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Cocktail Party Effect

» Cocktail Party Effect

» H avtAnmtiki ikavotnta va Slaxwpioupe Evav NXo JEcA Aamo €va cUVOAO NXOUG Kdl
va MPOONAWVOUACTE OE AUTOV

» ‘Exel amodobei o VEUPOAOYIKA XAPAKTNPIOTIKA KAl €ival O ATOTEAECHUATIKN OTNV
mepimtwon ¢ apgimAsupng akong (binaural hearing)

> Apa Bswpeital OtL ev HEPEL OPEIATAl 0TN GUVATOTNTA EVIOTIOHOU NXNTIKWY TNYWVY OTO
XWpPO

> MeAetdtal epeuvntika amod tn oekastia tou ‘50
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Audio Source Separation

» O SlaxwploPOC NXNTIKWY ONHATWY TTOU TTPOEPXOVTAL ATIO OLAPOPETIKES TTNYEC
amo £€va CUVOALKO ONpa ToU £XEL TTPOEABEL amd nxoypagion n/Kat pi€n, pe
KaBapda UTTOAOYLOTIKEG HEBOBOUC

» E@appoyeg
» Xe onpa optAiag
» X€& HOUOCIKO onpa
> e mepIBAAAOVTIKOUG NXOUG
» Mabnuatikn Ek@pacn mPoBARUATOC:

» Na BpeBouv onpata Xq, X,, .. £TOL WOTE ATO OEOOPEVO ONHA X,

P X=X+ Xy e
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[lpooEyYIOoEIC

» Blind Source Separation

» Aegv mpolmoBETEL TponyoUpevn yvwon (A HOVo TOAU HIKPN YVWOon) yld To
TTEPLEXOUEVO TOU ONUATOC

» E@appoyég
» Image Analysis, Communications, Stock Prediction, Seismic Monitoring
» Mabnpatikeég mpooeyyioelg
» Non-Negative Matrix Factorization (NMF), Principal Component Analysis (PCA), k.a.
» Informed Source Separation

» AEloTolEl YVWoN yid TO TL TEPIEXETAL OTO ONHA, TTPOKELHEVOU VA OlAXwPIOEL
OlAPOPETIKEG TTNYEC

» Mapadeiypata

» Score informed Source Separation (music), Text Informed Source Separation (speech),
User Guided Source Separation (1.x. 8€Aw va gvtomiow TNV TAde NXNTIKA TTNyN) K.d.
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Harmonic Percussive Source
Separation (HPSS)

» AmoouvOeon ‘Hxou (Audio Decomposition)

> X =Xp *+Xp, OTIOU:

P X}, : ONHA TTOU TIEPIEXEL TA APHOVIKA OTOIXEIA TOU ApXIKOU oNHAtog -> UWnAn Katd Tommoug
nmeplodIkOTNTa

> X, : ONHA TIOU TIEPIEXEL UN APHOVIKA OTOIXEID -> UYPNAN TIEPIEKTIKOTNTA OE UPNAEG
OUXVOTNTEG MIKPNG OLAPKELAC

» EmreAeital o€ HOUGIKO onpd, OXL TOCO Yid TO OLAXWPLOHO TWV HOUGLKWY
opyavwy, 060 w¢:

» Pre-processing step yia aAAa tasks, m.x.

» Onset detection, Audio Transcription, Instrument Identification, K.Am.
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Gacpatoypagnpa -> Meplodikotnta Kat
XPOVIKN akpiBela
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Figure 1: (a): Spectrogram of an ideal harmonic signal. (b): Spectrogram of an ideal percussive L
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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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Block Diagram HPSS
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Figure 3: Harmonic-percussive source separation.
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https://www.audiolabs-erlangen.de/content/05_fau/professor/00_mueller/02_teaching/2015w_mpa/LabCourse_HPSS.pdf

AAyop1Buoc HPSS

1. STFT oto apxiko onpa => X(k, n) Miyadikog mivakag duo Siactacewv: A/(N-h) x N/2 +1 mou
OTITIKOTIOLE(TAL PE TO Pacpatoypa@nua

2. YmoAoyi{w to power spectrogram wg:
» Y(k, n) =|X(k,n)|?

3. O mpokumTtoV Tivakag @IAtpdpstal pe £va smoothing filter oe dUo dwaotdaocelc:

» Smoothing (Asiavon) otnv opifovtia didaoctacn (horizontal smoothing) diatnpei ta Kupiapxa
OTOIXElA 0TN ouxvotnta => Harmonic Spectrogram Yy (k, n)

» Smoothing otnv kabetn didotaon (vertical smoothing) diatnpei Ta kupiapxa otoixeia oto Xpovo
=> Percussive Spectrogram Y,(k, n)

4, Epappolw tnv texviki tou Masking wote va mpokUwouv U0 TVAKEG:
» O harmonic mask My(k, n) o omoiog urodeikvUel ta onueia mivaka ota omoia Yu(k, n) >= Yy(k, n)

» O percussive mask My(k, n) o omoiog utodeikvUel ta onpeia mivaka ota omoia Yp(k, n) > Yp(k, n)

5. Epappolw Inverse STFT otov moA/cpo mvakwy tou X(k, n) pe toug dUo masks yia va napw
ouo onparta:

> Xp = ISTFT {Mn(k, n)* X(k, n) }
> Xp = ISTFT {My(k, n)* X(k, n) 3
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Smoothing - Median Filtering

» [a smoothing filter xpnopomoloUpe autod mou
ovopaletal Median Filter, 1o omoio £xel WG 0TOX0
va agatlpeocsl BopuBo amo Eva onua.

» ‘Exel xpnolpomolnBei ektevwg os emeEepyacia lkOvag
Kabwg £xel OUO MAEOVEKTNHATA:

1. Removes Noise

2. Preserves Edges

Original
Filtered

» Baoiletal otnv €vvola tou AplBunTtikou Mécou (AM)
median evo¢ cuvoAou aplBuwyv

» [a kaAutepn iowg eme€nynon OtaBdaote to Apbpo

» What is the math behind median filter's noise
reduction property?
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https://dsp.stackexchange.com/questions/15203/what-is-the-math-behind-median-filters-noise-reduction-property
https://dsp.stackexchange.com/questions/15203/what-is-the-math-behind-median-filters-noise-reduction-property

Median - Alapecoc

» Oplopog:

» Ta éva cuvoAo aplBpwy, o AIAMEZOZX sival ekeivog o aplBpog yla tov omoio ol
plool aplOpoi Tou cuvoAou gival HIKPOTEPOL ATIO AUTOV £V Ol AAAOL pLool
pHEYaAUTEpPOL amd autov

» Mabnuatikn ‘Ekgppaon:

» EavA = {a, _R|n € [0,N — 1]} cuvoAo apiBuwv mou £xouv tagvounbei oe avgouca
oclpd, OnA. a, <= a,y 0tav n<n’, 10te 0 AM autou eivat o aplBpog:

an-1, yta N TepLtto

» median(A): =<4 ? ,

S tan ),y Naptio
2 2
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Median vs. Mean (Average)

» Arithmetic Mean (Alapecog)

» TN OTATIOTIKN amoTeAEL pia EvOelEn yia 1o S1ACTNPA OGTO OT0I0 KlvouvTdl
ol apBpol o€ Eva dlactnua (UTTocUVOAO TOUG), ayvowvtag AKPAIEC TIHEC
(outliers)

» Median or Average (MEcog 0po¢ N amAd PESOC)

» AapBavel utoyn €€icou OAEG TIC TIHEC EVOC GUVOAOU aplopwy
» MNapadeiypata: va umoAoylotei o0 mean Kat o median:

» A={2, 3,190, 2, 3}, B={3, 5, 78, 6}

» Egpappoote tov optlovtio (f Tov KABeTo) aplOunTiko HEGO HAKOUC 3 oTOV
mivaka [
B —

» Hint: yia ka0e otolxeio tou mivaka mpemel va Bpeite 3 yetrrvialovia
otolxeia, av Ogv uTTaApxouv BewpPNoTE OTL Eival PNOEVIKA
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Mapadetypa - YmoAoylopoc Alauecou o€
mivaka 2D

Na eqpappooBei otov mivaka B, @iAtpo (1 1 46 27

apOpntikou pecou didotaong 1x3 p_|3 1 50 1
60 68 70 67
(2 1 65 1
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Epunveta Horizontal/Vertical Smoothing

» XTOV Tivaka auto Tou HpOKU]TTEl amo STFT, dlacpopsthsg YPAHHEG AVTIOTOIXOUV CE
6lacpop£theg {wveg ocuxvotAtwy (frequency bins), evw OLAPOPETIKEC OTNAEG
avTIoTOLXOUV o€ OlagopeTika audio blocks.

Tiuéc evépyelag yia pia ouxvotnia, we m
Yii. - Yyigw-n >

Yﬂ+11 Y%+1,,A/(N—h)

Tiuéc evépyelacg yia pia Xxpovikn otiyun, w¢ mpog tn ouxvotnta

> Opl(ovrla (Xpovikn) Astavon -> KPATAEL TIG TIHEG svspyslag oTIC OUXVOTNTEG TTOU
KUPLAPXOUV O LKavA XPOoVIKd dlactApata => dppovika otoxeia Y, (k, n)

> KdaBetn (ouxvotikn) Aeiavon -> KpAatdel TG TIHEG EVEPYELAG OTIG XPOVIKEG OTIYHEG TTOU
KUPLAPXOUV YId IKavO €UPOG CUXVOTATWY => KPOUCTIKA oToixeid Y, (K, n)
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Masking (Binary vs. Soft)

» Masking (art), from Wikipedia

» Inart, craft, and engineering, masking is the use of materials
to protect areas from change, or to focus change on other
areas. ....The term is derived from the word "mask”, in the
sense that it hides the face from view.

» HPSS:

> Ava@Epetal oTnv AmoKAEIOTIKA EMAOYN TOU KUpiapxou
otolxeiou (harmonic or percussive) ayvowvtag tnv mapoucia
Tou Osutepou. Mvetal pe dUO TPOTOUC:

1 if Yu(m, k) > Y, (m, k)

» Binary or Hard Masking Mim) =4
M, (m, k) = {1 if YVp(m, k) > Vn(m, k)

0 else.
» Soft Masking or Weiner Filtering MP(n,k) =

» €> 0 yla va amo@euxBei n dlaipeon pe Pndev

MP(n,k) =

R

object luminance mask masked object

Y (n,k)+¢€/2

Yh(n,k)+YP(n,k)+ €’
J7p(n,k)+8/2

Y (n,k) +IP(n,k) + ¢
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Sighal Reconstruction

» Anploupyia Znpdtwy amo to ApHoviKo Kal To KpouoTtiko ddacpa xpnolgomolouvtat:
» O STFT Tou apXIKoU GAUATOC
» Ta duo Masks
> Xp = ISTFT {Mn(k, n)* X(k, n) }
> Xp = ISTFT {My(k, n)* X(k, n) }

» Mg dAAa Adyia, ta Yu(k, n), Yy(K, n) xpnowototouvtal HOVO yid TOV UTTOAOYIGHO NG
pdokag

» [poBAnuatiopoi:

» Katd moco IoXUEL X = X, +X,?

> Zuxva Oev Loxuel SLOTL UTIAPXOUV patvopeva apeUBoANG waong (phase interference) avaueoca oto
KPOUGTIKO KAl TO APHOVIKO onpa

» O STFT dev eival mAvtote avactTpEWIHOg

> Kupiwg Aoyw mapabupomoinong kat oAicbnong
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Epyaotnpliako Mepog

1. Na umoAoyloBouv a) o didpeocog (median) Kat o B)uEcog 6po¢ (mean) o€
mivaka piag dlaoctaong Kal os mivaka OUo OlaoTACEWY.

2. Na dlepeuvnBel to @iAtpo pEcou o€ mivaka 0Uo SlacTACEWY, TOCO OTNV
opllovtia 600 Kal otnv Kadstn didotaon PE XpAon Tng
scipy.ndimage.median_filter

3. Na e@appooBei BApa-Bnpa o aAyopiBpog HPSS oto apxeio
‘input_audio/beat_jazz.wav’
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Aoknon

1. Xpnotgomolwwvtag tTnv uAomoinon HPSS mou €idape oto epyactnplo, va
e€ETACETE KATA TTOCO TO ABPOICHA TWV CNUATWY TTOU TTPoKUTTOoUV amd HPSS
TautideTal Pe TO apxiko onua

2. Xpnotpotmotnote tn BIBAL0ONKN librosa yla va UTToAOYICETE TO APUOVIKO Kal TO
KPOUGCTIKO oTOLXEio Tou (0lou onpatog (librosa.decompose.hpss)

3. XXOAlAOTE
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[Mapamopmeg

» Meinard Miuller, Fundamentals of Music Processing, Spinger 2015

» KepdAalo 8 - Musically Informed Audio Decomposition
» M. Muller, Harmonic Percussive Source Separation, Course 2016
» Lab Course 2016, Friedrich-Alexander-Universitat Erlangen-Nurenberg

» COLA - Constant Overlap Add Constraint

» https://docs.scipy.org/doc/scipy/reference/generated/scipy.signal.check COLA.html#scip
y.signal.check COLA
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https://www.springer.com/us/book/9783319219448
https://www.audiolabs-erlangen.de/content/05-fau/professor/00-mueller/02-teaching/2017w_mpa/LabCourse_HPSS.pdf
https://docs.scipy.org/doc/scipy/reference/generated/scipy.signal.check_COLA.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.signal.check_COLA.html
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