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Audio Frame vs. Audio Block

» Audio Block
» ‘Eva tunpa tou nxou, m.x. 1024 deiypata nxou
» Audio Frame
» Mia @€ta tou nxou
» 2- KavaAla nxou => deiypata avda XpovikKn OTlyun
» 4 -kavaAla nxou

» Frame -> 4 dsiypata rnxou
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MaOnuatikn ‘Ekgpaon STFT

» O STFT £v6g oNpATog MPAYHATIKWY TIHWY Eivat n pyadikn ocuvaptnon 6uo
HETABANTWV:

> X(k, n) := YV x(l + nh)yw(l)e 2HkUN
» ‘Omou
> x ONHA TPAYHATIKWY TIHWY

» w(l) mapabupikn GUVC[pTI‘]GI‘] TNG 0TT0idAG Ol PN-PNGEVIKEG TIHEG TTEPLopiovTal 6TO
olwaotnua l € [0, N — 1], pe N aképato (duvapn tou 2)

» N 1o pnKkog tou audio block oto omolo epappoletat o STFT
» navfov OelkTng Tou Mapabupou/audio block
» h hop size (dnAadn n xpovikn oAicOnon tou mapadupou oe deiypata)

» KaBwg 10 0 6eiKTNG 6UXVOTNTAG K VAL OHOIOHOPPA KATAVEUNHEVOG OTO SLAcTNHa
[0, f] (f; - cuxvotnta dstypatoAnyiac):

» X(k, n) avimpoowTevel To @pdopa otn ocuxvotnta f(k) = k*f;/N (Hz) kat 6To xpoviko
onpeio T(n) = n*h/f (sec)




AmoteAeopa STFT

» Tooo n ocuvaptnon matplotlib.pyplot.specgram 6co kat n scipy.signal.stft yia
ONpa x(N) TPAYHATIKWY TIHWY GUVOAIKNG OldPKELAG AT, EMGTPEPOUY evd
mivaka dtactacswv (N/2+1) x (AT /h ), n aAAwg av n ouvoNKn OldPKELA TOU
onpatog o€ deiyparta eival A, T0te o mivakag £xel dlaotaon:

> (N/2+1) x A/h -1

» To mAnBog twv otnAwv (audio blocks) pmopei va diagpopormoteitat kata +1 1 -1
avaloya pe Tnv UAoTolnon Kat Ta oplopatd Twy TApamdvw cUVAPTACEwWY

» 2TOV Tivaka auto, SlAaPOPETIKEG YPAHMHEG AVTIOTOILXOUV OE OLAPOPETIKEG WVEG
OUXVOTNTWV (frequency bins) evw OlAPOPETIKEC OTAAEG AVTIOTOLXOUV OE
olaopetika audio blocks.
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https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.specgram.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.signal.stft.html

STFT xwpl¢ zero-padding

window index: n n+1 n+2 n+3
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AvamapacTtdoelg ZnNPatog
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» Kupatopoppn:

» Mmopoupe va doUHE Ta XpoVIKA
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Gacpatoypagnua -> MeplodKOTNTA KAl XPOVIKN
akpiBela
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Figure 1: (a): Spectrogram of an ideal harmonic signal. (b): Spectrogram of an ideal percussive
signal.
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Figure 2: (a): Spectrogram of a recording of a violin. (b): Spectrogram of a recording of a
castanets.
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Aoknon

» Tekivwvrtag amd to apxeio flute.wav tou omoiou n maptitoUpa sivat n akoAoudn:
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1. Na amelkovioete o (pacpatoypaenpa

a) AAGETE TO apXxeio NXOU Kal Xxpnolpotolnote to drum.wav, Kdl piano.wav
2. Na Bpeite ta frequency bins ota omoia o STFT peylotomoleitat, yia Kade block
3. XE TL OUXVOTNTEC AVTIOTOLXOUV?

4. MNuwg oxetiCovtal Pe TIC CUXVOTNTEG TTOU avamapiotavtal oty mapamdvw maptitoupa?

5. Mmopeite va Bpeite Ta Xpovika onpeia ota omoia epgpavidovtal ta note onsets? Xe molo
OElyHd avTioToLXouv?

6.  AldmotwoTe TNV apxn tng ampocsdloplotiac.




Audio Features

» Numerical values describing the contents of a signal according to different kinds of
inspection: temporal, spectral, perceptual, etc.

» Ava@epovtal 6Tov UTTOAOYIOHO KATIoldG TIUNG N omoia agpopd cuvoAikd eva audio block (1.
a6 N=1024 dsiypata). H tiun auth pmopei va umoAoyiletal og KAmola avamapactaocn
onpatog, .xX.

» Xto Xpovo => Temporal Features
» Xto (pdopa => Spectral Features
» 2to Xpwpa => Chroma Features

» K.o.K.

» He€EMEN autig Tung yia dtadoxikda audio blocks pou divel pakpooKoTIKA TANpo@opia yid To
TEPLEXOUEVO TOU ONHATOC.

» Dimensionality Reduction:
» Mewwvouy tn diactaocn Tou dlavuopatog Nxou (GnAadn Tou cnUaAtog)
» M.x. amo 44100 deiypata (1 sec) o 44100/1024 = 43 deiypata

» [apéxouv TANPOYOPIA YA TO TEPLEXOPEVO TOU ZAPATOG




XpOVIKA XapaKTNPLOTIKA
Energy, ZCR

Autocorrelation
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Zero Crossing Rate - PuBpoc dteAsuong pndevikou asov

> METPAEL TN CUXVOTNTA PE TNV OToia N Kupatopopyn aAAalel mpdonuo
> ZCR(n) = —ZN 1 [x(Ox(t — D]

» [eplodika oAPATA AVAPEVETAL VA €XOUV XAUNAEG TIHEG, VW BopuBwWON HE APUOVIKA
onpata mapouctalouv UYPNAOTEPEC TIPEC

» YmoAoyiletal yia kaBe audio block otn xpovikn avamapdoctacn Tou GNUATOC

» [a tnv avamapactacn oto akoAoubo onpa 1o ZCR £xel KavoviKoTolnbei oTo
owaotnua [0, 11
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Xapaktnplotika Evepyelac

» Evépyela

» Emrtpémel TNV mapakoAoubnon SLAKUPAVOEWY TOU TTAATOUC Plag KUPATOHOPPNG
(envelop follower)

» Mrmopei BEBala va umoAoyIoBEei £iTe oTNV KUPATOHOP®N E(TE 0TO pAacpa (Bswpnpa
Parseval)

> E(m) = TEN(0)? = - Tpl X (k)12

100
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» Evepyog tin Evépyeiag (Root Mean Square)

» RMSE() = JE() ol
» Log Energy

» METPAEL TNV NXNTIKNA Tieon o€ dB

» LE(n) =10log.o E(n)

KavovIKOTIOINUEVEG TIHEC EVEP

X. AAe€avopdakn 2/11/2020




Dacpatika Xapaktnplotika

Spectral Centroid,, Spectral Flux
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Specral Centroid - ®aocpatikog Kevtpoeiong

» Daopatikog Kevtpoeldng

» YmodelkvUel TToU Bpioketal To «KEVTPO Palag» Tou pAcpatog. AVTIANTITIKA, €XEL Pla
loxupn oUvOeon PE TNV avtiAnyn tng «pwtevotntag (brightness)» evog nxou

N/2-1

IR p )X ()|

» SC(n) ==£=2 - , omou f(k) n KevTpikn ocuxvotnta tou k-bin
(n) Zﬁ'ﬁ, Uix(en)| (k) PN n
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Spectral Flux - ®acpatikn Pon

» Metpdel TNV aAAayn oTo @acpa tou evog block amo 1o emopevo
» Avapévetal va mapouctdadel UPNAEC TIPEC Yid EAPVIKEC AAAAYEC TOU GNUATOC
» ‘Exel xpnolgomoinBsi Katd Kaipoug o€ OlapopeC mapaAAayec:

» SFL(n) = YK 1H(X(K,n)| — |X(k,n — 1)),

x+|x|

> is the half-wave rectifier (nuiavopbwon)

» using L —1norm,H(x) =

100 1

> SFZ(n) — leg;(}{HﬂX(k» Tl)l o |X(krn o 1)')}21 075 |

» using the L-2 norm (overemphasizing differences) oso
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Aoknon

» Iekivwvtag amo to apxeio flute.wav

1. Na umoAoyioete (pe O1KO 0ag KWOLKA) Kal va amodwoETE YPAPIKA TA
xapaktnplotika logEnergy, Spectral Centroid kat Spectral Flux

2. MNpoomabnote va eviomiceTe Ta onpeia Evapéng votwy EMALYOVTAC TIC KOPUWPES
(TOmKA PEYLOTA) TNG PACHATIKAG pong (spectral flux) pe tn cuvaptnon

» https://docs.scipy.org/doc/scipy/reference/generated/scipy.signal.find_peaks.html
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https://docs.scipy.org/doc/scipy/reference/generated/scipy.signal.find_peaks.html

