequency

# Adding white Gaussian noise

Ps = 10 * np.logl@(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

yrx = 2 * snoisy * np.exp(-1j * 2 * np.pi * fc * m / nsamp) # Demodulate

yrx = convolve(yrx, shaping filter, mode='same') # Apply matched
filter
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# Spectrum plot of received signal

f, Pxx_den = welch(np.real(s), fs=nsamp, nperseg=1024)
Pxx_den = 10 * np.logl@(Pxx_den) # Convert power spectral density to dB
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 (dB/Hz)")
plt.xlim(@, max(f1l, f2) + 5)

plt.grid()

plt.show()

# Stop the timer and update the loading animation

elapsed_time = time.time() - start_time

timer_html5.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html5.value = done

# Widgets for input parameters

f1_widget = widgets.FloatText(value=6.75, description="f1 (MHz):")

f2_widget = widgets.FloatText(value=9.25, description='f2 (MHz):")

gam_widget = widgets.Dropdown(options=[4, 16, 64], value=16, description="QAM
Type:")

# Create the interactive output for the run_simulation function
out = widgets.interactive_output(run_simulation, {'f1': f1_widget, 'f2': f2_widget,
‘gam_type': gam_widget})

# Group the loader and timer together vertically
loader_timer_box = widgets.VBox([loader_html5, timer_html5],
layout=widgets.Layout(margin="0 @ @ 20px', width="auto"'))

# Arrange input widgets in a vertical box
input_widgets = widgets.VBox([gam_widget, f1 widget, f2 widget],
layout=widgets.Layout(width="auto"))

# Combine input widgets and loader/timer into a horizontal box
ui = widgets.HBox([input_widgets, loader_timer_box],

layout=widgets.Layout(align items="'center"))

# Display the UI and output
display(ui, out)
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# Loading animation and done checkmark HTML code
# These HTML snippets are used to display a loading spinner and a completion
checkmark in the UI.
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border
*/
border-top: 12px solid #01cc97; /* Greenish-
blue border on top */
border-radius: 50%; /* Make it a
circle */
width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spin
animation */'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(e@deg); } /* Start at © degrees */
100% { transform: rotate(36@deg); } /* Rotate full circle */

}
</style>

done =
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!-- Unicode
checkmark -->
</div>

loader_htmlé = widgets.HTML(value=loading)
timer_html6é = widgets.HTML(value="Elapsed time: - seconds")

# Function to calculate the maximum achievable transmission rate R' and the
percentage increase
def calculate_R_and_percentage_increase(M, a, R):
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Calculate the maximum achievable rate R' and the percentage increase over the
current rate R.

Parameters:

- M (float): Modulation order

- a (float): Roll-off factor

- R (float): Current data rate in Mbps

Returns:

- R_prime_mbps (float): Maximum achievable rate in Mbps

- percentage_increase (float): Percentage increase over the current rate
W= 2.5 * 1e6 # Fixed bandwidth in Hz

log2M = np.log2(M)

R_prime = (log2M * W) / (1 + a) # Maximum achievable rate in bps
R_prime_mbps = R_prime / 1le6 # Convert to Mbps

percentage_increase = ((R_prime_mbps - R) / R) * 100 # Percentage increase
return R_prime_mbps, percentage_increase

# Input widgets for R, M, and a

R_input = widgets.FloatText(description="R (Mbps):', value=8.0)
M_input = widgets.FloatText(description="M:"', value=16)
a_input = widgets.FloatText(description="a (Roll-off):', value=0.125)

# Output widget for displaying results
output_vals = widgets.Output()

# Function to update the result when any input changes
def update_result(change=None):
# Start the timer and display loading animation
loader_html6.value = loading
start_time = time.time()

with output_vals:
output_vals.clear output()

R = R_input.value
M = M_input.value
a = a_input.value

R_prime_mbps, percentage_increase = calculate R_and_percentage_increase(M,
a, R)

print(f"Maximum Achievable Rate (R') = {R_prime_mbps:.3f} Mbps")

print(f"Percentage Increase = {percentage_increase:.2f}%")

# Stop the timer and update the loading animation

elapsed_time = time.time() - start_time

timer_html6.value = f"Elapsed time: {elapsed_time:.2f} seconds"”
loader_html6.value = done
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# Attach observers to input widgets to trigger result update
R_input.observe(update_result, names='value')
M_input.observe(update_result, names='value')
a_input.observe(update_result, names='value')

# Group the loader and timer together vertically
loader_timer_box = widgets.VBox([loader_html6, timer_html6],
layout=widgets.Layout(margin="'0 @ @ 20px', width="auto'))

# Arrange input widgets in a vertical box
input_widgets = VBox([R_input, M_input, a_input], layout=Layout(width="auto'))

# Combine input widgets and loader/timer into a horizontal box
inputs_and_loader = HBox([input_widgets, loader_timer_box],
layout=Layout(align_items="center'))

# Create a vertical box that includes both inputs and output
ui = VBox([inputs_and_loader, output_vals])

# Clear previous output and display the UI
clear output(wait=True)
display(ui)

# Initial calculation to display results
update_result()

Loyxpion Lvotnuatog PSK kot QAM
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# HTML for loading animation and completion checkmark
# These HTML snippets are used to display a loading spinner and a completion
checkmark in the UI.
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border
*/
border-top: 12px solid #01cc97; /* Greenish-
blue border on top */
border-radius: 50%; /* Make it a
circle */
width: 40px;
height: 40px;
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animation: spin 2s linear infinite; /* Spin
animation */'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(@deg); } /* Start at © degrees */
100% { transform: rotate(360deg); } /* Rotate full circle */

}
</style>

done =
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div> <!-- Unicode
checkmark -->
</div>

loader_html7 = widgets.HTML(value=loading)
timer_html7 = widgets.HTML(value="Elapsed time: - seconds")

# Define the root raised cosine filter function
def rootRaisedCosinel(nsamp, roll off, delay):

Generate a root raised cosine (RRC) filter.

Parameters:

- nsamp (int): Number of samples per symbol

- roll_off (float): Roll-off factor

- delay (int): Filter delay in symbol periods

Returns:
- h (numpy array): Filter coefficients
t = np.arange(-delay, delay + 1 / nsamp, 1 / nsamp)
h = np.zeros(len(t))
for i in range(len(t)):
if t[i] == @.0:
h[i] = 1.0 - roll off + 4 * roll off / np.pi
elif roll off != 0 and t[i] == 1 / (4 * roll off):
h[i] = roll off / np.sqrt(2) * ((1 + 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):
h[i] = roll off / np.sqrt(2) * ((1 + 2 / np.pi) * np.sin(np.pi / (4 *
roll off)) + (1 - 2 / np.pi) * np.cos(np.pi / (4 * roll off)))
else:
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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])
£33 2))

return h

# Define the BER computation functions for PSK modulation
def compute_ber_psk(EbNo_dB, M1):

Compute the theoretical Bit Error Rate (BER) for M-PSK modulation.

Parameters:
- EbNo_dB (float): Eb/N@ ratio in dB
- M1 (int): Modulation order (e.g., 2 for BPSK, 4 for QPSK)

Returns:
- BER (float): Bit Error Rate
EbNo_linear = 10**(EbNo_dB / 10)
if M1 == 2: # BPSK
return 0.5 * scipy.special.erfc(np.sqrt(EbNo_linear))
else: # M-PSK
k = np.log2(M1)
return (1/4*k) * scipy.special.erfc(np.sqrt(EbNo_linear * k) * np.sin(np.pi
/ M1))

def ber_psk_simulation(EbNo_dB, M1):

Simulate the Bit Error Rate (BER) for M-PSK modulation over an AWGN channel.

Parameters:
- EbNo_dB (float): Eb/N@ ratio in dB
- M1 (int): Modulation order

Returns:
- ber (float): Bit Error Rate from simulation

Nsymb = 30000 # Number of symbols

nsamp = 16 # Samples per symbol
fc =4 # Carrier frequency

rolloff = 0.25

delay = 10

SNR_dB = EbNo_dB - 10 * np.logl@(nsamp / np.log2(M1))
shaping filter = rootRaisedCosinel(nsamp, rolloff, delay)
filtorder = delay * nsamp * 2

# Generate random symbol sequence
bitsl = np.random.randint(@, M1, Nsymb)
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# Map symbols to PSK constellation points
symbols = np.exp(1j * (2 * np.pi * bitsl / M1))

# Upsample and filter the signal

ytx1l = upfirdn([1], symbols, nsamp)

ytxl = np.convolve(ytxl, shaping filter, mode='same')

ml = np.arange(len(ytx1))

sl = np.real(ytxl * np.exp(1j * 2 * np.pi * fc * m1 / nsamp))

# Calculate signal and noise power
Ps = np.mean(np.abs(sl)**2)
SNR_linear = 10**(SNR_dB / 10)

Pn = Ps / SNR_linear

# Generate AWGN noise

noise = np.sqrt(Pn / 4) * (np.random.randn(len(sl)) + 1j *
np.random.randn(len(sl)))

snoisy = sl + noise

# Receiver

yrx1l = snoisy * np.exp(-1j * 2 * np.pi * fc * m1 / nsamp)
yrxl = np.convolve(yrxl, shaping filter, mode='same')
yrxl = yrx1[::nsamp]

# Demodulate symbols
detected bitsl = np.angle(yrxl) * M1 / (2 * np.pi)
detected bitsl = np.round(detected bitsl) % M1

# Calculate BER

bit_errorsl = np.sum(bitsl != detected_bits1)
berl = bit_errorsl / len(bitsl)

return berl

def plot ber psk(M):

Plot the BER curve for M-PSK modulation.

Parameters:

- M (int): Modulation order (e.g., 2 for BPSK, 4 for QPSK)
# Start the timer and display loading animation
loader_html7.value = loading

start_time = time.time()

ber exp = [] # Experimental BER
ber_th = [] # Theoretical BER
for i in range(1, 18):
ber_exp.append(ber psk_simulation(i, M))
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ber_th.append(compute ber psk(i, M))

# Plot BER curves

plt.figure(figsize=(10, 8))

plt.semilogy(range(1, 18), ber_th) # Plot theoretical BER as a line
plt.semilogy(range(1l, 18), ber_exp, 'o') # Plot experimental BER as points
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.show()

# Stop the timer and update the timer HTML

elapsed_time = time.time() - start_time

timer_html7.value = f"Elapsed time: {elapsed time:.2f} seconds"”
# Update the loading animation to done

loader_html7.value = done

# Define PSK options for the dropdown menu

psk options = {'BPSK': 2, 'QPSK': 4, '8-PSK': 8}

psk_selector = widgets.Dropdown(options=psk_options, value=4, description="'PSK
Type:")

# Group the loader and timer together (they will appear next to each other
horizontally)

loader_timer_box = widgets.VBox([loader_html7, timer_html7],
layout=widgets.Layout(margin="0 @ @ 20px', width="auto"'))

# Create a VBox for the input widgets (similar to the first code snippet)
input_widgets = widgets.VBox([psk_selector], layout=widgets.Layout(width="auto"))

# Create an HBox to combine inputs and loader timer box, with the same layout style
ui = widgets.HBox([input widgets, loader_timer_box],
layout=widgets.Layout(align_items="'center'))

# Create the interactive output for the plot_ber_psk function
out = widgets.interactive output(plot_ber_psk, {'M': psk_selector})

# Display the UI and output

clear_output(wait=True) # Clear the previous output
display(ui, out)
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Extédeon Kwbdika 6.1 yioe M=16 ka1t Emufefaiwon
Ap1Buov AaOwv yiax Aicpopetixég Tiuég Eb/No

# Loading animation and completion checkmark HTML code for visual feedback
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
on top */

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spinning
animation */'>
</div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(@deg); } /* Start rotation */
100% { transform: rotate(360deg); } /* End rotation */

¥
</style>

done =
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!-- Checkmark
symbol -->
</div>

# Create HTML widgets to display the loading animation and elapsed time
loader_htmll = widgets.HTML(value=loading)
timer_htmll = widgets.HTML(value="Elapsed time: - seconds")

# Parameters for FSK modulation

bps = 4 # Bits per symbol (4 bits per symbol for 16-FSK)
Nsymb = 1000 # Number of symbols to simulate
ns = 80 # Number of samples per symbol (oversampling factor)
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# Derived parameters

M = 2 ** bps # Number of different symbols (M-ary FSK)
BR =1 # Baud Rate (symbols per second)
fc =2 *M * BR # Carrier frequency for FSK modulation

# Further derived parameters

nb = bps * Nsymb # Total number of bits to simulate
T=1/BR # Symbol duration

Ts =T / ns # Sampling period (time between samples)

# Generate M frequencies for coherent FSK modulation
f =fc+ (BR/ 2) * (np.arange(1, M+ 1) - (M + 1) / 2)

# Calculate the maximum frequency used

fmax = np.max(f)

# Recalculate 'ns' to ensure the sampling frequency 'Fs' satisfies the Nyquist
criterion

Fs = 2 * fmax # Sampling frequency must be greater than twice the
max frequency

ns = int(np.ceil(Fs / BR)) + 10 # Adjust 'ns' accordingly and add some margin

# Recalculate the sampling period with the new 'ns'
Ts =T/ ns

# Generate random input data bits

y = np.random.randint(@, 2, nb) # Random bits (© or 1)
X = y.reshape((Nsymb, bps)) # Reshape bits into symbols (each symbol has 'bps'
bits)

# Time vectors for symbol intervals and oversampling

t = np.arange(@, len(x) * T, T) # Time vector on the symbol grid

tks = np.arange(0, T, Ts) # Time vector for oversampling within one symbol
period

# Generate FSK signal
s =[] # Initialize signal list
A =np.sqrt(2 / T / ns) # Amplitude to normalize power
for k in range(len(x)):
# Convert bits to symbol index

symbol _bits = ''.join(map(str, x[k]))

symbol index = int(symbol bits, 2)

fk = f[symbol_index] # Select frequency for the symbol

tk = (k * T) + tks # Time vector for the current symbol

s.append(np.sin(2 * np.pi * fk * tk)) # Generate sine wave for the symbol
s = np.concatenate(s) # Concatenate all symbol signals
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def calculate errors(EbNo_range):

Calculate the number of errors over a range of Eb/No values.

Parameters:

- EbNo_range: Tuple containing the start and end Eb/No values in dB
# Start timer and display loading animation

loader_htmll.value = loading

start_time = time.time()

clear_output(wait=True) # Clear previous output

EbNo_values = list(range(EbNo range[@], EbNo range[1l] + 1)) # List of Eb/No
values

errors_list

[] # List to store the number of errors at each Eb/No

for EbNo in EbNo_values:
# Calculate Signal-to-Noise Ratio (SNR) in dB
SNR = EbNo + 10 * np.logl@(bps) - 10 * np.loglo(ns / 2)

# Add AWGN noise to the FSK signal
noisy signal = awgn(s, SNR)

# FSK receiver implementation
xr = [] # List to store received symbols
for k in range(len(noisy_signal) // ns):

tk = (k * T) + tks # Time vector for the current
symbol
sk = noisy_signal[k * ns:(k + 1) * ns] # Extract the symbol from the
noisy signal
smi = [] # List to store correlation
values
for fi in f:
si = np.sin(2 * np.pi * fi * tk) # Reference sine wave for
frequency 'fi'
smi.append(np.sum(sk * si)) # Correlate received signal with
reference
j = np.argmax(smi) # Find the index with the

maximum correlation
# Convert index to bits and append to received symbols
xr.append([int(bit) for bit in bin(j)[2:].zfill(bps)])
xr = np.array(xr).reshape((Nsymb, bps)) # Reshape received symbols

# Count the number of bit errors
errors = np.sum(x != xr)

errors_list.append(errors)

# Plot the number of errors versus Eb/No
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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()

# Display elapsed time and completion checkmark
elapsed_time = time.time() - start_time

, markersize=8)

timer_htmll.value = f"Elapsed time: {elapsed_time:.2f} seconds"”

loader_htmll.value = done

# Create a range slider widget for Eb/No values
EbNo_slider = IntRangeSlider(

value=[0, 20], # Default range from @ to 20 dB
min=0, # Minimum value

max=20, # Maximum value

step=1, # Step size

description="EbNo (dB):"',
continuous_update=False,
layout=Layout(width="99%")

# Group the loader and timer widgets

loader_timer_box = widgets.VBox(
[loader_htmll, timer_htmll],
layout=widgets.Layout(margin="0 @ @ 20px', width="auto")

# Create a VBox for input widgets
input_widgets = widgets.VBox(
[EbNo_slider],
layout=widgets.Layout(flex="1 1 auto', width="auto")

# Combine input widgets and loader/timer into an HBox
ui = widgets.HBox(
[input_widgets, loader_timer_box],
layout=widgets.Layout(align_items="center")

# Create the interactive output
out = widgets.interactive output(calculate_errors, {'EbNo_range
# Display the UI and output

clear_output(wait=True) # Clear previous output
display(ui, out)
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E&opoiwon Evotnuatog 32-FSK
ka1 Loykpion KaunvAwv Pb-Eb/No yia Eoupwvn
Kot Aoopupwvn Amodiauoppwon

# Loading animation and completion checkmark HTML code
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
on top */

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
animation: spin 2s linear infinite; /* Spinning
animation */'>
</div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(edeg); } /* Start rotation */
100% { transform: rotate(36@deg); } /* End rotation */

}
</style>

done =

<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>

<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div> <!-- Checkmark

symbol -->

</div>
loader_html2 = widgets.HTML(value=loading)
timer_html2 = widgets.HTML(value="Elapsed time: - seconds")

def fsk_errors(bps, Nsymb, ns, EbNo):

Simulate coherent FSK and calculate the number of bit errors.

Parameters:

- bps: Bits per symbol

- Nsymb: Number of symbols
- ns: Samples per symbol
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- EbNo: Energy per bit to noise power spectral density ratio in dB

Returns:
- errors: Number of bit errors
# Input parameters
M = 2 ** bps

BR =1

fc =2 *M* BR

Modulation order
Baud Rate
Carrier frequency

EEE T

# Derived parameters

nb = bps * Nsymb # Total number of bits
T=1/BR # Symbol duration
Ts =T / ns # Sampling period

# Generate frequencies for coherent FSK

f =Ffc + (BR / 2) * (np.arange(1, M+ 1) - (M+ 1) / 2)

# Calculate the maximum frequency and adjust 'ns' accordingly
fmax = np.max(f)

Fs = 2 * fmax
ns = int(np.ceil(Fs / BR)) + 10
Ts =T/ ns

# Calculate SNR in dB
SNR = EbNo + 10 * np.logl@(bps) - 10 * np.logl@(ns / 2)

# Generate random input bits
y = np.random.randint(@, 2, nb)
x = y.reshape((Nsymb, bps))

# Time vectors
t = np.arange(@, len(x) * T, T)
tks = np.arange(0, T, Ts)

# Generate FSK signal
=[]
A =np.sqrt(2 / T / ns)
for k in range(len(x)):
symbol_bits = "'.join(map(str, x[k]))
symbol_index = int(symbol bits, 2)
fk = f[symbol_index]
tk = (k * T) + tks
s.append(np.sin(2 * np.pi * fk * tk))
s = np.concatenate(s)

%]

# Add AWGN noise to the signal
s = awgn(s, SNR)
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# 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)])
Xxr = np.array(xr).reshape((Nsymb, bps))

# Count errors
errors = np.sum(x != xr)
return errors

def fsk_errors_non_coh(bps, Nsymb, ns, EbNo):

Simulate non-coherent FSK and calculate the number of bit errors.

Parameters:

- bps: Bits per symbol

- Nsymb: Number of symbols

- ns: Samples per symbol

- EbNo: Energy per bit to noise power spectral density ratio in dB

Returns:
- errors: Number of bit errors

M = 2 ** bps # Modulation order
BR =1 # Baud Rate
fc =2 *M* BR # Carrier frequency

# Derived parameters
nb = bps * Nsymb
T=1/BR

Ts =T / ns

# Generate frequencies for non-coherent FSK
f = fc + BR * (np.arange(l, M+ 1) - (M + 1) / 2)

# Adjust 'ns' based on maximum frequency
fmax = np.max(f)

Fs = 2 * fmax

ns = int(np.ceil(Fs / BR)) + 10

Ts =T / ns
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# Calculate SNR in dB
SNR = EbNo + 10 * np.logl@(bps) - 10 * np.logl@(ns / 2)

Generate random input bits
np.random.randint(@, 2, nb)
y.reshape((-1, bps))
np.arange(@, len(x) * T, T)
tks = np.arange(@, T, Ts)

+ X < H
1]

# Generate FSK signal
=[]
A =np.sqrt(2 / T / ns)
for k in range(len(x)):
symbol_bits = "'.join(map(str, x[k]))
symbol_index = int(symbol_bits, 2)
fk = f[symbol_index]
tk = (k * T) + tks
s = np.concatenate((s, np.sin(2 * np.pi * fk * tk)))

%]

# Add AWGN noise
s = awgn(s, SNR)

# Non-coherent FSK receiver
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 * f[i] * tk)
sq = np.cos(2 * np.pi * f[i] * tk)
smi = np.sum(sk * si)
smq = np.sum(sk * sq)
sm.append(np.sqrt(smi ** 2 + smg ** 2))
j = np.argmax(sm)
xr.extend([int(bit) for bit in bin(j)[2:].zfill(bps)])
Xr = np.array(xr)

# Reshape and count errors

x_reshaped = x.reshape(-1)

xr_reshaped = xr[:len(x_reshaped)]

errors = np.sum(x_reshaped != xr_reshaped)
return errors

def simulate_ber(bps, Nsymb, ns, EbNo values, coherent=True):

Simulate Bit Error Rate (BER) over a range of Eb/No values.
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Parameters:

- bps: Bits per symbol

- Nsymb: Number of symbols

- ns: Samples per symbol

- EbNo values: List of Eb/No values in dB

- coherent: Boolean indicating coherent or non-coherent detection

Returns:
- ber: List of BER values corresponding to Eb/No values
ber = []
for EbNo in EbNo_values:
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

# Define the BER values directly inside the functions
def theoretical_ber_coh(EbNo, M):

Return theoretical BER values for coherent FSK.

Parameters:
- EbNo: Array of Eb/No values in linear scale
- M: Modulation order

Returns:
- BER: Array of BER values
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, ©.087789, 0.060786, ©.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, ©.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])
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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")

def theoretical_ber_non_coh(EbNo, M):

Return theoretical BER values for non-coherent FSK.

Parameters:
- EbNo: Array of Eb/No values in linear scale
- M: Modulation order

Returns:
- BER: Array of BER values
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, ©.13987, 0.097719, 0.061557,
0.033946, ©.01579, 0.0059139, ©.0016837, 0.00033939,
4.4371e-05, 3.3753e-06, 1.3045e-07, 2.1593e-09, 1.233e-11])
elif M ==

return np.array([0.19472, ©.14559, ©0.099187, ©.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, 0.038861, 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, 0.10471, ©.058014, 0.025984, 0.0088058,
0.0020817, 0.00031127, 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")

def update plot(bps):

Update the BER plot based on the selected bits per symbol.

Parameters:
- bps: Bits per symbol
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# Start timer and display loading animation
loader_html2.value = loading
start_time = time.time()

Nsymb = 2000 # Number of symbols

ns = 100 # Samples per symbol

EbNo_dB_sim = np.arange(@, 10, 2) # Eb/No values for simulation
EbNo_dB_theory = np.arange(0, 15, 1) # Eb/No values for theoretical curves

EbNo_sim = 10 ** (EbNo_dB_sim / 10) # Convert dB to linear scale
EbNo_theory = 10 ** (EbNo_dB_theory / 10)
M = 2 ** bps # Modulation order

# Simulate BER for coherent and non-coherent detection
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)

# Get theoretical BER values
ber_coh_theory = theoretical_ber_coh(EbNo_theory, M)
ber_non_coh_theory = theoretical_ber_non_coh(EbNo_theory, M)

# Plot BER curves

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'{M}-FSK System")
plt.xlabel('Eb/No (dB)")
plt.ylabel('Bit Error Rate (BER)')
plt.grid(True, which="both")
plt.legend()

plt.show()

# Display elapsed time and completion checkmark

elapsed_time = time.time() - start_time

timer_html2.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html2.value = done

# Dropdown widget for selecting bits per symbol
bps_dropdown = Dropdown(

options=[('2-FSK', 1), ('4-FSK', 2), ('8-FSK', 3), ('16-FSK', 4), ('32-FSK',
51

235



value=2,

description="M-FSK:"',
style={"'description_width': 'initial'},
continuous_update=False

# Group the loader and timer widgets

loader_timer_box = widgets.VBox(
[loader_html2, timer_html2],
layout=widgets.Layout(margin="0 @ © 20px', width="auto")

# Input widgets container
input_widgets = widgets.VBox([bps_dropdown])

# Combine input widgets and loader/timer into an HBox
ui = widgets.HBox(
[input_widgets, loader_timer_box],
layout=widgets.Layout(align_ items="'center')

# Create interactive output
out = widgets.interactive_output(update_plot, {'bps': bps_dropdown})

# Display UI and output
clear output(wait=True)
display(ui, out)

Lxebdioon Oaouatos Zwvonepatov Lnuatog
yioe Lvotnua 32-FSK

# Loading animation and completion checkmark HTML code
loading = """
<div style="display: flex; justify-content: center; align-items: center; height:
80px; ' >
<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey border

*/

border-top: 12px solid #01cc97; /* Blue border
on top */

border-radius: 50%; /* Circular
shape */

width: 40px;
height: 40px;
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animation: spin 2s linear infinite; /* Spinning
animation */'>

</div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(@deg); } /* Start rotation */
100% { transform: rotate(360deg); } /* End rotation */
}
</style>
done = """
<div style='display: flex; justify-content: center; align-items: center; height:
80px; '>
<div style='font-size: 40px; color: #01cc97;'>&#10003;</div> <!-- Checkmark
symbol -->
</div>

loader_html3 = widgets.HTML(value=1loading)
timer_html3 = widgets.HTML(value="Elapsed time: - seconds")

def update_plot(fsklvl, Nsymb, EbNo):

Plot the power spectral density for coherent and non-coherent FSK.

Parameters:

- fsklvl: FSK levels (e.g., 2, 4, 8, etc.)

- Nsymb: Number of symbols

- EbNo: Energy per bit to noise power spectral density ratio in dB
# Start timer and display loading animation

loader_html3.value = loading

start_time = time.time()

clear output(wait=True)

bps = int(math.log2(fsklvl)) # Bits per symbol

M = 2 ** bps # Modulation order

BR =1 # Baud Rate

T=1/BR # Symbol duration

fc =2 *M* BR # Carrier frequency

ns = 80 # Samples per symbol
nb = bps * Nsymb # Total number of bits

f =Ffc + (BR / 2) * (np.arange(1l, M+ 1) - (M + 1) / 2) # Frequencies for
coherent FSK

# Adjust 'ns' based on maximum frequency
fmax = np.max(f)
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Fs
ns
Ts

2 * fmax
int(np.ceil(Fs / BR)) + 10
T/ ns

# Calculate SNR in dB
SNR = EbNo + 10 * np.logl@(bps) - 10 * np.logle(ns / 2)

# Generate random input bits
y = np.random.randint(@, 2, nb)
x = y.reshape((len(y) // bps, bps))

# Time vectors

t =

np.arange(@, len(x) * T, T)

tks = np.arange(@, T, Ts)

# Generate coherent FSK signal

S =

for

[]
np.sqrt(2 / T / ns)
k in range(len(x)):

symbol_bits = "'.join(map(str, x[k]))
symbol_index = int(symbol_bits, 2)

fk = f[symbol_index]
tk = (k * T) + tks
s.append(np.sin(2 * np.pi * fk *

s_coherent = np.concatenate(s)

# Compute power spectral density
frequencies_coherent, Pxx_coherent =
nperseg=50000, noverlap=25000)

# Parameters for non-coherent FSK

ns = 90

Ts =T/ ns

f = fc + BR * (np.arange(1, M + 1) -
coherent FSK

fmax = np.max(f)

Fs = 2 * fmax

ns = int(np.ceil(Fs / BR)) + 10

Ts =T/ ns

# Generate non-coherent FSK signal

tk))

welch(s_coherent, fs=ns * BR,

(M + 1) / 2) # Frequencies for non-

s =[]
for k in range(len(x)):
symbol _bits = "'.join(map(str, x[k]))

symbol_index = int(symbol_bits, 2)

fk = f[symbol_index]
tk = (k * T) + tks

s.append(np.sin(2 * np.pi * fk * tk))
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s_non_coherent = np.concatenate(s)

# Compute power spectral density
frequencies_non_coherent, Pxx_non_coherent = welch(s_non coherent, fs=ns * BR,
nperseg=50000)

# Plot PSDs
fig, axs = plt.subplots(2, 1, figsize=(10, 8))

axs[@].semilogy(frequencies_coherent, Pxx_coherent, linewidth=0.5)
axs[@].set_title("Coherent FSK")

axs[0].set_xlabel("Frequency (Hz)")

axs[@].set_ylabel("Power Spectral Density (dB/Hz)")
axs[0].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()

# Display elapsed time and completion checkmark

elapsed_time = time.time() - start_time

timer_html3.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html3.value = done

# Widgets for user input

fsklvl _dropdown = Dropdown(
options=[2, 4, 8, 16, 32],
value=4,
description="FSK Levels:',
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="Number of Symbols:',
style={"'description width': "initial'},
layout=Layout(flex='1 1 auto', width="auto'),
continuous_update=False
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EbNo_slider = IntSlider(
value=8,
min=0,
max=20,
step=1,
description="Eb/No (dB):"',
style={"'description_width': '"initial'},
layout=Layout(flex="1 1 auto', width="auto'),
continuous_update=False

# Group the loader and timer widgets

loader_timer_box = widgets.VBox(
[loader_html3, timer_html3],
layout=widgets.Layout(margin="0 @ @ 20px', width="auto")

# Input widgets container

input_widgets = widgets.VBox(
[fsklvl_dropdown, Nsymb_slider, EbNo_slider],
layout=widgets.Layout(flex="1 1 auto', width="auto")

# Combine input widgets and loader/timer into an HBox
ui = widgets.HBox(
[input_widgets, loader_timer_box],
layout=widgets.Layout(align_ items='center')

# Create interactive output
out = widgets.interactive_ output(update_plot, {'fsklvl': fsklvl dropdown, 'Nsymb':
Nsymb_slider, 'EbNo': EbNo_slider})

# Display UI and output
clear output(wait=True)
display(ui, out)

Efouoicwon Lvotnuatoc MSK oe Zwvomtepato AicvAo
pue 2 Mbps ka1t YrmoAoyiouog BER yi1a Eb/No=10 dB

# Loading animation and completion checkmark HTML code
loading = """

<div style="display: flex; justify-content: center; align-items: center; height:
80px; '>
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<div class="'loader' style='border: 12px solid #f3f3f3; /* Light grey */
border-top: 12px solid #01cc97; /* Blue */
border-radius: 50%;
width: 40px;
height: 40px;
animation: spin 2s linear infinite;'></div>
</div>
<style>
@keyframes spin {
0% { transform: rotate(edeg); }
100% { transform: rotate(36@deg); }

}
</style>

done =
<div style="display: flex; justify-content: center; align-items: center;
height: 80px;'>
<div style='font-size: 4@px; color: #01cc97;'>&#10003;</div>
</div>
loader_html4 = widgets.HTML(
value=loading

)

timer_html4 = widgets.HTML(
value="Elapsed time: - seconds"

)

# Function that simulates Additive White Gaussian Noise (AWGN)
def awgn(signal, SNR):

Additive White Gaussian Noise (AWGN) channel simulation.

Parameters:
- signal: Input signal
- SNR: Signal-to-Noise Ratio in dB

Returns:

- noisy signal: Signal with added AWGN noise

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

# MSK error function
def msk_errors(Nbits, nsamp, EbNo):

241



Simulate MSK modulation and calculate BER without precoding.

Parameters:

- Nbits: Number of bits

- nsamp: Oversampling factor

- EbNo: Energy per bit to noise power spectral density ratio in dB

Returns:
- BER: Bit Error Rate

n = Nbits # Number of data bits

= 2000000 # Bit rate (2 Mbps)
fc = 8000000 # Carrier frequency (8 MHz)
ns = nsamp # Oversampling factor
T=1/R # Bit duration
Ts =T/ ns # Sampling interval
fss =1/ Ts # Sampling frequency

# Calculate SNR in dB
SNR = EbNo - 10 * np.logl@(ns/2) # in dB

# Generate random input bits (-1 or 1)
y = np.concatenate(([1], np.sign(np.random.rand(n - 1) - ©.5))) # random
numbers, -1 or 1

X =y
# Generate NRZ polar pulse train samples
g = np.ones(ns)

xx = upfirdn(g, x, up=ns) # NRZ polar pulse train samples

# Time vector
ts = np.arange(0, len(xx) * Ts, Ts) # of length ns*(n+l)

# MSK Transmitter

XS = XX
theta = np.cumsum(xs) * np.pi / 2 / ns

xs_i = np.cos(theta) # in-phase component
XSs_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[:len(ts)]
elif len(ts) > len(xs_i):

ts = ts[:len(xs_1i)]

# Modulation
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s = xs_ i * np.cos(2 * np.pi * fc * ts) - xs_gq * 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)
XSs_gq = -s * np.sin(2 * np.pi * fc * ts)

# LP (Parks-McClellan) filter

fl = 0.75*%(fss/2)/ns

f2 = 4*%f1

order = 8 * ns

fpts = [0, f1, f2, fss/2]

mag = [1, 1, 0, O]

wt = [1, 1]

firwin2(order+l, fpts, mag, fs=fss)
1

len_xs_i = len(xs_i)

dummy = np.concatenate((xs_i, np.zeros(order)))
dummyl = 1filter(b, a, dummy)

delay = order // 2

xs_i = dummyl[delay:delay + len_xs_i]

xs_i = np.concatenate((xs_i, np.ones(nsamp-1)))

dummy = np.concatenate((xs_g, np.zeros(order)))
dummyl = 1filter(b, a, dummy)

xs_q = dummyl[delay:delay + len_xs_ i]
bi =1
xr 1 =1

Xr = np.zeros(n)
for k in range(@, n, 2):

1i = np.arange((k+1) * ns, min((k + 3) * ns-1, len(xs_1i)))
1g = 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)
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err = np.not_equal(x, xr)
errors = np.sum(err)
return errors / Nbits

# MSK error function with precoding
def msk_errors_precoding(Nbits, nsamp, EbNo):

Simulate MSK modulation and calculate BER with precoding.

Parameters:

- Nbits: Number of bits

- nsamp: Oversampling factor

- EbNo: Energy per bit to noise power spectral density ratio in dB

Returns:
- BER: Bit Error Rate

n = Nbits

= 2000000
fc = 8000000
ns = nsamp
T=1/R
Ts =T/ ns
fss =1/ Ts

# Calculate SNR
SNR = EbNo - 10 * np.logl@(ns/2) # in dB

# Generate random input bits and apply precoding
y = np.concatenate(([1], np.sign(np.random.rand(n - 1) - ©.5))) # random
numbers, -1 or 1
X =Yy
x[@] =1
for i in range(1, len(y)):
x[i] = y[i] * x[i-1] # Apply precoding rule

# Generate NRZ polar pulse train samples
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+1)

## MSK TRANSMITTER

XS = XX

theta = np.cumsum(xs) * np.pi / 2 / ns

xs_i = np.cos(theta) # in-phase component
Xs_q = np.sin(theta) # quadrature component
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# 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[:1len(ts)]

xs_q = xs_q[:len(ts)]
elif len(ts) > len(xs_i):

ts = ts[:len(xs_1i)]

# Modulation
s = xs_1i * 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_ 1 =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

f2 = 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)
1

len_xs_i = len(xs_1i)

dummy = np.concatenate((xs_i, np.zeros(order)))
dummyl = 1filter(b, a, dummy)

delay = order // 2

xs_i = dummyl[delay:delay + len_xs_i]

Xxs_i = np.concatenate((xs_i, np.ones(nsamp-1)))

dummy = np.concatenate((xs_q, 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):
1i = np.arange((k+1) * ns, min((k + 3) * ns-1, len(xs_i)))
1g = np.arange(k * ns, min((k + 2) * ns-1, len(xs_q)))
xi = xs_i[1li]
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xq = xs_q[1q]

# Matched filter output (to match MSK modulation characteristics)
gmi = np.cos(np.pi / 2 / T * Ts * 1i) # In-phase matched filter pulse
gmq -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 * bgq # Decode the k-th bit
xr[k+1] = bi * bg # Decode the (k+1)-th bit

# Update the previously decoded bit (xr_1)
xr_1 = xr[k+1]

Xxr = xr.reshape(-1)
err = np.not_equal(y, xr)
errors = np.sum(err)
return 0.5*errors / Nbits

# Function to simulate BER and plot
def update_msk_plot(nsamp):

Update the BER plot for MSK modulation with and without precoding.

Parameters:
- nsamp: Oversampling factor
# Start timer and display loading animation
if loader_html4.value != loading:
loader_html4.value = loading # Set loading indicator only if not already
set
start_time = time.time()

EbNo_range = np.arange(9, 9, 1) # EbNo from © to 10 dB
Nbits = 10000 # Increase number of bits to reduce variance

simulated BER = []

simulated BER_precoding = []
theoretical BER = []
theoretical BER_precoded = []

for EbNo in EbNo_range:
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# Simulate both with and without precoding
sim_BER = msk_errors(Nbits, nsamp, EbNo)
sim_BER_precoded = msk_errors_precoding(Nbits, nsamp, EbNo)

# Theoretical BER without precoding

theoretical BER_value = 0.9 * erfc(np.sqrt(10**(EbNo / 10)))

# Theoretical BER with precoding

theoretical BER_precoded_value = erfc(np.sqrt(10**(EbNo / 10))) / 2

simulated_BER.append(sim_BER)
simulated_BER_precoding.append(sim_BER_precoded)

theoretical BER.append(theoretical BER_value)

theoretical BER_precoded.append(theoretical BER_precoded_value)

# Plot results

plt.figure(figsize=(10, 6))

plt.semilogy(EbNo_range, simulated BER, 'o', label='Simulated BER (without
precoding) ')

plt.semilogy(EbNo_range, simulated_BER_precoding, 's', label='Simulated BER
(with precoding)')

plt.semilogy(EbNo_range, theoretical BER, label='Theoretical BER (without
precoding) ')

plt.semilogy(EbNo_range, theoretical BER_precoded, label='Theoretical BER (with
precoding) ')

plt.xlabel('$E_b/N_0% (dB)')

plt.ylabel('Bit Error Rate (BER)')

plt.title('MSK Modulation (with and without precoding)')

plt.legend()

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

plt.show()

# Update timer and loading indicator

elapsed_time = time.time() - start_time

timer_html4.value = f"Elapsed time: {elapsed time:.2f} seconds"”
loader_html4.value = done

# Interactive UI components

nsamp_slider = widgets.IntSlider(
value=32,
min=16,
max=128,
step=16,
description="0Oversampling Factor:"',
layout=Layout(width="auto', flex='1 1 auto'),
style={"'description width': "initial'},
continuous_update=False
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# Group the loader and timer together (they will appear next to each other
horizontally)

loader_timer_box = widgets.VBox([loader_html4, timer_html4],
layout=widgets.Layout(margin="0 @ @ 20px', width="auto"'))

# Create a VBox for the input widgets (similar to the first refactored code)
input_widgets = widgets.VBox([nsamp_slider], layout=widgets.Layout(flex="1 1 auto’,
width="auto"))

# Create an HBox to combine inputs and loader timer box, with the same layout style
ui = widgets.HBox([input_widgets, loader_timer_box],
layout=widgets.Layout(align_items="center"))

# Create the interactive output for the update_msk_plot function
out = widgets.interactive_output(update_msk_plot, {'nsamp': nsamp_slider})

# Display the UI and output

clear_output(wait=True) # Clear the previous output
display(ui, out)
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