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Evyoprotieg

Ba Béhape va guyapiomioovpe Tov Enikovpo Kabnynt k. MyamA Iapackevd yuo v
vrootNPEn, TV Katavonomn kat T Porfeta Tov pag £dmoe £TGL MOTE VO TPOYLOTOTOUCOVLE
v TTuyoKk pog epyosio. Emiong tig evyapiotieg pog 0o BEhaue va T1g EKQPACOVUE TPOG
olovg tovg kafBnyntég tov Tunpatog Mnyavikev IIAnpogopikng tov Teyvoloyucol
Exmadevticod 1dpdpatog Avtikng EALGSAG Yo TIg TOAVTUYLEG YVAOGELS OV LAG TPOCEPEPAV
Ola aVTA TO YPOVIO.

Téhog, BéAhovpe va eKPPACOVUE £vO TEPAGTIO ELYOPIOTA OTIS OIKOYEVEIEG LAG, Y0 TNV

oTNPIEN KOl TNV EUTLGTOGVVT) TTOL HOG E0€1EAV OAO OVTA TO XPOVID, TOV GTOVOMV HLOG.
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

Hepiinyn
To 6épa g mapovoag mruylokng epyocioc elvar ot Eeappoyéc alyopiBumv umyavikng

udbnong otn yopPkn avdAvon e KPOLOTIKNG OmOKPIoNG YOPOL OKPOACNC. TNV €pyacia
aVTY, apYIKE avaAVOnKe N AKOLGTIKN TOL NYOL Kl 1 d1dO0GN TV NYNTIKAOV KUUAT®OV GE
KAEOTO Y®dpo kol oe grevBepo medio Onmg kot ot Pacikés akovotikég mapapetpot. [T
GUYKEKPLUEVA, TO TTEDIO TNG AKOVGTIKNG YOPOV £EETALEL TN O1AS00T TNG NYNTIKNG EVEPYELOG KL
™G OAANAETidpaong Tov Mov pe to mePPAALov 610 omoio dadidetar. Emiong, n akovotikn
AOPOL UEAETAEL TNV O1AO0GT TOV NYNTIKOV KUUATOV, TOGO 6 éva eAedBepo medio 660 KoL 6€
éva un eredBepo medio, dNAadn Evav KAEIGTO y®po, Aappdvoviag VoYY TV avakiacn, TV
amopPOPN O, T OLdYVGN Kot TV OLEAELGT TOV YOV GTO EUTASLN TOV VIAPYOVV GTOVG YDPOLG
avtovs. Méoa amd TV AKOLOTIKY YMPOL, TPOKVATOLV TOPAUETPOL Ol OTOIEC UTOPOVV V.
YAPNOLULOTOM OOV TPOKELUEVOD VAL AELOAOYNGOVV EVAV YDPO MG TPOG TNV AKOVGTIKN TOV. AVTES
ot mapdpeTpot ivar o ¥povVog avINyNong, N €vkpivela, n NYNPOTNTA, N AVIIANTTOTNTA TOV
GULAAAPOV KaODG Kot L0 TOLOTIKES TAPAUETPOL OT®G Elval 1| YO, O XPOUATIGUOS, 1) (eoTAGIA
Kot 1 owkerdtnta. [apdAAnia pe TIG AKOVOTIKEG TAPAUETPOVS, EVOS YDPOS Umopel emiong va
povteAomomBel Kat e TO HOVTELO EWDOA®V TNYNG YL TN SEKPLIoT] TOV YPAUUDVY O1dd06NG TOV
NYOV €VTOG TOV YDPoL avTov. H kpovotikn andkpion evog dwpatiov, SnAaon 1 amdKpLoT| ToV
douaTion o€ €vav KPOVLOTIKO TAAUO, omoteAel pio TANPN TEPLYPOPY] TNG OKOVOTIKNG TOV
OOUOTION Kol TV TOpamive TopoueTpov. Qotdco, moAAEG @opéc eivar emBount) 1
TPOGOUOIMGN TNG KPOVOTIKNG AMOKPIoNG EVOG eSOV, YmpPic TNV TPAYLOATIKN TNG LETPNOT). ZE
TéT0leC MEPMTMGES YPpeldletor va mposopolwBel 1 KpovoTiKy amdkpion €vOg YDPOL e
0ed0UEVES TIC TAPOTTAV®D TOPAUETPOVS KAODG Katl emmpOcHeTa 1 dS1AO0GN TOL YOV GTO YDPO
avtd. AVTH 1| TPOCOUOIMOT TEPYPAPETE KOl VTOAOYILETOL GTNV GLVEYEW TNG TOPOVGOC
epyaociag e ) xpnon 6vo tpocopoiwTdv Tov Room Impulse Response kat tov All Pole Filter.
H viomoinon avt) Paciletar oto Aoyopukd MATLAB kot 11 emmAéov Pifaobrkeg mov
owaBétetl. To medio g unyavikng pabnong umopel va tpoPAréyet m 0140001 evOC YOV G€ Eva
xOpo. Me ) ypnon pebodmv eE6pvENG dedOUEVOV KOt TNV VAOTOINGT VEVPOVIKOV SIKTV®V
gtvat duvaT N TPOGOUOIMOT TNG OKOVGTIKNG TOV YMPOL amd TNV TAELPE TOL AKPOATH Kot

GUVETMG 1N ASL0AOYNOT TOL YOPOL MG TPOS TNV AKOVOTIKT TOV O1OTNTA.




Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

Abstract

In this research we investigate the Applications of machine learning algorithms in the spatial
analysis of the impulse response of an auditorium. In this research, firstly were analyzed the
acoustics and sound propagation of sound waves indoors and free field such as and basic
acoustic parameters. More specifically, the field of acoustics focuses on the transmission of
sound energy and the sound reaction with the environment. Also, acoustics study the
transmission of sound waves on a free field as much as on an enclosed space, taking into account
sound properties such as reflection, absorption, diffusion and transition that occur inside these
fields. Through acoustics, several acoustic parameters are distinguished like reverberation time,
clarity, sound strength, definition and early delay time (EDT) as well as echo, coloration,
warmth and intimacy. Apart from the acoustic parameters, a space can be modeled by the image
source model which can identify the lines of sound transmission within that space. Impulse
response, the acoustic response of a room on a pulse, fully describes the room acoustic ability
and its acoustic parameters. However, many times it’s more practical to simulate the impulse
response of a field, without measuring the actual impulse response. On such occasions, impulse
response and sound transmission within a space, needs to be simulated based on defined
acoustic parameters. This simulation described and simulated in the following research using
two simulators Room Impulse Response and All Pole Filter. This implementation is based on
software MATLAB and the additional libraries which are available. Through the field of
machine learning, it is possible to predict the spatial transmission of the sound. With data
mining methods and the utilization of neural networks it is possible to simulate the room

acoustics from the listener's perspective and thus evaluate the the room acoustic ability.
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

Kedpaiato 1
1.1 Ewayoym

H axovotum tov yopov eival éva 0éua mov anacyoAnce tov avlpwmo and ta apyoaio ypovia.
H axovotikn apopd tov KAES0 TS LGIKNG 1) 0TToi0 LEAETA TIC WOLOTNTES, TI GLUTEPLPOPE TOV
Nyov xkabdg Kot Tic epapoyég tov. EmmAéov peketd v mapaymyn, T LeTdooo, T Ayn Kot
™V AAANAETIOPOAGT TOL NYOL LE TA SAPOPA VAIKA HEGT, KAODS eMioNG KO TIG TEXVIKEG EAEYYOV

Kot eneepyasiog yio tnv EKUETAAAEVOT] TOL NYOL GE EEEIOIKEVUEVES EQPUPUOYES.

1.2 Iotopwkn Avadpopn

H axovotikn| Eexivnoe tov 60 aiwva m.X pe 1ig peréteg tov [obaydpa kot tov [Tvbayopeiov
ol omoiol KaTAPepPaV Vo TPOGOOPIGOVV TIG GYEGEIS TOV VIAPYOLV UETOED TOL HNKOLS HLOG
TOAAOLEVNG YOPOTG Kot TOV Vyoug Tov Tapaydpevov 1yov. Ot [Tvbaydpetot dtoymdpioav Tig 600
TUTIKES OYELS TV GTOVOMV TNG AKOVGTIKNG: TN HOVGIKT OYN KOl TN GUGIKOUAONUATIKY OWT).
Metd v ehAnvopopaikn apyotdtnta o Leonardo da Vinci (1452-1519) cvvedntomoince 61t
amoUTEITOL VO VTTAPYEL AEPOS MG HLEGO Y TN SLAG0GT TOV YOV Kot OTL 0 M)0¢ dadideTal pe
nenepacpévn tayvtnto. H euowm pedétn kot epunveia g aKovoTikng onpeince mpdodo e
tov l'aAdaio (1564—-1642) kat évav cOyypovo tov, tov I'ddho Maren Mersen(1588—1648), ot
010101 TPOGIOPIoAV TEPAUATIKA TIG LaONUATIKEG GYEGELG LETAED GLYVOTNTOS, UNKOVS, TAONG
Kot Lalag pog maAAOUEVNG XOPON S, CLUTANP®VOVTOS TO £pYyo TV [TuBaydpeiwv mtptv amd 2000
xpovia. O Joseph Sauveur (1653-1716) elonjyaye Tov 6po "akovotikn" yia tn HeAETN TOL 10V,
70 1701. H pabnpatikn Bewpia dtddoong tov yov pumopel va Bewpndet 611 apyilet pe tov Isaak
Newton(1642-1727), tov omoiov 1o £€pyo "Principia" (1687) mepieiye o punyavikn epunveia
TOV TOAUDV NYNTIKNAG TLEGNS KO TNG TAYOTNTOS TOV KUUAT®V KOTA TN 01400071 TOVG GE GTEPEN
péoa. 'Etol vmoAdyloe mp®dTOG TNV TOLTNTO TOL NYOV AdUPAvovtag vaoOYNV 1oV KATOlEg
Bewpnrtikeg exktyunoelg. H axovotikn Bewpla oe otabepodtepn poadnuatikn kot guoikn Pdéon
dwurvndOnke and tovg Euler (1707-1783), Lagrange (1736-1813) ko d'Alembert (1717-1783).
O Leonhard Euler odwatdonwoe v wopatikn elooon yw Tov NY0, OTN HOPPN 7OV
ypnowonoteiton onuepa. O Wallace Clement Sabine (1868-1919), Oswpeitar 611 Tov 0
TPOTOG Tov  ovvéPfaAre otV avdmTvEn  ALTOV MOV  OVOUACETOL AKOLGTIKN
YOPOV 1) OPYLITEKTOVIKT] OKOVOTIKY), HE 0TOY0 TN PBeEATiOON NG OKOVOTIKNG TOLOTNTOSC TMV
dopatiov. H eloaynyn Tov nAeKTpoviK®v Avyvidv Kol 1 EpeVPEST TOV COAVA NAEKTPOVIDV
(1907) cvvéPare amo@AGIGTIKA GTO MESIO TNG AKOVOTIKNG, KAODG EMETPEYE TNV KATOGKELT
HUEYOPDOVOV, HKPOPDOV®VY, EVIGYLTMOV KOl KOTAYPUPEDV YLoL GUYVOTNTEG, OKOVGTIKES KoL ),

EVA 01 OKOVOTIKEG HETPNOELS PerTiddnkay o avdivon kot akpifeia. H cOyypovn avtiinyn
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

NG AKOVOTIKNG YapakTnpileTat amd TV Tdom va daympiloviot ot SIUPOPES EMGTNUOVIKEG KoL
teYVIKES mhevpés. 'Etol Aowmdv o 1010¢ 0 0pog 1x0g, mov KAmoTe 0ptlOTOV aVOALTIKA £ite MC
ouoikn dwtapayn €€ amd 1o aeti eite, KOT' OVIOWGTOAN, ®C GLGLOAOYIKO aicOnua,
Bewpeitar ofjpepa 10 GHVOAO TOV QLGIKAOV QAVOUEVEOV £EM Kol HECA GTO aQTL Kol GTOV
avOpomvo eyk€paro, mOL ovvOLovTol pE TN dwtapoayn, MUEYPL TO onueio O6mov N
YUYOOKOVGTIKY], OVOTOUIKY] KOl NAEKTPOPVGIOAOYIKT €PELVA Elvar KoV HEYXPL GNUEPO V.

SOMOTOGEL TN SO0 TOV GHLOTOC.

1.3 "Hyog
O Myog etvar 1 aicBnon mov mpokaieitar Adym g di€yepong tov asntnpiov opydvov
NG aKoNg amd HETAPOAEG oG TOV ATHOGPALPIKOD aépa. AVTEG ot LeTaoAEC dradidovTar e

TN HOPOT NYNTIKOV KUUATOV.

1.3.1 Awddoon 100 o€ ehevBepo nedio (free field)

O "Myog d1adidetan og YeVIKEG YPOULES eELevBepa oe Evav ydpo Ywpic eunddia, pe Lovadlkn
aAlolwon v evepyslokn anocPeon Aoy g TpPng Tev popiov tov aépa. 'Etot ta nyntikd
Kopata dadidovtal oe gvbeia d1evHBuvon kar 1 ereHBepn 0140001 TOV NYOL CLYYEETAL UE TIG
GUVONKEG TOV EMKPATOVV GTOVS OVOLYTOVS YOpovs. Otav 0 y®dpog dev €xel eumodia ot
EMPAVEIEG TOV OAANAETIOPOVV PLE TO NYNTIKO KOpa elvar EAdyLoTES Kot KPLOTEPT amd OAEG TIG
emedveleg etvar avt tov £dapovg. Ta mo yapaktploTkd eavopeva Katd 1n diddoon tov
NYOL G€ avoLyTovg YDPOoVG eivat 1 kabBvotépnon, n andcPeon Kot N Nyd. 1o eAedBepo medio o
pLOPOG peimong g mieong Tov Nyov givar otabepog kot icoc pe 6 dB v kdbe dimhaciooud

™G amOGTACNC, GTNV TEPITTMGT] GPALPKMV NYNTIKOV KUULATOV.

1.3.2 Avadoon 1 0v o€ pun erevBepa nedia

Eival yapoxmnpiotikn n dloapopd TG COUTEPLPOPAS TTOV £XEL O YOG GE KAEIGTOVS YDPOVS GE
oyéon pe tovg avoytovs. O Myog eivar éva @otvouevo mov dev vrdpyel otatkd. o va
nmapayBel ko va dtado0el 0 yog 6e KAmolo pHéco amatteitan | Vmapén £vOg EAAGTIKOD LEGOV TO
omoio Ba pmopel va Ppioketon elte o otepen, €lte o€ VYPY|, €lTe O AEPLA KATAGTAOT KO VO
VILAKOVEL GTOVS VOLOVS dlatnpnong g Lalag kat tng opung. Me autodv tov tpdmo dev pmopet
va dtadobel Kavévag Mo aeov dev VITAPYEL KAVEVA EAAGTIKO HEGO.

To Mo Kopa dtav Tagldevel, KOTAVOADVEL TNV OPYIKN EVEPYELD TOL TOL £xel d0Bel Kot
GLVOVTA TOAADV €0®V gumddla, To omoia peTafAALOVY O XaPaKTNPLOTIKE Tov. Ta MymrTikd

KOpota omaviog owdidoviar oe evieAdg eievbepa media. 'Etor elvon molv mbavd va
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
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GLVOVTIIGOVY GTNV J0OPOUT TOVG TOAADY E0MV EUTOIN: TOL PLGIKA 1) TEXVNTA, TO OPAUTA 1)
adpato. o Eva mmrikd Kopa, cav eumdoto pumopet va Bewpnbel omoladnmote petaforn e
@OoNG TOL pEGOL OlddooNs, PEPata Y TNV OKOVGTIKY KAEICTOV YOPWOV UEYOADTEPO
EVOLAPEPOV TOPOVGLALOVV Ta TEYVNTA Kol 0patd eUmdOLa, OTMG Ol EMPAVELES KOl TO EMTAML

evog dmpatiov.

g évav KAe1oTO Ydpo 0 NYNTKO Tedio «puAakiletay and T mepPdAiovceg emedveles Kat 1
EVEPYELA TOV dlaTnpeitan LEYOADTEPO YPOVIKO JACTNLA EVIOC TOV dwpatiov, avtifeta pue 6,11
ovpPaivel oto YmaBpo. To @avopevo avtd ovopdleton avtynon. H aviymon epeavilet
OLOPOPETIKA YOPOKTNPIOTIKA OVAAOYO LLE T LOPPT] TOV YDPOL 6TOV 0moio Ppickecte. Xvvnbwg
oe éva PIKpo Ydpo o Nyog oPfvel mo ypnyopa amd 0,1t o€ Eva peyaidtepo. O ypdvog, o omoiog
ypewaletal va mapéABet yia va undeviotel | tieon Tov oL VoTEPA A TN OLOKOTN TNG TNYNS
o€ &va dUATIO, amoTEAET £val Al TOL CNUOVTIKOTEPQ LEYEON GTNV OKOVGTIKT KAEIGTAOV YDP®V
kot ovopaletar ypdvog avrnynong (RT, Reverberalon Time). H aicOnon g avmiymong
opeiletat 6Tig MOALATAEG AVOKAAGELS TOV 1OV, 01 omoieg POdvovy 610 oneio akpdaong LEcw
NG TPOGKPOVOTG TOV KULATMOV GTOVG TOTYOVGS, EVD 1) XPOVIKNY amdGTacT Tov T1§ Ywpilet etvan

TOAD pikpr| (LEPIKAOV mSec).

) NPT 1441

Zympa 1.1 ZovOnkes akpdaong otn 6Tadokn) petdfacn and avorytod 6 KAEIGTO JOPO
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

Kdanowo and ta peyadvtepa mpofAnuate mov avipnetonilel 1 aKovoTIKY £ivat To NynTKd
KOt 1oL £ivat adpaTo, 1 CLUTEPLPOPA TOVS 1) 0ol £fval EVIEANDS O1OPOPETIKY| OVAAOYQ LUE
TN GVYVOTNTA TOVG KOl TO OMOTEAEGUATA TNG GLUUPBOANG TOVG HE Ta d1dPopa EUTOIL TOV
cuvavtovv otnv mopeia Tovg. Otav 0 Nyog ddidetor o KAEWGTO Y®dpo AapPdvovv ydpa
odpopa eavopeva, kdmowa amd ovtd givol n avakiaon, 1 aroppoenon, N ddyvon, 1M

nepiBAaon, N 014300 HECH TOV EUTOSIOV KOt 1) S10GTOPd.

Klgi67t0il YO pOo1L Kol 2OUREPLOOPE TOV 1170V

O NY0G £xel SOPOPETIKT CLUTEPLPOPAUESH GE KAEIGTOVS YDPOVS GE GYEST LLE TOVS OVOLYTOVGS
YDPOLE. LTOVG AVOLYTOVG YMDPOLGS, 0 NX0G PO&vel anevbeiag and TNV TNYN 6TOV OEKTN, EVA GE
KAELGTOVG YDPOVS, 0 NY0G €KTOG amd TV ancvbeiog dadoon eBAvel otov Okt pPETd amd
OL000YIKES OVOKAGGELS GTO TOLYMUATO TOV YOPOL UE OMOTEAECUO VO GAAOUDVETOL 1) OPYLKN

KOULLOTOLOPPN TOV EKTEUTOULEVOL 1XOV.

Boaoikd polo 61NV aKovGTIKN GUUTEPLPOPE KAEIGTAOV YOP®V Tailel 1| AmoppOPNOT TOV YOV
Kol 0l OGTAGELS TOV YOPOoV. Otav HEAETAUE TNV OKOVGTIKN TOV KAEWGTOV YOPp®V Oa Tpémet
va Eovpe vrdYN Log TV KVLATIKN @O Tov Nxov. Ot ydpot 660 aPopd Tov TPOTO PEAETNG
TOVG dlaKpivovTal G€ PIKPOVG, HEYAAOVG Kat TOAD peydAovg. Evag ydpog Bewpeitan peydlog
OTaV 1 LIKPOTEPN JAGTACT) TOV £ivat Katd 6000 UK KOLATOG TOVAAYIGTOV LEYAADTEPT OO TO
UNKOG KOLATOG TNG GVYVOTNTAG TOV Hag evatapépel. O 1d10¢ 0 ydpog Bemwpeital TOAD peydiog
OTOV Ol AMOCTAGELS TV EMPAVEIDV TTov opilovv TOV YMPO elval 1000 PEYAAEG MOTE 1
ATOPPOPTGY| TOL YOV ATd TOV AEPA VAL EIVOL GTLOVTIKT).

Yrdpyovv 1peig TpOMOL HEAETNG TNG OKOVGTIKNG CLUUTEPLPOPAS TOV KAEIGTAOV YDPOV:

A. H wopotwkn axovotikn: pe ) pnéBodo avtr] HEAETAUE TOVG UIKPOHS YDPOLS OOV Ta
KOUOTIKE atvopeva kot Kuplmg avtd ™ cupPoAng eivat moAy éviova.

B. H ortatiotikn axovotikn: n uéBodoc avtn ypnoponoteital 6e PeEYGAOLS Kot TOAD
peydaovg yopovs. H mpocéyyion tov mpofAnpatog yivetar pe tn Ponbewa g oTaTIGTIKNG
avéivong kot avtd yiveTol (e To KOLOTIKAPUIVOLEVO TTOV Elval TOAD «UTAEYUEVOY.

C. H yeopetpwn axovotikn: Kot avt n pébodog ypnoponoteiton 6e peydAovg ydpovg,

o1 0g voloyispot yivovtot pe v fondeta v TOTOV TG YEOUETPIKNG OMTIKNG.
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

1.4 Avaxiaon tov fyov (Reflection)

Onwg avaxkidtal 1o ¢og, £T61 Kot 0 NY0G AVOKAATOL 0TV TEGEL TAVM GE [ol Agia, apKeETA
HEYAAN Kot OKANPN em@dveln, 060 yivetal ympig mTpoeEoyés Kot KOAOTNTEC. AVOKAAGELS
elvar n awtio Kot TOV OTAGILOV KOPATOV 0AAE 6TO TapPOV, MG AVAKAACELS Bempovue
Qawvopeva ta omoia AapPAvouv Ydpa 6TNV TEPLOYT GUYVOTHT®V, OOV T UK KOULATOG (A)
etvat apketd pikpd, £T61 OoTE va eQaprOlovLE TIC apyES TNG YEWUETPIKNG OKOVGTIKNG. Mia
AVAKAQOT MYNTIKOV KOUOTOG OeV Elval SLPOPETIKT amd TNV AVAKAOGCT OTTIKNG aKTIVOC.
Mmnopovpe va Bewprioovpe 4tL 0 Nyog d1adideTon evBHypappa Kot OTL OTOV GLVAVINGEL £val
aKAOVNTO eUmOO10 VO P yovia, aAlalel kotevBovon, OnAadn avakAdTol Kot EMGTPEQEL

GTOV Y®OPO.

H yovia mpdéontmong (0) kot n yovia avaxiaong (0°) elvan ioeg. Q¢ yovia npdcTTOONG
opifovpe Vv yovia mov oynuatifel n wpoonintovca axtiva pe v KAOeTn TNV eMpaveln
(x). Avtiotoya og yovia avdxiaong opifovpe v yovia mov oynuatilel n avakiodpevn

axtiva pe v kdbetotnv emedvela. Avtd eaivetot 6to Zynua 1.2.

I1 Kérortpo

Zyqpoe 1.2 Katontpikn Avakiaon

H avaxiaon tov fyov elvar n attia yio v ny® kot v aviiynon. Kotd mv nyo 1
«aVTIAGA0» 0 OKPOOTNG OKOVEL TOV NYO TOV EKTEUTEL 1) TTNYN YOV KL TOV AVAKADUEVO N)O

GOV OO JAPOPETIKOVS NYOLVS, TOL O EVAG OKOVYETOL LETA TOV AAAO.
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

1.5 Amoppdéonon tov 10V

O Nxog, OT®G Kt 10 PG Uropel va amoppoenBel, niadr| va «eCapaviareiy. Kot cuykekpiuéva
OTOV 0 YOS CLVAVTIGEL GTNV TOPELD TOV U0 LOAAKN 1] TOPDON 1] TPOYId ETLQAVELD, TOTE &Vl
TOAD HEYAAO UEPOC TOV ATTOPPOPATAL OO TNV EXPAVELN AOY® TOV ECOTEPIKOV TPPOV Kot
TV GLVIOVIGUL®V, TOL TPoKaAoVVTOL LEGH GTO VAKO Kot £va LiKkpo pépog airdlet katehBuvon
Kot avakAdtoat. To eawvépevo avtd ovopdletar amoppoenomn Kot £xel LeYOADTEPT 1GYD OTIG
VYNAEG GLYVOTNTES Ol OTOIEC AMOPPOPMVTOL EVKOAN AGY® TOL UIKPOV UNKOVLS KOUATOS O
TopMAN VAKE. Zvvnbwmg, n mmTikny evépysln petatpénetol oe Bepuwkn. H amoppoenon
e€aptdtat eKTOG amd T0 VAIKO 610 0Toio StadidETAL 0 YOG Kol Ao TNV AmOGTUCT) AVAUEGO GTNV

NYNTIKN TNYY KoL TO SEKT).

2VVTELEGTIC OTOPPOONGNC

O ovvtedeotng amoppOPNONG OGS EMPAVELNG 1 EVOS DAMKOV, GE OPIGHEV] GLYVOTNTA KOl
oplopéveg ouvinkeg etvar 0 Adyog g MyMTIKNG 160G TOV ATTOPPOPATAL OO TNV EMLPAVELD,
TPOG TNV MYNTIKN 16YX0 Tov mpoomintel oty emedveld. O GUVIEAECTNG AmMOPPOENGNG
cupPoriCetar pe a, eivor adidotato péyeBog Kot €pyetal G€ GLVAPTNON HE TNV Yovia
npdontwonc. H tiun tov cuviedest) anoppodepnons o kopaivetor omd to 0 mov givat yio mAnpn

avdaxiaon éo¢ to 1 mov eivat ylo TANpM amoppOPNoN.

1.6 Awdyven tov fyov

H d1dyvon ewvat 1o @atvopevo katd To 0moio Eva NNtk KO, apytkd OpaAd (m.y. eninedo 1
GQAPIKO), TPOCTINTEL GE [ avoOpaAn emedvewn. To amotélecua eivar éva cOVOAO
avakiacewv, dtubidcemv kot teplOidcewv, £161 ®oTE va unv propet va Bempnbel ma g Eva
KOUO, OAAG HOVO G HLo TUKVOTNTO NYNTIKNG EVEPYELNG, LETAPANTA amd onueio og onueio, 1
0To{0 CLVIOTA KO TN YOPOUKTNPLOTIKN TOPAUETPO TOL PovopeEvoL. Eva tédeta dtoyvtikd medio
nyov etvar avtd mov £xel OPIGUEVEG OKOVOTIKEG 1010TNTEG Ol Omoleg MOPAUEVOLV 101EG
omovdnmote péca o610 y®po. Eva pn dwyutikd mymtwkd medio €xel dapopetikd ypdvo
aAvINMONG, a@oD 0 OKPOOTNG METOKIVEITOL HEGOH GTO YMPO. Otav £YOVLUE TKAVOTONTIKN
dudyvon oe pa aibovoa, ot akpoatég £yovv TV aicnon 6t 0 Nyog épyetal amd OAeS Tig
KatevBivoelg, pe 11g 1dteg otdbuec. [a v axovotikn Peitioon ToV yOp®V aKpOAGNS Kot
KLPI®G Y10, LIKPOVS YMPOLG YPNCLULOTOLOVVTOL Ol 1OYVTEG.

2tV otdyvon, 0tav 1 emeavele dev etvat Aeia TOTE T0 apy KO KOO avakAAToL TPOS SAPOPES

GUVIGTAOGES, OTMOC PaiveTol Kot oto Zynua 1.3.
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

TPOIY L
emupdvera

AvakAAQGoELC TIPOCG
S1adopeC CUVIOTWOEC

Hxntiko KUpa
Zynpa 1.3 ®awvopevo Avaxkiaong

1.7 Avéhgvon Tov Nyov

Edv dev oybovv ot 1davikég ouvinkeg tOte £va TOGOGTO TNG EVEPYELNS TOV NYNTIKOD KOULOTOG
eloyopel oto gumddo. Otav amoktd avtnv v evEPYELD,To eumdOolo tibetanl oe Tahdvimon
MUOVPYDOVTAS Eva VEO MYNTIKO KOUO TOV eKTEUTETAL Amd TV AAAN TAgvpd. H amopuyn tng
dtédevong Tov NYov amd TV Tio® TAEVPA TOL EUnodiov gival To mowd onuavTikd TPOPANA
STNMYOUOVOOT YDPOV KOl EMLTUYYAVETAL LOVO AV KOTAPEPOVUE Vo unv dovnBel To eumdoro.
Av16 e€aptdTot amd TNV EAUSTIKOTNTO Kol TNV TUKVOTNTA TOV, OMOTE OV ovENcovue TNV palo

TOV LAMKOD GTAULATAUE TN OLEAEVOT) TOV MYOV.
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

Kepdraro 2
2.1 Ewayoyn

A6 tov 19° audva, 1 0KOVOTIKY CUUTEPLPOPE TV YOPp®V dev AauPavotav vadyn otav
oxedalovav ot ydpot. Xtnv gmoyn g Avayévvnong 1o 1850, o Joseph Henry yio mpdn
Popa PeATioE TNV OKOLGTIKI] CUUTEPIPOPE TOV KAEICTOV YOP®V €POCOV elxe yivel
petdfaon amd ta avolktd Béatpa oTovg KAEIGTOVS YDpovs. Extdg and avtd, o Henry
TAPTAPNCE OTL 01 KAELGTOL YDPOL lyav KaKn akovoTikT eEantiag Tov GavOUEVOL TNG Y00GS
KOl TNG €6TIOONG TOV NYOV GE GLYKEKPIUEVA onlela Tov dNpociov xdpov. Apydtepa o
Wallace Sabine, kafnynt¢ oto Harvard University, cuveldntonoince 0t 1 avtiynon nrav
TOAD CNUOVTIKT] Y10 TNV 0KOVGTIKN TOHTNTO TOV YOP®V KOl Y10 TNV EXIOPACT] TOL OV £lYE

1 amoppdPNON TOV VAK®OV GTNV AVINYNGCT TOV YOP®V.
2.2 Baowéc Akovotikég [lapapetpor
2.2.1 Xpaovog avriymons RT60 (Reverberation Time)

O ypdvog avriymong opiletar cav Tov ypdvo mov o Nyog e€acbevel katd 60 viecyunéd (dB)
6€ évav yOpo dMAadn otav €xovpe va TOAD duvatd Nyo, xpetdleTal Kamolog ypdvog £Tot
wote va e&acbevioel 1060 TOAD Péypt va unv axovyetatl. O ypdvog avInynons LeTPLETAL O
devteporenta (msec). O ypdvoc pmopet evkoha va petpnlel pe edtkd dpyovo HETPNONG,
opmg etvan 0vokoro va Bpovpe 1o tepBmpilo twv 60 dB €161 dGTE va LETP|GOVUE TO XPOVO
avtnynong emewn o BopvPoc tov mepPdiioviog eivar T€Tol0¢ Kot yu va Bpovue To
neplBmplo twv 60 dB Ba pénel n 6tdOuN ™G 16oppoTiag TV YDOPOV va. ivat TG TAENS TV
120 dB. Xav otd0un wcoppomiog evOg y®POL EVVOOVUE TNV TOPAYOYN €VOS 1XOV TOL
av&avetal PEYPL Lo GLYKEKPLUEVT 6TAOUN dNACOT YAVETOL e OPIGUEVT) TOGOTNTO NYNTIKNG
evépyelog e€atiog tov TpPdv pe Tov aépa Kat TG emQaveleg apov £xel otabepomomnBel n

evépyela HEGO GTO YWDPO.
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

1= -

(dB)

Zyfqpa 2.1 Xpévog Avripynong RT60

O BéATioTOog APOVOC avTIYNONG OOTEAEL EVO TOAD CNUAVTIKO KPLTNPLO Y10 TV KAAN 0KOVGTIKT
evog yopov. Kdabe ydpog ypnoyromoleitor yior dopopeETIKOVS GKOTOVS UE OMOTELEGUO VO
amonteiton dSQopeTIKOg Ypdvog avinynong ya ke and avtodc, OnAad 6g Evav YOPO TOL
yivetan g optria, o xpovog aviiynong dev etvat o dtog 6mwg oe pa cvvaviia. O BErTicTog
APOVOG AVTIYNONG LG PUVEPDVEL TIG TPOTEWVOUEVES TILEG TOL XPOVOL AVTIYNONG TOL EXEL EVAG
YDOPOS AVALOYOL LLE TOV OYKO TOV Kol TOV 6KOTO oL e&umnpetel. Ot S10pOPETIKES AMOLTIGELS Yol
BEATIOTO YPOVO AVTYNONG 0ONYNGAV GTNV dNUOVPYIN YOPOV pE Un oTtadepr] AKOVOTIKY TOL
VILAPYOVV Y1 TOALOVG GKOTOVG. XTOV TAPAKAT® ZyNua 2.2 Ba mapatnproovie 1o €0POg TOV

APOVOL AVINYNONG TOL Hopet va £X0VV KATOL01 YMDPOL KOt O YPNGELS TOVC.

XQPOX-XPHXH Béitiotog Xpovog Avripynong RT60 (sec)
Mikpd ctodvtio 0,4-0,6
AiBovoec oyoleiov 0,5-0,8
Awohééerg 0,6-1,4
Kwnuatoypdagot 0,65-1,3
Opymotpeg 0,8-1,3
Mikpd Oatpa 1,1-1,5
Pecitdh Aopatiov 1,2-1,9
Omnepa 1,3-1,9
ApopiBéatpa 1,3-1,9
Exxnoieg 1,3-3,4
XopmolaKd- ZUUPOVIKY| 1,6-2,2

——
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

ExikAnolaotuco Opyavo 1,9-3,4

Zynpa 2.2 Béktietog Xpovog Avriymons RT60

OepnTKoOg YToA0YIopOg Tov XpOvov AvTiynong:

A. E&icwon Sabine

O xpovog avinynons oyetiletol pe Tov OYKO KOt TN GUVOALKY] 0moppdPnon ToV
emeaveldv gvog dopatiov. O pobnpotikdg THTOG VIOAOYIGHOL TOv YPOHVOL

avymong katd tov Sabine etvat o e&ng:

RT60 = 0.161 * V/ S*a 2.1)

Omnov,

[e—y

. RT60: o yp6vog avinymong oe second
0.161: otabepd

. V: 0 6yxog tov dopotiovss kufukd uétpa (m?)

2

3

4. S:m cVVOAIKY EMQAVELR TOV SwUATIOV GE TETpaymVIKA PéTpa (m?)

5. 0: 0 HEGOG GUVTEAEGTIG OOPPOPNONS TOV ETLPUAVELDY TOL dMUATION
6

S*a: n ovvolikn amoppoenon tov Sabine
(Oétovpe 6mOL S*a = A)

H ovvolikn amoppoenon A divetat amd Tov TOmOo:

AZZ S; * a; (2.2)

Omnov,

1. S: 10 guPadov kabe eni pépovg empdvelag

2. o avtioTol Ol GLVTEAEGTEG AMOPPOPNONG

Ymv moapokdto Zynua 2.3 aneikoviletar  oxéon LETAED TOL ¥POVOL AVTNYNONG, TOL OYKOV

KO TNG amoppOPNGNG TOL YDPOVL.
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

Reverberation time ¢ {seconds)

Absorption units (mé)
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Zynmpa 2.3 Areikovion oyéong (povov avinongs, 0YKov Kat anoppoéeneng

B. E&iocwon Norris — Eyring

H e&lowon Norris — Eyring onuiovpyndnke £€1ot dcte vao £XOVUE pid O aKkpPNg
TPOGEYYIGN TOV YPOVOL AVINYNONG Kol aVT) VTOOETEL OTL 0 YOG GLVAVTAEL OAES TIC
emdveleg pe ton mBavoTnTa Kot 68 OAEG TIG OLVATEG YWVieC TPOSTTOONG LE Mo
péon elevBepn Swdpoun V. H e&icowon avty €yl koAvtepa amnoteAéopata G

peydAovg ympovg, 1 omoia etvar 1 e€Ng:

RT60=-0.161 * V/S* In (1-ay) (2.3)
Omnov,

1. RT60: o ypdvog aviiynong oe second

2. 0.161: ctabepd

3. V:0 6ykog 1ov dopotiovos kupikd pétpa (m?)
4

. S: 1 GLVOMKN EMPAVELL TOV SOUATIOV GE TETPAYMVIKA PETPaL (M)
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Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

5. In: doyapiBuikn cuvaptnon
6. 0y 0 LEGOG GUVIEAEGTNG ATOPPOPNONG TOV ETLPAVELDY TOL OMUATION

7. 1-a: m avadoyio TnG EVEPYELNG TOL KOUOTOG OV AVAKAATAL TCW® GTO dWUATLO.

2y mopakdto Xynua 2.4 anetkoviletol To didypoppo 0PEGNS TOV YPOVOL AVTIYNONG KOTA

Norris — Eyring.

ZUVOAIKr] anoppdgrorn Sa oe Sabine 2
2 w3rgeswppessS & SR 83 g 88 fEEssEn
10.0 7 777 777 4 77 L2, 10,00
TS A AT/ ZH 7 TS FVH 777777 .
SR W5 4 TI IS/ I/4 yd yAvd e/ 115.00
i VATV, ///%j/ VAT 0/ 87477, V.04 7/ 777/ -
LY 4 ,///// SN/ YNNI, _A15.00
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Zynpa 2.4 Avaypoppa g0peong Tov ypovov aviiynons katd Norris — Eyring

2.2.2 Evkpivewa (Clarity)

H evkpivewn etvar og peydro Babud o 100TNTO GUUTANPOUATIKY TPOG TNV AVTINYNON, ENXLONG
glvar avdroyn pe tov AoydpBpo tov Adyov tov Nxov mov @tdvet Ta TpdTa S0 1 80 msec wg
pog avTdv Tov ertdvel petd ta 50 1 80 msec. To 6p1o Tov oAokAnpdpatog eival avaroya 50 1
80 msec. H Cso ypnowonoteitat yio opkia eved n Cso Y povsikn. H povada pétpnong g
evkpivelog etvan ta dB. Oco mo peydrog givat o xpodvog avtdc, T060 KOADTEPT AVTIANTTOTNTO
Kot gvkpivela Oa vrdpyelt oe avtifeon pe TNV avIqynon. XT0 MOPAKAT® OAOKANPOL
napovctaletar ) evkpivera (Cso 1 Cgo):

)2 at

C (50)= 10 * logm
50

2.4)
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I3 n3(®at

C 80)=10 * log P
80

2.5)

Me h(t) v kpovoTiKn amdKpIoT TOL YDPOVL.

2.2.3 Hynpotmra (Sound Stength,G10)

Eitvat to eninedo g nymrikng mieong mov Asttovpyet ota 10 pérpa amd tnv wnyn 660 apopd 10
erevBepo medio g MymrTkng mieong. H mympdmra opiletar cav 1o dekadkd Aoydpifpo tov
AOYOVL TOV TETPAYDOVOL NG MYNTIKNG EVEPYEWNG TNG KPOVLOTIKNG OMOKPIONG MG TPOS TO
TETPAYOVO TNS NYNTIKNG EVEPYELOS TNG KPOVGTIKNG OOKPIoNS TOV HETPLETAL GE EAeVOEPO TEDTIO
kot Pploketon oe andotoon 10 m ond v mnyn. H pabnuatikn oxéon and v omoia
neprypdoetal etvor 1 eENg:

Joo R2(Dat

— * —_—
G=10 logf;ohloz(t)dt

(2.6)

Omnov,
1. h(t): kpovotikn amdkpion

2. hio(t): kpovoTiKn amodxpion, o€ andotact 10 péTpwv nnyn-déxktn.

Xoupava pe tov Barron, cav nympotnta vroAoyiletat 1 AoyaptBuikn e£icmon TG CLVOAIKNG
MMTIKNG otdOuNng petov v nymrikn otabun tov anevbeiog Nyov o€ andotacn 10 m and v
mmyn.

G =10 * log (h?otr) — 10 * log (h?10) (2.7)

Omnov,

1. hio (t): otrypaio mymrikn mieon ¢ KpovoTikng andkpiong o€ andotacn 10 m and
v Y1 mov PpiokeTat o€ ehevBepo medio.

2. hiotal (t): | GUVOMKN KPOLGTIKT ATOKPLON.
H xpovotikn andkpion petpiétal oe rmsec.

2.2.4 Avtumntéotnta 1OV cvArafov (Definition)
H ovtiinmniémro elvor g wopdpoto. TopaueTpog He TNV evkpiveld. Avtd mov nv
olagpopomoteitar elval 0Tl ypnolomoteitor yi vo yopoktnpioet onuota optdiog. €g

avTiAnmrotnTa opileTol To T0G0oTd TOL AP0V TOV GLAALAPOV TOL YivovTol AVTIANTTEG amd
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évav HECO 0KPOOATY], TPOS TO GUVOAO TV GLAAAPBOV TOL EKPOVOLVTOL KOTH T1 SLAPKELD LLOG
ovvinBovg opioc. O Thiele mpoondOnoe yio wpdOTN EOPE va avamtdcel v €vvola TG
dwkprrdtnrag 1 omola opiletar g v AoyaplOuikn avaioyio, TG MYNTIKNG EVEPYELNS TNG
KPOVOTIKNG OmOKPIoNG, Katd tn odpkela tov tpodtov t2 e Béon pérpnong, og mpog tnv
GUVOALKT) MYMTIKY] EVEPYELD TNG KPOLOTIKNG amokplone. H aviilnnrotnra eaptdrat and tov
Adyo ofjuatog tpog To B0pvPo (SNR) kat and tov ypodvo aviymons. H avtiinmnidtra opiletat
and Tov TOTo:

f(f h2(t)dt

Dso=10 * log foo n2(Ode
0

% (2.8)

Omnov,
1. h(t): xpovotikn andkpion 610 onueio AYNG.

2.3 IIpopog Xpovog Avrymonc ( Early Delay Time — EDT)

Ot mpadteg avakracels mailovv KaBoploTikd poA0 otV SOUOPEOOTN TNG GKOVGTIKNG TMV
Y0PV, og avtiBeon pe TIg KOBVOTEPNUEVESG OVOKAAGELS TOL OEV LETAPEPOLY NYNTIKY| EVEPYELN
KoL £(0VV L0 LIKPT EMOPAOT] GTNV GLUVOALKT aKoLGTIK. OTav 0 puOuog g ntdong dev £yet
OHOAN KAlom, TOTE YPNGWOTMOOVUE TOV TPAOO ¥pOvo avinymons. O mpdog xpodvog
avTmong eitvat o xpdvog mov amarteital yo v ntoon tov tpateov 10 dB ot otdbun tov
Nyov. O xpoévog mov AapPavel vIOY™N TOV TIC TPMTES OVOKAAGELS, opiletarl ¢ €61 Popéc M
YPOVIKY TEP10d0G OV Yperaletol dote vo pewwbel katd 10 dB petd tov undeviopd g anyng.
O mpdYog xpdvog avTNyMnonS xpPNoLHonotet To (310 HETPO Kot TOGOGTO LLE TO ¥POVO AvTNYNONG,

1N povn dteeopd Tovg etvat 1o dtdotna To onoio tvar amod to 0 mg -10.

EDT = 6 (t-10) (2.9)
O EDT petpiérat og sec ko givar pikpdtepog omd tov RT (xpovog aviymong) kot tov RTe.
2.4 Alreg AxovoTikég [Mapapetpor

2.4.1 Hyo

H nyo, addg avtihaiog, amotelel aKoVoTIKO GAVOUEVO TOL OQEIAETAL GTNV AVAKAACT) TV
NYNTIKOV Kopdtov. Otav pa nyn ekaéunet Evav Nyo mov Ppicketal 6 KAEGTO YDpo, T0TE
yivetol apéoms avTiANmTog and Kamolov mov Ppioketar otov 1010 Ympo. Av auéowms UETA
aKoVoTel TO MYMTIKO ONUa TOV £XEL AVAKAAGTEL Kol 0 aKpoaTnS T0 avTIAneOel cav Eeymplotd
NYNTIKO YEYOVOGS, T0 Gavopevo avtd ovoudletar nyd. H nyd kot n aviymon etvar eviehmg

SLPOPETIKA QOVOUEVE, EMEWDN GTNV OVINYNON 0V dtukpiveTarl KAmowo Eexmpiotd nynTikod
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veyovos. H Ny oe avtiBeon pe v aviymon dev givar embBounti, enedn KaTooTpEPEL TNV

KOAT OKOVOTIKT TOV YOPOV 0PoD SVGKOAEVEL TNV EXIKOVMOVID, KOt GAAOIDVEL TOV 1)(O.

To 1950, o Haas &de1ée pe mepdapoata 0tt, av 1 avaxkiaon kabvotepel and 5 éog 35 msec, y
va glvat dtaxplty ¢ Ny®, Ba mpénet 1 otdOun g va givatl yvpw ota 10 dB peyordtepn and
oV M0 mov v dnuovpyetl. ‘Etot, av n kabvotépnon eivat peyoaivtepn tov 100 msec, 1dte 10
Qawvopevo vtdpyet aveaptnta amd TV 6TAdUN ToL YOV TToL £xel KaBvoTePNGEL. AV 1 6TAOUN

g kaBuotepnUévng NYNTIKNG EVEPYELNS OEV eival TOGO UEYOAN, OTAMS EVIGYVETAL O APYIKOG

1X06.

2.4.2 Xpopatiopog (Coloration)
Xpopoatiopog ovopdletor 10 @ovopevo Kotd to omoio aAAdlel mn ypold tov Nyov otav
GUUPBAAAOVY Ol PPAGELS KOl 1] TVY®OV KAOLGTEPTON TOV OVOKADUEVOV aKTWVOV gival Hkpn

(OnAadn g 16ENS Twv 10 msec).

2.4.3 Zeotaorwd (Warmth)

Me tov 6po NyNTIKN «CECTAGIA» OVAPEPOUAGTE GTNV TN TOV YPOVOL AVINYNONG TOV £YOVV Ot
VYNAEG Kot pecaieg ocuyvotnteg, dMAadn Otav o€ Evav YMOPO LIAPYEL LOVOIKY] GE YOUUNAES
GUYVOTNTES, TOTE 0 YPOVOC avinymong Ba elval peydrloc, evd oTig VYNAEG cuyvoTNnTES Bal etvar

HKPOG.

2.4.4 Oweotntae (Intimacy)

Mo GNUOVTIKT 0KOVGTIKT TOPAUETPOG Yo ¥DPOVG elval 1) olkeldTNTa 1) omoia TpoopileTat yia
optMa KoL LOVGTKY. Xe pia pkpn| aifovca mailetot povotkn, n onoia akovyetal oav vo mailetal
o€ pikpn aibovoa, T10te emTvyYdveTal 1 otkeldTNTA. AVTO 0PeileTon 6TO OTL 01 KalvoTEPNOELG
TOV OVOKADUEVOV NYNTIKOV aKTVOV Kot Tov anevbeiog exnepndpevov kabopilovv v Tiun
g oke TN TS OTav ot avakidscelg mov Oavovv 6Tovg akpoatés eivar pikpng kabvotépnong
(20 msec), 10te dev OaPEpovv TOAD and tov amevbeiog Mo kal divovv v aicOnomn g
aKOVOTIKNG otkeldtnToc. H otkeldtnta TV YOpov HOVCIKNG Tpénel va elval pikpotepm and 25

msec.

2.5 Movtého Tov e1d0rov tnyis (Image Source Model)

To povtélo TV EWO®A®V TNYNS ELVOL PO TEYVIKT) TTOL YPNGULOTOLEITAL Y10l TNV OKOVGTIKY] TMV
KAEWGTOV YOpoV Kot eEeTdlel TNV OKOVLOTIKY] YOP®V He TNV HEOOOO TNG YEMUETPIKNG
axovotikne. H pébodoc avtr etvat amin ot ypnon, OGS T0 LEYOADTEPO TNG LELOVEKTNLLO ELVOL

N ket avEnon Tov VITOAOYIGTIKOV ¥PAVoL G€ avaloyia pe TV TAEN TOV OVaKAAGE®V Kol
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Tov aplud tov emeaveidv pag aibovcag. BéPata, 0 vmoAOyloTIKOG YDPOG avEAvVETOL

TEPLGGATEPO OTAV 1) AKOVOTIKT povteLomoinon cvuPaivel oe TOAMATAEG TN YES NYOV.

e pia atBovoa Eyovpe wa myn (S) kot éva déktn (R). 1o poviého eddA®V TyNe, N mnyn
NYOL AVTAVAKAATOL GTIC EMPAVELES TOV dMUATION KOl £TGL ONOVPYOVVTOL Ol EIKOVIKEG TTNYEG.
H evBeia ypoppn amd pio eovikn tnyn mpog 10 SEKTN avTIoTolyel o€ o dtadpopn dtadoong

oV YoV 6TNV aibovca 1 onoia TepAapPaver pia | TEPIGCOTEPEG EMPAVELNKES OVOAVCELS.

Edv yvopilovope 10 unKog TG YPOUUNG Kol TNV AmoppOeNoY TOV EMPOUVELDY TOV TEUVEL 1
YPOLLLY], UTOPOVUE VO VTOAOYIGOVE Tr GLUPBOAN NG aviicToyng dtadpoung dddoong Tov
NYov otV amdKPIoN TOV TAAUKOD Y®pov. To poviého eWddA®V mnyNg eyyvdtar 6Tt Ha
evromioel OAeC T1G dtadpopég dradoong o pia aibovoa, BEPata av Exovue avapopES VYNAGV
ey TOTE TO POVTELD Elval AVETOPKNG ENEWN O aPOUOS TOV EIKOVIKOV TNYOV ovEdvetal

YPNYOPO.

Zympa 2.5 Anewtkovien Movtélov Image Source
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Kepdraro 3

3.1 Kpovotiki} Anokpion (Impulse Response)

H kpovotikn andxpion evog cuotriratog ovoudlietal n andkpion £600V TOL GLGTHLATOSG OTAV
otV 16000 ToL gPaprocTel Evag TaANdG e dmelpn didpketa kat povadiaio Vyos. H kpovotikn
déyeponpovieronoteitan Bewpntikd pe tn cvvdptnon o(t) (Dirac) 6to medio tov GuLVEXOVG
xpovov. I'vopilovtag tnv KpovoTIKY amOKPIoT €VOS YPOUUKOD KOl YPOVIKA apetdfAntov
(I'XA) ovotnuatog Umopovpe vo. VTOAOYIGOVUE TNV ATOKPIGY] TOV GE OTMOLOONTOTE GYLO
€16600v. H kpovotikn andkpion vroroyiletar pésm e GUVEMENS TG Le TV AmOKPIoT EVOG

XOPOL:
h(®=g()*x(® (3.1)
Omnov:
1. g (t): 1 kpovoTiKn AmOKPIoN
2. x (t): n 01€yepom mov epapudletal

3. * ouvéhén

L ' L 1

1 21 41 61 81 101 21 141 161 181

Xpbvog (ms)

Zynpa 3.1 Kpovetikn andkpion dopatiov
v mopondveo ewdva eaivoviol ot HeTaTomcUéveG ovvaptnoelg O0éita (Dirac) mov
aVTIGTOYOVV OTIS OVOKAAGELS TOL MYOL Omd TO TOYMOUATO TOL Ydpov. H popen tov
ooy pappatog eEaptaTan omd TIG OIUCTAGELS, TO GYNLO TOL YDPOV, TNV ATOPPOPGT|] TOV YHPOV

KkaBmg Kot amwd ™ B€on Tnyng — OékTn.
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AvAAoya pE TNV KPOVOTIKT AmOKPIGN TOV YDPOL VIoAoyilovtatl OAOL Ol TAPAUETPOL LE TOVG
0mo{0VG LETPALLE TNV AKOVOTIKT TO1OTNTA £VOS YDpov. Etotn akpifng pé€tpnon g KpovoTikig
amoKplong nailet onuaviikd pOAO GTOV aKPPN VIOAOYIGUO TV TAPAUETPOV TOV LETPOVV THV
OKOVGTIKN TTOLOTNTA TOL YMOPOV, ONAAOT Yo va BeATimwBel 1 KpovoTiky andkpion yperaleTan

HEYAAOG XpOVOS GAPOONG, LEYAAOG aplOUOG SEIYUATOV Kot EOIKNG LOPPNG OEYEPTELC.

3.1.1 Kpovotiki] amdékpion 6€ NNTIKO VST

A) Amdxpion og avokTd yOpo

e éva eAevBepPO YOPO VILAPYEL LI NYNTIKY TNYT Y10 TOPAOELY A £VaL LEYAPMVO KOl EKTEUTEL
o ovvaptnon oOéAta. To pkpdéeovo Ba koataypdyer emiong p cvvaptnon déita
UETOTOTIOUEVT] OLMG MG TTPOG TOV XpOvo, BEPata 1 petatdmion avtr Oa Exet didpkela 1don 660

Ba kdvel 0 Nxog va OAceL amd TO PEYAP®OVO GTO UIKPOP®OVO.

EF\ a——
: T

Zynpa 3.2 Anokpion o€ Avoryté Xaopo

B) Amnodxkpion emedvelag mov avakAid tov 1o

"Exovpue pio mnyn n omola Ppioketot mave amd pio ovokAM®UEVT ETLPAVELD, ONANN 1) amOKPIoN
OV Hkpo@®voL Ba gtvar Tdpa d00 cuvaptioelg déAta pia mov avticTotyel otov an’ gvbeiog
Nyo xou pio otov avoakiopevo. To e0pog tng d0evtepng e&aptdrol omd To AKOLOTIKA

YOPAKTNPLGTIKA TNG EMPAVELQGS.
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m\ﬁ

i [t

Zynpa 3.3 ATOKpiLon eMQAVELOS TOV OVOKAL TOV )0

C) Amodxpion KAEGTOL YDOPOV

To cvomnua Bpioketan og KAEIGTO YMPO KOl TO LEYAPOVO EKUTEUTEL LU0 KPOVOTIKT GUVAPTNOT).
To ukpdewvo extdg amd Tov o’ gvBeing dad1dOUEVO N0 AAUPAVEL KO QLTOV TTOL TPOEPYETAL
amo TG daeopeg avakidacels. 'Etot o fyog mov Aaupdvetat dev etvat n KpOUGTIKY GLVAPTNOT

aALG e oepd peTatomiopévav Kot eEasfevnénv cuvaptnoemv dEATA.

Eisodoc E&050g
by v i)

=

Zympa 3.4 Anokpiron KAEGTOU Y OPOV

3.2 Métpnon Kpovotikig Amokpiong pe tn pédodo MLS

IMa va éyovpe por akpPng pETpnomn g KPOovuoTiKnG amdKplons Ba ypelacTovE EVOL KOAMDG
optopévo onua deyepong. H ISO (Aebvng Opyavicpdg Tomonoinong) mpdteve v xpnon g
yevdotuyaiag axorovbiog peyiotov pnkovg (Maximum Length Sequence). H ypnon g
uebooov MLS mpotdOnke yia tpdn @opd amd tov Schroeder 1o 1979. Egapudletat oe kabe
YPOLLLLKO KOt YPpOVIKA apeTdfANTO 6V, AKOVGTIKO, Unyavikd 1 nAekTpoviko Kot faciletot
6TV OEYEPCN TOL GLOTNUATOG He Mo eEEdKEVIEVN KaTnyopiad oNUATOV €16030V OV
ovopdloviar akoAovBieg peyiotov unkovg kot avamtdydnkav ota mwhaiclo g Bewpilog

aploumv.
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M akolovbia peyiotov unrovg amotedeiton omd pio 6P Lovadloimv TOAUMY Kol TOVGEDV
01 omoleg elvar UNdEVIKEG 0OV EVOAAACCOVTOL KOTA TETOL0 TPOTO £TGL MGTE GE KADE YPOVIKN
oTiyun, M mhoavotnta va epeavictel évag Beticog maipdg 1 va yiver mavon va givon ion kot

ave&aptnn and To mponyovUEVO delypaL.
Ta Bacwkd yopaktnplotikd e akorovdiag peyiotov unkovg eivat o akdiovda:

o TIlopdystar pe awotnpd KaBopiopévo Kat VIETEPUIVIGTIKO TPOTO ,dnAadn TO
amotéAeopa g axorovbiag peyioctov punkovg eivan BéPato.

e O apBudg tov povddwv givar icog pe tov aplBpd tov undevikmv, PERoia
v pia povada tnv apytkn dev 1oydeL avto.

e H cvvdptnon g avtocuoyétnong (auto correlation function) mpoceépet T
dvvatdtnTa dnpovpyiag evog TEAELOV BE@PNTIKOD TOALOD TOV AVATOPIGTA
axppaog ™ cvvdptnon oéita (Dirac).

e O peraoynuotiopdg Fourier tng axolovBiog mepiéyetl otabepn evépyeia avd
GUYVOTNTO OTTMG o OEATO GVVAPTNON 1 0 Aevkdg BOpvPoG.

e H axoiovBia peyiotov unkovg givat éva meplodikd onjpa mov e&aptdtol amd
évav axépato N, o omolog ovoupdaletor taén 1ng axoiovbioc. Il
GUYKEKPLUEVA TTPOKELTOL Yo piat dSvadiky] akolovBia 6tabepol mAdtovg e

nepiodo L = 2N- 1, evd mapovsidlel eninedn cuyvotik amdkpion.

To Paockd pelovékmnua g MLS eivar 6Tt 6Aeg ot cvyvdtteg poll pe v avinynon mov
TPOKAAOVV, LVILAPYOVV Kol KOTAYPAPOVTOL HEGH GTO YMPO TNV {dt YPoviKY| oTiyur. Avtd
dnuovpyet mpofAnpaTa a@od TOGO Ol APHOVIKEG TAPUUOPOAOCELS OGO KAl 1 ATOKPLOT] TOV
GUOTNLOTOG GTO NYOYPOUPNUEVO GjHa EXOVV TNV HopeTn Tov Bopvfov Kot eivar SVOKOAO va
daympiotovy . H vaepevaiohnocio e pebodov otn un ypopptky Gopurepipopd Tov NynTikov
efomiopod oAAG kol 6T YPOVIKN HETAPANTOTNTA TOL cvothpatog eoutiag NG
EMOVEIANUILEVIC OVATTOP ALY OYTG TOV GNUOTOG SEYEPOTG OV ATOLTEITAL, £YEL MG AMOTEAEGLLA VL

EVOOUOTOVOVTAL EVOYANTIKOTL BopVot Katd unKog e vd HETPNONS KPOVGTIKNG ATOKPLIoNG.

3.3 Movtého All pole Filter

2y ene€epyacio onpatog, éva eiAtpo eivor pa cuckevn N e dwdikacio mov pmopel va
agatpel kamota avemiBounta otoryeia 1| yapaktnplotikd amd éva onua. Kabe yneiaxod eidtpo
UTOPEL VA TPOGOOPLOTEL OO TOVGS TOAOVG TOV Kol T UNdEVIKA Tov. Ot TOAOL Ko TOL UNOEVIKA
Stvouv APNGLLES YVOGELS Yol TNV ATTOKPLOT) £VOG GIATPOV KOl UTOPOLV VA ¥pncipononfodv wg

Baon yia 1o oyedacud evog ynelaxod eidtpov. Oia ta iltpa arotelovvral amd 6Ho Pfacikd
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otoyeia: TNV cvvaptnon petapopds (Transfer Function) kot v kpovotiky| andkpion (Impulse

Response). Avtd ta 600 ototyeia cuvodovtar peta&d Tovg pe tov oynuotiond Fourier.

H ovvaptnon petagopdsg ypnolomoteitar oty eneéepyasioo GNUOTOC Yo Vo TEPLYPAPEL 1)
GUUTEPLPOPE EVOG YPAUUIKOD Kol otTlatod cvotnpotos. H cuvaptnon petagpopds evog gidtpov
opileTan mo ocvyvd onv meployn TV cvvletwv cvuyvotntev. H Asttovpyia petagopdc H(s)
evoc gidtpov eivar n avaroyio tov onpatog eE660v Y(s) e eketvn Tov oNpaTog 16030V X(S)
G GLVAPTNON NG GVVOEST G GLYVITNTAG S:

Y
H(s) = % (3.2)

Ymrépyovv 300 TpOTOL e TOVG 0MO10VG LAOTOLEITAL Eva YneLakd IATpo:

1) Me v ypovikn KaBvotépnon €vOG OVILYPAPOL TOVG ONUOTOS €L6O00L KOl TOV
GLUVOLAGUO TOL KABLGTEPNUEVOL GNUOTOC LE TO KOWOVUPYLO0 GNUA €1GOJ0V. XINV
nepintoon avt pddpe ya eidtpa FIR (Finite Impulse Response).

2) Me 1t kaBvotépnon evog avTlypapov ToL GNUATOG 500V KOt TOV GUVIVACUO TOV LE
TO ONUa €160J0V, o avTNV TNV Tepintwon pkaue ya eidtpa IR (Infinite Impulse

Response).

Yoykpion FIR kot [IR oiltpav:

H epappoyn evog eidktpov e éva ofjua petafdiret mépa amd o TAATOG TOV KOl TN PAcN TOV.
H epappoyn tov FIReiATp@v elvat yevikd mpotildtepn oe nynTikd onuota aeob givat Suvatod
Vo oxedloToOUV TETOW QIATPO UE YPOUMKN amdkplon @done. M tétola amdkpion

TPOAAUPAVEL TOAVES TOPAUOPPADGELS PACTC TOV EICAYEL TO PIATPAPIGHO EVOG 1XOV.

EmmAéov, ta FIR ¢iltpa eivan mepiocdtepo otabepd and 6t ta IR pag kot dev mepiéyovv
avadpactn. Amd v GAAN mAevpd, n vAomoinon twv FIR ¢iltpov amotel mepiocdtepe
aplOunTcég mpdelg xor pviun omd Ot m vAomoinon IIR o¢idtpeov pe avrtictoya

YOPOKTNPIOTIKAL.

31

——
| —



Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

Kepararo 4

4.1 Ileprypa@r] Tov mpofinpatog

‘Evog kAe1o10¢ dpog moapovstaletor ¢ &va YPOUMKO kot ypovikd ovoiioioto (I'XA)
GUGTNUA, OTOV 1 KPOUGTIKH OMOKPIGT TOL YDPOL TEPLYPAPEL TO YOPUKTNPLOTIKE TNG
petdooons tov amevbeiog kol Tov NYov Tov £xel avaKAAGTEL amd pa Tnyn o€ éva déktn. H
KATELOVVTIKOTNTA TNG TNYNS KOL TOL OEKTN 1 Ol HUKPEG OAAAYEG TOV GLVONK®OV TTOV €XEL TO
nmepBailov dev yapaktnpilovv ™V KPOLGTIKY| amdkpion mov ovth eaptdtal Hovo omd Tig
0éoe1c T myng Kot Tov déktn. Otav po mnyr exnépnet Eva TaARO 6e va KAEIGTO YMPo ToTE
N KPOLGTIKY amokplon mov Ba kataypapel oe éva 0éktn, Ba etvar n €&fg: katapyds Oa
Katoypagel maApog mov Oa etdvel oto dOéktn amevbelag amd v wNyY, petd amd Alya
devteporenta Ba pavep®BoHV GTOV SEKTN 01 TPMTES SAKPITEG OVOKAAGELS TOV VITAPYOVY OTIG
EMPAVEIEG TOV KAEIGTOV YDPOV. AVTES Ol AvVaKAAGELS OV £YoVV TAATOG Kat akpiPelg ypdvoug
apitemv, eEaptdvtar amod Tig B€celg TS TNYNG Kot Tov d€KTN. O My0g mov Ba PTacEL GTOV OEKTN
amoteAeitan amd AVOKAAGELS TOL EMKAADTTOVTIOL XPOVIKA, ONAadY| Ba £XOVLE TO PAVOEVO TG

avTixnong.

Kpovotikn Andxpion Aopotiov

Xe avtd 1o KedAao Ba meptypdapet Kot o VITOAOYIGTEL 1] KPOLGTIKY ATOKPLIOT) EVOG KAEIGTOV
dopatiov.Avtd Ba yiver pe 2 mpocopoiwtég tov Room Impulse Response kot tov All Pole
Filter. H vionoinon PBociletar 610 Aoyiopukdé MATLAB kot tig emmiéov Piiobnkeg mov

dwnbeTet.
4.2 TIpocopoimon GKOVGTIKOD YMOPOV KAl ONUIOVPYic KPOVOTIKIG UmOKPLoNG

4.2.1 Mg tov Room Response

Me tov mpocopoiwti) Room Response maipvovtog tig d1aotdoelc evog dmpatiov, tnv tomobecio
TOVL aoONTPA Kot TNG TTNYNG, TOVG GLUVIEAEGTEG ATOPPOPNONG TOL TOLXOV, TNV cLYVOTNTA
derypatonyiog Kot Tov YpOvo OVINYNONG, UTOPOVUE VO VTOAOYIGOVLUE TNV KPOLGTIKY
amokpion tov dopatiov. [apaxkdto mapadétovtal 2 ypagnuata ta onoia mapovstdlovv v
KPOVLGTIKN OOKPIGT TOV d®UATION GUVAPTNGT TOL XPOvov h(t) Kot To PAcA TS KPOVGTIKYG

anokpiong and tov Metaoynuaticpo Fourier H(w) ( og kiipoxa dB).
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Zynpa 4.1 Kpovotikn] amdkpion dmpatiov cuvapTiion ypovov Kol pacHaTog

4.2.2 Mg tov All Pole Filter

Me tov mpocopowwt All Pole Filter maipvovtag tig dtactdoelg evog dmpatiov, Tnv tonobesia
0V aenTpa KoL TG TNYNS, TOVG GLVIEAEGTES AMOPPOPNGNG TOL TOYoV, TV GVYVOTNTA
detypotoAnyiag kot tov ¥pdvo avINyNoNG, HUTOPOVUE VO VTOAOYICOLUE TNV KPOVLGTIKN
andkpion tov dwpatiov. Xt1o (1) mapovstdleTar N KPOLGTIKY AmOKPIGN HE TN XPNON TOL
Awxkprrov Metasynuatiopot Fourier h[n] kot hap[n] etvat o1 amoxpicelg pe tov Avtictpogo
Metaoynuatiopd Fourier. Zto (2) mopatiBovior dvo mpoceyyioels: evdg mpaypoticol
Qaopatog (UmAE Oldypoupa) Kot €vOg  TPOGEYYIOTIKOD PACUOTOS «UOVO TOA®VY (LB
odypappa), mov €xel mpokvwyel pe v péBodo ypapukng mpoyvoong (linear prediction)
ypnoonowdvtag tov aAyopiBpo tov Levinson-Durbin. Ot vmoloywspoi avtoi etvon og
AoyopOukn kiipaxa. Téhog, oto (3) mapovsialovtal ot amodocels avdloya Le TNV TAEN Kot
v TN oV oedipatog (Error) yo v mpdTn Tpocéyyion Kot Yo To KPITiple TANpo@opiong
(information criterion) ywa tnv debtepn Tpocéyyion. Oco mo pkpy| etvan n avaroyio oot (660
aQopd TO COAALN KOl TO KPLTNPLO TANPOQOPIoNS) TOG0 To KA Ba elvar kot 1 Tpocéyyion

TOV OVTIGTOYOVL HOVTIEAOV.
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Zyqpa 4.2 Awaypdppata anoterespdatov tov npocopormty All Pole Filter
4.2.3 MéBodog ypappmikig Tpoéyvoong
H Tpoppuen Tpdyvwon (linear prediction) eivar pua anAn pnéBodog n omoio mpoPAEmet Tic
UEALOVTIKES TIUES pE BAom VOV YPOUUKO GUVIVACUO TOV TILMV TOL LITAPYOVY 1NON. Mropovue

VO VTOAOYIGOVLE TNV YPOUUKT TPOYVAOGT) LE TOV TAPAKAT® THTO:

X(n) = Zﬁzl ag *x (n—Kk) 4.1)

Onov,

%(n) : m mpoPremduevn T cCHUATOC

ak : 0 GLVIEAEGTNG YPOUUIKNG TPOYVOONG

k : ot mponyodpueveg Tiég
Ymoloyilovtag Tov GUVTEAESTN YPUUUIKNG TPOYVOONS ak, LTOPD Vo, EAVAPTAGH GTO OpyLKO
pov onua (speech synthesis). Emiong vmoloyilovtag tov cuvviehestn ak UmopoVOUE va

vroAoyicovpe kat o cedAua Tpdyvoons. To cedipa mpdyvmong divetar and tov THTO:

e(n) =x(n) — X (n) 4.2)
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omov,

X (n) : M TPAYUATIKY T GNLOTOG
To cedipa tpdyvoong Ba mpénet va etvar pikpoTeEPo and 10 apyikd onua. Avtég Tic eE1I6DGELG
UTopovV va ypnoorombodv dtav Exovpe povodidotato orjpata. o tolvdidotota onuata

N HETPNOT CEAAUATOS 0pileTal cLYVA OG:
e(m)=|x®m-x()] (4.3)
omov,

|| .|| 0xatdAANAOG KOVOVOS POPEN TOV EMAEYETAL.

O kavovag popéa gival pia cuvapTNoT TOL AmodideL Eva avoTnpd BeTikd unkog 1 puéyebog oe

Kd0e didvoopa 6€ va SLOVOGLATIKO YDPO.

O1010popEg TV LOVOIAGTUTOV 0O TO TOAVIIAGTATO GY|LLOTO, EVTOTILOVTOL GTOV TPOTO LE TOV
omolo emAéyovtal ol ouvieleotéc mpOPAeymc ai T v Pedtictomoinon avtdv TOV
TAPOUETPOV YIVETAL YpNOT VOGS KprTnpiov péons TeTpayvikng pilog mov Adyetat Kot KpLTinplo
oVTOCLGYETIONG . Me avt ) HEBOS0 ELUYIGTOTOIEITE 1 OVOLLEVOLLEVT] TIUT] TOV TETPOYMVIKOV
opdhpotog E [e2 (n)] . H tyun avth Stvetar omd v eéicmon :

P_LaiR(i—k)=Ri 4.4)

omov ,
omov R glvar n avtocvoyétion tov onpatog x (n).
H avtoovoyétion R opileton og €€NG :
R(i)=E{x(n)x (n-k)} 4.5)

omov E n avapevopevn tun.

Ot e&iomoelg avtég ovopdlovrat kavovikég e€lomaelg 1 e€ilcmoels Yule-Walker.

Oumg owtd 10 KPP0 AVTOGVGYETIONG OV HTOPEGE VOl EKTIUNGEL YPIYOPO TIG TOPAUETPOVS
™G YPOUUIKNG TtpOTyveons. Apydtepa Opmg 060nke n Avom pe tn ypnon evog tay\TEPOL
alyopifuov Tov Levinson. H eravainymn tov Levinson givan évag adyopiBpog yia v e€edpeon
evog all-pole IR @iltpov pe mpokabopiopévn vietepuivioTikn aAAniovyia avtocvsyétions. To
@iATpo mov mapdyet o levinson givar ) eAdyiotn @don.
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Kepdararo 5

5.1 Ewayoy otnv Myyavikg Madnon

H MdOnon elvar pia vontikn dtepyacio katd tnv omoia €va GTOUO OTOKTA VEES
0e&10TNTEG Kot YVAOOELS. Ol EMGTAHOVESG TOL YMDPOL TNG TEYVIKNG VONUOCLVNG TpOocTadnoay va,
OMMOVPYNGOLY VTTOAOYIGTIKA cuoTHOTA TOV B LIropovcay vo pabovv Kot va, BEATIOVOLY TNV
amoOd00Y] TOVG G KAmolovg Topelg pecw TG aflomoinong g mPonyoOUEVNS YVOONG Kot

eunelpiog mov giyav. Avt elvar n Aeyopevn Mnyavikn Mdabnon.

Ot gpyacieg ¢ punyoavikng nddnong cvvnbmg Ta&tvopovviol 6e TPELS LEYAAES KATNYOPIES TOV

YAPNOLULOTOOVVTAL OVAAOYA LLE TN VOT) TOV TPOPANLATOC.

o MdabOnon pe enifreyn (Supervised Learning): Eivar pia dwadikacio kotd v omoia 10
VTOAOYIOTIKO TPOYPOUUO TOUPVEL KATOlEG £16000VE Kol TO EMBVUNTA amoTEAECUATA
amd €vav «dAoKAAO» KOl 0 6TOYXOS TOL Elval Vo UTOPECEL VO, AVTIGTOLYIOEL OTES TIG
€16000V¢ LE TO OMOTEAEGUOTA OV TNPE. AVTN 1) KoTnyopio Unyovikng pabnong
ypnowonoteitan og wpoPanuata: Tagwounong, [Ipdyvoong kot Atepunveiag.

o Mdbnon yopig emipreyn (UnSupervised Learning): Xe avty 1 dwdwacia o
alyopiBpog Kotaokevdlel éva HOVIEAO Y10 KATMOWO0 GUVOAO €L600MV UE HOPOY|
mopatnpioey yopic va yvopilet tig embBountég €£6dovg. Avti n xornyopia
xpnowonoleiton o€ TpoPAnuata: Avédivong voyetiopmv kot Opoadonoinong.

e Evioyvtikn pddnon (Reinforcement Learning): To cvomua pddnone npoonabel va
uébet péow AQueong aAinAemiopaong pe 1o mepPdriov. H xamnyopia avtn
ypNoonoleital 6e mpoPANUATA: ZYESAGHOD LYo TAPAdEyYa 0 EAEYYOG Kivnong Tov

POUTOT Kot 1 BEATIGTONOINNOT EPYAGLOV GE EPYOCTAGIAKOVS YDPOLG.

Mo kabe mpoPAnua mpog emilvon oto ydpo e Mnyavikng MdOnong vrdpyet €vag
KATOAANAOC TpOTOG pdbnong xor yw xédbe tpdmo pdOnong vmdpyer TovAdYIGTOV £VOg

KatdAAniog akydpiOpog mov pmopet va xpnoipomonet.

5.2 EE6puvEn Agdopévav (Data Mining)
H Mnyaviky MéOnon éxet oxéon pe v EE6puén Agdopévov. H EEOpvEn tov

AedOUEVOV TPOEKVYE Y10 TNV TTAPAYWYT VEAS YVAOOTG 1) OTTOL0 TPOKVTTEL OO TANPOPOPIES, OL
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omoiec €xovv cVGoMPEVTEL KOTd TO TOPEAOGY Ko umopovv va 0dnynoovy oty Pertioon g
vdpyovoag Katdotaons. Eniong,oyxetifetat dueca pe v amdoTACT TOV TANPOPOPLOV Omd
peydies Pacelg dedouévav, ot omoleg cuvdvalovtal HEGH TNG GTATICTIKNG LE GKOMO TNV

e€aymyn acOaA®V GUUTEPAGUATOV.
5.3 AkyoprOpor EE6puéng dedopévav

5.3.1 AkyoprOpoc K-Means

O alyépOpog K-Means eivor évag alydpiBpoc mov emoavarapfdvetor kot opodomotel
avtikeipeva BAcEL TOV YOpaKTNPIOTIKOV TV k-cvotddwv. O adydpBuog Eexva kabopilovtog
pe toyaio tpdémo k-cvotddeg, ot cuvéyela tpocsdlopiletal n amdotaon KAOE avTIKEWEVOL omd
10 K€vTpo kdBe cvoTdoag kot Kabe avtikeipevo tomobeteitol 61 GuoTAdA amd TV omoia améyet
Ayotepo. Ta kawvovpyle Kévipa vroroyiloviar cav o HECOG OPOG TV OVIIKEUEVOV TOV
avinKouv péxpt ottypung o€ kébe ovotdda. H dwadwoasio emavorappavetor péypig 6tov ot
G6VOTAdEG Vo otapaTioovy va petafailoviar. Ta pelovektiuota tov aiyopibuov K-Means
elvar 611 1 anddoon tov akyopiBuov dev eivor Bértiot. H modtmrta g tehkng Avong
e€aptdtar moAd and 1o apykd cvvoro opddwv kol pmopel va elvar yapnAdtepn ond To

GVVOAKO BéATIOTO.

Emiong éva dAAo pelovéktnua tov aiyopifuov etvar 6Tt o apBuog tov opddwv mpénet va
opotel eopyne. TV mOPaKAT® £kOVA TOPOVCLALeTOL £va TapAdELYHa OLadOTOinoNg TOV

alyopifuov K-Means.

Zynpa 5.1 Mapaderypo Opadomoinong tov arypiOpov K-Means
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5.3.2 AkyoprOpoc SVM (Support Vector Machine)

O aiyopiBuoc Support Vector Machine eivar éva covoro pebodwv pudbnong pe enifieyn
(supervised learning) ka1 ypnowomnoteital evpvtota o€ mwPoPANuate TaSvounong Kot
TOAMVOPOUNONG TAPOLSLALOVTAG VYNAY AOd00T] GE YOPOVS UE dEdOUEVE VYNANG ddeTaoTC.
Ot ta&vountéc SVMs umopet va yxpnoiponomBoiv yio ypoptikd Kot un ypappikd dedopéva.
21oy0¢ evog tavount Pacilopevou og dtavucpata vIosTNPENS eival Vo «KOTAGKEVAGEL)
70 PEATIOTO JOYWPIOTIKO VIEPEMITEDO OE £va TOAVIAGTATO YDPO XAPUKINPIoTIKAOV (feature
space). Mg tov 0po «PBEATIOTO» OAVAPEPOUOGTE GTNV TEPIMTOGT TOL VIAPYOVV YPOULUIKES
Sywpiolpneg katnyoplegdmov 10 vrepeninedo mov Ba kotackevaotel va givar avtd pe 10
péyioto meplidpio (1 andotacn) ond Ta Mo KOVIIVE TapAdElylaTa 6TOV TOAVIAGTATO YDPO

TV yopaktnpotikdv. H pébodog SVM Bpiokel avtd 10 viiepeninedo ypnoiLonoldvtog:

e Alavbcpota vrootpiéng (support vectors), To. omoict OmOTEAOVV TO GNUAVIIKOTEPA
STy OTLTO. EKTAIOELONG.

e  Opta — margins, mov kaBopilovrar and ta d1avOHGUATO VTOGTHPIENG.

X,

L.
>

Xi

Zynpa 5.2 Mlapadsrypa AlyopiOpov SVM
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5.3.3 AkyopOpoc APRIORI

O aky6piBuog APRIORI ypnoyomoteitan yioo Tnv ovyvi] oTOLEOS0TNUEV €EOPVEN KoL TNV
ovoyétion TV otoyeiov mov Paciloviat 6Tic cuVoALaYEG TV Bdocwv dedouévmv. Apyikd,
yivetat To Tépacua (Sdfacua) Tov mivaka mov BELoVLLE, 6T GLVEXELX EPAPUOLETAL 1] EAAYIOTY
vrootpgn €161 dote va PpeBodv Ola Ta cuyvd otoyeia mov vrdpyovv péca o pia Pfaon
doedopévmv. Avtd to ototyela emmAéov emekteivoviOl O UEYOADTEPO. GUVOAO HE TNV
npovndBeon Ouwg 0Tt eupaviCovtar moAd ovyva otig Pdoelg dedopévov. O APRIORI
ypnowonotel pi mpocEyyon “amd KAT® TPog To TMAve”, OmOov To GLYVE VTOGLVOAQ
emextetvoviat o€ €va ototyelo kdbe popd (vmowneio aroryeio) Kol o1 OUAdES TV LIOYNPLOV
dokipudlovtal evavtia ota dedopéva. O arydpBuog teppatiCetar otav dev PpeBodv dhheg
emtvyeic enextdoelg. To mheovékTnua avtov Tov aAyopiBuov eivar 6Tl og kdOe pdom yiveton
éva uovo mépaca and Tov apykd mivaka Kot EmmaAEov 0 alyoptOuoc avtdg vAoTotEital ToAD
gbxoAa. Etvar Opog évag avamoteAespatikog alyoptfpog aeov anetel ToAAY GopdUOTA 6TV

Baon dedopévav kat Yo To A0yo avtd £xovv dnuovpyndet kot dArlot akydpiBpuot.

Osa e umooivola
Tov ovxwd

113

Av 10 (. d, ¢} thven ouxvd, 6Aa Ta UNOSUVOAS TOU Civan uxwd

Zympa 5.3 Hapadsrypa AkyopiOpov APRIORI

5.3.4 AkyoprOpoc AdaBoost

O AdaBoost (1 Adaptive Boosting) eivat évag aiyopiBog evioyvong o onoiog eotidlel ota
npofAnuata tavounong kol GToyeLEL OTr HeTATPOm €VOG GUVOAOL Omd AdVVALOVG
ta&vountéc o€ évav 1oyvpd. Me tov akydpiBuo avtd mapatnpeitan BeAtioon g amdd00Mg
€VOG TaEvoUNT Kot ETUTAEOV 1) EVioyvomn mo¥ yivetat elvar piol amd TIC TO CNUOVTIKES TEYVIKES
unyavikng pébnonc. O Adaboost avagépettat o€ pio GLYKEKPIUEVT HEB0SO eKTaidevoNS EVOG

evioyvpévou ta&wvounti). Kdébe acBevic ta&ivountng exmandeVeTol YpNGLLOTOIMVTAG £Val
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TUYOL0 VTOGVLVOAO TOVL GLVOAOL ekmaidevons. Metd v exmaidevon evog TaStvountn oe

omolodnTote eninedo, 0 AdaBoost amodidel fapog oe kdbe EKTAOEVTIKO AVTIKEIUEVO.

To AavBacuévo otoryeio €xet vynAdtepo Pdpog, €161 dote va epeaviletal 6T0 VIOGVVOAO
exmaidevong Tov endpevov taStvountn pe vynidtepn mbavotnTa. AQov exmaidevtel o kdbe
ta&ivountng, to Pdpog amodidetar otov taStvountn kot pe Paon v okpifeta. o tov
axpiPéotepo tagvount amodidetor peyaAdtepo Papog £T61 MOTE va EYEL LEYOADTEPO AVTIKTVTIO
610 TeEMKO amotélecpa. Ze Evav tagvountr to Bapog aviietoryiletar avdioya pe v akpifela
oL dtafétet 0 Kabévag, OnAadn 660 o axpPng ivat o TavounTtng TO60 LEYAADTEPO Elval TO
Bapog. I'a mapddetypa oe Evav tagvounty| pe axpifeia 50% odiveton Eva pundevikd Papog evd
oe évav TaSvount pe axpifeta pukpdtepn amd 50% odtvetar apvntikd fapog. Avto onuaivet 0Tt
cuvovalovope v mPOPreyn tov pe TV ovatpony] tov onpeiov. Etol, axkdéun kot av o

ta&vopntng Béhet va extedéoel pia Toyaio povteyld eEarxolovdel va cupailel otnv TeEMKN

pOPAey.

O AdaBoost 6mwg¢ xat o ta&vountc Random Forest diver mid axpiPn anoteréopata ond Toug
dAAovg akyopiBuovg unyavikng pddnong agod eEaptdrot amd ToAAOVS 0dVVALOVS TAEIVOUNTES
v va Byet | telMkn andeoon.

IM\.covektinato Adaboost

e  E¥Ox0l0g, amAdg Kol YpIyopos TPOYPOUUATIOUOG

e Agv anouteitol €K TOV TPOTEP®V YVAGT TOL adHVaoL Tagvountn dpa pmopel
Vo €QapUOCTEL e 0moladNToTe EB0SO adHVAUNG TAEVOUNONG

e Evtonilel akpaieg TWHEG 0QOV EMIKEVIPOVETOL GE TOPATNPNOELS Ol OTOLES
Ta&tvopovvTol SVGKOAOTEPA. Apa Ol TAPATNPNGELS HE TO VYNAOTEPO PAPOg

oLYVA amodetkvieTal 0Tt eivar axpaia onueia.

Mewviktnuo AdaBoost

Adym tov 611 0 AdaBoost divetl Toom ToAA “mpocoyr|” ota onpeia mov tagivopovvrar Adbog

dev etvar kaBOAov akpiPng oe dedopéva pe BOpvPo.
Av10¢ 0 aAYOPIBLOC £QapUOLETOL GE CLGTNATO AVAYVOPIOTG TPOCHTMV.

5.3.5 AkyopOpoc NaiveBayes
O aiyopiBuog NaiveBayes eivar pia teyvikn ta&vounong n onoia Paciletarl oto Bedpnua Tov

Bayes kot emmAéov Bempel g vadpyet aveEaptnoio LeTaEd TV aveEdpTNTOV HETARANTOV
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mov vrdpyovv otov taivount. Eva NaiveBayes povtélo onpovpyeitol e0KoAa a@ov dgv
ypedletar mepimlokm avabeon TIHOV GTIC TOPAUETPOVS 01 OTTOIES elvat dtaitepa YPNOLES OTOV
gyovpe moAL peydia chvora dedopévav. Emmiéov, oe autodv tov tavount dtav vrdpyet £va
GUYKEKPLUEVO YOAPOUKTNPLOTIKO GE o KAGoT olyovpa dev mpobmobEtel Kot Tnv mapovsia evog
dArov yapaotnplotikov. To Bedpnua Bayes £xet évav tpdmo vo vtoroyilel v petayevéotepn

mhavotta P(cx), and tig mbavdttec P(c) , P(x) kot P (x|c):

P(X|C)P
P(c|x) = W(C) (5.1)

Omnov,

I. P (c|x) etvau n petayevéstepn mbavotnta g 1aéng (otd)0v) ¢, dtav VITAPYEL TO
YOPOKTNPIOTIKO X.

2. P (c) eivor n mpornyovpevn mBavotnta g KAAoNG C.

3. P(x|c)eivoun mbavonta mov givor n mBavoTnTo vo OVIKEL TO YOPAKTIPIOTIKO XGTNV
KAAoN ce@OGOV LITAPYEL 1| KAAOT C.

4. P (x) elvar n wponyoduevn mhovotnta T0L YopaKTNPIoTIKOD X.

O aAyopBuog avtdc vroAoyilel v petayevéotepn mbavotnta Yoo KAOE KAAGN Kot 1 KAGGT

oL Oa £xel TNV peyadvTtepn petayevéotepn mavoTnTa Bol H1EKIIKNGEL TO YOPOKTNPIOTIKO.

IM).ecovektnuota NaiveBayes

O ta&wountng Naive Bayes elvatl évag amhog aiyopOpog mov Asttovpyel eKTANKTIKG Kot
YAPNOUOTOIEITAL EVPEMG €MEWN] GLYVA amodidel TOAD kald Tic mo eEehypéveg nebddovg
tagwounong. Qg mieovektnpata Tov uropet va BewpnBovv n edkodn kat ypnyopn npofieyn
TOV KATNYOPLOV T®V 0eO0UEVOV, Ol 0moieg ToAD mhavov va eivar morhamAiés. O NaiveBayes
Aertovpyel kaAvTepa amd T0VG dALOVG aAyopiBuovg Otav vrdpyel aveEaptnoio petabd TV
yopakpotikdv. EmmAéov oe oyéon pe tovg dAdovg aiyopiBuovg ypeialetar Arydtepa
dedopéva exmaidevong. Téhog, n anddoon Tov eivar KaAr 6TV Tapovotdlovial KaTnyoptkesg
petaPAntéc. Otav vrdpyovv aplOuntikég petaPAntég yivetor mapadoyrn yio DTapEN KOVOVIKNG

KOTOVOUTC.

Mcwovektiuoto NaiveBayes

Me m ypnion tov Naive Bayes eu@oavi(eton o€ OpIOUEVEG TEPMTMOOCELS KATNYOPIKDV
HETOPANTAOV TO TPOPANUA TS «UNOEVIKNG GLYvOTNTaG — Zero frequency». To mpdPfinua avtd

Oa eppaviotel oNV TEPITTOON TOV VA YOPAKINPLOTIKO OV TPOKVTTEL Yo pidt TN TNG TAENS
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pe amotédeopa va undeviotel ) mbavotnta kot dev Ba pmopet va yivel TpoPAreym yio avtiy v
katnyopio. T'a va AvBel 10 mpoPAnua avtd Ba mpémer va ypnowomombodv TeXVIKEG
egopdivvong omwg n extipnon Laplace. Ovolastikd Oa yivelr pia mposbnkn povédag otnv
anopifunon kédbe cuvovacuoD UG TIUNG XOPaKTNPIGTIKOV-TAENGC. AALO éva LELOVEKTNLA
avToh TOL TAEVOUNTY Eival OTL M XPNON AVTAOV TOV AVEEAPTNTAOV XOPUKTNPIGTIKAOV TOL Oempel
o Naive Bayes dev copfaivel o mpaypotikd mpofAnuota Kot oo EXEl O ATOTEAEGHE VoL UV

Bewpeitar a&OMGTOC EKTIUNTNAG.

O to&wvountg NaiveBayes ypnowwomnoteitor yio wpoPAEYEIS TPAYUOTIKOD YPOVOL, Yid
npOPAeYN TOAAATAGDV KAdGE®Y, OTav BEAOVLUE VO KATNYOPLOTOMGOVUE €Vva KEIUEVO, GTNV
aviyvevon spam NAEKTPOVIKOD TayLIPOUELIOD Kot 6THV avdALGT GUVAIGONATOG. € GUVIVAGUO
e TEYVIKEG cuvepYaTIKoL Pitpapicuatog (collaborative filtering) o ta&vountrg NaiveBayes

UTOPEL VoL ONULOVPYNOEL GLOTHHOTA GVoTAcE®Y (recommendation systems) yia v €£0pvén

™G TAnpoopiog.

5.3.6 AxyoprOpoc CART

O olyopBuog Cart 1 aAdydpiBuog Oévipmv  KOINYOPLOTOINONG Kol  TOAVOPOUNGONG
(classification andregression tree) eivatl évag alyoplBpog o omoiog dnpovpyel éva dLadKO
0évTpo amdeaong amd To OSOOUEVO KOl TEPLYPAPETAL OO OVO GUVEXELG KOl OLOKPITES
Aertovpyleg. Otav €yovue cuveyn YopoKINPIoTIKA, OAES TIG TOAVEG SVAOIKES O1OCTAGELS, TIG
SwywpiCovpe oe daoctiuata (-, a] Kot (a, +oo), eved 0Tav £(OVUE dOKPLTA OUPOKTIPLOTIKA,
1N avaivon aeopd OAES TIg TOAVES SIUCTAGELS TOL GLVOLOL TV GLUPOLWV GE dVO AGVVEYN KOt
ocvumAnpopotikd vroovvora. H peBodoroyla CART amotedeiton amd tpla pépn: v
KOTOGKELT] TOL HEYIGTOL OEVOPOV, TNV EMAOYN] TOL OMGTOV HeEYEOOVG OEVOPOL Kol TNV
Tavounon Tov dedoUévav e T (PNoN KOTACKELACSUEVOV 0EVOpwV. 'Eva 0évipo amdeacrg
YAPNOUOTOLEL TNV EVIPOTiA £TGL MGTE VA UTOPEl va EMAEYEL TO KOADTEPO YVAOPIOUA AGTAOTG
KoL T0 KaAVTEPO Kprnpro teppaticpoV. Otav Bpebdel 1o kaldtepo onueio ddonacng tdte YOpw
and avto Ba yivert o kat B dnuovpynbovv dvo amdyovol. INa kabe katvovpylo Prpa Tov
alyopiBuov Ba yivetar po TAnpng avalntnon £1o1 ®ote va kaboplotel 1 KaAvTEPT d1doTAC).

H xaAvtepn didonaon divetor amd tov THmo:
@ (s/t) =2 PLPrYL, |P(Cjltr) =P (Cj | tr) | (5.2)
Omnov,
1. t: o tpéyov kdupog.

2. s: k60e mBavod yvopiopa didomacng (Kptnplo).
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3. L: 10 apiotepd vmodEvopo Tov TpEYOVTa KOUPBOV TOV dEVTIPOV.

4. R: 10 0€E16 vT0dOEVOPO TOV TPEYOVTA KOUPBOV TOV OEVTIPOV.

5. Pr:etvarn mBovotnta pia mAedda Tov GUVOAOD EKTAIBELONG VAL AVIKEL TNV OPLOTEPT
TAEVPA TOV EVOPOV.

6. Pr: eivar n mBavotTo po TAEWAO0 TOV GLUVOAOV EKTTAIOELONG VO OVIKEL oTNV 0e&1d

TAEVPA TOV EVIPOV.
BéBaia e mepintmon mov Eyovpe 1oofabuia emiéyetar n de&1d dStakAddwon).
Omnov,

1. P (G [tL): m mBavotnta pia mAeldoa va avikel oty kotnyopio Cj Kot 6T0 aplotepd
VTOOEVIPO.
2. P (Gj | tr) : m mBavoTa o mAsldda va avikel oty katnyopia Cj kot 6to g0

VTOOEVOPO.

e kdBe Prjpa povo éva kplnplo emAéyeTon cav t0 kaAvTepo amd dAa ta mbovd. Otav dev
gyoope xapia ddomacn mov va pmopel va BeATidcel v amddocn Tov aAyopiBuov toTE
oTapaTdEl N avarTuén ToL dévipov. Ouwg 00T 1 TPocéyylon umopel va unv givar 1 kaAvtepn

dvvarr| Yo to 0edopéEVA TOL Uopel va TpooTeBOVV LEAAOVTIKA.

HAEONEKTHMATA & MEIONEKTHMATA CART

O oiyopBuog Cart eivar KatdAAniog yio v wpdfreyn tov véov tepimtdcewv. Emmiéov,
yopaktnpileTat v v gupwotia Tov Yo axpaieg TIHEG apov o aiydpiBlog daywpicpov o
OTOLOVAGEL TIG aKpaieg TIHES o€ pepovouévo koppo 1 kéupovs. Ta dévipa anopdoewmy mTov
xpnowonolel o aAydplBuoc eivor edkoAa va €punveLTOVV OUMG OmAlTOVV €vav opliuo
TAPAUETPOV OV gtvar duckoro va BpeBovv. ‘Eva and petovektipota avtod tov aiyopifuov
etvat n vepPoiikn Tpocapoyn Twv dedopévev Opms tpoctadel va meplopicet 1o péyebog tov
npokvnTovtog 0évdpov. Térog, o CART odwyepileton eAdmn dedopéva ayvomvtag v

GUYKEKPLULEVT] EYYPOAPT] , GCTOVOTOAOYIGUO Yo TNV 0pBOTNTA TNG SAGTOCNS EVOS YVOPIGUATOC.

5.3.7 AkyoprOpoc EM (Expectation Maximization)

O aryopiBuoc Ilpocdoxiog — Meyiotonoinong (Expectation Maximization) efvor pua
EMOVOANTTIKY] HEBOOOG Yo TNV EVPECT KATOI®V TOTK®V TOPAUETPOV HEYIGTNG TOAVOTNTOC
€VOG GTATIGTIKOD HOVTEAOV OTOV Ol €EIGAOGELS dev UTOpPOvV va emALOOVV GE HIKPO YPOVIKO

duotnua. Avtd ta poviédia mepthapPdvouy extdg amd dyveooTeS TOPAUETPOVS KOl YVOGTES
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TOPOTNPNCELS OEOOUEVOV, ONAadN lte VILAPYOVY EAMTELS TIHES PETAED TV dedOUEVMY, gltE TO
HOVTELO SLOTLUTMOVETOL MO OTAG HE TNV YPNOTN KATOWOV UN TOPOTNPOVUEVOV CNUEIDV
dedopévov. Avtog o aiyopiBuog Ppiokel 11 mopapéTpovg pEYeoTng  mBavotnTag
YPNOUOTOUDVTAG o dtadikacio dvo Pnudtov: v ektipnon kot v peyiotonoinorn. O
alyopiOpog EM yepileton to un moapatnpovueva onpeio pe tov €€Ng tpomo. Apyikd
avtiko0otd TIc eAMmelg TG pe TIg kot eKTiunon TWES Kot EKTIUA TIG TOPOUETPOVS. XTN
GUVEYELN EYOVUE Ha €K VEOV ETOVEKTIUNGT TOV EALEITOVGOV TILAOV VTTOBETOVTOG OTL O VEES
EKTIUNGELS TOVROpAUETpoV gival cootéc. Téhog, emavoraufdvetar m mpoavapepbHeica

OladtKacion HéYPL Vo £XOVUE CUYKALOT] TV OAO0YIKAOV EKTIUTCEDVTMOV TOPAUETPOV.

Katd 1o frpa g extipnong n avapevopevn Tuntov Aoyapibpov g péytotng mbavotntog
TOV TANPOVG GET deJOUEVOV TPOKVITTEL, AapPdvoviag vedyn ta mapatnpndévia otoryeio Kat
TIC kAt extiunon mopouéTpovg amd pia mponyovpevn emavdinym. Katd 1o Piua g
LEYIOTOTOINGNG EYOVUE HEYIGTOTOINGT TNG OEGUEVUEVNG OVOUEVOLLEVNG TIUNG TOV AoyapiBpov
mg HéEYeTNGg mBavoOTNTag TOL TANPOLG oeT dedopévav. H tiun avt peyaidvel péypt va

(PTAGOLUE GE £V GTAGLO G LELO.

2NV TopAKAT® EKOVO TOPATNPOVUE TIS EMOVOAYELS TTOL YivovTol Kotd Tov alyopifuo EM.
210 oynua (o) eaivovtal ta apykd LOVIEAN Kol GE Ol HOVIELO avikel To KAOe dedopévo.
Am6 1o oy eaiveTal mmg £xovpe 3 opddes (mpdovn, kOKKIVT, UTAE), To kdBe dedopévo eivar
APOUATIGUEVO OVAAOYQ LE TNV THOAVOTNTA TOV VAL OVIIKEL G€ pia amtd TIG 3 opddec. Xta endpeva
5 oyfuata (B, v, 9, €, 0T) TAPOLSIALETAL O EXAVADTOAOYIGUOS TOV TOPAUETPOV TOV LOVTIEADV
pe amotélecua vo 0AAALOVY TO TOGOGTE TOV YPOUATOV TOV JEOOUEVOV, OTMG EMIONG TO
uéyebog Tov oynuatog g Kabe opdadag kat ta kEvipa kdbe opdodag. 1o televtaio oynua (o1)
TOPOTNPOVUE TTAG TA OEOOUEVA OV Elval TAEOV TOAD GKOPTIGUEVA AAAG £xovV opadomonOet
Kol pwopovpe va dovpe EexdBapa tic opddec. a va tepuatioet o alyopiBuoc Oa mpénel va

VILAPYOVV ACHUOVTES LETAPOAEG OTIG TIUEG TMOV TAPUUETPOV TMOV HOVIEADV.
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Zynpo 5.4 Mapdésrypa AkyopiOpov EM
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Kepdararo 6

6.1 Ewsayoyn ota Nevpovikd Aiktva

To vevpwvikd diktvo eivar éva diktvo and amiodc VTOAOYIOTIKOVG KOUPOVS (VELPDVEG,
veELPMOVIA), dacLVOEdEUEVOLS petallh tovug. Efvar gumvevopévo amd 1o Kevipikd Nevpikd
Xvotmua (KNX), to omoio kot mpocmadet va mpocopoldcel. Ot vevpaveg etvat ta dopkoToryeio
oV dkTvov. Kdébe t€1010G KOUPOG d€YETOL £V GVVOAD OPOUNTIKAOV 1600V TG SLOPOPETIKEG
&g (elte amd AAAOVG veELpAVEG, eite amd To mepPdriov), emtelel évav VIOAOYIGUO Le Baon
aVTEG TG £16000VG kat mapdyst pia é£0do. Avti 1 £€0d0¢ eite KatevBivetar 610 mepPdalov,
elte Tpo@odoteital ¢ €l60d0¢ 6 AAAOVS VEVPAOVEG TOVL JIKTOOV. YThpyovv Tpelg THTOL
VELPAOVMV: Ol VELPMVEG €16000V, Ol veEvpdveg €£O00V Kl Ol VTOAOYIOTIKOT VELPOVEG 1)
Kpuppévol veupmves. Ta vevpmvikd diktva etvat Loviéda EmOTTEVOUEVIG UNYAVIKNG LdOnong.
[Ma v eknaidevon evog LOVTEAOD EMOTTEVOUEVIC UNYOVIKIG XpEtdlovTat dedopéva Ta omoia
anoteAobvTal omd TWES €10000V, TOL divoviol ©T0 HOVTEAO, pall pe TIG ovTioTOyES
TPayRaTikéS THES €600V, Tig Tipég 16600V TI ene&epydleTon TO LOVTELOD Kol TOPAYEL KATOLEG

vroBetiKéc TIHEG €£600V.

AvTég 01 VOBETIKES TIHEG €000V GLYKPIVOVTOL UE TIC TPOYUOTIKES TIHES €000V KOl OV TO
opdApo etvar peydho tdte t0 poviéro pubuiletal mpoxeévovu va Pedtiotomondel 1o ceaipa
ota dgdopéva ekmaidevong. Meta v exkmaidsvon mpokvmTel éva Loviélo To omoio &iva
TPOGAPUOGUEVO GTO TTPOPANUA. ZVVETDS Ta LOVTEAD EMOMTELOUEVNG LAONGONG UmTopovv va
VoA0YicOVV TN AVoT Y £va SVGKOAO TPOPANUO EPOGOV VILEPYOLY KATOLN GTLYULOTVTO LE TG

TIHEG E10OJ0V KOl TIG AVTIOTOLYES TYES EE0J0V.

6.1.1 AvOpomvo AKovoTiKO Xvotnpa

To avti ecmTepKd, £xel TN dVVATOTNTA VO SIUCTAGEL £V GOVOETO NYNTIKO KOUO GTIG NYNTIKES
GUYVOTNTEG OV TO GLVOETOLV Kol £TELTO VO OMGEL TNV TANPOPOPIN. QDT GTOVS VEVPADVES
TPOKELUEVOD vaL TPOGdloploTel 1 katevBuvon e nnyns. To onua Tov PTdvel 6To TOUTOVO TOV
QVTION, PHETAPEPETAL LECH TOAUMV 6TOV KoyAla (cochlea), 6mov katd punkog Tov deysipovtan
OLOLPOPETIKA AKOVOTIKA KOTTOPA, AVAAOYO LLE TIG CLYVOTNTEG TV ONUATOV. O1 d1EYEPCELS AVTEG
LETAOIO0VTAL GTOVS VEVPADVESG TOV OKOVGTIKOD VEVPOL KOl OTAVOVV GTOV EYKEQAAO OOV Kt
6VVOLALOVTAL [LE TO OKOVGTIKO GNUO TOL GAAOD AVTION, TPOKEYEVOD VO TPOGOIOPIGTOVV Ol
oapopéc apigng (Interaural Time Difference - ITD) kot ot dt0@popEc TAATOVS TOV EMUEPOVS

ovyvotntov (Interaural Level Differences - ILD).
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To ITD eivar n dtapopd xpovov eiEng t@v onuUdTOV oTo dVO OVTWA, 1 omoia umopel va
TPocolopicel TV TAevpd otV omoia Bpioketatl ) Tny”, KBS o0 Mo and ekeivn TV TAELPA
@tével mpotitepa 610 aviictoyo avti. Avtictoya 1o ILD, n dagopd Tov emmnédov oV
GLYVOTHTOV PAGLATOG TOV CNUATOG EKUETAAEVETOL TNV AELTOVPYIO TOV KEPAALOD MG AKOVGTIKT
OK18 TOV HETAPAAAEL TIG GUYVOTNTEG TOV GNUATOV TOL TIG SOTEPVOVV TPOKEEVOD VO EEAYEL
ovumepdopota yo tnv 0€omn g myng. Me Bdon avtég Tig 600 cuvieTdoeg 0 AvOpmmTog pumopel

va gvtomicel Tnv B€om g TyNS e peydin axpifeta Kabdg Kat va XeploTel Tig avakAAGEL.

H nmopandve dtadikasio HeTOTpomnig TOV NYNTIKOD CNUATOS GE OKOVGTIKO OElYVEL TG UTOPEl
va vdpéet pio VITOAOYIGTIKY] TPOCOUOIMOT UE GTOYO TOV TPOGIOPIoUO TNG KATELOVVONG TNG
myNs. Avo dékteg pmopovv va dleyeipoviar amd onuota g mNyNg, &lte dueca, eite
TPOEPYOUEVA OO OVUKAAGELS, VO OVAADOVV TO GUOTA GTL EMUEPOVS GLYVOTNTEG KOt Vol
TPOPOOOTOVV TIC TANpoopieg avtéc (Hall mbavmg Kot TANpoeopieg Yoo T0 YMPO) oe £va
veupVIKO dikTvo T0 0moio Ba pumopel va e€dyel o¢ anotédecua  B€omn g TNYNG GTO YWDPO.
H xpovotikn andxpion Aapupdver vmoyn, Oyt povo tov amevbeiog Nyo and v mnyn otov
aKpOOTY], AAAG Kot OAEG TG AVAKAAGELG TOV Ba TPOEPYOVTAV AO TV AVOTAPAYOYT CVTOV TOV
NYovL o€ &va TPayHaTKO dUdTo avtd ovoudletal Appiotiky Kpovotikn Anokpion Aopotiov

(Binaural Room Impulse Response - BRIR).

6.1.2 Mnyaviké cvotnpe Akpoaocng

Ta vevpovikd diktva umopodv va yevikomombodv 660 a@opd Tov AUEGO NYO GAAG elvar
Mydtepa axpipng 6cov agpopd v katevbovvon AeiEng tov avakidoswv.Eniong, ta unyavikd
GLGTNUATO OEV UTOPOVV Va EVTOTIGOUVV pe akpifela tnv BEon g mnyng 0tav mapepufdiovian
ToALEG TNYES Ko Otav Bpiokovial og mepiPdiiovta pe avinymon. Avtd copfaivel S0t 610
unyavika cvotiuato n 0éon evog Nyov dev umopel var Tpocdlopictet pe povadikd tpdmo and
Vv ITD kot v ILD a@o¥ eppavietot opotdomnta tov dtaviikov onudtov (binaural cues) ota
UTPOGTIVA KOt 6Ta oo Mumedia pe amotélecpa va dnpovpyodvtar "front-back" cpdipara.
[Na v enilvon aVTOV TOV GEAAUATOV TOV UNYOVIKOV GUGTNUATOV TPOTIVETAL EVOL GUGTILLL
evtomopo¥ g Béong tng mnyng ypnowonodvrag ta Pabdid vevpwvikd diktva DNNs (Deep
Neural Networks) kot pio otpatnywkn kivnong g ke@oinc. Opwe, o eviomopog avtds Ha
npénel va yivetor oe OA0 Tov KOKAO YOpw and tov déktn (360 poipeg alipovbiov) kot oyt o

KATO10 GLYKEKPIUEVO NUTEDIO.
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6.2 Evromopdg yov pe ) Xprjon Nevpovik@v Aiktomv

21N oLVEXELWL TAPOVGLALETAL TO TPOTEWOUEVO SIVAKO GUGTNUA EVIOTMIGUOD TOL NYOL GE
mapeg evpoc alipwovbov 360°. Koatd v owdpkela TG €KTOi0ELONG TOV GULGTIUOTOG
yopobetOnkav to KaBapd onuoTo OUIAMOG YPNCIUOTOOVTAG KPOVOTIKEG OTOKPICELS TTOV
oyetiCovtan pe o keedh HRIRs (Head-Related Impulse Responses) kot mpootédnke dudyvtog
B0opvPoc mpotov vmoPfAnbel oe enelepyacia and To daLAKO HOVTIELD Yo TNV EAY®YT T®V
yopaxtnplotik®v. H dtadikacio g exmaidgvong Eekvaetl apykd pe TNy SIwALKY e€aymyn Tav
YOPAKTNPIOTIKOV ONAAOT TOV DITOAOYICUO TNG CXETIKNG BEGNC TOVL AKPOATH GE GYECT UE TNV
Ka0e mnyn. O oplopds e GYeTikng B€omg yiveTal Héc® TG OmOGTACTG KOl TG YOViag Tov
oynuatifet n evbeia axpoatn-mnyng Kot o kabetog d&ovag tov dwpatiov. H andotacn mnyne-
aKpoatn, ennpedlel To onua £060eVAOVTOG TO Kol KOBVGTEPDVTOG TO. LTT GUVEXELD TO GTLOTOL

npénel va. cuveMyBovv pe 1i¢ HRTF ( Head Related Transfer Function ) cuvaptioeic.

Ta onpaTo Tov TPOKVITOVV KATAAYOUV GTOV OKPOOTY]. XTI GUVEYELN TO GNLOTA TOL £XOVV
ptaocel o kdBe avti puAtpdpovtal and po Gammatone tpdnela gidtpav. O apOuodg Kot o
TAATOG TV QiATpwv divovtal pe Baon v kipaxa ERB (equivalent rectangular bandwidth).
['a xéBe onpa mov mpokvntel opiletar ko pia dtapopetikn meployn cvyvotntev. Kabe onua
MEPVA OTN GLVEYXEW A0 TO GTAO0 NG OMOKPIONG TOV OKOVOTIKOD VEDPOL, TO OmOi0
nepapPdaver €va  youniodwfoatd @idtpo. Opmg otV CLYKEKPWEVN TEPIMTMOOTN OV
ypnooromOnke 1o youniodafatd Gidtpo agol dev YPEIICTNKE VO TPOGOUOI®OET 1 YOUNAT
YPOVIKT OTOKPLON TOV TPLYOEWDV TMV VELPIKAOV KVTTAP®V apol peAéteg &xovv deiet OTL o
tavountéc stvar oe Béom va EKUETOAAELTOVV TN dOUT VYNANG cuyvotntag. TeAkd 61ddo
GTNV TOPOVGO VAOTOINGT £lval QUGIKA 0 VTOAOYIGUOS TOV AUPIOTIKOV Tapapétpov ITD kat

ILD.

Evag tpémog evtomopol g 0éong tng mnyng yivetar pe v ypnion Babidv Nevpovikdv
Awtoov DNNs (Deep Neural Networks). Ta 6OopuoPddn dStowiikd yopokInpioTiKd
xpnooromOnkay yio va ekradevcovv o DNNs €161 doTe va Katavonsovy T oxéon HETa&h
TOV JWAKOV onudtov kot tov alipwovbiov yov. Me 1 yprion tov DNN yivetonr n
XopTOYpdenon OA®V TV docTdoemV (34) TOV SLIWAK®OV YOPUKTNPIOTIKOV GTIC OVTIGTOYEG
yovieg alypwovbiov. I'a kdBe (dvn cvyvotntev ekmadedtnke dapopeTikd DNN. e tov
EVIOMIGUO TOV TAVTOYPOVOV TNYDV NYov elvar onuavtikni n xprion DNN nov eaptdvton and

™V oVYVOTNTA. ZOUPOVa pe TNV évvola Tov Bregman kd0e (dvn cvyvot)tmv kuplapyeitotl amo
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pa povo mnyn. Adym g €vvolag avTng 1 ekmaidgvon yivetot Le tn xpnomn dedoUEVOV LOVIG
TNYNG.

H doun evog DNN etvon 1 e€ng: amoteleitat and éva oTpodpa 166500, 000 KPLOA GTPMUATO
Kat éva otpopa e£600v. To otpdpa 16050V Tepthapfavetot amod Evav aplduo KOpPmv kot Kabe
KouPog BewpnOnke o1t eivan pia oyxaio I'coovolovy petafAnt. X115 €16000V¢ OA®V TOV
SWAMKOV  YapaKTNPoTIKOV Tpootédnke Agvkog [kaovowavog B6pvPog €161 dote va
amoeevyBei n vepPOpTOOT TPV YpnSLoronBodv wg eilcodot 6to DNN. Oco apopd ta kpued
oTPOUATO EYOVV Agttovpyieg evepyomoinong "sigmoid" dnAaon pio Astotovpyia pe v omola
AapPavete €va omolodnmote €VPOg mPayUaTIKoD aplBpol Kot EMOTPEPETE N TN €£600V KO
KdOe otpopa mepiEyel Evav aplBud amd cuykekpluévoug kpueots kopPovs. H Asttovpyia
"Sigmoid" ypnopomoteiton yio T dvadikn tagvouncn. To otpapa e£6dov nepiéyet avticToryo
apOuo6 kopPav kot yoviov alipovdiov. To otpdua e£600v £xet pua Asttovpyio evepyomoinong
v "softmax" onAadn pia Asttovpyia mov vworoyilel v kaTavoun TV mOAVOTHTOV KAOE

TdEe1c £16000V 68 O e TIC mMBavEG TAEELG eEOS0V.

H Aetrovpyia "softmax" xpnoipomoteitat yio tnv moAlanAr ta&wvounon. Ia 6ieg tic (oveg

GLYVOTNTOV Ypnopomondnke n 0o apyrtektovik) DNN.

Koatd v didpketa ¢ exnaidevong 10 veupmvikd diktvo apytkomomonke pe £va povo kpueo
oTPOUO, EMioNG o€ KA Pdon g exmaidevong xpNoIomomONKay LKPEG OUAOES KOl KATO10G
puOuog opung. Xto téhog kdbe @daong g exmaidsvong mpootébnke Eva emmAéov KpLEO
GTPOUA LETAED TOV TEAELTALOV KPLUUEVOD CTPAOUATOS KOl TOV CTPAOUATOS E600V KOl 1) PAOT
m¢ ekmaidevone emavainednke péxpt va emrevyfel o emBountdg aplBuds TV KPLEOV
oTpOUdTOV. O EVIOTIOUOS TOL NYOL JEENXON Yo £vol UTAOK GNUOTOG TOV OmOTEAEITOL OO
ypovikd miaicia T. Zvvendg ta tico mlaiocw petprnkav Katd HEGo 6po dtaypovikd yia Tnv
napaywyn plog onichag katavoung and dpacTnpldTnTeg TG NYNTIKNG TNYNS. Avdioya pe to
alyovblo mov divovtav mapatnpodviay kot 1 avtictoyyn tonobesio g B€ong g mnyng. H
£€€000¢ amd to DNN cvvdvdleton pe pa otpatnyikn Kivnong g KeQoAng yuo tov otafepd
EVIOTIOUO TOV TOAAATADV OWANTOV o€ mepPdirovia avinynons. (Avtn n oTpatnyikn

e€nyeital oy endUEVN TAPAYPAPO.)

To mpoAnua dpwg tov front-back ceaipatwv eEakorovbel va vdpyet, Y1 avtd to Adyo 10
TPOTEIVOUEVO HOVTELO EVTOTIGLOV YPNGULOTOLEL £val GTANI0 avaTPOPOdOTNONS oL KaBodnyel
TIC KIVIOELG TNG KEPAANG €Gv 1 B€om ¢ mnyng dev umopel va extiunBel. Xpnoonoldvag ta

Nnon exmadevpéva DNN kot éva pmhok amd ofpate HmopoVUE Vo VTOAOYIGOVUE TIG TOTIKES
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KOPLOES TNG 0Tic010G KOTAVOUNG IOV avTIoTOlY0VV ota altnoviia tav aindivav tnydv. Oumg
AOY® NG OMOOTNTOG TOV SLWAK®V YOPOKTNPIOTIKOV 6T0 eunpdchio kot oto omichio
Numedio, ot AVTACTIKEG TNYEG UTopoVV eniong va Yivouv eLQAVELG MG KOPLEES 6TV omicOia
katavoun tov alyovbov. 'Eav cvuPeil avtd, tote evepyomoteitor pia tuyaia kivnon ng
KEPOANG EVTOC 0L GLYKEKPIUEVIS TEPLOYTG YO TNV EMIAVCT] TOV EVIOMIGUOV TOV GOAALATOG.
To mpotevopevo cvotnua eivar e BEon TALOV VA OVTILETOTICEL TIG EMKOAVTTOUEVES TINYES

NYov vd GLVONKES AVTIYNOTC.

6.3 Xvykpion Movréhov DNN-GMM

21 ovvERELD TOPOVGLALETAL 1] GVYKPLoN dVO povTEA®Y ToL TTpoTtevopevov DNN (Deep Naural
Network) kat Tov povtédov GMM (Gaussian Mixture Model) 66ov apopd tnv enidpacn tpudv
napopétpov: g MCT (Multi-Conditional Training), tng ILD (Interaural Level Difference) kot

™Iy xpnon e kivnong e keparng.

To povtého DNN enoeelndnke and v enidpacn g MCT addd n Bertioon g anddoong
NTaV WKPN Kot TApaInpodvIay LOVO GE GEVAPLL TOAAUTAGV OopAnT®V. Xe avtifeon, 610
povtého GMM 1 enidpaon tg MCT épepe peydin Bertioon oe oevipilo TOAATADY OUIANTOV
Kot kot TV mopovoio aviynons oto dwudtio. H pupn Beitioon oto DNN opeiietatl oto
yeyovog 6Tt oty kabapn exknaidevon n anddocn tov DNN eivai 10n 16yvp1| 611G TEPIGGOTEPES
cuvOnkeg oe oyéon pe to poviého GMM. 'Etot to DNN pnopet va e€aydyet amoteAespatikd
ta. onuota ond ta Kabapd yapaxtnpiotikd CCF (Cross-Correlation Function), ILD 6tav o
EVIOTIONOG TTePLOPileTon 6TO UTPOSTIVO NUIEdio. XNV TEPITTMOOT TOV TANPOVS EVTOMIGLOV
(360°) 10 svonua GMM mov ypnoonotel v kabopn ekTaidevor AnETvyE Vo EVIOTIGEL LE
axpifela Toug cvvopANTég Otav vaNPYov ToALATAOL TaVTOYpOovol optintés. Avtifeta, o
ovotnua DNN mov ypnowonotel kot avtd v xabopn eknaidgvon nrav 1oyvpoOTEPO ond TO

GMM oArd vpée peimon g amddoong Katd TNV Tapovsia TEPIGGOTEPMV OUANTAOV.

Xopic v enidpaocn twv ILD onudtov n arddoor eviomcpov tov poviéhov DNN peidOnke.
To povtédo avtd gpnoponoince povo 1o ocvvoro yapaktnpiotikev CCF. Mg avtdv tov 1pomo
EMTLYYAVETAL LEYAADTEPT AVOEKTIKOTNTA OTIC TOAAATAEG GLVOTKEG avTNYNoNG. ATd TNV GAAN
10 ovotnua GMM ypnowonoince povo m Aettovpyia ITD. Mdvo pe avt m Aettovpyio 1
anddoon NTav YounAn oe aibovceg pe avtnymnon Kot n akpifela evromiopod peimdnke otov
evtoniotnkav moAlamAol emtkaAvmtopevol opAntéc. To GMM dev pumdpece va e&aydyet
cvotnuatikry dopn] ot CCF Adym tng KaTdTEPNS KAVOTNTAS TOV VO OLUOPPOVEL TO

ovoyetilopeva yapoaxktnplotikd. ‘Etol, n péon axpifelo evromopod Ntav KOAVTEPN GTO
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ovotnua DNN, autd €xel ¢ omotéleopa T0 GUGTNA VO Eval TO OVEKTIKO 6 cuVONKES e

avINYMOon.

Me v ypnon g Kivnong g KeQoAng enweeinnkav Kot ta 0o cvotiuata. BéPata, to
ovomua DNN vrepPaiver tov ocvotquotog GMM 6tav 100 GQAALOTA EVIOMIGUOV OV
opeihovtal ota “front-back’ cedipata 06ov apopd to TAELPIKA alipovbia. Amd v dAAN ota
Kevipkd alipovda ta cedAipata evtomopov opeilovtal ota “front-back” codipata. Avtd 1o
yeyovog kévet 1o GMM va €yt mo aglOmeTo EVIOTIGUO TOL NYOL OTIG KEVIPIKEG OEoelg g
NG and Ot ot mAevpkég Béoelg Ommg to DNN. Onwmg yopig tn xpnon g kivinong g
KEPOANG TOL TOGOOTA GPAALOTOG 6Ta KEVTIKA alipovfia rav vynAid Adyw tov “front-back™
cQaApdtev Kot 6ta dvo cvotiuata. To cvotnua DNN nétuye axpifeia otov gviomioud o€
OAeg TG B€oelg TG TNYNG, o€ avtiBeon to GMM eiye pikpn akpifela 6TOV EVIOTIGHO 6TO THE®
HEPOG TNG TNYNG AL o€ dAAeg BEoelg 1| amddoon NTav KaAvtepT. TELOG , GTOV EVIOTMIGUO dVO
KO TPLOV TNYOV KoL T0 V0 CLGTHHOTO ETOPEANONKAV amd TN yp1omn TG Kivnong e KEPAANG

611G TepLocoTepeg Béaelg alipovdiov.
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Kodwag Yrhonoinong oe Ilepipdirov MATLAB

[Moapdptnua A

I'a to apysio ROOM Response.m

clear all; clc

Room [5.0 5.0 4.07; % Room dimensions

Sensor = [2.5 2.5 2.07]; % Sensor location

Source = [4.5 2.5 2.07]; % Source location

AbsCoefs = [0.75 0.75 0.8 0.25 0.3 0.9]; % Wall absorption coefficients
Fs = 16000; % Sampling frequency

RT Type = 'T60'; % or 'T20"

RT Value = 0.25; % Reverberation Time (sec)

% Calculate the room impulse response h[n]

h = ISM RoomResp (Fs, AbsCoefs, RT Type, RT Value, Source, Sensor, Room);

o©

Create time scale
= 0:1/Fs: (length(h)-1)/Fs;

3

% Plot impulse response h(t)
figure (1l); subplot(211); plot(n, h);

N = 1024; % FFT length
H = fft(h, N); % Calculate FFT

oo

Create frequency scale
=0 : 1*(Fs/N) : (N/2)*(Fs/N);

H

% Plot magnitude response |H(w) |
subplot (212); plot(f, 20*1loglO(abs( H(1:N/2+1))) )

[ to apyeio All zero filter.m
clc; clear all; close all;

[

% Describe room parameters

fs = 10000; % sampling frequency

VC = 40; % num of virtual sources
r = 0.5; % absorption coeffs

rm = [5.0 5.0 4.0]; % Room dimensions

mic = [0.5 2.5 2.0]; % mic location

src = [4.5 2.5 2.0]; % source location

% Reverberation Time and Critical Distance
[

RT60, CR] = RT60 (rm, r);
hlen = 0.5*fs; % length of hn]
n = [O:hlen-1]/fs;
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o\°

h = exp(-2*n) .* (sin(5000*pi*n)+2*cos (7000*pi*n));

% Calculate room impulse response h[n]

h = rir(fs, mic, VC, r, rm, src);

h =nh';

Ne = 1000; % Active length
M = 4096; % DFT length

H = fft (h, M);
= abs(H).”2 ./ max(abs (H));

o\°

Original RTF
Normalized power spectrum

lav}
|

o\°

i = 0;

for p = 1:1:200;

i = i+1l; order (i) = p;
R = autocorr(h, p): % Calculate autorrelation of h[n]
[d, e, k] = levinson (R); % Levison - Durbin algorithm

D = fft(d, M);
E = H.*D;

o

DFT of All Zero
Error spectrum

o\°

Hap = 1./D;

o©°

All Pole function

hap = ifft (Hap, M); % All pole hap[n]
Pap = abs (Hap).”2 ./ max(abs(Hap)); % Normalized power spectrum
Vmin (p) = exp(sum(loglO (Pap))/M) / R(1); % Error
I(p) = loglO0(Vmin(p)) + 2*p/Ne; % Information criterion
end
figure (3);

plot (order, Vmin, 'b'); hold on; %ylim([-10,101);
plot (order, I, 'm'); hold off; %Sylim([-10,10]);

[Vmin, Ipos] = min (I)
order (Ipos) ;

[

% Calculate for minimum order

R = autocorr (h, Ipos); % Calculate autorrelation of h[n]
[d, e, k] = levinson(R); % Levison - Durbin algorithm

D = fft(d, M);
E = H.*D;

oo

DFT of All Zero
Error spectrum

o\°

Hap = 1./D;
hap ifft (Hap, M);
Pap = abs(Hap).”2 ./ max

o\°

All Pole function
All pole hap[n]

o)

abs (Hap)); % Normalized power spectrum

Il

— o°

figure (1) ;
subplot (211); plot(h(1:M)),; title('h[n]') Sylim([-1.2 1.2])
subplot (212); plot(hap(1:M)); title('hap[n]'); Sylim([-1.2 1.27)
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figure (2);

plot (20*1ogl0 (P (1:M/2+1))); hold on; %ylim([-10,10]);

plot (20*1ogl0 (Pap (1:M/2+1)), 'm', 'LineWidth', 2) ; hold off; %ylim([-
10,107);

I'a 1o apysgio rir_cenerator -Cpp
/ *

Program : Room Impulse Response Generator

Description : Computes the response of an acoustic source to one or more
microphones in a reverberant room using the image method

[1,27.
[1] J.B. Allen and D.A. Berkley,
Image method for efficiently simulating small-room acoustics,
Journal Acoustic Society of America, 65(4), April 1979, p
943.
[2] P.M. Peterson,
Simulating the response of multiple microphones to a single
acoustic source in a reverberant room, Journal Acoustic
Society of America, 80(5), November 1986.
Author : dr.ir. E.A.P. Habets (ehabets@dereverberation.orq)
Version : 2.1.20141124
History 1.0.20030606 Initial version
1.1.20040803 + Microphone directivity
+ Improved phase accuracy [2]
1.2.20040312 + Reflection order
1.3.20050930 + Reverberation Time
1.4.20051114 + Supports multi-channels
1.5.20051116 + High-pass filter [1]
+ Microphone directivity control
1.6.20060327 + Minor improvements
1.7.20060531 + Minor improvements
1.8.20080713 + Minor improvements
1.9.20090822 + 3D microphone directivity control
2.0.20100920 + Calculation of the source-image position
changed in the code and tutorial.
This ensures a proper response to reflections
in case a directional microphone is used.
2.1.20120318 + Avoid the use of unallocated memory

N
[y

.20140721 + Fixed computation of alpha
2.1.20141124 + The window and sinc are now both centered
around t=0

Copyright (C) 2003-2014 E.A.P. Habets, The Netherlands.

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
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but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software
Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA 02110-1301
*/

#define USE_MATH DEFINES

#include "matrix.h"
#include "mex.h"
#include "math.h"

#define ROUND(x) ((x)>=07?(long) ((x)+0.5): (long) ((x)-0.5))

#ifndef M PI
#define M PI 3.14159265358979323846
#endif

double sinc (double x)
{
if (x == 0)
return(1l.);
else
return (sin (x) /x) ;

double sim microphone (double x, double y, double z, double* angle, char

mtype)

{
if (mtype=='b' || mtype=='c' || mtype=='s' || mtype=='h")
{

double gain, vartheta, varphi, rho;

// Polar Pattern rho
[/ —mmmmm e
// Bidirectional 0
// Hypercardioid 0
// Cardioid 0.5
// Subcardioid 0
// Omnidirectional 1

switch (mtype)

{

case 'b':
rho = 0;
break;

case 'h':
rho = 0.25;
break;

case 'c':

rho = 0.5;

break;

's':
rho = 0.75;
break;

case

}i

USA
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vartheta = acos (z/sqrt (pow (x,2)+pow (y,2)+pow(z,2)));

varphi = atan2 (y,x);

gain = sin(M_PI/2-angle[l]) * sin(vartheta) * cos(angle[0]-varphi)
+ cos (M _PI/2-angle[l]) * cos(vartheta);

gain = rho + (l-rho) * gain;

return gain;
}
else
{

return 1;

}

void mexFunction (int nlhs, mxArray *plhs[], int nrhs, const mxArray
*prhs([])
{

if (nrhs == 0)

{

mexPrintf ("----—----------——-—- e

____________ \n"

"| Room Impulse Response Generator
[\n"

"
[\n"

"| Computes the response of an acoustic source to one or more
[\n"

"| microphones in a reverberant room using the image method
[(1,21. I\n"

"
[\n"

"| Author : dr.ir. Emanuel Habets
(ehabets@dereverberation.org) [\n"

"
[\n"

"| Version :2.1.20141124
[\n"

"
[\n"

"| Copyright (C) 2003-2014 E.A.P. Habets, The Netherlands.
[\n"

"
[\n"

"| [1] J.B. Allen and D.A. Berkley,
[\n"

Image method for efficiently simulating small-room
acoustics, | \n"
Journal Acoustic Society of America,

[\n"

" 65(4), April 1979, p 943.
[\n"

"
[\n"

"| [2] P.M. Peterson,
[\n"

" Simulating the response of multiple microphones to a
single |[\n"

" acoustic source in a reverberant room, Journal Acoustic
[\n"
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" Society of America, 80(5), November 1986.

"function [h, beta hat] = rir generator(c, fs, r, s, L, beta,
nsample, \n"

" mtype, order, dim, orientation, hp filter);\n\n"

"Input parameters:\n"

" oc : sound velocity in m/s.\n"

" fs : sampling frequency in Hz.\n"

" r : M x 3 array specifying the (x,y,z) coordinates
of the\n"

" receiver (s) in m.\n"

" s : 1 x 3 vector specifying the (x,y,z) coordinates
of the\n"

" source in m.\n"

"L : 1 x 3 vector specifying the room dimensions
(x,vy,2z) in m.\n"

" beta : 1 x 6 vector specifying the reflection

coefficients\n"
" [beta x1 beta x2 beta yl beta y2 beta zl
beta z2] or\n"

" beta = reverberation time (T _60) in seconds.\n"
" nsample : number of samples to calculate, default is

T 60*fs.\n"
" mtype : [omnidirectional, subcardioid, cardioid,

hypercardioid, \n"
" bidirectional], default is omnidirectional.\n"

" order : reflection order, default is -1, i.e. maximum
order.\n"

" dim : room dimension (2 or 3), default is 3.\n"

" orientation : direction in which the microphones are pointed,

specified using\n"
" azimuth and elevation angles (in radians),
default is [0 0].\n"
" hp filter : use 'false' to disable high-pass filter, the
high-pass filter\n"
" is enabled by default.\n\n"
"Output parameters:\n"
" h : M x nsample matrix containing the calculated
room impulse\n"
" response (s) .\n"
" beta hat : In case a reverberation time is specified as an
input parameter\n"
" the corresponding reflection coefficient is
returned.\n\n") ;
return;
}
else
{
mexPrintf ("Room Impulse Response Generator (Version 2.1.20141124)
by Emanuel Habets\n"
"Copyright (C) 2003-2014 E.A.P. Habets, The Netherlands.\n");
}

// Check for proper number of arguments
if (nrhs < 6)
mexErrMsgTxt ("Error: There are at least six input parameters

required.");
if (nrhs > 12)
mexErrMsgTxt ("Error: Too many input arguments.");
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if (nlhs > 2)
mexErrMsgTxt ("Error: Too many output arguments.");

// Check for proper arguments

if (! (mxGetN (prhs[0])==1) || !mxIsDouble (prhs[0]) ||
mxIsComplex (prhs[0]))
mexErrMsgTxt ("Invalid input arguments!");
if (! (mxGetN (prhs[1l])==1) || !mxIsDouble (prhs[1]) ||
mxIsComplex (prhs[1]))
mexErrMsgTxt ("Invalid input arguments!");
if (! (mxGetN(prhs[2])==3) || !'mxIsDouble (prhs[2]) ||
mxIsComplex (prhs[2]))
mexErrMsgTxt ("Invalid input arguments!");
if (! (mxGetN (prhs[3]1)==3) || !mxIsDouble (prhs[3]) ||
mxIsComplex (prhs[3]))
mexErrMsgTxt ("Invalid input arguments!");
if (! (mxGetN(prhs[4])==3) || !'mxIsDouble (prhs[4]) ||
mxIsComplex (prhs[4]))
mexErrMsgTxt ("Invalid input arguments!");
if (! (mxGetN (prhs[5])== | | mxGetN(prhs[5])==1) || !mxIsDouble(prhs[5])

|| mxIsComplex (prhs[5]))
mexErrMsgTxt ("Invalid input arguments!");

// Load parameters

double c = mxGetScalar (prhs[0]);

double fs = mxGetScalar (prhs[1]);

const doublex* rr = mxGetPr (prhs[2]);

int nMicrophones = (int) mxGetM(prhs[2]);
const double* ss = mxGetPr (prhs[3]);

const double* LL mxGetPr (prhs[4]);
const double* beta input = mxGetPr (prhs[5]);

double* beta = new double[6];
int nSamples;

char* microphone type;

int nOrder;

int nDimension;

double angle([2];

int isHighPassFilter;
double reverberation time = 0;

// Reflection coefficients or reverberation time?
if (mxGetN (prhs[5])==1)
{
double V = LL[O]*LL[1]*LL[2];
double S = 2* (LL[O]*LL[2]+LL[1]*LL[2]+LL[0]*LL[1]) ;
reverberation time = beta input[0];
if (reverberation time != 0) {
double alfa = 24*V*1log(10.0)/ (c*S*reverberation time);
if (alfa > 1)

mexErrMsgTxt ("Error: The reflection coefficients cannot be

calculated using the current "
"room parameters, i.e. room size and

reverberation time.\n Please "
"specify the reflection coefficients or change
the room parameters.");
for (int i=0;i<6;i++)
beta[i] = sqgrt(l-alfa);
}
else

{

for (int i=0;i<6;i++)
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beta[i] = 0;

}
else
{
for (int i=0;i<6;i++)
beta[i] = beta input[i];

// High-pass filter (optional)
if (nrhs > 11 && mxIsEmpty(prhs[11]) == false)
{
isHighPassFilter = (int) mxGetScalar (prhs[11]);
}
else
{
isHighPassFilter = 1;
}

// 3D Microphone orientation (optional)

if (nrhs > 10 && mxIsEmpty(prhs[10]) == false)

{
const double* orientation = mxGetPr (prhs[10]);
if (mxGetN(prhs[10]) == 1)
{

angle[0] = orientation[0];
angle[1l] = 0;
}
else
{
angle[0] = orientation[0];
angle[l] = orientation[1];
}
}
else
{
angle[0] = 0;
angle[1l] = 0;

// Room Dimension (optional)

if (nrhs > 9 && mxIsEmpty(prhs[9]) == false)
{
nDimension = (int) mxGetScalar (prhs[9]);
if (nDimension != 2 && nDimension != 3)
mexErrMsgTxt ("Invalid input arguments!");
if (nDimension == 2)
{
beta[4] = 0;
betal[5] = 0;
}
}
else
{
nDimension = 3;

}

// Reflection order (optional)
if (nrhs > 8 && mxIsEmpty(prhs[8]) == false)
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nOrder = (int) mxGetScalar (prhs[8]);
if (nOrder < -1)
mexErrMsgTxt ("Invalid input arguments!");
}
else
{
nOrder = -1;

}

// Type of microphone (optional)
if (nrhs > 7 && mxIsEmpty(prhs[7]) == false)
{
microphone type = new char[mxGetN (prhs[7])+1];
mxGetString (prhs[7], microphone type, mxGetN (prhs[7])+1);
}
else
{
microphone type = new char[1l];
microphone type[0] = 'o';

// Number of samples (optional)
if (nrhs > 6 && mxIsEmpty(prhs[6]) == false)
{
nSamples = (int) mxGetScalar (prhs[6]);
}
else
{
if (mxGetN (prhs[5])>1)
{
double V = LL[O]*LL[1]*LL[2];
double alpha = ((l-pow(beta[0],2))+(1-
pow (beta[1l],2)))*LL[1]*1LL[2] +
((1l-pow (beta[2],2))+ (l-pow(betal[3],2)))*LL[0]*LL[2] +
((1l-pow (betal[4],2))+ (1l-pow(betal[5],2)))*LL[0]*LL[1];

reverberation time = 24*1og(10.0)*V/ (c*alpha);
if (reverberation time < 0.128)
reverberation time = 0.128;
}
nSamples = (int) (reverberation time * fs);

// Create output vector
plhs[0] = mxCreateDoubleMatrix (nMicrophones, nSamples, mxREAL);
double* imp = mxGetPr (plhs([0]);

// Temporary variables and constants (high-pass filter)
const double W = 2*M PI*100/fs; // The cut-off frequency equals 100 Hz
const double R1 = exp(-W);

const double Bl = 2*Rl*cos (W),

const double B2 = -R1 * R1;
const double Al = -(14R1);
double X0;

double* Y = new double[3];

// Temporary variables and constants (image-method)
const double Fc = 1; // The cut-off frequency equals fs/2 - Fc is the
normalized cut-off frequency.

64

——
| —



Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

const int Tw = 2 * ROUND(0.004*fs); // The width of the low-pass FIR
equals 8 ms
const double cTs = c/fs;
double* LPI = new double[Tw];
double* r = new double[3];
double* s = new double[3];
double* L = new double[3];
double Rm[3];
double Rp plus Rm[3];
double refl[3];
double fdist,dist;
double gain;
int startPosition;
int nl, n2, n3;
int a, J, ki
int mx, my, mz;
int n;
s[0] = ss[0]1/cTs; s[1l] = ss[1l]/cTs; s[2] = ss[2]/cTs;
L[0] = LL[0]/cTs; L[1] = LL[1]/cTs; L[2] = LL[2]/cTs;
for (int idxMicrophone = (0; idxMicrophone < nMicrophones ;
idxMicrophone++)
{
/7 Ix 1 x 2 x Nyly?2 yNz1z2 z NI
r[0] = rr[idxMicrophone + O*nMicrophones] / cTs;
r[1l] = rr[idxMicrophone + 1*nMicrophones] / cTs;
r[2] = rr[idxMicrophone + 2*nMicrophones] / cTs;
nl = (int) ceil (nSamples/ (2*L[0]));
n2 = (int) ceil (nSamples/ (2*L[1]));
n3 = (int) ceil (nSamples/ (2*L[2]));
// Generate room impulse response
for (mx = -nl ; mx <= nl ; mx++)
{
Rm[0] = 2*mx*L[0];
for (my = -n2 ; my <= n2 ; my++)
{
Rm[1l] = 2*my*L[1];
for (mz = -n3 ; mz <= n3 ; mz++)
{
Rm[2] = 2*mz*L[2];
for (g =0; g<=1,; gt+)
{
Rp plus Rm[0] = (1-2*q)*s[0] - r[0] + Rm[O];
refl[0] = pow(beta[0], abs(mx-q)) * pow(betal[ll],
abs (mx) ) ;
for (3 =0 ; j <=1 ; j++)
{
Rp plus Rm[1] = (1-2*j)*s[1] - r[1l] + Rm[1l];
refl[1l] = pow(betal[2], abs(my-j)) *
pow (beta[3], abs(my));
for (k. = 0 ; k <=1 ; k++)
{
( )|
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Rp plus Rm[2] = (1-2*k)*s[2] - r[2] +
Rm([2];

refl[2] = pow(betald],abs(mz-k)) *
pow (beta[5], abs(mz));

dist = sqgrt(pow(Rp_plus Rm[0], 2) +
pow (Rp_plus Rm[1l], 2) + pow(Rp_plus Rm[2], 2));

if (abs (2*mx-q) +abs (2*my-j) +abs (2*mz-k) <=
nOrder || nOrder == -1)

fdist = floor(dist);
if (fdist < nSamples)
{
gain =
sim microphone (Rp_plus Rm[0], Rp plus Rm[1], Rp plus Rm[2], angle,
microphone type[0])
*

refl[O]*refl[l]*refl[Z]/(4*M_PI*dist*cTs);

for (n = 0 ; n < Tw ; n++)

LPI[n] = 0.5 * (1 -
cos (2*M_PI*((n+l-(dist-fdist))/Tw))) * Fc * sinc(M PI*Fc* (n+l- (dist-fdist)-
(Tw/2)));
startPosition = (int) fdist-
(Tw/2)+1;

for (n = 0 ; n < Tw; n++)
if (startPosition+n >= 0 &&
startPosition+n < nSamples)
imp[idxMicrophone +
nMicrophones* (startPosition+n)] += gain * LPI[n];

}

// 'Original' high-pass filter as proposed by Allen and Berkley.
if (isHighPassFilter == 1)
{

for (int idx = 0 ; idx < 3 ; idx++) {Y[idx] = 0;}

for (int idx = 0 ; idx < nSamples ; idx++)

{

X0 = imp[idxMicrophone+nMicrophones*idx];

Y[2] = Y[1];

Y[1] = Y[O];

Y[0] = B1*Y[1] + B2*Y[2] + XO;
imp[idxMicrophone+nMicrophones*idx] = Y[0] + Al*Y[1] +

R1*Y[2];

if (nlhs > 1) {
plhs[1] = mxCreateDoubleMatrix(l, 1, mxREAL);
double* beta hat = mxGetPr (plhs[1]);
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if (reverberation time != 0) {
beta hat[0] = betal[0];
}
else {
beta hat[0] = 0;
}
}
delete[] beta;
delete[] microphone_ type;
delete[] Y,
delete[] LPI;
delete[] r;
delete[] s;
delete[] L;

' To apyeio T60.m

function [ T6e0 ] = T60(x,Fs)
X2 = sqgrt(x.”2);
L = length(x);
maxA = cumsum(x2) ;
invert x2 = x2';
for n = 1:1L; nl = 0;
if 20*%1ogl0 (sum(x2(n:L)) ./maxA)<=-60;

nl = nl;
else
nl = nl+1;
end
end
T60 = nl/Fs;
end

I'a to apyeio SetUserVars.m

function [EvalStr] = SetUserVars (VarlList,varargin)
%$SetUserVars Checks and sets user-definable variables

oo

oo

[evalstr] = SetUserVars (VarList,UserVarCell)

o\°

o\°

This function reads in a series of 'ArgName' -- 'ArgVal' parameters from
the cell array 'UserVarCell' and checks them with the list of
user-definable parameters in the cell array 'VarList'. It returns a
string 'evalstr' that can be evaluated back in the calling function and
that sets the parameters to either the user-defined values 'ArgVal' or

o o° oP

oo

% the default values in 'VarList'. Use as in example below.

% function [] = DoIt(DoIt in,varargin);

% %$Dolt Executes some code

% %[DoIt out] = DoIt(DoIt in, 'ArgNamel',6ArgVall, 'ArgName2',6ArgvVal2,...)

oo

o\°

$This function accepts a series of argument pairs to set user variables
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o\°

%User-definable parameters with default values:

% VarList = {'DoItParaml' 5.7; % numerical parameter
% 'DoItParam?2’ [1 0; O 17; % matrix parameter
% 'DoItParam3’ 'none'}; % string parameter

o©
o

eval (SetUserVars (VarlList, varargin));
either the

o

set the function parameters to

o
o\°

default values or user-defined

o\

values

o©

o©°

your "DoIt" function code using variables DoItParaml, DolItParam?2,

0]
ot
Q

o\°

% Release date: August 2008
% Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

if length(varargin)==1,

varargin = varargin{l}; % if SetUserVars is called within other
function as in the example above
end

if mod(length(varargin),?2)~=0,
error ('Number of arguments is odd: arguments must be passed in pairs

(""ArgName'',ArgVal).");
end
EvalStr = [];
NumSetVars = 0;
for ii=l:size(VarList, 1),
tmp = find(strcmp (varargin,VarList{ii,1})); % Find argument index
in varargin cell vector.
if length (tmp)==1, % If argument is found and unique, set variable
appropriately.
if ischar (varargin{tmp+1}),
EvalStr = [EvalStr VarList{ii,1l} '=''"' varargin{tmp+1l} "'';'];
else
EvalStr = [EvalStr VarList{ii,1l} '=' mat2str (varargin{tmp+1})
i1
end
NumSetVars = NumSetVars + 1; % Check the number of variables
set from varargin.
else % Assign default value if parameter not passed as

function argument.
if ischar (VarList{ii,2}),
EvalStr = [EvalStr VarList{ii,1} '=''' VarList{ii,2} "'""';'];
else
EvalStr = [EvalStr VarList{ii,1} '=' mat2str (VarList{ii,2})

if NumSetVars~=length (varargin) /2,

error ('Some of the input arguments could not be set properly (check
syntax) ')
end
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' To opysio RT60.m

function [ RT60, CD ] = RT60 (rm, r)

V =rm(l) * rm(2) * rm(3);

A=2*r* (rm(l)*rm(2) + rm(l)*rm(3) + rm(2)*rm(3) );
RT60 = 0.161 * vV / A; % Reverberation time

CD = 0.057 * sqrt(V / RT60); % Critical distance

end

['a to apyegio rir.m

function [h] = rir(fs, mic, n, r, rm, src);
$RIR Room Impulse Response.
% [h] = RIR(FS, MIC, N, R, RM, SRC) performs a room impulse

o\°

response calculation by means of the mirror image method.

o\°

% FS = sample rate.

% MIC = row vector giving the x,y,z coordinates of

% the microphone.

% N = The program will account for (2*N+1)"3 virtual sources

% R = reflection coefficient for the walls, in general -1<R<1.
% RM = row vector giving the dimensions of the room.

% SRC = row vector giving the x,y,z coordinates of

oo

the sound source.

o\°

o\°

EXAMPLE:

oo

oo

>>fs=44100;

>>mic=[19 18 1.6];

>>n=12;

>>r=0.3;

>>rm=[20 19 21];

>>srce=[5 2 17;

>>h=rir (fs, mic, n, ¥, rm, src);

o® o° o© o° o° o©

o\°

% NOTES:

% 1) All distances are in meters.

% 2) The output is scaled such that the largest value of the

% absolute value of the output vector is equal to one.

% 3) To implement this filter, you will need to do a fast

% convolution. The program FCONV.m will do this. It can be

% found on the Mathworks File Exchange at

% www.mathworks.com/matlabcentral/fileexchange/. It can also
% be found at http://www.sgm-audio.com/research/rir/fconv.m

% 4) A paper has been written on this model. It is available at:

o\°

http://www.sgm-audio.com/research/rir/rir.html

o\°

o\°

Version 3.4.2
Copyright © 2003 Stephen G. McGovern

oo
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$Some of the following comments are references to equations the my paper.

nn = -n:1l:n; % Index for the sequence
rms = nn + 0.5 - 0.5*%(-1)."%nn; % Part of equations 2,3,& 4
srcs = (-1).” (nn); % part of equations 2,3,& 4
xi = srcs*src(l) + rms*rm(l) - mic(l); % Equation 2

yj = srcs*src(2) + rms*rm(2) - mic(2); % Equation 3

zk = srcs*src(3) + rms*rm(3) - mic(3); % Equation 4

o©°

convert vectors to 3D matrices
Equation 5
Similar to Equation 6

[i,7,k] = meshgrid(xi,yj,zk):;
d = sqrt(i.”2+j.72+k."2);
time = round(fs*d/343) + 1;

o\°

o\°

[e, f,9] = meshgrid(nn, nn, nn); % convert vectors to 3D matrices
c = r.” (abs (e)+abs (f)+abs (g)) ; % Equation 9

e = c./d; % Equivalent to Equation 10

h = full (sparse(time(:),1,e(:))); % Equivalent to equation 11

h = h/max (abs (h)):;

o

Scale output

I'a 1o apysgio reuseﬁg.m

function [FigOH,Exists] = reusefig(TagName,varargin)
$reusefig Creates and/or re-uses a figure with specific tag

o\°

% [FigOH,Exists] =
reusefig (TagName, 'PropNamel', PropVall, 'PropName2', PropVal2, .. .)

o\°

o\°

Looks for the figure with tag 'TagName' and makes it current, or
creates it if necessary. Returns the handle 'FigOH' of the figure.

o o°

oo

This function can be used in order to re-use the same plot windows
for several calls of the same plotting routine (avoids creating new
figures at every call or plotting in windows "belonging" to other
functions) .

o 0P o° oo

oo

A list of arguments pairs can be passed on to this function which will
use them to set the various properties of the figure (see SET).

o° oo

o\°

The function returns Exists=1 if the figure already existed before, 0 if
it had to create a new figure.

oo

o\°

Release date: August 2008
Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

oo

FigOH = findobj ('type', 'figure', "tag', TagName) ;

if isempty (FigOH),
% Create a new figure if no exisiting one found:
FigOH =
figure ('tag', TagName, 'IntegerHandle', 'off', "NumberTitle', 'off', "Name', TagNa
me, varargin{:});
% Uses non-integer handle to reduce the probability of other functions
inadvertently

% plotting into it (which is why the function reusefig is done for!).
Exists = 0;
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elseif isequal (size(FigOH),[1 11),
figure (FigOH) ; % If already existing, makes it current and
brings it to screen.
if ~isempty(varargin),
set (FigOH,varargin{:}); % Set figure properties to desired user

values.

end

Exists = 1;

%shg;
else

error ('More than one object found with same tag!');
end

"o to apyeio PrintLoopPCw.m

function [Percent] = PrintLoopPCw (tt,NumFrames,oldPercent)
$PrintLoopPCw Prints computation percentage on screen

o\°

o\°

[PC] = PrintLoopPCw (LOOP,NUMLOOPS,0l1dPC) prints the current percentage of
computations done in a loop. Use and initialize as in the following
examples. Also enables the use with WHILE loops.

o oo oP

o\°

PrintLoopPCw ('\n\n Starting computations. ');
for LOOP=1:NUMLOOPS,
PrintLoopPCw (LOOP, NUMLOOPS) ;

o° o0 o oP
oe

o\°
o\°

your loop code

o\°
o\°

oo

end

oo

o\°

Nested FOR loops example:

o\°

o\°

PrintLoopPCw ('\n\n Starting computations. ');
for jj=1:NUMJJ,
for kk=1:NUMKK,
PrintLoopPCw ( (jj-1) *NUMKK+kk, NUMJJ*NUMKK) ;

0® 0° o° 0P oe
o°

oo
oo

your loop code

oo
oo

o\°

end
end

o° oo

oo

WHILE loop example:

oo

o\°

LOOP = 1;
PC = PrintLoopPCw ('\n\n Starting computations. ');
while LOOP<=NUMLOOPS,

PC = PrintLoopPCw (LOOP,NUMLOOPS, PC) ;

o o° o° 0P oP
o\

oo

your loop code including "LOOP = LOOP + 1;" at some stage
even conditionally)

%

end

0 —~ o°

o\°
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% Release date: August 2008
% Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

Percent = 0;
if nargin==0, % initialisation

fprintf ('Loop execution: done 0%% ');
elseif nargin==1, % customised initialisation

if ~ischar (tt),
error ('Single input parameter must be a string');

end

fprintf ([tt 'Loop execution: done 0%% ']);
elseif nargin==2, % use with FOR loop

Percent = floor (100*tt/NumFrames) ;

PercentOld = floor (100* (tt-1) /NumFrames) ;
if PercentOld~=Percent,
fprintf ("\b\b\b\b%-4s', [num2str (Percent) '%']);
end
if tt==NumFrames, % safe to say that this is the last call to
PrintLoopPC...
fprintf ('\n");
end

else % use with WHILE loop
Percent = floor (100*tt/NumFrames) ;
if oldPercent~=Percent,
fprintf ("\b\b\b\b%-4s', [num2str (Percent) '%']);
if tt==NumFrames, % safe to say that this is the last call to
PrintLoopPC...
fprintf ('\n"');
end
end
end

"o to apyeio license.txt

Copyright (c) 2009-2012, Eric A. Lehmann
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are
met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the

distribution

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
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LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

' To apyeio ISM setup.m

function [SetupStruc] = ISM setup()
%ISM _setup Environmental parameters for image-source method simulation

o\°

o\°

[SetupStruc] = ISM setup ()

o©

o©

This function can be used as a template for the definition of the
different parameters for an image-source method simulation, typically
providing inputs to the functions 'ISM RIR bank.m' as well as

'fast ISM RIR bank.m' (Lehmann & Johansson's ISM implementations). This
function returns the structure 'SetupStruc' with the following fields:

o° o o o o°

o\°

Fs: sampling frequency in Hz.
room: 1l-by-3 vector of enclosure dimensions (in m),
[x_length y length z length].

o\°

o\°

% mic pos: N-by-3 matrix, [x1 yl zl; x2 y2 z2; ...] positions of N
% microphones in the environment (in m).
% src_traj: M-by-3 matrix, [x1 yl zl; x2 y2 z2; ...] positions of M

o\°

source trajectory points in the environment (in m).
T20 or T60: scalar value (in s), desired reverberation time.
c: (optional) sound velocity (in m/s).
abs weights: (optional) 1-by-6 vector of absorption coefficients weights,
[w x1 w x2 w yl w y2 w z1 w_z2].

o o o° o oo

o\°

The structure field 'c' is optional in the sense that the various
functions developed in relation to Lehmann & Johansson's ISM
implementation assume a sound velocity of 343 m/s by default. If defined
in the function below, the field 'SetupStruc.c' will take precedence and
override the default value with another setting.

o o o0 o oP

oo

The field 'abs weight' corresponds to the relative weights of each of the
six absorption coefficients resulting from the desired reverberation time
T60. For instance, defining 'abs weights' as [0.8 0.8 1 1 0.6 0.6] will
result in the absorption coefficients (alpha) for the walls in the
x-dimension being 20% smaller compared to the y-dimension walls, whereas
the floor and ceiling will end up with absorption coefficients 40%
smaller (e.g., to simulate the effects of a concrete floor and ceiling).
Note that setting some of the 'abs weight' parameters to 1 does NOT mean
that the corresponding walls will end up with a total absorption! If the
field 'abs weight' is omitted, the various functions developed in
relation to Lehmann & Johansson's ISM implementation will set the

'abs weight' parameter to [1 1 1 1 1 1], which will lead to uniform
absorption coefficients for all room boundaries.

o o0 A° o° A A° O° A A O° o° o o

oo

The structure 'SetupStruc' may contain one of the two fields 'T60' or
'T20"'". T60 corresponds to the time required by the impulse response to
decay by 60dB, whereas T20 is defined as the time required for the
impulse response to decay from -5 to -25dB. Simply define either one of
these fields in the file below. Set this value to 0 for anechoic

o° o0 o°

oo
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Q

% environments (direct path only).

Q

SetupStruc.Fs = 16000; % sampling frequency in Hz

[}

% SetupStruc.c = 343; % (optional) propagation speed of
acoustic waves in m/s

SetupStruc.room = [3 4 2.5]; % room dimensions in m
SetupStruc.mic _pos = [1.6 1 1.3; % [x y z] positions of a microphone
array in m

1.4 1 1.3;

1.2 1 1.31;
SetupStruc.src_traj = [linspace(1l,2,101).' ones(101,1)*3
ones (101,1)*1.7]1; % [x y z] positions of source trajectory in m.

[}

%% defines a straight line in front of the mic array, with 101 source
points along the trajectory (lcm distance increment) .

SetupStruc.T60 = 0.2; % reverberation time T60, or define a
T20 field instead!
% SetupStruc.T20 = 0.15; % reverberation time T20, or define

a T60 field instead!

SetupStruc.abs weights = [0.6 0.9 0.5 0.6 1.0 0.8]; % (optional)
weights for the resulting alpha coefficients.

% simulates a carpeted floor, and sound-absorbing material on the ceiling
and the second x-dimension wall.

o\°

% Uncomment the following for a 3D plot of the above setup:

o\°

lot3 (SetupStruc.src_traj(:,1),SetupStruc.src_traj(:,2),SetupStruc.src_traj
:,3),'ro-', "markersize',4); hold on;

o° ~ 'O

plot3 (SetupStruc.mic_pos(:,1),SetupStruc.mic_pos(:,2),SetupStruc.mic_pos(:,
3),'ko', 'markerfacecolor',ones (1,3)*.6);

[}

% axis equal; axis ([0 SetupStruc.room(l) 0 SetupStruc.room(2) O
SetupStruc.room(3)1);

[}

% box on; xlabel('x-axis (m)'); ylabel ('y-axis (m)'); zlabel('z-axis (m)"');

I'a to apycio ISM RT check.m

function [medRT,RTvec] = ISM RT check (setupstruc,varargin)

o\°

ISM RT check Reverberation time analysis for image-method setup

oo

o\°

[RT_MED,RT DATA] = ISM RT check (SETUP_STRUC)
[RT MED,RT DATA] = ISM RT check(SETUP_STRUC, 'argl',vall, 'arg2',val2,...)

o° oo

oo

This function performs an analysis of the reverberation time that would
result from image-source computations (using Lehmann & Johansson's
implementation, see "Prediction of energy decay in room impulse responses
simulated with an image-source model", J. Acoust. Soc. Am., vol. 124 (1),
pp. 269-277, July 2008) with a specific configuration defined by the
structure SETUP STRUC. This structure needs to contain the following

o° o0 d° o°

oo
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o\°

fields:

o\°

o©°

Fs: sampling frequency (in Hz) .
room: 1-by-3 vector of enclosure dimensions (in m),
[x length y length z length].
T20 or T60: scalar value (in s), desired reverberation time.
c: (optional) sound velocity (in m/s).
abs weights: (optional) 1-by-6 vector of absorption coefficients weights,
[w x1 w x2 w yl w y2 w_zl w_z2].

o® 0 o° o° o° o oP°

o\°

If the field SETUP_STRUC.c is undefined, the function assumes a default
value of sound velocity of 343m/s.

o° oo

o©

The field 'abs weights' corresponds to the relative weights of each of
the six absorption coefficients resulting from the desired reverberation
time T60. For instance, defining 'abs weights' as [1 1 0.8 0.8 0.6 0.6]
will result in the absorption coefficients (alpha) for the walls in the
y-dimension being 20% smaller compared to the x-dimension walls, whereas
the floor and ceiling will end up with absorption coefficients 40%
smaller (e.g., to simulate the effects of a concrete floor and ceiling).
If this field is omitted, the parameter 'abs weight' will default to
[11 111 1], which leads to uniform absorption coefficients for all
room boundaries.

o0 0 o 0 o o0 A° A° o° o

o©

The structure SETUP_STRUC may contain one of the two fields 'T60' or
'T20'". This function will automatically determine which reverberation
type is used and analyse the reverberation time accordingly. T20 is
defined as the time required for the impulse response energy to decay
from -5 to -25dB, whereas T60 corresponds to the time required by the
impulse response energy to decay by 60dB.

o o o° o° o o°

o\°

HOWEVER: it must be noted that in case T60 is used, it is usually
unfeasible to simulate a room impulse response (RIR) down to -60dB in
practice in order to compute the RIR's exact T60 (due to numerical
error and roundoff noise). Consequently, the value of T60 measured by
this function is instead interpolated using the initial slope of the
RIR's energy decay curve (EDC). Because a RIR's energy decay curve 1is
in general not exactly linear (especially for the case where the RIR
is computed using non-uniform absorption weights), this will typically
lead to discrepancies between the measured and the true T60 value in
the RIR, even if the environmental parameters are set to actually
achieve a correct T60 value. This function is therefore better suited
for an analysis of the reverberation time T20, which does not suffer
from the above drawback (EDC only required down to about -25dB).

o° 00 o 0 A° o0 O A A O° ° o° o©

o\°

In addition, a number of other (optional) parameters can be set using a
series of 'argument'--value pairs. The following parameters (arguments)
can be used:

o oo

oo

% '"PlotRes': set to 1 if plots of intermediate results are desired

% (execution will be paused!). Defaults to 0.

% "NumConfig': number of source-receiver configurations to average the
% results over. Defaults to 50.

% 'SilentFlag': set to 1 to disable on-screen messages during execution.

o\°

Defaults to 0.

oo

oo

This function simulates a number of transfer functions (RIRs) using
Lehmann & Johansson's implementation of the image-source method (see
above reference), and measures the resulting ("true") reverberation time
from the energy decay curve, computed using Schroeder's integration
method. This process is repeated for a series of randomly selected

o® o° o

oo
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o\°

source--receiver configurations to obtain a statistically representative
set of measurements. The source and receiver positions are chosen to be
located within the inner 80% of the room volume (away from the walls),
and further than 0.75m from each other.

o 0° o° o°

o\°

This function returns 'RT MED', the median reverberation time value (T60
or T20) over the 'NumConfig' measurements, and 'RT _DATA', the vector of
individual reverberation time measurements (T60 or T20). If 'SilentFlag'
is set to 0, the function also reports the results of the reverberation
time analysis on screen in the Matlab command window.

o o oP

o©°

o©

Release date: November 2009
Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

o\°

% User input variables:

VarList = {'PlotRes' 0; % set to 1 if plots of intermediate
results desired

'"NumConfig' 50; % total number of src-rcv
configurations considered

'SilentFlag’ 0}; % set to 1 to disable on-screen

messages during execution
eval (SetUserVars (VarlList,varargin)); % set user-definable variables

Fs = setupstruc.Fs;
room = setupstruc.room;
if isfield(setupstruc, 'abs weights'),
weights = setupstruc.abs weights;
else
weights = ones(1,6);
end
if isfield(setupstruc,'c'),
cc = setupstruc.c;
else
cc = 343;
end
if isfield(setupstruc, 'T60"),
warning ([ 'The function ''ISM RT check'' cannot practically measure the

true T60 \n'
'value in room impulse responses. Instead, it measures T60 by
interpolating the \n'
'initial slope of the RIR''s energy decay, which might not
deliver accurate \n'
'measurements. Please refer to ISM RT check''s online help for
more information.%s'],'');
rtstr = 'T60'; rtval = setupstruc.T60;
T60 = setupstruc.T60;
alpha = ISM AbsCoeff ('t60',T60, room,weights, 'LehmannJohansson', 'c',cc);
else

rtstr = 'T20'; rtval = setupstruc.T20;
T20 = setupstruc.T20;
T60 = [1;

alpha = ISM AbsCoeff ('t20',T20, room,weights, 'LehmannJohansson', 'c',cc);
end
beta = sqrt(l-alpha);

RTvec = zeros (1l,NumConfig);
if ~SilentFlag, PrintLoopPCw (' [ISM RT check] Computing sample TFs (this
may take a while!). '); end
for ii=1:NumConfig,
if ~SilentFlag, PrintLoopPCw(ii,NumConfig); end
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:=- Select source/receiver points -=:

X src = rand(1l,3).*room*.8 + .l*room;
walls
X rcv = rand(1l,3).*room*.8 + .l*room;
while norm(X src-X rcv)<.75, %
close to each other
X src = rand(1l,3).*room*.8 + .l*room;
X rcv = rand(1l,3).*room*.8 + .l*room;
end

o) —

$—=:=- Compute TF -=:
TFcoeffs

ISM_RoomResp (Fs,beta, rtstr,rtval,X src,X rcv,room,

lta dB',50);

TFlen = length (TFcoeffs);
%$—-=:=- Compute EDC -=:=-
EDCvec = zeros (1l,TFlen);

for nn=1:TFlen,
EDCvec (nn) sum (TFcoeffs (nn:end) .”2); %
Schroeder's integration method
end
EDCvec EDCvec/EDCvec (1) ;
EDCvec (EDCvec==0) = eps;
EDCvec = 10*1ogl0 (EDCvec) ; %

o) —

s—=:=— Measure RT -=:=
timevec [0: TFlen-1]/Fs;
if isempty (T60), % measure T20
sind find (EDCvec>=-5,1, "last"');
deltaX timevec (2) -timevec (1) ;
deltaY = EDCvec (sind+1)-EDCvec (sind) ;
deltaA -5 - EDCvec (sind) ;
tl timevec (sind) + deltaA*deltaX/deltay;
sind find (EDCvec>=-25,1, "last"');
deltaY = EDCvec (sind+1)-EDCvec (sind) ;
deltaA -25 - EDCvec (sind) ;
t2 timevec (sind) + deltaA*deltaX/deltaY;
RTvec (11) t2-tl;
else %
dp del

measure T60
norm (X src-X rcv)/cc; %

path

intstart find (timevec<=dp del, 1, "last');
intstop find (EDCvec>=-45,1, "last"');
up to -45dB in the EDC
numpts intstop-intstart+1;
if numpts<=1,

% avoid positions close to

choose new points if they are too

c',cc,'SilentFlag', 1, 'De

Energy decay using

Decay curve in dB.

measure slope after direct

[

% find best slope

error ('Problem encountered while measuring T60.');

end
slopevec = NaN*ones (2, TFlen);
errorvec NaN*ones (1, TFlen) ;
for kk=intstart+l:intstop,

polyp = polyfit([intstart:kk],EDCvec (intstart:kk),1); % Fit
decay line on considered part of the energy decay curve

slopevec (:,kk) = polyp."'; % Slope of
the decay line, i.e. T60 value

errorvec (kk) = median ((EDCvec - polyval (polyp, [1:TFlen]))."2);

[
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end %
using the error median avoids influence of end part of the curve
foo = find(errorvec==nanmin (errorvec),1l, 'last'); % Te0 estimate
as decay line minimising squared error
RTvec (ii) = 60/abs (slopevec(l, foo)) /Fs; % T60 estimate from TF
computations
polyp = slopevec(:,foo)."';
slopeind = foo;
end
%$-=:=- Plot results if necessary -=:=-
if PlotRes,
reusefig ('ISM Reverberation Time Analysis (ISM_RT check.m)'); clf;
ylimmin = -60;

foo = TFcoeffs/sum(TFcoeffs.”2);
plot (timevec,10*1ogl0 (foo.”2), 'color',[.85 .85 11); hold on;
plot (timevec, EDCvec, 'k');
xlabel ('time (s)'); ylabel ('EDC (dB)");
if isempty(T60), % measure T20
plot ([0 t1 t1],[-5 -5 ylimmin], 'k:");
plot ([0 t2 t2],[-25 -25 ylimmin], "k:");

tstr = ['TF #' num2str(ii) ' of ' num2str (NumConfig) ':
measured T {20} = ' numZstr (RTvec(ii),'%.3f") 's'];
else % measure T60

plot (timevec ([l end]),polyval (polyp, [1 TFlen]),'r'");

plot (timevec (slopeind) ,polyval (polyp, slopeind), 'color','r', 'marker','o’', 'ma
rkersize',4);

plot (timevec (intstart),polyval (polyp,intstart), 'color', 'r', 'marker','o', 'ma
rkersize',4);
tstr = ['TF #' num2str(ii) ' of ' num2str (NumConfig) ':
measured T {60} = ' numZstr (RTvec(ii),'%.3f") 's'];
end
axis tight; ylim([ylimmin 5]);
if ii<NumConfig,

title([tstr ' (hit any key to continue)']l);
pause; title(tstr); shg; pause(.001);
else
title (tstr);
end
end
end
medRT = median (RTvec) ;
igrRT = igr (RTvec);
%$—-=:=- Output results on screen -=:=-
if ~SilentFlag,
fprintf ('\n -=:=- -=:=- Results from reverberation time analysis
(""ISM RT check.m'') -=:=- —-=:=-");
fprintf ('\n Simulation parameters: Fs = %$.5gHz, ¢ = %.5gm/s, room =
[$.5gm %.5gm %.5gm]',Fs,cc,room(1l),room(2),room(3));
fprintf ('\n abs weights = [%.5g %.5g %.5g %.5g
%.5g
%.5g]",weights (1) ,weights (2),weights (3),weights (4),weights (5),weights (6));

if isempty (T60),

fprintf ('\n Desired reverb. time: T20 = %.5gs',T20);
else
fprintf ('\n Desired reverb. time: T60 = %.5gs',T60);
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end

fprintf ('\n Reflection coeff. for this setup (determined by Lehmann &
Johansson''s method) : ")

fprintf ('\n beta = [%.59g %.5g %.5g %.5g %.5g
%.5g]",beta(l),beta(2),beta(3),beta(4),beta(5),beta(6));

fprintf (['\n\n Resulting ' rtstr ' measured in room (median value over
%d configurations) :'],NumConfiqg);

fprintf (['\n ' rtstr ' = %.5f s (inter-quartile range: %.5g
s) '], medRT, igrRT) ;

if ~isempty (T60),

fprintf (' ~~~ [T60 measurements may be inaccurate!]"');

end

fprintf ('\n -=:=- -=:=- -=i=- -=:=— -=:=— -=i1=—- -=!=— -=!=- -=1=- -=1=-
—=:=— —-=:=— -=:=— -=:=-\n\n');

INoa 10 apyeio ISM_RoomResp.m

function [RIRvec] =

ISM RoomResp (Fs,beta,rt type,rt val,X src,X rcv,room,varargin)

%ISM _RoomResp RIR based on Lehmann & Johansson's image-source method

o\°

o\°

RIR = ISM_RoomRe sp (Fs, BETA, RT_TYPE , RT_VAL, SOURCE, SENSOR, ROOM)
RIR = ISM RoomResp( ... ,'argl',vall,'arg2',val2,...)

o° oo

o©

This function generates the room impulse response (RIR) between a sound
source and an acoustic sensor, based on various environmental parameters
such as source and sensor positions, enclosure's dimensions and
reflection coefficients, etc., according to Lehmann and Johansson's
implementation of the image-source method (see below). The input
parameters are defined as follows:

o0 o o° o o o°

o\°

Fs: scalar, sampling frequency (in Hz). Eg: 8000.
BETA: 1-by-6 vector, corresponding to each wall's reflection
coefficient: [x1 x2 yl y2 zl z2]. Index 1 indicates wall

o\°

oo

closest

% to the origin. This function assumes strictly non-negative BETA
% coefficients. Set to [0 0 0 O 0 0] to obtain anechoic response
% (direct path only), in which case the value of RT VAL is

% discarded. E.g.: [0.75 0.75 0.8 0.25 0.3 0.9].

% RT _TYPE: character string, measure of reverberation time used for the

% definition of the coefficients in BETA. Set to either 'T60' or
% 'T20°".

% RT VAL: scalar, value of the reverberation time (in seconds) defined by
% RT TYPE. Set to 0 to obtain anechoic response (same effect as
% setting BETA to [0 0 0 O O 0]), in which case the BETA

% coefficients are discarded. E.g.: 0.25.

% SOURCE: 1-by-3 vector, indicating the location of the source in space
% (in m): [x y z]. E.g.: [1 1 1.5].

% SENSOR: 1-by-3 vector, indicating the location of the microphone in

% space (in m): [x y z]. E.g.: [2 2 1.5].

% ROOM: 1-by-3 vector, indicating the rectangular room dimensions

% (in m) : [x_length y length z length]. E.g.: [4 4 3].

% In addition, a number of other (optional) parameters can be set using a
% series of 'argument'--value pairs. The following parameters (arguments)
% can be used:

% 'c': scalar, speed of acoustic waves (in m/s). Defaults to 343.
% 'Delta dB': scalar (in dB), parameter determining how much the
resulting
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% impulse response is cropped (i.e. RIR length): the impulse
% response is computed until the time index where its overall
% energy content has decreased by 'Delta dB' decibels, after
% which the computations stop. Not relevant if

BETA=zeros (1,6) .

% Defaults to 50.

% 'MaxDelay': scalar (in seconds), defines the desired length for the

% computed RIR. If defined as non-empty, this parameter

% overrides the setting of 'Delta dB'. Use 'MaxDelay' if the
% RIR length is known exactly prior to its computation. Not
% relevant if BETA=zeros(l,6). Defaults to [].

% 'SilentFlag': set to 1 to disable all on-screen messages from this

% function. Defaults to O.

% This function returns the time coefficients of the filter (transfer

% function) in the parameter RIR. The filter coefficients are real and

% non-normalised. The first value in the vector RIR, i.e., RIR(1l),

% corresponds to time t=0. The number of coefficients returned is variable
% and results from the value of 'Delta dB' defined by the user: the filter
% length will be as large as necessary to capture all the relevant

% highest-order reflections.

% This implementation uses Lehmann and Johansson's variant (see "Prediction
% of energy decay in room impulse responses simulated with an image-source
% model", J. Acoust. Soc. Am., vol. 124(1), pp. 269-277, July 2008) of

% Allen & Berkley's "Image Method for Efficiently Simulating Small-room

% Acoustics" (J. Acoust. Soc. Am., vol. 65(4), April 1979). This function

% implements a phase inversion for each sound reflection off the room's

% boundaries, which leads to more accurate room impulse responses (when

% compared to RIRs recorded in real acoustic environments). Also, the

% computations make use of fractional delay filters, which allow the

% representation of non-integer delays for all acoustic reflections.

% Release date: March 2012
% Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

% Explanations for the following code ----—-—-—————————————————————(—(—~—~—~—~—~————
% This implementation of the image method principle has been speficically

% optimised for execution speed. The following code is based on the

% observation that for a particular dimension, the delays from the image

% sources to the receiver increases monotonically as the absolute value of
% the image index (m, n, or 1) increases. Hence, all image sources whose

% indices are above or equal to a specific limit index (for which the

% received delay is above the relevant cut-off value) can be discarded. The
% following code checks, for each dimension, the delay of each received

% path and automatically determines when to stop, thus avoiding unnecessary
% computations (the amount of TF cropped depends on the 'Delta dB'

% parameter) .

% The resulting number of considered image sources hence automatically

% results from environmental factors, such as the room dimensions, the

% source and sensor positions, and the walls' reflection coefficients. As a
% result, the length of the computed transfer function has an optimally

% minimum length (no extra padding with negligibly small values) .

VarList = {'SilentFlag' 0; % set to 1 to disable on-screen
messages

'c! 343; % sound propagation speed

'Delta dB' 50; % attenuation limit

'MaxDelay' [1}; % predefined RIR length, overrides

value of 'Delta dB'

80

——
| —



Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

eval (SetUserVars (VarList, varargin));

global RIRvec TimePoints % not too pretty, but this avoids
passing potentially large

o)

% vectors to frequently called

subfunctions...
%—-=:=- Check user input:
if X rcv(l)>=room(l) || X rcv(2)>=room(2) || X rcv(3)>=room(3) ||
X rcv(l)<=0 || X rcv(2)<=0 || X rcv(3)<=0,
error ('Receiver must be within the room boundaries!');
elseif X src(l)>=room(l) || X src(2)>=room(2) || X src(3)>=room(3) ||
X src(l)<=0 || X src(2)<=0 || X src(3)<=0,
error ('Source must be within the room boundaries!');
elseif ~isempty(find(beta>=1,1)) || ~isempty (find(beta<0,1)),
error ('Parameter ''BETA'' must be in the range [0...1).");
end
beta = -abs (beta); % implement phase inversion in Lehmann &

Johansson's ISM implementation

X src = X src(:); % Source location
X rcv = X rev(:); % Receiver location
beta = beta (:); % Reflection coefficients
Rr = 2*room(:); % Room dimensions
$-=:=- Calculate maximum time lag to consider in RIR -=:=-
if ~isequal(beta(:),zeros(6,1)) && rt val~=0, % non-anechoic case:
compute RIR's decay time necessary to reach
if isempty (MaxDelay), % Delta dB (using Lehmann & Johansson's

EDC approximation method)
MaxDelay = ISM RIR DecayTime (Delta dB,rt type,rt val,l-
beta.”2,room,X src,X rcv,Fs,c);

end
else % Anechoic case: allow for 5 times
direct path in TF
DPdel = norm(X rcv - X src)/c; % direct path delay in [s]
MaxDelay = 5*DPdel;
beta = zeros(6,1); % in case rt _val=0 only
end
TForder = ceil (MaxDelay*Fs); % total length of RIR [samp] to reach
Delta dB
TimePoints = ([0:TForder-1]/Fs)."';
RIRvec = zeros (TForder,1);
%$—=:=- Summation over room dimensions:
if ~SilentFlag, fprintf(' [ISM RoomResp] Computing transfer function ');
end;
for a = 0:1
for b = 0:1
for d = 0:1
if ~SilentFlag, fprintf('.'); end;
m = 1; % Check delay values for m=1 and above
FoundLValBelowLim =

Check 1Dim(a,b,d,m,X rcv,X src,Rr,c,MaxDelay,beta,Fs);
while FoundLValBelowLim==1,
m = m+l;




Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig

amokpiong (impulse response) ydPoOL aKPOUOTG

FoundLValBelowLim =
Check 1Dim(a,b,d,m,X rcv,X src,Rr,c,MaxDelay,beta,Fs);
end
m = 0; % Check delay values for m=0 and below
FoundLValBelowLim =

Check 1Dim(a,b,d,m,X rcv,X src,Rr,c,MaxDelay, beta,Fs);
while FoundLValBelowLim==1,

m = m-1;
FoundLValBelowLim =

Check 1Dim(a,b,d,m,X rcv,X src,Rr,c,MaxDelay,beta,Fs);

end
end
end
end
if ~SilentFlag, fprintf('\n'); end;

function [FoundLValBelowLim] =
Check 1Dim(a,b,d,m,X rcv,X src,Rr,c,MaxDelay,beta, Fs)

FoundLValBelowLim = 0;
1 =1; % Check delay values for 1=1 and above
FoundNValBelowLim =

Check nDim(a,b,d,1,m,X rcv,X src,Rr,c,MaxDelay,beta,Fs);
while FoundNValBelowLim==1,

1 = 1+1;

FoundNValBelowLim =
Check nDim(a,b,d,1,m,X rcv,X src,Rr,c,MaxDelay,beta,Fs);
end
if 1~=1, FoundLValBelowLim = 1; end;

1 =20; % Check delay values for 1=0 and below
FoundNValBelowLim =
Check nDim(a,b,d,1,m,X rcv,X src,Rr,c,MaxDelay,beta, Fs);
while FoundNValBelowLim==1,

1 =1-1;

FoundNValBelowLim =
Check nDim(a,b,d,1,m,X rcv,X src,Rr,c,MaxDelay,beta,Fs);
end
if 1~=0, FoundLValBelowLim = 1; end;

function [FoundNValBelowLim] =
Check nDim(a,b,d,1,m,X rcv,X src,Rr,c,MaxDelay, beta, Fs)

global RIRvec TimePoints

FoundNValBelowLim = 0;

n=1; % Check delay values for n=1 and above

dist = norm( [2*a-1; 2*b-1; 2*d-1].*X src + X rcv - Rr.*[n;1;m] );
foo time = dist/c;

while foo time<=MaxDelay, % if delay is below TF length limit for

check n=2,3,4...
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foo amplitude = prod(beta.”abs([n-a; n; 1-b; 1; m-d; m])) /
(4*pi*dist);
RIRvec = RIRvec + foo amplitude * sinc((TimePoints-foo time) *Fs);
n = n+l;
dist = norm( [2*a-1; 2*b-1; 2*d-1].*X src + X rcv - Rr.*[n;1;m] );
foo time = dist/c;
end
if n~=1, FoundNValBelowLim = 1; end;
n = 0; % Check delay values for n=0 and below
dist = norm( [2*a-1; 2*b-1; 2*d-1].*X src + X rcv - Rr.*[n;1;m] );
foo time = dist/c;
while foo time<=MaxDelay, % 1if delay is below TF length for n=0, check
n=-1,-2,-3...
foo amplitude = prod(beta.”abs([n-a; n; 1-b; 1; m-d; m])) /
(4*pi*dist);
RIRvec = RIRvec + foo amplitude * sinc((TimePoints-foo time) *Fs);
n = n-1;
dist = norm( [2*a-1; 2*b-1; 2*d-1].*X src + X rcv - Rr.*[n;1;m] );
foo time = dist/c;
end
if n~=0, FoundNValBelowLim = 1; end;

T To apyeio ISM RIRpow approx.m

function [ampptsl,timepts,okflag]
ISM RIRpow_ approx(aa,room,cc,timepts,rt type,rt val)
%ISM RIRpow approx Approximation of ISM RIR power
method)

o\°

S =

[P_VEC,T VEC,OK FLAG]
ISM_RIRpow approx (ALPHA,ROOM,C,T VEC,RT TYPE,RT VAL)

oo

oo

This function returns the predicted values of RIR

(Lehmann & Johansson's

power in P _VEC (as

o\°

would result from ISM simulations)
approximation method described in:

o\°

estimated by means of the EDC
"Prediction of energy decay in room

o\°

impulse responses simulated with an image-source model",

J. Acoust. Soc.

oo

Am., vol. 124(1), pp. 269-277,
computed for the time points given as input in T VEC
assumed to contain increasing values of time.

oo

o\°

(in sec),

July 2008. The values of P VEC are

which is
(and

o° oo

oo

are generated in P _VEC),
be set to O

o o° oP

o\°

The vector T VEC

corresponding vector P VEC) will be cropped if the numerical computation
limits are reached for the higher time values in T _VEC

(for which NaNs
in which case the output parameter OK FLAG will

(1 otherwise).

The environmental setting is defined via the following input parameters:

% ALPHA: 1-by-6 vector, corresponding to each wall's absorption

% coefficient: [x1 x2 yl y2 zl z2]. Index 1 indicates wall
closest

% to the origin. E.g.: [0.5 0.5 0.45 0.87 0.84 0.32].

% RT _TYPE: character string, measure of reverberation time used for the

% definition of the coefficients in ALPHA. Set to either 'T60' or
% 'T20".

% RT VAL: scalar, value of the reverberation time (in seconds) defined by
% RT TYPE. E.g.: 0.25.

% ROOM: 1-by-3 vector, indicating the rectangular room dimensions
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o\°

(in m) : [x _length y length z length]. E.g.: [4 4 3].
C: scalar (in m/s), propagation speed of sound waves. E.g.: 343.

o\°

o\°

Release date: November 2009
Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

o\°

numradpts = length (timepts);

radpts = cc * timepts; % radius values corresponding to time
points

bxx = ( sqrt(l-aa(l))*sqgrt(l-aa(2)) )" (1/room(1));

byy = ( sqrt(l-aa(3))*sqgrt(l-aa(4)) )" (1/room(2));

bzz = ( sqrt(l-aa(5))*sqgrt(l-aa(6)) )" (1/room(3));

if bxx==byy && byy==bzz,

intcase = 1;
elseif bxx==byy && bxx~=bzz,
intcase = 2;
elseif byy==bzz && bzz~=bxx,
if bzz<bxx, % coordinate swap x<->z
foo = bxx; bxx = bzz; bzz = foo;
intcase = 2;
else
intcase = 3;
end
elseif bxx==bzz && bzz~=byy,
if bzz<byy, % coordinate swap y<->z
foo = byy; byy = bzz; bzz = foo;
intcase = 2;
else
intcase = 4;
end
else
intcase = 5;
if bxx>bzz && bxx>byy, % coordinate swap x<->z

foo = bxx; bxx = bzz; bzz foo;
elseif byy>bzz && byy>bxx, % coordinate swap y<->z
foo = byy; byy = bzz; bzz = foo;
end
end

ampptsl = zeros (l,numradpts);
for ss=1l:numradpts, compute amplitude/energy estimates

Bx = bxx” (radpts(ss)); Bx(Bx==0) = eps;
By = byy” (radpts(ss)); By (By==0) = eps;
Bz = bzz” (radpts(ss)); Bz (Bz==0) = eps;
switch intcase
case 1
int2 = BXx;
case 2
int2 = (Bx-Bz) / log(Bx/Bz);
case 3

nl = log (Bz/Bx);

int2 = Bz*( expint(nl) + log(nl) + 0.5772156649 ) / nl;
case 4

nl = log(Bz/By):;

int2 = Bz*( expint(nl) + log(nl) + 0.5772156649 ) / nl;
otherwise

nl

n2

log (Bz/By) ;
log (Bz/Bx) ;
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int2 = Bz*(log(nl/n2) + expint(nl) - expint(n2)) / log (Bx/By)
end
ampptsl (ss) = int2/radpts(ss); % 'propto' really...
end

okflag = 1;

foo = find(isnan (ampptsl),1);

if ~isempty(foo),
ampptsl = ampptsl (1:foo-1);
timepts = timepts(l:foo-1);
okflag = 0;

end

if nargin==6,
switch lower (rt_ type) % offset correction
case 't60', sl = exp(3.05*%exp(-1.85*rt val));
case 't20', sl = exp(3.52*%exp(-7.49*rt val));
end
ampptsl = ampptsl ./ exp(sl* (timepts-timepts(1)));
end

’

T to apyeio ISM RIR DecayTime.m

function DTime vec =
ISM RIR DecayTime (delta dB vec,rt type,rt val,aa,room,X src,X rcv,Fs,cc)

%ISM RIR DecayTime RIR decay time using Lehmann & Johansson's EDC
approximation method

oo

oo

DT =

SM_RIR DecayTime (DELTA dB,RT_TYPE,RT VAL, ALPHA, ROOM, SOURCE, SENSOR, Fs)
DT =

SM_RIR DecayTime (DELTA dB,RT_TYPE,RT VAL,ALPHA,ROOM, SOURCE, SENSOR, Fs, C)

[

o\°

o° H

oo

This function determines the time DT taken by the energy in a RIR to
decay by DELTA dB when using Lehmann & Johansson's image-source method
implementation (see: "Prediction of energy decay in room impulse
responses simulated with an image-source model", J. Acoust. Soc. Am.,
vol. 124(1), pp. 269-277, July 2008). The parameter DELTA dB can be

o 0P o© o° o°

o\°

as a vector containing the corresponding decay times. Note that DT does

o\°

oo

T20, T30, or T60. The resulting DT values are computed according to
Lehmann and Johannson's EDC (energy decay curve) approximation method
(see above reference) used in conjunction with a RIR reconstruction
method based on diffuse reverberation modeling (see "Diffuse
reverberation model for efficient image-source simulation of room
impulse responses", IEEE Trans. Audio, Speech, Lang. Process., 2010).

0® 00 0O o° o oP

o\°

The environmental room setting is given via the following parameters:

oo

oo

Fs: scalar, sampling frequency (in Hz). Eg: 8000.
ALPHA: 1-by-6 vector, corresponding to each wall's absorption
coefficient: [x1 x2 yl y2 zl z2]. Index 1 indicates wall
closest to the origin. E.g.: [0.5 0.5 0.45 0.87 0.84 0.32].
RT TYPE: character string, measure of reverberation time used for the
definition of the coefficients in ALPHA. Set to either 'T60'

o 0P o° oo

oo
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o\°

"T20°".

RT VAL: scalar, value of the reverberation time (in seconds) defined by
RT TYPE. E.g.: 0.25.

SOURCE: 1-by-3 vector, indicating the location of the source in space

o oo

o©

% (in m): [x y z]. E.g.: [1 1 1.5].

% SENSOR: 1-by-3 vector, indicating the location of the microphone in
% space (in m): [x y z]. E.g.: [2 2 1.5].

% ROOM: 1-by-3 vector, indicating the rectangular room dimensions

% (in m): [x_length y length z length]. E.g.: [4 4 3].

% C: (optional) scalar (in m/s), propagation speed of sound waves.

o\°

If omitted, C will default to 343m/s.

o\°

Release date: March 2012
Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

o\°

if nargin==8,
cc = 343;
end
delta dB vec = abs(delta dB vec);

%-=:=- Check user input:
if ~isempty(find(aa>1,1)) || ~isempty(find(aa<=0,1)),
error ('Parameter ''ALPHA'' must be in range (0...1].");
elseif ~isempty(find(delta dB vec==0,1)),
error ('Parameter ''DELTA dB'' must contain non-zero scalar values.');
elseif min(size(delta dB vec))~=1,
error ('Parameter ''DELTA dB'' must be a 1-D vector.');
end
if isequal(aa(:),ones(6,1)) || rt val==0,
error ('ISM RIR DecayTime cannot be used for anechoic environments.');
end

switch lower (rt_ type)
case 'to60'
t60 _appval = rt val;
case 't20'

t60 _appval = rt val*3; % coarse t60 estimate to determnine end
time in EDCapprox computations
otherwise
error ('Unknown ''RT TYPE'' argument.');
end
%$-=:=- Pre-processing -=:=-
dp del = norm(X_src—X_rcv)/cc; % direct path

delta dB max = max(delta dB vec);
n_ddbv = length(delta dB vec);

starttime = max([1l.4*mean (room)/cc dp dell); % start time t0, ensure >=
dp delay
starttime sind = floor(starttime*Fs); % sample index

RIR start DTime = 2*starttime;

o\°

=:=- select window size -=:=-

n_win meas = 6; % approximate nr of (useful)
measurements

TT = (RIR start DTime-starttime)/n win meas;

w_len = floor (TT*Fs); % current window length (samples)
w len = w_len + mod(w_len,2) - 1; % make w_len odd

w_len half = floor(w_len/2);
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%$-=:=- pre-compute start of RIR for lambda correction -=:=-

RIR = ISM RoomResp (Fs,sqrt (1-

aa),rt _type,rt val,X src,X rcv,room, 'SilentFlag',1l, 'MaxDelay',RIR start DTi
me, 'c',cc);

RIRlen = length (RIR);

%-=:=- Measure average energy -—-=:=-
fit time perc = 0.35;
we sind vec = [starttime sind+w_len half:w len:RIRlen]; % window end
indices
wc_sind vec = we_sind vec - w_len half; % window centre
indices
wb_sind vec = wc_sind vec - w_len half; % window beginning
indices
if wb_sind vec(1)<=0, wb _sind vec(l) = 1; end % case where t0 is
less than a half window
n win meas = length(wc_sind vec);
en_vec meas = zeros(l,n _win meas);
for ww=1:n win meas,
en_vec meas (ww) = mean( RIR(wb_sind vec (ww):we_sind vec(ww))."2 );
end
t vec meas = wc_sind_vec/Fs;
fit starttime = RIRlen*fit time perc/Fs;
fit start wind = find(t_vec meas>=fit starttime,1l); % window index of

start of fit

%-=:=- Decay time estimate -=:=-
DTime vec = NaN*ones (size (delta dB vec));
stind = 3;

while stind>0,

o)

% compute + lambda-adjust EDC approximation

stoptime = stind * delta dB max/60*t60 appval; % IMapprox computed
up to several times what linear decay predicts

timepts = [starttime sind:w_len:stoptime*Fs]/Fs;

stoptime = timepts (end) ;

[ampptsl, timepts,okflag] =
ISM RIRpow approx(aa,room,cc,timepts,rt type,rt val); % compute EDC
approximation

foo = en vec meas(fit start wind:end) ./
ampptsl (fit start wind:n win meas); % offset compensation (lambda)

ampptsl = ampptsl * mean (foo);

[

% reconstruct approx. full RIR for proper EDC estimation (logistic
noise approx.)
ampptsl rec = interpl (timepts,ampptsl, [RIRlen+l:stoptime*Fs]/Fs);
RIR rec = [RIR.' sqrt(ampptsl rec)];
RIR rec len = length(RIR rec);

% approx. full RIR EDC

edc_rec = zeros(l,RIR rec len);
for nn=1:RIR rec len,
edc_rec(nn) = sum(RIR rec(nn:end)."2); % Energy decay using
Schroeder's integration method
end
edc_rec = 10*1ogl0 (edc_rec/edc_rec(l)); % Decay curve in dB.
tvec rec = [0:RIR rec len-1]/Fs;

% Determine time of EDC reaching delta dB decay:
if edc_rec(end)>-delta dB max,
stind = stind + 1;

87

——
| —



Egappoyég alyopibumv unyovikng pédnong (machine learning) ot ympikn avdivon (spatial analysis) Tng KpovoTiKig
amokpiong (impulse response) ydPoOL aKPOUOTG

if okflag==0, error ('Problem computing decay time (parameter
'"'DELTA dB'' may be too large)'); end
if stind>=25, error('Problem computing decay time (parameter
'"'DELTA dB'' may be too large)'); end
continue
end

for nn=1:n_ddbv,
foo = find(edc_rec<=-delta dB vec(nn),1)

DTime vec(nn) = 1.15*tvec_rec(foo); % statistical offset
correction...
end
if max(DTime vec)>stoptime*2/3, % make sure IM approx was computed
for more than 3/2 the resulting decay time.
stind = stind + 1; % increase time if necessary
if okflag==0, error ('Problem computing decay time (parameter

'"'DELTA dB'' may be too large)'); end
if stind>=25, error('Problem computing decay time (parameter
'"'DELTA dB'' may be too large)'); end
continue
else
stind = 0; % stop the computations
end
end

T o apyeio ISM RIR bank.m

function [RIR cell] = ISM RIR bank(setupstruc,RIRFileName,varargin)
%ISM RIR bank Bank of RIRs using Lehmann & Johansson's image-source method

oo

oo

[RIR_CELL] = ISM RIR bank (SETUP_ STRUC,RIR_FILE NAME)
[RIR CELL] = ISM RIR bank( ... ,'argl',vall,'arg2',val2,...)

o° oo

oo

This function generates a bank of room impulse responses (RIRs) for a
particular user-defined room setup, using Lehmann and Johansson's
implementation of the image-source method (see: "Prediction of energy
decay in room impulse responses simulated with an image-source model"™, J.
Acoust. Soc. Am., vol. 124(1), pp. 269-277, July 2008). The input
SETUP_STRUC is a structure of enviromental parameters containing the
following fields:

o° 0° o° o° o° o oP°

o\°

Fs: sampling frequency (in Hz).
room: 1l-by-3 vector of enclosure dimensions (in m),
[x length y length z length].

o\°

oo

% mic pos: N-by-3 matrix, [x1 yl zl; x2 y2 z2; ...] positions of N
% microphones (in m) .
% src_traj: M-by-3 matrix, [x1 yl zl; x2 y2 z2; ...] positions of M

oo

source trajectory points (in m).
T20 or T60: scalar value (in s), desired reverberation time.
c: (optional) sound velocity (in m/s).
abs weights: (optional) 1-by-6 vector of absorption coefficients weights,
[w x1 w x2 w yl w y2 w_zl w_z2].

o 0P o° o° o°

o\°

If the field SETUP_STRUC.c is undefined, the function assumes a default
value of sound velocity of 343 m/s.

o\°

o\°
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% The field 'abs weight' corresponds to the relative weights of each of the
% six absorption coefficients resulting from the desired reverberation
time.

% For instance, defining 'abs weights' as [1 1 0.8 0.8 0.6 0.6] will result
% in the absorption coefficients (alpha) for the walls in the y-dimension

% being 20% smaller compared to the x-dimension walls, whereas the floor

% and ceiling will end up with absorption coefficients 40% smaller (e.g.,

% to simulate the effects of a concrete floor and ceiling). If this field

% is omitted, the parameter 'abs weight' will default to [1 1 1 1 1 17,

% which leads to uniform absorption coefficients for all room boundaries.

% The structure SETUP_ STRUC may contain one of the two fields 'T60' or

% 'T20'. This function will automatically determine which reverberation

% type is used and compute the desired room absorption coefficients

% accordingly. T20 is defined as the time required for the impulse response
% energy to decay from -5 to -25dB, whereas T60 corresponds to the time

% required by the impulse response energy to decay by 60dB. Setting the

% corresponding field value to 0 achieves anechoic impulse responses

% (direct path only).

% In addition, a number of other (optional) parameters can be set using a
% series of 'argument'--value pairs. The following parameters (arguments)
% can be used:

% 'Delta dB': scalar (in dB), parameter determining how much the
resulting

% impulse response is cropped: the impulse response is

% computed until the time index where its overall energy

% content has decreased by 'Delta dB' decibels, after which
% the computations stop. Not relevant if the reverberation
% time is set to 0 (anechoic case). Defaults to 50.

% 'SilentFlag': set to 1 to disable this function's on-screen messages.

% Defaults to 0.

% This function returns a 2-dimensional cell array RIR CELL containing the
% RIRs for each source trajectory point and each microphone, organised as
% follows: RIR CELL{mic_index,traj index}. The resulting filter length

% may differ slightly in each computed RIR.

% This function also saves the computation results on file. The argument
% RIR FILE NAME determines the name of the .mat file where the variable

% RIR CELL is to be saved. If a file already exists with the same name as
% the input argument, the user will be prompted to determine whether the
% file is to be overwritten or not. The given parameter RIR FILE NAME can
% be a full access path to the desired file. If no access path is given,
% the file is saved in the current working directory.

% Release date: November 2009
% Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

VarList = {'Delta dB' 50; % maximum attenuation in RIR
computation
'SilentFlag’ 0}; % set to 1 to disable on-screen

messages
eval (SetUserVars (VarList, varargin)); % set user-definable variables
if length (RIRFileName)<=4 || ~strcmpi (RIRFileName (end-3:end),'.mat'),

RIRFileName = [RIRFileName '.mat'];
end
if exist (RIRFileName, 'file')==2,
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foo = input (' [ISM RIR bank] The file name passed as input already
exists. Overwrite? [yes/nol: ','s');
if ~strcmpi (foo, 'yes');
fprintf (' [ISM RIR bank] Terminating execution now (no data was
saved) .\n"'") ;
return
end
end
Fs = setupstruc.Fs;
room = setupstruc.room;
micpos = setupstruc.mic_pos;
straj = setupstruc.src_traj;

if isfield(setupstruc, 'abs weights'),

weights = setupstruc.abs weights;
else
weights = ones(1,6);
end
if isfield(setupstruc,'c'),
cc = setupstruc.c;
else
cc = 343;
end
if isfield(setupstruc, 'T60"),
alpha =
ISM AbsCoeff ('t60',setupstruc.T60, room,weights, 'LehmannJohansson’', 'c',cc);
rttype = 'T60'; rtval = setupstruc.T60;
elseif isfield(setupstruc, 'T20"),
alpha =
ISM AbsCoeff ('t20',setupstruc.T20, room,weights, 'LehmannJohansson', 'c',cc);
rttype = 'T20'; rtval = setupstruc.T20;
else
error ('Missing T60 or T20 field.');
end

beta = sqrt(l-alpha);

nMics = size (micpos,1); % number of microphones
nSPts = size(straj,1); % number of source trajectory points
%$—-=:=- Compute RIR bank -=:=-

o)

RIR cell = cell(nMics,nSPts); % pre-allocate cell array
if ~SilentFlag, PrintLoopPCw (' [ISM RIR bank] Computing room impulse

responses. '); end;
for mm=1:nMics,
X rcv = micpos (mm, :);
for tt=1:nSPts, % compute ISM room impulse response for each

source-receiver combinations

if ~SilentFlag, PrintLoopPCw ((mm-1)*nSPts+tt,nMics*nSPts); end;

X src = straj(tt,:);

RIR cell{mm,tt} =
ISM RoomResp (Fs,beta, rttype,rtval,X src,X rcv,room, 'SilentFlag’',1,'c',cc,'D
elta dB',Delta dB);

end
end
%$—-=:=- Save results into .mat file -=:=-
save (RIRFileName, 'RIR cell');
if ~SilentFlag, fprintf (' [ISM RIR bank] RIR bank parameter ''RIR cell''
saved 1in file "'%$s''\n',RIRFileName); end;
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I'a to apysio ISM AudioData.m

function [AuData] = ISM AudioData (RIRFileName, SrcSignal,varargin)
%ISM AudioData Creates audio samples from a pre-computed RIR bank

o° oo

A A0 00 A A A O A A AN O A A A AN A A O A A A A A A A A AN A O A A A O° o A° o°

o o o oo

o o° o0 o° A d° o oP°

o o oP

[AUDIO_DATA] = ISM_AudiOData (RIR_FILE_NAME,SRC_SIGNAL)
[AUDIO DATA] ISM AudioDbata( ... ,'argl',vall,'arg2',val2,...)

This function generates samples of audio data based on a bank of
pre-computed room impulse responses (RIRs). The input variable

RIR FILE NAME determines the name of the .mat file where the bank of RIRs
is stored (the .mat file must contain a cell array parameter named

'RIR cell'). The parameter RIR FILE NAME can be a full access path to the
desired file. If no access path is given, the function looks for the
desired file in the current working directory. The second input parameter
SRC_SIGNAL corresponds to a one-dimensional vector of signal data emitted
by the acoustic source. The length of the source audio sample, together
with the source trajectory defined by the RIRs in RIR FILE NAME, define
the velocity of the speaker across the environment (constant velocity
motion) .

This function returns AUDIO DATA, the matrix of audio data (non-
normalised) generated at the receivers. This matrix is arranged so that
each column represents the signal received at the corresponding sensor.

The specific simulation parameters, such as room dimensions, microphone
positions, number of microphones, source trajectory, sampling frequency,
etc., are implicitely defined by the set of RIRs contained in

RIR FILE NAME. It is hence up to the user to check the integrity of the
resulting audio data by ensuring consistency of the considered source
signal and the environmental setup parameters that were used to compute
the impulse responses. For instance, the source signal defined in
SRC_SIGNAL is assumed to have the same sampling frequency as that defined
for the RIRs.

In addition, a number of other (optional) parameters can be set using a
series of 'argument'--value pairs. The following parameters (arguments)
can be used:

'AudioFileName': character string defining the name of the file used to
save the resulting audio data. Can be defined as a
'.mat' or '.wav' string to save the data in the
corresponding format. The data is saved as a single
matrix of multi-channel data, with each column
containing the data generated for the corresponding
microphone. If saving as a '.wav' file, the audio data
is first normalised in order to avoid clipping during
the wavwrite operation. 'AudioFileName' may contain a
full access path to the desired file; if no access
path is given, the resulting audio data is saved in
the current working directory. If the file name
already exists, the user will be prompted to overwrite
it. If this parameter is set to the empty matrix [],
no data will be saved. Defining 'AudioFileName' as a

.wav' file also requires the parameter 'Fs' to be
defined (see below). Defaults to [].
'Fs': scalar value of sampling frequency (in Hz). Only
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required if the audio data is saved as a .wav file.
Defaults to [].
'AddNoiseFlag': set this flag to 1 in order to add white Gaussian
noise to the resulting sensor data. Defaults to O.
'"NoiseSNR': scalar value (in dB), desired SNR level of the

Gaussian noise if 'AddNoiseFlag' is set to 1

otherwise). The SNR is computed as a time average
across all sensors. Defaults to 20.
'"TrajDir': direction of the source along the trajectory path. Can
be defined as one of the following strings (value):
* 'SE': the source follows the path defined by the
RIRs in RIR FILE NAME from Start to End
* 'ES': the source follows the path backwards, from
End to Start
* 'SES': the source follows the path from the Start
to End point, then returns back to the
Start position
* '"ESE': the source follows the path backwards from
the End to the Start point, then returns
back to the End position
* '"SMS': the source follows half the path from the
Start to Middle point, then returns back to
the Start position
* 'EME': the source follows half the path backwards
from the End to Middle point, then returns
back to the End position
Default is 'SE'.

'TruncateMicSig': due to the effects of reverberation, the resulting
sensor signals will typically end up slightly longer
than the source signal in SRC_SIGNAL. The parameter
'TruncateMicSig' can be set to 1 in order to truncate
the resulting audio data to the same length as the
input signal, thereby cropping out the reverberation
effects created by the room on the last few samples
of input signal. Defaults to 1.

'SilentFlag': set to 1 to disable this function's on-screen

Defaults to O.

This function creates the audio data by splitting the source data in
SRC_SIGNAL into as many (non-overlapping) frames as the number of source
trajectory points. For a given sensor, each frame of signal is then
convolved with the impulse response for the corresponding trajectory
location, and the convolution results are then combined additively to
generate the microphone signal. This process is repeated for each
trajectory point and each microphone (overlap-add method). This leads to
the implicit approximation that the source remains stationary during each
frame. Also note that some clicking noise might result in the audio data
if the RIRs differ too much from one trajectory point to the next (to a
given sensor). It is thus up to the user to ensure that trajectory points
are close enough to each other so as to minimise the resulting
discrepancies between consecutive RIRs at each microphone.

Release date: August 2008
Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

VarList = {'AudioFileName' [1: % file name to save audio data
S

'Fs' [1; $ sampling frequency if data to

be saved as .wav file
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'AddNoiseFlag’ 0; % Set to 0 if you don't want
additive noise

'NoiseSNR' 20; % Desired SNR in the resulting
signals (in dB)

'TrajDir' 'SE'; % direction of the source along
the trajectory

'TruncateMicSig' 1; % truncate mic signals to same
length as input signal

'SilentFlag’ 0}; % set to 1 for silent
behaviour.
eval (SetUserVars (VarList, varargin)); % set user-definable variables

if min(size (SrcSignal))~=1,

error ('Source signal must be one-dimensional (single channel).');
end
SrcSignal = SrcSignal (:); % make sure vector is column vector
if ~isempty (AudioFileName), % check save file name
if length (AudioFileName)<=4 || (~strcmpi (AudioFileName (end-
3:end),'.mat') && ~strcmpi (AudioFileName (end-3:end),'.wav')),
AudioFileName = [AudioFileName '.mat']; % 1f not specified,
save data as .mat file
end
if strcmpi (AudioFileName (end-3:end),'.wav') && isempty (Fs),
error ('Sampling frequency ''Fs'' must be defined to be able to save
audio data as .wav file.');
end
if exist (AudioFileName, 'file')==2,
foo = input(' [ISM AudioData] The audio file name already exists.
Overwrite? [yes/nol: ','s'");
if ~strcmpi (foo, 'yes');
fprintf (' Please call this function again with
a different file name argument.\n');
return
end
end
end
load (RIRFileName) ; % load RIR bank 'RIR cell' from file

o

nSamp = length (SrcSignal); total number of samples in the audio data
nMics = size(RIR cell,1); number of mics
nFrames = size (RIR cell,2); % number of trajectory points

I

o\°

if strcmpi(TrajDir, 'ES'),
RIR cell = RIR cell(:,end:-1:1);
elseif strcmpi (TrajDir, 'SMS'),
RIR cell = RIR_cell(:,[1:floor(nFrames/2) ceil (nFrames/2):-1:11);
elseif strcmpi (TrajDir, 'EME'),
RIR cell = RIR cell(:, [end:-1:ceil (nFrames/2+1)
floor (nFrames/2+1) :end]) ;
elseif strcmpi(TrajDir, 'SES'"),
RIR cell = RIR cell(:,[l:end-1 end:-1:1]);
nFrames = 2*nFrames-1;
elseif strcmpi (TrajDir, 'ESE'),
RIR cell = RIR cell(:,[end:-1:1 2:end]);
nFrames = 2*nFrames-1;
end
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nSampPerFrame = ceil (nSamp/nFrames) ; % total number of frames in the
source signal, last frame might be partially filled

o)

% pre-determine max number of samples in the resulting mic signals (RIR
lengths are variable!):
maxEndPt = 0;
for tt=l:nFrames,
if tt==nFrames,
FrameStopInd = nSamp;

else
FrameStopInd = tt*nSampPerFrame;
end
for mm=1:nMics,
RIRlen = length(RIR cell{mm,tt}); % length of current RIR can
be variable!
maxEndPt = max (maxEndPt,FrameStopInd+RIRlen-1); % endpoint of
last source audio sample in current frame convolved with RIR
end
end
%$-=:=- Compute audio data -=:=-
AuData = zeros (maxEndPt,nMics);
if ~SilentFlag, PrintLoopPCw (' [ISM AudioData] Computing audio data. ');
end;
for tt=l:nFrames,
FrameStartInd = (tt-1)*nSampPerFrame+l; % Start/end indices of the

current frame in the overall audio sample.
if tt==nFrames,
FrameStopInd = nSamp;
else
FrameStopInd = tt*nSampPerFrame;

end

FrameData = SrcSignal (FrameStartInd:FrameStopInd) ; % get one frame of
data

for mm=1:nMics, % Compute the received signal by convolving the

source signal with the RIR
if ~SilentFlag, PrintLoopPCw((tt-1)*nMics+mm,nFrames*nMics); end;
hh = RIR cell{mm,tt};
RIRlen = length (hh); % length of current RIR (can be variable!)
EndIndex = FrameStopInd+RIRlen-1; % max length for the current
convolution.
AuData (FrameStartInd:EndIndex,mm) = AuData (FrameStartInd:EndIndex,mm)
+ freq conv (hh,FrameData) ;
end
end

[

%$-=:=- Truncate signals -=:=-
if TruncateMicSig==1,
AuData = AuData (l:nSamp, :);

end
$—=:=— Additive random noise -=:=-
if AddNoiseFlag==1,

av_pow = mean( sum(AuData.”2,1)/size (AuData,l) ); % Average mic
power across all received signals.

sigma noise = sqrt( av_pow/ (10" (NoiseSNR/10)) ); % st. dev. of
white noise component to achieve desired SNR.

AuData = AuData + sigma noise*randn (size (AuData)) ; % Add some
random noise
end
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[}

$—=:=— Save results to file -=:=-

if ~isempty (AudioFileName),

if strcmpi (AudioFileName (end-3:end), '.mat’")
save (AudioFileName, 'AuData');

if ~SilentFlag, fprintf(' [ISM AudioData] Audio data ''AuData''
saved in file "'%$s''\n',AudioFileName); end;
else %$strcmpi (AudioFileName (end-3:end),'.wav')),
foo = max (max (abs (AuData)));
AuData = AuData*0.99/foo; % avoid clipping with wavwrite
wavwrite (AuData, Fs, AudioFileName) ;
if ~SilentFlag, fprintf(' [ISM AudioData] Audio data saved in file
''%s'"'"\n',AudioFileName); end;

end
end

' to apyegio ISM AbsCoeff.m

function [out,OKflag] = ISM AbsCoeff (rttype, rt,room,weight,method,varargin)

$ISM AbsCoeff Calculates absorption coefficients for a given reverberation

% [ALPHA,OKFLAG] = ISM AbsCoeff (RT TYPE,RT VAL,ROOM,ABS WEIGHT,METHOD)
% [ALPHA, OKFLAG] ISM AbsCoeff( ... ,'c',SOUND_ SPEED VAL)

% Returns the six absorption coefficients in the vector ALPHA for a given
% vector of room dimensions ROOM and a given value RT VAL of reverberation
% time, with RT TYPE corresponding to the desired measure of reverberation
% time, i.e., either 'T60' or 'T20'. Calling this function with RT_ VAL=0

% simply returns ALPHA=[1 1 1 1 1 1] (anechoic case), regardless of the

% settings of the other input parameters.

% The parameter ABS WEIGHTS is a 6 element vector of absorption

% coefficients weights which adjust the relative amplitude ratios between
% the six absorption coefficients in the resulting ALPHA vector. This

% allows the simulation of materials with different absorption levels on
% the room boundaries. Leave empty or set ABS WEIGHTS=ones (1,6) to obtain
% uniform absorption coefficients for all room boundaries.

% If the desired reverberation time could not be reached with the desired

% environmental setup (i.e., practically impossible reverberation time

% value given ROOM and ABS WEIGHTS), the function will issue a warning on

% screen accordingly. If the function is used with two output arguments,

% the on-screen warnings are disabled and the function sets the flag OKFLAG
% to 0 instead (OKFLAG is set to 1 if the computations are successful).

% The returned coefficients are calculated using one of the following
% methods, defined by the METHOD parameter:

Neubauer and Kostek

% * Lehmann and Johansson (METHOD="'LehmannJohansson')
% * Sabine (METHOD="'"Sabine")
% * Norris and Eyring (METHOD="'NorrisEyring')
% * Millington-Sette (METHOD="'MillingtonSette')
% * Fitzroy (METHOD='Fitzroy")
% * Arau (METHOD="'Arau')

* (

METHOD="'"NeubauerKostek"')
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o\°

o\°

In case the first computation method is selected (i.e., i1f METHOD is set
to 'LehmannJohansson'), this function also accepts an additional
(optional) argument 'c'

o©°

o©

c', which will set the value of the sound wave
propagation speed to SOUND SPEED VAL. If omitted, 'c' will default to 343
m/s. This parameter has no influence on the other six computation
methods.

o° o0 d° o°

o©

Lehmann & Johansson's method relies on a numerical estimation of the
energy decay in the considered environment, which leads to accurate RT
prediction results. For more detail, see: "Prediction of energy decay in
room impulse responses simulated with an image-source model", J. Acoust.
Soc. Am., vol. 124(1), pp. 269-277, July 2008. The definition of T20 used
with the 'LehmannJohansson' method corresponds to the time required by
the energy--time curve to decay from -5 to -25dB, whereas the definition
of T60 corresponds to the time required by the energy--time curve to
decay by 60dB from the time lag of the direct path in the transfer
function.

o0 0 o 0 o 00 d° A° o° oP°

o©

On the other hand, the last six calculation methods are based on various
established equations that attempt to predict the physical reverberation
time T60 resulting from given environmental factors. These methods are
known to provide relatively inaccurate results. If RT TYPE='T20', the
value of T20 for these methods then simply corresponds to T60/3 (linear
energy decay assumption). For more information, see: "Measurement of
Absorption Coefficients: Sabine and Random Incidence Absorption
Coefficients™ in the online room acoustics teaching material "AEOF3/AEOF4
Acoustics of Enclosed Spaces" by Y.W. Lam, The University of Salford,
1995, as well as the paper: "Prediction of the Reverberation Time in
Rectangular Rooms with Non-Uniformly Distributed Sound Absorption" by R.
Neubauer and B. Kostek, Archives of Acoustics, vol. 26(3), pp. 183-202,
2001.

00 00 o 0° o O° OO A° o° o° o°

o\°

o\°

Release date: November 2009
Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

o\°

VarList = {'c' 343}; % default sound propagation speed
eval (SetUserVars (VarList, varargin));

if ~strcmpi (rttype, 't60') && ~strcmpi (rttype, 't20"),

error ('Unrecognised ''RT TYPE'' parameter (must be either ''T60'' or
”TZO”).'),' -
end
if rt==0,
out = ones(size (weight));
OKflag = 1;
return
end

if isempty(weight),

weight = ones (1,6);
else

weight = weight./max (weight) ;
end

if strcmpi (method, 'sabine'),

if strcmpi (rttype, 't20'), rt = 3*rt; end % linear energy decay
assumption

out = fminbnd(@sabine, 0.0001, 0.9999, [], rt, room, weight);
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elseif strcmpi (method, 'norriseyring'),

if strcmpi(rttype, 't20'"), rt = 3*rt; end % linear energy decay
assumption

out = fminbnd(@norris eyring, 0.0001, 0.9999, [], rt, room, weight);
elseif strcmpi (method, 'millingtonsette'),

if strcmpi(rttype, 't20'"), rt = 3*rt; end % linear energy decay
assumption

out = fminbnd(@millington sette, 0.0001, 0.9999, [], rt, room, weight);
elseif strcmpi (method, 'fitzroy'),

if strcmpi (rttype, 't20'), rt = 3*rt; end % linear energy decay
assumption

out = fminbnd(@fitzroy, 0.0001, 0.9999, [], rt, room, weight);
elseif strcmpi (method, 'arau'),

if strcmpi (rttype, 't20'), rt = 3*rt; end % linear energy decay
assumption

out = fminbnd(@arau, 0.0001, 0.9999, [], rt, room, weight);
elseif strcmpi (method, 'neubauerkostek'),

if strcmpi (rttype, 't20'), rt = 3*rt; end % linear energy decay
assumption

out = fminbnd(@neubauer kostek, 0.0001, 0.9999, [], rt, room, weight);
elseif strcmpi (method, 'lehmannjohansson'),

if strcmpi (rttype, 't20"),

out = fminbnd(@lehmann johansson 20, 0.0001, 0.9999, [], rt, room,

weight, c);

else

out = fminbnd(@lehmann johansson 60, 0.0001, 0.9999, [], rt, room,

weight, c);

end
else

error ('Unrecognised ''METHOD'' parameter (see help for a list of
accepted methods).");

end

foo = optimset ('fminbnd"');
tolx = foo.TolX;
if out<.0001+3*tolx,
if nargout<2,
warning ([ 'Some absorption coefficients are close to the allowable
limits (alpha->0). The \n'
'resulting reverberation time might end up lower than
desired for the given environmental \n'
'setup. Try to relax some environmental constraints so
that the desired reverberation time \n'
'is physically achievable (e.g., by increasing the room
volume, increasing the maximum gap \n'
'between the absorption weights, or decreasing the desired
RT value) .%s'],"'");
end
OKflag = 0;
elseif out>.9999-3*tolx,
if nargout<2,
warning ([ 'Some absorption coefficients are close to the allowable
limits (alpha->1). The \n'
'resulting reverberation time might end up higher than
desired for the given environmental \n'
'setup. Try to relax some environmental constraints so
that the desired reverberation time \n'
'is physically achievable (e.g., by reducing the room
volume, reducing the maximum gap \n'
'between the absorption weights, or increasing the desired
RT value) .%s'],"'");
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end

OKflag = 0;
else

OKflag = 1;

end
out = weight*out;

y======== Sabine's formula
function err=sabine(a,rt,room,weight)

alpha = a*weight;

V = prod(room); % Room volume
Sx = room(2)*room(3); % Wall surface X
Sy = room(l)*room(3); % Wall surface Y

o\°

Sz room (1) *room (2) ; Wall surface 7

A = Sx*(alpha(l) + alpha(2)) + Sy*(alpha(3) + alpha(4)) + Sz*(alpha(5) +
alpha(6));

err = abs(rt - 0.161*V/A);

[

y======== Millington-Sette's formula
function err=millington_ sette(a,rt,room,weight)

alpha = a*weight;

V = prod(room); % Room volume

Sx = room(2)*room(3); % Wall surface X

Sy = room(l)*room(3); % Wall surface Y

Sz = room(1l)*room(2) ; % Wall surface Z

A = -(Sx*(log(l-alpha(l)) + log(l-alpha(2))) +
Sy* (log(l-alpha(3)) + log(l-alpha(4))) +
Sz* (log(l-alpha(5)) + log(l-alpha(6)))):

err = abs(rt - 0.161*V/A);

$======== Norris and Eyring's formula

function err=norris eyring(a,rt, room,weight)

alpha = a*weight;

V = prod(room);

Sx = room(2)*room(3) ;
Sy room (1) *room (3) ;
Sz room(l) *room(2) ; Wall surface 7

St = 2*Sx+2*Sy+2*Sz; Total wall surface

A = Sx* (alpha(l) + alpha(2)) + Sy*(alpha(3) + alpha(4)) + Sz*(alpha(5) +
alpha(6));

am = 1/St*A;

err = abs(rt + 0.161*V/(St*log(l-am)));

oo

Room volume
Wall surface X
Wall surface Y

Il
o o° oP

oo

[

y======== Fitzroy's approximation
function err=fitzroy(a,rt,room,weight)

alpha = a*weight;

V = prod(room); % Room volume

Sx = room(2)*room(3); $ Wall surface X
Sy = room(l)*room(3); % Wall surface Y
Sz = room(1l)*room(2) ; % Wall surface Z

oo

St = 2*Sx+2*Sy+2*Sz; Total wall surface
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tx = -2*Sx/log(l-mean (alpha(1:2)));
ty = -2*Sy/log(l-mean (alpha(3:4)));
tz = -2*Sz/log(l-mean(alpha(5:6)));
err = abs(rt - 0.161*V/(St"2)* (tx+ty+tz));

Arau's formula
function err=arau(a,rt, room,weight)

alpha = a*weight;

V = prod(room); % Room volume

Sx = room(2)*room(3); $ Wall surface X

Sy = room(1l) *room(3) ; % Wall surface Y

Sz = room(1l)*room(2) ; % Wall surface Z

St = 2*Sx+2*Sy+2*Sz; % Total wall surface

Tx = (0.161*V/ (-St*log(l-mean (alpha(1:2)))))"(2*Sx/St) ;
Ty = (0.161*V/ (-St*log(l-mean (alpha(3:4)))))"~(2*Sy/St);
Tz = (0.161*V/ (-St*log(l-mean(alpha(5:6)))))"(2*Sz/St);
err = abs(rt - (Tx*Ty*Tz));

Neubauer and Kostek's formula

function err=neubauer kostek(a,rt,room,weight)

\Y
Sx
Sy
Sz
St
r
rww
rcf
rb
aww

acf

prod (room) ; % Room volume
room(2) *room (3) ; $ Wall surface X
room (1) *room (3) ; % Wall surface Y
room (1) *room(2) ; % Wall surface 7Z
2*Sx+2*Sy+2*Sz; % Total wall surface

= 1 - a*weight;

mean(r(1:4));

mean(r(5:6));

mean (r) ;

log(1l/rb) + (r(1)*(r(l)-rww)*Sx"2 + r(2)*(r(2)-rww)*Sx"2 + .
r(3)*(r(3)-rww)*Sy"2 + r(4)*(r(4)-rww) *Sy*2) / ((rww* (2*Sx+2*Sy) ) "2);
log(1l/rb) + (r(5)*(r(5)-rcf)*Sz"2 + r(6)*(r(6)-

rcf) *Sz72) / ((rcf*2*Sz) "2);

err

*

= abs(rt - 0.32*V/(St"2) (room (3) * (room (1) +room(2)) /aww +

room(1l) *room (2) /acf)) ;

[
°

function err=lehmann_ johansson_ 60 (a, t60, room,weight, cc)

starttime = 1.4*mean (room)/cc; % start time tO
DPtime = mean (room) /cc; % direct path "estimate"
aa = a*weight;
numradpts = 60;
stoptime = 2*t60;
while 1, % loop to determine appropriate stop time
timepts = linspace (starttime, stoptime, numradpts) ; % time points where

to compute data

[ampptsl, timepts, okflag]

ISM RIRpow approx(aa,room,cc,timepts);
for ii=1:length (ampptsl),

ampptsl (ii) = sum(ampptsl (ii:end));
end
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ampptsl = 10*10gl10( ampptsl/ampptsl (1) );

if ampptsl (end)>=-60,
if okflag==0,
error ('Problem computing EDC approximation!');
end
numradpts = numradpts + 30; % more points are required for
accurate T60 estimate
stoptime = stoptime + t60;
continue
end

sind = find (ampptsl>=-60,1, "last");

deltaX = timepts (2)-timepts (1) ;

deltaY = ampptsl (sind+1)-ampptsl (sind) ;
deltaA = -60 - ampptsl (sind);

t2 = timepts(sind) + deltaA*deltaX/deltayY;

if t2>stoptime*2/3,
numradpts = numradpts + 30; % more points are required for
accurate T60 estimate
stoptime = stoptime + t60;
if okflag==0,

%error ('Problem computing EDC approximation!');
break % use current time point if numerical limit is reached
end
continue
else
break

end
end

t60est = t2-DPtime;
err = abs(t60 - tolest);

o)

y======== Lehmann & Johannson's EDC approximation method
function err=lehmann_ johansson 20 (a, t20, room,weight, cc)

o)

starttime = 1.4*mean (room)/cc; % start time tO0
aa = a*weight;

numradpts = 40;
stoptime = 5*t20;
while 1, % loop to determine appropriate stop time
timepts = linspace (starttime, stoptime, numradpts); % time points where
to compute data

[ampptsl, timepts,okflag] = ISM RIRpow approx(aa,room,cc,timepts);

for ii=1l:length (ampptsl),

ampptsl (ii) = sum(ampptsl (ii:end));
end
ampptsl = 10*1ogl0( ampptsl/ampptsl (1) );

if ampptsl (end)>=-25,
if okflag==0,
error ('Problem computing EDC approximation!');
end
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numradpts = numradpts + 30; % more points are required for
accurate T20 estimate
stoptime = stoptime + 3*t20;
continue
end

sind = find(ampptsl>=-5,1, 'last');

deltaX = timepts (2)-timepts(1l);

deltaY = ampptsl (sind+1)-ampptsl (sind) ;
deltaA = -5 - ampptsl(sind);

tl = timepts (sind) + deltaA*deltaX/deltaY;

sind = find(ampptsl>=-25,1, "last");

deltaY = ampptsl (sind+1)-ampptsl (sind) ;
deltaA = -25 - ampptsl (sind);

t2 = timepts(sind) + deltaA*deltaX/deltayY;

if t2>stoptime*2/3,
numradpts = numradpts + 30; % more points are required for
accurate T20 estimate
stoptime = stoptime + 3*t20;
if okflag==0,
%error ('Problem computing EDC approximation!');
break % use current time point if numerical limit is reached
end
continue
else
break
end
end

t20est = t2-t1;
err = abs(t20 - t20est);

I'a 1o apysgio freq conv.m

function rr = freq conv (xx,yy)
$freq _conv Performs convolution in frequency domain

o\°

o\°

C = freqg_conv (X,Y)

oo

oo

This function computes the convolution of X and Y in the frequency domain
and returns the result in C. Both X and Y must be one-dimensional (line
or column) vectors. The format of the output C (i.e., line or column
vector) matches that of the vector X.

o o0 oP

oo

This function allows significant savings in execution time compared to
the time-domain equivalent, i.e., Matlab's conv function.

o oo

o\°

Release date: August 2008
Author: Eric A. Lehmann, Perth, Australia (www.eric-lehmann.com)

oo

xxXs = size(xx); yys = size(yy);
if min(xxs)~=1 || min(yys)~=1,

error ('Both input vectors must be one-dimensional.');
end
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XX = xx(:); yy = yy(:);

rlen = length (xx)+length (yy)-1;
rlen p2 = 2”nextpow?2 (rlen);

XX = fft(xx,rlen p2);

YY = fft(yy,rlen p2);

rr = 1fft (XX.*YY, "'symmetric');

rr = rr(l:rlen); %$column vector

if xxs(1)==1, % output rr in same format as xx
rr = rr.';

end

I'a 1o apysgio fconv.m

function [y] = fconv(x, h)

$FCONV Fast Convolution

% [yl = FCONV(x, h) convolves x and h, and normalizes the output
% to +-1.
% x = input vector

oo

h

input vector

oo

oo

See also CONV

o\°

o\°

NOTES:

oo

oo

1) I have a short article explaining what a convolution is. It
is available at http://stevem.us/fconv.html.

oo

o\°

%Version 1.0
%Coded by: Stephen G. McGovern, 2003-2004.

o\°

Ly = length(x) + length(h) - 1;
Ly2 = pow2 (nextpow?2 (Ly));

o

Find smallest power of 2 that is > Ly

X = fft(x, Ly2);

o\°

Fast Fourier transform

H = fft(h, Ly2); % Fast Fourier transform

Y = X.*H; %

y = real (ifft(y, Ly2)); % Inverse fast Fourier transform
y = y(l:1:Ly); % Take just the first N elements
y =y / max(abs(y)): % Normalize the output




