AKUSTICKE LISTY

Ceské akustické spoleénosti

ro¢nik 10, ¢islo 1 brezen 2004

Obsah

Usneseni valné hromady Ceské akustické spole&nosti 3

8. duben 2004 — Den ,,uvédomeéni si“ hluku
Jan Sténicka 5

Pozvanka na prednasku Time-Frequency Analysis for Acoustic Signals 5

Pozvanka na WORKSHOP 2004
Libor Husnik 5

Poznatky z porovnavaciho méfeni v interferometru
Experiences from round-Robin test in‘an impedance tube
Milan Kriidk 6

Prosodic analysis and manipulation demonstrated on the Praat, software
Prozodické analyza a manipulace v programu Praat
Tomas Dubéda and Radek Skarnitzl 12






Akustické listy, 10(1), biezen 2004 © CsAS

Usneseni valné hromady Ceské akustické spole¢nosti, konané dne 29. ledna 2004 v pro-
storiach Fakulty elektrotechnické CVUT

Valné hromada CsAS bere na védomi:

1.

NSOk w

zpravu o ¢innosti Rady CsAS;

zpravy o ¢innosti jednotlivych odbornych skupin a o jejich dalsim zameéfent;

zpravu o pripravéach spolecnosti na poradani kongresu Inter-noise 2004 v Praze a vyzyva ¢leny k tcasti;
zpravu o vysledcich revize hospodafeni spole¢nosti;

vysledky voleb do Rady spolec¢nosti a vysledky voleb predsedti odbornych skupin;

zpravu o usnaenischopnosti valné hromady, 105/78;

informace o plnéni kol a poslani Akustickych listt.

Pro funkéni obdobi roku 2004 byli v jednotlivych odbornych skupinach zvoleni:

A.

B.

G.

Obecné a linearni akustika
pfedseda — BEDNARIK  zastupce — CERVENKA

Ultrazvuk a akustické emise
pfedseda — SLEGROVA zastupce — PLOCEK

Hluk a vibrace
predseda — STRNAD zastupce — HELLMUTH

Prostorova, stavebni a urbanisticka akustika
predseda — MELLER zdstupce — RYNDOVA

Zpracovani a zdznam akustickych signéla
predseda — SALAVA

Psychoakustika, fyziologickd akustika a akustika hudby a feci
pfedseda — STEPANEK

Elektroakustika

predseda — KESNER zdstupce — SYKORA

Valna hromada CsAS schvaluje:

1.
2.
3.

zpravu o ¢innosti Rady za kalendéfni rok 2003 a udéluje Radé absolutorium;
zpravu o hospodareni spolecnosti za kalendaini rok 2003;

vysi élenskych prispévki na rok 2004 ve shodné vysi jako v roce 2003 (350 K¢ pro ¢leny, 100 K¢ pro studenty a
dtchodce);

4. ¢innost Rady a odbornych skupin v roce 2003;

odménu hospodéii CsAS za rok 2003 ve vysi 4000 K¢&;

. ukonceni ¢innosti odborné skupiny H — Certifikace pracovnikt v akustice.

Valna hromada ukldda nové zvolené Radé spolecnosti na kalendaini rok 2004:

1.

pokradovat v odborné a organiza¢ni &innosti i v zahrani¢nich kontaktech, rozvijeni spoluprace s Ceskou matici
technickou, Slovenskou akustickou spole¢nosti, spole¢nosti Elektra, ¢eskou sekci AES, Ceskym centrem IEE a
ceskoslovenské sekce IEEE;

vénovat zvysSenou pozornost pripraveé konference Inter-noise 2004 v Praze;

. nadéle rozvijet vydavani Akustickych listi.

Valna hromada uklada nové zvolenym predsediim odbornych skupin na kalendaini rok 2004:

1.

publikovat informace o pfipravovanych aktivitach skupin v Akustickych listech a na webové strance s predstihem
tak, aby se zajemci mohli v€as na akce prihlasovat.

Valna hromada doporucuje Radé CsAS:

1.
2.

pravidelné se zabyvat ¢innosti a planem akci odbornych skupin;
pravidelné se zabyvat planem a zamérenim konanych akustickych konferenci.
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Vysledky voleb do Rady Ceské akustické spole¢nosti
Pocet vydanych platnych hlasovacich listkd: 79

Odevzdano platnych hlasovacich listki: 78
predseda: V. KunzL 78
mistopiedsedové: J. KOZAK 74

J. STEPANEK 76
sekretar: O. JIRICEK 77
hospodér: O. KUDEJOVA 78
revizni komise: D. VAPENIKOVA 78
T. HELLMUTH 76
J. NovAk 76

Navrh usneseni sestavila navrhova komise ve slozeni M. Meller a P. Urban.

Vazeni kolegové,
jak se muzete doc¢ist v usneseni valné hromady otisténém v tomto ¢isle Akustickych list®, i v letoSnim roce zustavaji
¢lenské prispévky nezménény. Pro vydélecné ¢inné ¢leny tedy ¢ini 350 K¢ a pro diichodce a studenty 100 Ké. Pokud
jste jesté nezaplatili, provedte prosim platbu pfevodem na ticet spole¢nosti. Majitel i¢tu je Ceska akusticka spole¢nost,
¢. 4. 17838061/0100 Komeréni banka, a.s., Praha 6. Variabilni symbol uvadéjte ve tvaru XXX03, kde XXX je Vase
osobni ¢islo, které naleznete nad svym jménem na obélce.

Zaroven bychom radi aktualizovali databéazi e-mailovych adres. Proto prosim poslete zpravu na e-mailovou adresu
jiricek@fel.cvut.cz, kterd bude mit pfedmét (subject) Databaze a bude obsahovat aktudlni telefonické ¢i faxové spojeni
eventualné dalsi informace o Vas, které se zménily.

Ondrej Jificek
sekretar spolecnosti
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8. duben 2004 — Den ,,uvédoméni si“ hluku

Hudebné ekologické sdruzeni p¥i Ceské hudebni spole¢nosti HUDEKOS vyhlasuje jako kazdy rok Den ,uvédoméni si“
hluku ve spolupraci s Americkou ligou neslysicich v New Yorku. K této vyzvé se pfipojilo Némecko, Polsko a Rakousko.
Tento den se muze kdokoliv z vefejnosti obratit na provozovatele hudebniho hluku, odvolat se na nase sdruzeni a
pozadat o vypnuti produkce.
Informace naleznete na webovych strankach http://www.musicecology.cz/.
Sekretariat: CHS, Radlicka 99, 15000 Praha 5

tel.: 251552 382

fax: 251552453

e-mail: music@musicecology.cz

Jan Sténicka

Katedra radioelektroniky Fakulty elektrotechnické CVUT
ve spolupraci s ¢eskou sekci
Audio Engineering Society
si Vas dovoluje pozvat na prednasku

Time-Frequency Analysis for Acoustic Signals,

kterou prednese dr. Laurent Simon z Université du Maine, Francie
(pfednéska bude proslovena v angli¢ting).

Akce se kona dne 2. dubna 2004 v 11.00 hodin, v mistnosti ¢islo 434 v prostorach CVUT-FEL.

Dr. Ing. Libor Husnik prof. Ing. Frantisek Vejrazka, CSc.
predseda Ceské sekce AES vedouci katedry radioelektroniky CVUT-FEL

Ceské vysoké uceni technické v Praze potada ve dnech 22. a% 26. bfezna 2004 odborny semindi WORKSHOP
2004, kde se formou posterti predstavi vysledky vyzkumné ¢innosti v Sirokém spektru technickych disciplin. Zajemci
z praxe mohou navazat kontakty pfimo s autory. Blizsi informace na http://workshop.cvut.cz

Za organizacni vybor
Libor Husnik
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Poznatky z porovnavaciho méreni v interferometru
Milan Krnak

Kafkova 20, 16000 Praha

During the realisation of a Czech round-Robin test concerning the determination of the sound absorption coefficient
in an impedance tube, additional measurements were made with small modifient test speciments. It was found
that the change in the material has, greater influence than the mounting. It was also confirmed that the mineral
wool has at the middle frequency range, a dip in the values of the sound absorbtion coefficient.

1. Uvod

Impulsem k uskutec¢néni déle uvedenych méreni bylo uspo-
rfadani mezilaboratorni porovnavaci zkousky akreditova-
nou zkusebnou akustiky ¢. 1007.5. Tento kruhovy pokus [1]
je, pokud je mné zndmo, prvni tykajici se méfeni v akus-
tickém interferometru metodou stojatych vln. Pro¢ k po-
rovnavani vysledki meéfeni nedoslo uz drive, kdyz druha
metoda méfeni Cinitele zvukové pohltivosti, a to v do-
zvukovych mistnostech, byla podrobena srovnavani vy-
sledkid snad od prvnich pokust pana Sabina a nejrozsah-
leji v Sestnacti laboratorich uz v roce 19597 Duvod tkvi
ziejmé v jednoduchém principu méfeni, pouzitém pivodné
v 19. stoleti panem Kundtem ke stanoveni rychlosti sifeni
zvuku. Proto také nenastaly technické spory z réiznych vy-
sledkti v laboratofich. K vypoctim cinitele pohltivosti a
impedance se totiz pouzivaji jen pomérné veli¢iny, kdyz se
kmitocet sinusového signalu a atmosférické podminky sta-
novi s vyhovujici pfesnosti. Chybné vysledky jsou snadno
poznatelné a vétsinou zptsobené pronikanim signalu nebo
hluku pozadi do mikrofonni sondy. Pfednosti je dale nut-
nost jen malého vzorku, nevyhodou jen kolmy dopad zvu-
kovych vln a obtize s navrhem vzorku kmitajicich desek.

2. Metodika a méfici zarizeni

Metodika méreni Cinitele zvukové pohltivosti o a slozek
akustické impedance z’ a 2z’ pro kolmy dopad zvukovych
vin se fidi ,,CSN ISO 10534-1 Akustika: Urcovani &initele
zvukové pohltivosti a akustické impedance v impedancénich
trubicich — Cést 1: Metoda poméru stojaté viny“, kterd
nahrazuje d¥ivejsi ¢eskoslovenskou normu 73 0501 [2].

Pouziva se pro stanoveni vyse uvedenych hodnot u ma-
teriali a akustickych obkladd pohlcujicich zvuk. Ziskané
hodnoty slouzi pfedevsim pro vyvoj a kontrolu vyrobki.
Nelze je pouzit pro navrhy akustickych tprav prostiedky
prostorové akustiky ke korekci doby dozvuku, anebo ke
snizeni hluku v uzavfenych prostorech. Tam lze pouzit
pouze Cinitel ag ziskany dozvukovou metodou.

Hlavni soucasti méficiho zarizeni je impedancni trubice,
ve které se vytvari stojaté zvukové pole. V pouzitém za-
Tfizeni je to svisla trubice ¢tvercového prifezu 75 X 75 mm
a délky rovné ¢asti 930 mm. Je zhotovena z vodovzdorné
preklizky tlusté 10 mm, opatfené hladkym néatérem a sle-
pené v rozich a pfilepené k prirubé drzaku vzorku epoxy-

dovou pryskyftici. Horni konec trubice pokracuje 190 mm
dlouhou, o 45° sklonénou ¢asti uvniti s poréznim klinem
a svisle orietovanym otvorem pro mikrofonni sondu. Na
konci sikmého tseku je pfiruba pro pripevnéni reproduk-
toru v uzaviené ozvuénici o objemu 3 dm?.

Mikrofonni sonda je trubicka z lehkého kovu o vnéj-
$im praméru 8 mm, pruzné napojena na tlakovou komirku
dynamického mikrofonu, umisténého ve zvukoizola¢nim
krytu. Sonda je zavéSena na tenkém ocelovém lanku s pro-
tizavazim na druhém konci.

Cela konstrukce mé montazni styky feSeny s ohledem na
snizeni nezadouciho prenosu budiciho signalu nebo hluku
pozadi do trubice nebo do sondy.

Vzorek tvofi souprava ritzné vysokych rameckt stej-
ného prufezu jako trubice, coz umoziuje vytvoreni modelu
akustického obkladu do nejvétsi tloustky 105 mm. Cely
vzorek veetné olovéného, 9 mm tlustého dna, pritlac¢uje po-
hybliva priruba pomoci ¢tyt ocelovych svornikt k prirubé
trubice.

Zdrojem signalu je pfesny RC generator Tesla BM 344.
Mikrofonni zesilova¢ je kopii prvniho zesilovace v analy-
zatoru B&K néasledovany tretinooktéavovym filtrem B&K,
milivoltmetrem Tesla BM 384 s osciloskopem Krizik T 565.

Protoze délka trubice neumoziiuje v celém kmitocto-
vém rozsahu 200 az 2000 Hz stanovit akusticky tlak ve
dvou uzlech, pouziva se vypocet rychlosti sifeni ¢y z na-
staveného kmito¢tu a teploty trubice podle rovnice (A.6)
normy. Korekce na atlum v trubici nebyva uplatiiovana.
Akustické vlastnosti prazdné trubice jsou podle tabulky 1
vyhovujici, kromé ¢initele zvukové pohltivosti a a poméru
stojatych viln s, u kmitoc¢tu 2000 Hz.

3. Vysledky méireni VIDETEXu, vyrobce
Vigona, Svitavy

3.1. Popis materalu a vzorka

Tato plst je vyrobena patrné z rozvlaknéného odpadu
hoflavych tkanin nebo niti pojeného do desek o tloustce
12mm. Na jeji lic a rub je bodové nalepena velmi ridka
netkand textilie o tlousfce asi 0,15mm a plosné hmot-
nosti 0,14kg.m™2. Tato textilie vytva¥i na mékkém po-
vrchu jemné plsti v jednom sméru soubézna, nepravidelna
yadolicka“ o hloubce az asi 1 mm. Akustické vlastnosti
diky Fidkosti a nizké plosné hmotnosti neovliviiuje.

Pfijato 18. inora 2004, akceptovano 3. bfezna 2004.
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F [Hz] | 200 250 315 400 500 630 800 1000 1250 1600 2000

o« [ |0,011 0013 0015 0017 0,019 0,01 0,013 0,006 0,006 0,017 0,060%

s [dB] | 51 49 48 47 50 52 50 55 55 47 36+
Lo [dB]| 69 63 72 72 70 74 69 70 69 66 65

Tabulka 1: Akustické vlastnosti prazdné trubice — naméfené hodnoty ¢initele zvukové pohltivosti a pro kolmy dopad
zvuku, poméru stojatych vin s a hluku pozadi Lg

Velic¢ina Hmotnost Plosna Objemova  Redlna slozka Teplota Tlak Rychlost
hmotnost hmotnost ak. impedance  vzduchu vzduchu Sifeni
g] kgm 2] [kgm ®] pro f = 2000Hz [°C] [hPa) [m.s~1]
Vzorek Bl 5,77 1,025 85,5 1,29 22,5 1012 345,5
B2 6,08 1,081 90,1 0,99 23,5 1012 345,5
B3 5,93 1,054 88,0 1,02 23,5 1012 345,5
Primeér 5,93 1,050 87,9
Tabulka 2: Material VIDETEX — tabulka fyzikalnich hodnot
f [Hz] 200 250 315 400 500 630 800 1000 1250 1600 2000
Vzorek: Bl 0,038 0,034 0,043 0,044 0,068 0,096 0,12 0,16 0,27 0,36 0,42
B2 0,060 0,048 0,056 0,060 0,074 0,087 0,14 0,18 0,25 0,35 0,39
B3 0,041 0,036 0,045 0,068 0,071 0,094 0,13 0,18 0,25 0,35 0,37
Pramér 0,043 0,039 0,048 0,054 0,071 0,091 0,13 0,17 0,25 0,35 0,39
api (oktévovy) 0,043 0,072 0,18 0,37*
astz (NRC) 0,150%*
ay,y (vVaZzeny) 0,150**
Poznamky: * chybi hodnota pro 2500 Hz ** podle norem maji byt uréeny z hodnot ag

Tabulka 3: Material VIDETEX — tabulka naméfenych hodnot ¢initele zvukové pohltivosti pro kolmy dopad zvuku

Zhotoveni vzorkt B1l, B2, B3, rozmért 75 x 75 mm
pevnosti vldken. Plst musela byt z obou stran nafiznuta
a nakonec ustfizena nizkami. Na jedné strané vzorku Bl
zustala u jedné hrany stérbina asi 1 mm 8irok4, ktera mu-
sela byt zaplnéna plastelinou. Kvili nizké ohybové tuhosti
plsti nebyly vzorky zcela rovinné. Vzorek byl zasunut do
ramecku drzdku vzorku o vySce 10 mm a vlozky o tloustce
1,3 mm, nepatrné a nepravidelné ponékud vy¢nival do tru-
bice.

3.2. Zhodnoceni

Naméfené hodnoty Cinitele zvukové pohltivosti vykazuji
u vSech vzorkid plynuly narist hodnot od velmi nizkych
hodnot kolem a = 0,05 az k hodnotam stfednim « = 0,4
na konci méfeného pasma. Maji maly rozptyl hodnot diky
velké homogenité plsti. Redlna slozka akustické impedance
se u vyssich kmitoc¢ta blizi optimalni hodnoté 1,6.

4. Vysledky méreni ORSTECH 90 — mine-
ralni plsti vyrobené v Saint-Gobain Or-
sil, s.r. 0., Castolovice

4.1. Popis materalu a vzorku

Méfeny materidl je minerdlni plst pojend z mineralnich
vlédken do desek rozmért 500 x 1000 mm, rtzné tloustky a
objemové hmotnosti. Licovy i rubovy povrch vykazuje pra-
videlné zvlnéni v jednom sméru v rozteci 6 mm a o hloubce
az 1 mm, ¢imz pfesahuje nomindlni tloustku 40 mm. Pied-
lozeny vzorek mél uddnu nominalni objemovou hmotnost
90 kg.m . Jednotlivé vzorky byly zhotoveny z 80mm
Sirokého pasku vyfiznutého z desky napric. Z nahodné
vybranych mist byly tenkou jemnou pilkou podle oce-
lovych prilozek vyfiznuty vzorky Al, A2, A3 o prifezu
75 x 75 mm. Zvazenim vzorkua byly ziskany fyzikalni hod-
noty uvedené v tabulce, které ukazuji na pomeérné velkou
nehomogenitu materidlu, kterou naznacuji ,toky“ vlaken
pozorovatelné na fezech vzorkd. Se zménou hmotnosti
zcela koresponduje zména realné slozky akustické impe-
dance, coz ukazuje na rizné mnozsvi vldken a nikoliv
nerozvlaknéné kulicky mineralni hmoty ve formé ,hnizd“.
P1i méfeni ag v dozvukové mistnosti a pti praktické apli-
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Velicina: Hmotnost Plosna Objemova  Redalna slozka Teplota Tlak Rychlost
hmotnost hmotnost ak. impedance  vzduchu vzduchu Sifeni
g] kgm™?] [kgm®] pro f = 2000 Hz [°C] [hPa] [m.s™1]
Vzorek Al 18,3 3,25 81,3 1,70 22,6 1018 345.6
A2 20,0 3,56 88,9 1,83 22,6 1018 345.6
A3 24,5 4,36 108,9 2,24 23,7 1018 346,2
Prameér 20,91 3,72 93,0
Tabulka 4: Material ORSTECH 90 — tabulka fyzikalnich hodnot
f [Hz] 200 250 315 400 500 630 800 1000 1250 1600 2000
Vzorek: Al 021 029 0,34 046 0,55 0,68 0,83 0,8 0,89 0,90 0,88
A2 0,24 031 039 049 055 040 0,84 0,84 0,86 0,86 0,85
A3 0,26 034 041 048 054 0,550 0,72 0,77 0,75 0,80 0,79
Pramér 0,24 0,31 0,38 048 0,55 0,553 080 082 08 0,8 0,84
api (oktévovy) 0,31 0,52 0,84 0,84*
asty (NRC) 0,60**
oy, (vVazeny) 0,55%*
Poznamky: * chybi hodnota pro 2500 Hz ** podle norem maji byt uréeny z hodnot ag

Tabulka 5: Material ORSTECH 90 — tabulka naméfenych hodnot ¢initele zvukové pohltivosti pro kolmy dopad zvuku

kaci se vSak tato nehomogenita neuplatni. Vzorky byly
lehce, bez pozorovatelné deformace a $térbin, postupné
vtlaceny do 40 mm vysokého ramecku drzaku vzorkt. Aby
vzorky nezasahovaly do trubice, byla mezi rdmecek a celo
trubice dana jesté 1,3 mm tlusta vlozka.

4.2. Zhodnoceni

Namétfené hodnoty ¢initele zvukové pohltivosti vykazuji
u vSech vzorkt plynuly pribéh kromé hodnot na kmitoc¢tu
630 Hz, kde je prumérna hodnota « vzorku Al a zejména
A2 niz8i oproti hodnoté u kmitoc¢tu 500 Hz, ackoliv by méla
byt mezi hodnotami pro 500 a 800 Hz. Podobné poklesy «
se projevily uz dfive u jinych vzorkt mineralni plsti a jsou
podle jednoho zahrani¢niho vyrobce zptisobeny kmitanim
skeletu. Odchylky mezi vzorky jsou zpisobeny spise jejich
nehomogenitou nez odliSnou montazi nebo chybou metody
méfeni.

5. Poznatky z hlavnich a dopliovacich mé-
feni

Po naméteni hodnot f, Unax, Unin, [1 @ zapsani byly ihned

vypocitany vysledné hodnoty an, astat, 2', 2”7, porov-

nany, a pak teprve zapsany i vysledné hodnoty k vylouceni

hrubych chyb z omylu.

5.1. K méreni VIDETEXu

Pro vizualni posouzeni jsou na pripojeném obrazku 1 vy-
neseny pribéhy o t¥i vzorkd Bl, B2, B3. Vyznamnéjsi
varia¢ni rozpéti 0,05 se objevuje jen u krajniho kmitoctu
2000 Hz méfeného pasma. K ovéreni vlivu montaze byla

1,0 ‘ ‘
o —-a- - B1

—e— B2
0844 ----x---- B3
0,6
0,4 L =g

_/’é;;'%
0,2 >
T

g:gg:&zg-’”'/

0,0 — . . . . .
0 250 500 1000 1500 2000
f[Hz]

Obrazek 1: Kmitoctové charakteristiky ¢initele zvukové
pohltivosti a pro VIDETEX

provedena se vzorkem Bl dalsi dvé méfeni, a to po no-
vém zasunuti vzorku do ramecku s respektovanim omezeni
Stérbiny na jedné strané plastelinou, a pak bez jakékoliv
zmény jen nové proméfeni. Mlzeme tedy porovnat vari-
acni rozpéti t¥1 rtznych vzorkl a jednoho vzorku trikrat
méfeného. V prvnim pfipadé nachazime nejmensi rozpéti
0,009 a primérné rozpéti ze vSech kmitoctti 0,0154, ve
druhém piipadé nejmensi rozpéti 0,001 a pramérné 0,0121,
tedy asi o 21 % mensi. Nejvétsi rozpéti je v obou piipadech
u krajniho kmitoc¢tu 2000 Hz.

Vidime, ze i u homogenniho materidlu maji drobné roz-
dily v materidlu vzorki vétsi vliv nez chyby montéze a
méfeni.
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5.2. K méreni ORSTECHu 90

Shodou néhod jsem vubec jako prvni méfil vzorek A2,
u kterého se projevil atypicky pokles a pfi vzristu kmi-
toctu z 500Hz na 800Hz, jak je vidét na grafu na
obrazku 2. Snazil jsem se tento dip dalSimi méfenimi az

1,0 ;
N ol
—eo— A2 » Yt ° Py
0,844 ----x---- A3 —F= ===
, k- ]---
/s X -
N
./
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Obréazek 2: Kmitoctové charakteristiky cinitele zvukové
pohltivosti @ pro ORSTECH 90

s odstupem jen 10 Hz zpfesnit a vysledek je vidét na po-
drobném grafu na obrazku 3. Dip se objevuje u vSech
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Obrézek 3: Podrobné charakteristiky cinitele zvukové po-
hltivosti « pro tfi rizné vzorky, ORSTECH 90

vzorkl, a to u vzorku Al je a« = 0,33 u 600Hz,
u vzorku A2 je to 0,27 u 650Hz a u A3 ¢ini dip 0,30
u 680 Hz. Dip se tedy posouva souhlasné se zvétsujici se
plosnou hmotnosti, a tedy se stoupajicim mnozstvim vla-
ken ve vzorku. K ziskédni dalSich poznatktl jsem udélal
jesté tii dal$i méfeni se vzorkem A2. Méfeni A2a bylo
po opétném, tedy druhém zasunuti vzorku do réamecku
drzdku vzorkti, méfeni A2b jen po povoleni a utaZeni
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Obrazek 4: Podrobné charakteristiky Cinitele zvukové po-
hltivosti a pro vzorek A2, ORSTECH 90

svornikl drzaku vzork a méfeni A2c po obraceni ra-
mecku se vzorkem, tedy po vymeéné licové a rubové plochy
(vysledek je vidét na podrobném grafu na obrazku 4).
Vsechna t¥i opakovana méfeni maji spole¢nou novou mon-
taz vzorku a stejny pokles velikosti dipu o« o 0,11. Na
kmitocet dipu vsak montaz vzorku vliv méa, pochopitelné
nejmensi pfi prostém povoleni a utazeni svornika. Pokud
si vzpominam, byl podobny, byt i méné vyrazny dip, zjis-
tén prfi predepsaném kontrolnim métfeni SILLANU SP100
(100 kg.m ™2 a 50 mm tloustky, tedy podobny materil jako
ORSTECH) od firmy Griinzweig a Hartmann, pouZity pfi
mezindrodnim srovnavacim méfeni v dozvukovych mist-
nostech v letech 1959 a 1960. Vysledky jsou uvedeny na
obrazku 5 a na obrazku 6. Vyrobce tuto anomadlii vy-
svétlil kmitanim skeletu vlaknitého materidlu. Déle jsem
nasel méfeni Isoflexu 50 a 100kg.m™> celkové tloustky
105mm z roku 1999, které vykazuje dip o velikosti 0,09
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Obrazek 5: Kmitoctové charakteristiky cinitele zvukové
pohltivosti Sillanu o tloustce 50 mm pro kolmy dopad (pfe-
vzato z [3])
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Obrazek 6: Kmitoctova charakteristika Cinitele zvukové
pohltivosti Sillanu o tloustce 50 mm (pfevzato z [3])

Zda lze toto chovani mineralni plsti vysveétlit kmitanim
skeletu, jak udaval tehdy vyrobce, si nejsem zcela jist.
Protoze mam z diivéjsi vyroby Orsilu kolekci vzorkt ¢tyt
objemovych hmotnosti a tfi tlousték, mozna zkusim dal-
§imi méfenimi tuto véc osvétlit.

Moznost prolozeni naméfenych bodovych hodnot o ply-
nulymi kfivkami svéd¢i o dobré zpusobilosti méficiho
zafizeni.
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Prosodic analysis and manipulation demonstrated
on the Praat software

Tomés Dubéda and Radek Skarnitzl

Institute of Phonetics, Charles University in Prague

Prispévek se zamysli nad motivaci a metodologii riznych typt zkoumani a ovliviiovani prozodie. V tivodu je
predstaven volné dostupny program Praat, jenz velmi dobfe uspokojuje naroky na komplexni fonetickou analyzu,
a otazky prozodické analyzy z hlediska technického postupu a volby jednotek.

Mezi zpusoby prozodické manipulace se fadi egalizace prozodickych hodnot (v oblasti zakladni frekvence jde
o monotonizaci). Dalsi dtilezitou manipulaci je delexikalizace, tedy zbaveni signalu segmentalnich charakteristik.
V pripadé editace prozodickych parametrit na materidlu prirozené feci se postupuje cestou resyntézy. Lze tak
napf. pfenaset (transplantovat) prozodické konfigurace z jedné véty na druhou. Konkrétni ptiklad transplantace
zékladni frekvence v programu Praat je predstaven v zavéru ¢lanku, véetné pouzitého skriptu.

1. Introduction

Under prosody we understand changes of those acoustic
parameters which are usually examined at a higher than
segmental level. Prosodic features include mainly intona-
tion (fundamental frequency, or fy), duration of speech
segments and their intensity, in a broader sense also spec-
tral appearance. To illustrate the contrast between the
segmental and suprasegmental (or prosodic) structure, we
may say, for instance, that the timbre of the vowel [i:] in
the word speaking, as well as the contrast between the
duration of this long vowel and that of short vowels, are
segmental problems, while the intonation pattern of the
word or the speaking rate of its production pertain to the
suprasegmental area.

Some acoustic theories and procedures are based on
the separation of the segmental and suprasegmental com-
ponents, as for example the source-filter theory (Fant,
1960) or linear predictive coding (LPC; see e. g. Ladefoged,
1996). In concatenative speech synthesis, the segmental
component is usually accounted for by choosing appropri-
ate units (e. g., diphones) and is then, in most cases, not
changed anymore. However, the units must remain “open”
to suprasegmental changes which are applied on the given
segmental base.

It is also useful to separate the two components in acous-
tic and perceptual analysis, or at least to restrict (neutral-
ize, equalize) one of them. If the subject of our experiment
is, for instance, the perception of voicing in the consonants
[p] and [b], the samples used should be more or less bal-
anced in terms of duration, intensity, and fundamental fre-
quency, so as to avoid the distortion of the results (unless
the correlation between the perception of voicing and these
prosodic parameters is what we want to examine). On the
other hand, when examining intonation contours it is often
beneficial to use comparable segmental base, especially in
terms of the alternation of voiced and voiceless segments.

A radical separation of the two components, such as
overall monotonization of a sentence (equalization of fun-
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damental frequency to a single value, while retaining
the segmental structure) or — the other way round — its
delexicalization (removing of the perceptible segmental
phonological structure, while retaining prosodic charac-
teristics), may on the one hand be informative, but on the
other hand misleading, since examining such an isolated
parameter is close to a mere artefact obtained from natu-
ral speech, and not to natural speech itself. However, this
approach is often the only way to perform an analysis.

In the following paragraphs, we will consider the possi-
bilities of prosodic analysis, editing, and modelling offered
by the freeware Praat program. The outlined problems,
which have been taken from phonetic practice, are accom-
panied by specific examples.

2. Praat

Praat, the whole name being “Praat — doing phonetics by
computer”, is a program developed by the Dutch phoneti-
cians Paul Boersma and David Weenink from the Institute
of Phonetic Sciences, University of Amsterdam. Praat —
the word “praat” means I speak (as well as you speak and
he/she speaks) in Dutch — is a freeware program download-
able from the site http://www.praat.org/, and it works
on all of the most important platforms (Windows, Linux,
and Macintosh). The program was introduced in 1992 and
it is continuously updated; a new version is available on
the Internet approximately every one or two weeks. At
the time of the preparation of this paper, the most recent
version released was Praat 4.1.14 (October 29, 2003).

In this section, we are going to introduce the basic char-
acteristics of Praat, and mention some phonetic analyses
that we can perform with this program. Spectrographic
analysis, which operates on the basis of Fourier transfor-
mation, offers the choice of various settings (e. g., window
length and shape, or time step). The methods for the
analysis of fundamental frequency include autocorrelation,
cross-correlation, and spectral compression. When track-
ing fo, it is possible to set the criteria for specifying the
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goodness of individual candidates. With other analytic
components, we can examine formants, intensity or voice
quality, we can filter and manipulate the speech signal.
There are two possibilities to synthesize speech: Praat
offers synthesis by means of formants, fo and intensity
contours, or articulatory synthesis.

It is very easy in Praat to label sound files in multiple
tiers — we may, for instance, label words in one tier, speech-
sounds in the second tier, and subsegmental phenomena in
the third (e.g., when examining plosives, it may be bene-
ficial to represent separately the hold phase, the plosion,
and the transition toward the following speechsound). It
is possible to use the phonetic symbols of the IPA for la-
belling.

It is possible to export data into a binary file, into the
*txt or *.xls formats. Similarly, graphical outputs may
be exported into the *.eps and *.wmf formats, as well as
directly into a graphics editor via clipboard.

An indisputable advantage of the Praat software is the
possibility to create one’s own scripts which facilitate and
speed up research. The scripting language is relatively
easy and intuitive (see Section 6 for an example), and it
is possible to insert commands by the so-called history
mechanism (i. e., to save a series of commands performed
by means of buttons and, subsequently, to paste it in the
script editor in the correct syntactic form). Moreover, a
tutorial is available, where the user may verify the syn-
tax of the given commands. When we do not find desired
help in the tutorial, there is a so-called Praat User List
(http://uk.groups.yahoo.com/group/praat-users/) where
users share their experience, and the author of the pro-
gram P. Boersma sometimes enters the discussions as well.

We believe that Praat is — thanks to the wide scope of
possibilities, to its freeware character, user-friendly envi-
ronment, and continuous development — a truly universal
program for phonetic analysis.

3. Prosodic analysis

As we mentioned in the introduction, the three main com-
ponents of prosody are intonation, intensity, and duration.
The intonation contour is given by changes of fundamen-
tal frequency (fp). Fundamental frequency is typically
measured in Hertz (Hz). The unit Hz is a physical, i.e.,
objective unit, which does not reflect the way our hear-
ing system perceives changes in pitch (for instance, we do
not hear the difference between 100 and 200 Hz on the one
hand, and between 1100 and 1200 Hz on the other as equal
pitch intervals).

That is why various psychoacoustic units have been
proposed which better reflect our perception (for a more
detailed overview see, for example, Neppert, 1999). The
unit mel was derived from experiments with frequency in-
tervals; the subjects were asked to determine when they
perceive the pitch of a probe tone to be double or half
that of a given signal tone. When the interval between two
sounds in mels is the same, the intervals are also perceived

as the same. The unit Bark was later derived from exper-
iments which examined the auditory bandwidth. Based
on experiments with masking, the concept of the so-
called critical bandwidth was developed, whose bandwidth
corresponds to 1 Bark. Both mels and Barks are nearly
logarithmical functions. Barks have several disadvantages,
though, the most important of which renders the unit in-
appropriate for the analysis of intonation: the resolution
of Barks is too rough, especially in the low frequencies un-
der 500Hz (which is the frequency domain of intonation).
That is why Barks are only used for formant analysis in
Praat. The drawbacks of Barks have been overcome by
the unit ERB (Equivalent Rectangular Bandwidth) which
was also derived from experiments with the bandwidth of
the auditory filter. Another unit, which stems from the
Western musical tradition, is semitones. It is a purely
logarithmical scale in which 12 semitones correspond to
one octave, and a one-octave increase corresponds to a
twofold increase in Hz. The semitone scale is sometimes
also called the harmonic scale, as opposed to the melodic
(or mel) scale. It turns out (Nolan, 2003) that semitones,
and only slightly less ERBs, are closest to perception when
analysing intonation. The units Bark and Hertz are from
the perceptual viewpoint least appropriate for intonation
analysis.

In the Praat program, the fy contour can be viewed in
the editor window, together with the waveform and spec-
trogram of a given sound (Pitch — Show pitch). It is also
possible in the editor window to select the desired units;
apart from Hertz, it is possible to view fy in mels, ERBs,
and semitones (menu Pitch — Pitch settings. .. in the ed-
itor window). In the same menu, we may extract the fo
contour into an independent object, which enables us to
perform various manipulations with it (Pitch — Extract
visible pitch contour). We can achieve the same result di-
rectly from the object window (Periodicity — To pitch. ..).

Intensity corresponds to what we may call the magni-
tude of sound. Intensity is a physical quantity, defined as
energy which arrives onto an area of 1m? within 1 sec-
ond, and is therefore given in W/m?2. However, it is not
convenient to operate in these units, which is why the log-
arithmical unit decibel (dB) was developed. The decibel
was originally conceived as a relative unit. When we use
it as an absolute unit, the generally acknowledged refer-
ence value of intensity is 10712 W/m?, which corresponds
to 0dB. When we use decibels in this absolute sense, we
talk about the so-called sound pressure level, and intensity
values are then given in dB SPL.

Since the decibel — as a physical unit — does not corre-
spond to the way we perceive the magnitude of sound, two
principal subjective units were devised. The first, loudness
level, whose unit is the phon (Ph), is only relevant for
specifying the subjective magnitude of pure (sinusoidal)
tones. A value of loudness level in phons specifies what
the intensity in dB SPL of a 1000 Hz tone must be to be
perceived as loud as a given signal tone. By applying this
procedure for the whole frequency scale, we will arrive at
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the so-called equal-loudness contours. Since loudness level
does not express how we perceive complex tones, another
quantity, called loudness, was introduced, and it concerns
the overall percept of sound magnitude. Its unit is called
the sone, and 1 sone corresponds to the loudness of a tone
whose intensity is 40dB SPL. It was found that we per-
ceive an increase in intensity by 10 dB as a twofold increase
in loudness. That means that with an exponential growth
of intensity, the subjectively perceived loudness grows lin-
early.

In Praat, the intensity contour may be viewed in the
editor window (Intensity — Show intensity). As with in-
tonation, the intensity contour can be exported into an
independent object from the editor window (Intensity —
Extract visible intensity contour) or from the object win-
dow (To Intensity...). When we convert this new object
into an intensity tier (Down to IntensityTier), we will be
able to edit the dynamic contour. At the level of intensity,
Praat operates only with decibels.

As far as the third main prosodic dimension, duration,
is concerned, the situation here is relatively easy. Duration
values in speech analysis are specified in milliseconds (ms).
In the most common analyses — in the spectrogram, as
well as in the waveform — duration corresponds to the
horizontal axis.

4. Equalization of prosodic parameters

Some types of phonetic research require the prosodic val-
ues to be adapted in a way to reduce or even completely
exclude prosodic variability in the given speech unit. This
procedure may be referred to as equalization or normal-
ization.

Monotonization is the application of this principle in
the domain of fundamental frequency: the result of the
processing should be a constant FO, corresponding to a
monotonous prosody. This manipulations gives us the pos-
sibility to exclude e. g. the intonational component of
stress — the prosodic residuum, corresponding solely to in-
tensity and duration excursions, can then be subject to
independent tests.

In the Praat software, the monotonization can be
achieved by applying a newly created PitchTier object
(New — Tiers — Create PitchTier) on the selected sound.
The PitchTier object, whose length should be equal to
that of the sound, contains two points having the same
frequency value; the first one must lie before the begin-
ning of the effective signal, the second one after its end.
The sound itself has to be prepared for manipulation by
the command ToManipulation The Manipulation object
is then combined with the PitchTier by selecting Replace
pitch tier.

The category of prosodic equalization also includes
temporal and dynamic normalization of speech products.
However, in contrast to the fundamental frequency, these
two processes cannot be understood as an application of
a single constant on the speechsounds in question, since
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each speechsound has its intrinsic duration and intensity.
Acoustic studies claim e. g. that the duration of vowels
increases with their openness (i, u < e, o < a), that un-
voiced sounds tend to be longer than the voiced ones, and
that fricatives mostly have longer duration than plosives
(Palkovd, 1994). As far as intrinsic intensity is concerned,
we can establish a rough descending scale as follows: open
vowels > closed vowels > sonorants > nasals > fricatives
> plosives. The intensity of a given segment may be rep-
resented by its maximum, or by the mean over the whole
speechsound — the selected value then determines further
manipulations. A survey of intrinsic intensity for English
is given e. g. in Lehiste (1970).

To obtain rhythmically neutral and linear-sounding
speech, in which all prosodic boundaries are blurred, we
have to adapt the duration and intensity with respect
to these intrinsic values. These can be obtained for each
speaker by extracting a reasonably large, labelled corpus.
In the Praat application, the values can be best applied
by means of a script which should transform the labelled
sound in accordance with the given table of values (further
on prosodic modifications in section 6).

5. Delexicalization

When investigating the perceptual impact of prosody, we
have several possibilities to reduce the segmental structure
of the utterance, i. e. to make its wording unintelligi-
ble. This allows us to “denude” the prosodic structure;
however, it is not true that all three parameters can ex-
ist independently of the segments: while the information
about fundamental frequency can be fully preserved, the
temporal and dynamic relations between sounds disappear
proportionally to the spectral impoverishment of the sig-
nal.

The highest degree of delexicalization is the simple ex-
traction of fy (Periodicity — To Pitch...), which can be
played back either in the form of pulses (Play — Play
pulses), or as a neutral-sounding pseudo-vowel (Play —
Hum).

If no such radical delexicalization is required, one can
use a low-pass filter. The selected threshold determines the
amount of spectral information to be removed. A gradual
lowering of this threshold will first neutralize the differ-
ences between fricatives; by contrast, the difference of
voicing as well the specific character of plosives will prob-
ably be resistant enough to this manipulation. In the case
of vowels, the setting of the threshold frequency should be
guided by the position of formants, especially by the per-
ceptually most significant second formant (F2). In Czech,
F2 mostly varies between 600-2800 Hz.

The third way of delexicalizing speech consists in replac-
ing individual segments by others. This method preserves
the naturalness of speech, but is not technically trivial. It
can be described as a “transplantation” of prosody from
real speech stretch upon a sequence of sound without
meaning, either pronounced by a real speaker or syn-
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thesized. Technical aspects of this procedure, which are
described in more detail in section 6, are no less crucial
than the choice of segmental support for non-sense speech.
In a study by F. Ramus and J. Mehler (1999), three degrees
of segmental substitutions are mentioned: the “saltanaj”
method roughly preserves the syllabic structure and sound
phonotactics (combinatory properties of speechsounds);
the substitution rules are the following: plosives — ¢, frica-
tives — s, liquids — [, nasal consonants — n, glides — j,
vowels — a. The “sasasa” method, preserving the contrast
between consonants and vowels, and so, roughly, the syl-
labic structure, only works with the sounds s and a. The
third degree of substitution, called “aaa”, consists in copy-
ing the prosody on an a vowel of appropriate duration; the
results is comparable to the extraction of fy followed by
its playback with the spectrum of a neutral vowel (see
above in this section). An example of fj transfer from one
word to another is showed in section 6. A print-out of
the script which performs this prosodic transformation is
quoted thereafter.

It has been said that fundamental frequency is, among
the three prosodic parameters, the one which has the
weakest link to segmental structure. Should the research
object be primarily duration or intensity, we have to per-
form an operation where the fj transfer is accompanied by
adequate durational and dynamic changes. In the case of
the “saltanaj” method, we could do with a rule according
to which every speechsound representative in the output
signal would inherit the duration of its counterpart in the
source signal; however, it is probable that the same value
would be perceived differently according to whether it be-
longs to a torak, an [ or an r etc. The intensity problem is
even more complicated, since a direct transfer of values is
excluded; one has to work with coeflicients expressing the
mean-related intensity of the speechsounds. These more
complex manipulations mostly require ad hoc scripts.

6. Prosodic modifications

Since the first half of the 20" century, different methods of
speech synthesis have been in use in phonetic research. Al-
though synthetic speech exhibits many unnatural features,
it is of high value for phoneticians because it offers the
possibility of precise modelling of a wide range of prosodic
configurations, which would not be obtainable from nat-
ural speech. So, to test e. g. the perception of stress, we
are able to synthesize stimuli in which a given prosodic
parameter will attain precisely defined values or patterns.
The perception response will then determine what the role
of the parameter in stress perception is.

Among pioneer studies in prosody perception, we should
especially mention the study of synthesized sentences with
different final intonation patterns (Hadding-Koch and
Studdert-Kennedy, 1964). The listeners’ response to the
stimuli, formulated in a binary way (do you hear a state-
ment or a question?) showed a non-linear and categorial
relationship between acoustic values and their perceptual
correlates.

Prosodic modelling can be performed both on synthetic
and natural speech. For the latter case, we can reserve the
term resynthesis. Full synthesis is more practical, since any
utterance can be synthesized in real time, while resynthe-
sis mostly exhibits a higher degree of naturalness. The
problem of monotonization by means of prosody transfer
on non-sense speech, as described in the preceding section,
can be thus generalized and termed prosodic transplanta-
tion. When choosing appropriate anchoring points (e. g.
sound or syllable), we can e. g. transform the phrase in
their garden into a question (in their garden?) using the
prosody of the sentence Will you help me?

To illustrate the points made above, we provide a spe-
cific example of fj transplantation from a real word upon a
naturally pronounced pseudo-word (see Section 5 — delex-
icalization by means of sound substitution) along with the
Praat script which leads to the result presented.

7. Conclusion

The present paper examines various ways of prosody ma-
nipulation, and how they can be performed in the free
Praat program. We argue that it is beneficial in certain
situations in phonetic research to separate the segmental
and suprasegmental components. We describe two extreme
ways of this separation — monotonization of a sentence
(equalization to a single fo value) and the opposite pro-
cess, delexicalization (stripping a sentence off its segmental
structure, while preserving the prosodic component only)
— and the so-called prosodic transplantation (for example,
taking the intonation of a question and applying it onto a
statement). We argue that Praat is a useful tool not only
for the analysis of suprasegmental area of speech, but for
phonetic analysis in general.
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Figure 1: An example of fy transfer from the word vyprdvéni “tale, narration” (upper part of the figure) on the
pseudo-word satlasjana (lower part of the figure). The sounds are of unequal length, and the time axis is normalized
on the diagram (see time indications in the lower right corner of the frames. According to the boundaries set during
labelling, each sound was divided into 10 equidistant points at which the f; values were measured. These values were
then transferred to 10 equidistant points anchored in the target sound in the same way
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snd_source = selected ("Sound", 1)

grd_source = selected ("TextGrid", 1)
snd_target = selected ("Sound", 2)
grd_target = selected ("TextGrid", 2)

select ’snd_source’
To Pitch (ac)... 0.01
Down to PitchTier
ptch_source = selected ("PitchTier", 1)
select ’grd_source’

75 15 no 0.03 0.45 0.01 0.35 0.14 600

n_lab = Get number of intervals... 1
select ’snd_target’
1_target = Get duration

Create PitchTier... ptch_target 0 ’1_target’
ptch_target = selected ("PitchTier", 1)
for i from 2 to n_lab-1
select ’grd_source’
startl = Get starting point... 1 i
endl = Get end point... 1 i
durl = endl - startl
speechsound in the source sound
select ’grd_target’
start2 = Get starting point... 1 i
end2 = Get end point... 1 i
dur2 = end2 - start2
speechsound in the target sound
for j from 1 to 10
timel = startl + (j*dur1/10)-dur1/20
select ’ptch_source’
value = Get value at time... ’timel’
time2 = start2 + (j*dur2/10)-dur2/20
select ’ptch_target’

Add point... ’time2’ ’value’
endfor
endfor
select ’snd_target’
To Manipulation... 0.01 75 600

manip = selected ("Manipulation", 1)
select ’manip’

plus ’ptch_target’

Replace pitch tier

sound
sound labelling
sound
sound labelling

/source
/source
/target
/target

/£0 computation

/establishing the number of speechsounds

/establishing the duration of the target sound
/creating an empty PitchTier (target PitchTier)

/step-by-step speechsound modifications

/establishing the duration of the ith

/establishing the duration of the ith

/transfer of 10 fO values for each speechsound

sound

/getting the fO in the source

/adding a point to the target PitchTier

/preparing the target sound for fO changes

/£0 substitution
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Pokyny pro pripravu prispévku do Akustickych lista

Prispévky do Akustickych listd je mozné napsat v jazyce Ceském, slovenském nebo anglickém. P¥ispévky se dodavaji
v elektronické podobé na e-mailovou adresu brothan@fel.cvut.cz nebo jiricek@fel.cvut.cz.
Pro vypracovani pfispévku je mozné pouzit textovy editor:

o BTEX (do né&j jsou piispévky prevadény)
¢ Word

e jiny — zvl4st text a obrazky. Doporucujeme piredem konzultovat s redakci.

Na webové strance

http://www.czakustika.cz/csas_cz.htm
jsou umistény ukéazky prispévka pro ITEX, resp. Word véetné pouzitého classu, resp. Sablony. Jejich pouziti velice

zjednodusi tvorbu vlastniho pfispévku.
redakce
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