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Quantifying the Urgency Perception of Voice Alarm
Generated by Concatenative Synthesizer
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ABSTRACT

This paper presents an experimental study of the factors modulating the urgency perception of voice alarm generated by
concatenative synthesizers. Four experiments were conducted using psycho-physical approach in which 105 participants
made magnitude estimation for urgency perception of various voice alarm stimuli. Experiment 1 identified 6 acoustic and
non-acoustic factors modulating the perceived urgency of synthesized voice alarm. Experiment 2, 3 and 4 quantified the
relations between the objective changes in each of the quantifiable parameters and the subjective changes in urgency
perception. This research has implications for the design and implementation of synthesized voice alarm systems where

urgency mapping is required.

Keyword: Concatenative synthesis, VVoice alarm, Urgency perception, Magnitude estimation

RSl
ZAHA1 S (alarm, Wammg)
(whistle), Ale]#@l(siren) %9 73t 74
Justal vhekdh FEE I gtk 5
(1982) 0] AAIg H744 HHAE TRl
A ZholEEljl o] F=, A AHRAE ] TRl o] g
dish thekstar e AE0] s 23 Irh(Bliss
et al.,, 1995; Burt et al., 1995; Edworthy et al., 1991;
Haas and Edworthy, 1996).
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64 SEA - 0IZH REABISE
o] &gt T2 9] IS/ (synthesized voice) & FR H|gto] AgEAnt 1] o AAxee S IS

©
37 o3tz 3= ATEE HE| 23 gtk &
5ol 0|88 A, ARzl HrlHel 7]
S o]ga 4= 9low (Barber et al., 1992), e24S 1
AAZA BH 7eE AT ”ﬂr(Byblow and Corlett,
1989). wetd FASA ARE QoA X453 Fejz A
Rel Agr el ddo] 3k el rhssh, o -HfJ 735, A
sho] B g &t} o] g 72}7“ el TS AERE
AF7] 254Y 2L =2 BNt Fiue g3l 3

A
3Fsh (Simpson, and Marchionda—Frost, 1984), ZFA}

ofr oXx

o At B2 & Arks AT A9 ek Arets,
1983).
SR, olelek AR Aol s, A4 S8

2

o] 719 H7HE AEAI T vlaete] a8A4do] A=A
of digire ofg] 7HA] ke A Ad¥so] ExEHI 9l
ot FASA AR kel FE W) A e RS
(alerting tone) & A Al7]& A Hibs 9S4 AAE
o]&sh= Ao] ¥ afAoly, FAFA e SHARE W
AZItk= A A7) e WA (Simpson and Williams,
1980; Hakkinen and Williges, 1984; Byblow and Corlett,
1989), Jush tjxRIF FAE o] 83Hd RS2 o] §0]
SEHANY FRE SHA ¢ o]5olghE ATE Utk
(Wheale, 1983). 3424 2R} A H S (tone warning) 2
Bl Ao QoI E, Irving(1981) 2 9S4 HE7F 4
HEO] AeRT 2FAREY] SHAEE dE5A17IH, Gkt
SHE olFe] Witk F4% vk, Wheale (1983) 34
=4 AE7F e e 9 AEA S| 3] SEHEE
7 =gy, wEbA] 7]1E8] AESE AS ARgStojol sta
v AA 88 Qg A7 o Besita

974

S oX An
=R519 0},
e AR FAA QTFTE Aol TA o sk o
£ Park and Jang(1999) ol oJaf A& A== d+=d, 7+
sk 2 719F 2243844 7] (rule—based synthesizer) & ©]&
sto] A T AR 3 slebuly FellA &
7R wE7], Hit )% 10 = 18], 9%k (intonation)
I 2L $AY AAAEF SOl FHE AFEe S =
T 2 P} Park and Jang(1999) 2] Ao o] &%
}_

AN SRS QAgre) WY TS HAYSL St

rﬁ%i

-1 O H O il
$79) eloft oHIE Bl ofe] b4 THE A gslol 2
& WHEe] Ui WA OE, S AehlES HA 23
o 4 glow], Tt o}al wHEe] W 4 glrk: el

B8 TTS systemes2 91438 34
WAl o] gsta gled, 1 9]

SELEI

=g el

(concatenative synthesis)
= vlE E5, vojguo|AstE SHES

9 WEROEA, ofRY 7 A7

T 971 witelth

Park and Jang(1999) o] d7-oll4 A 2|5k nfe} o], gt
el AAREE ARE Qe FRH Sl ¥F
v S gl b Abgke] A3 Ea 7P, ol
o} WREZF 28 49 Bl i a4 fle =
A= Azo] sg7hs|ojor & Zloju}. K

P51 ARl dast sl flsir= °$§l 01—?49}
BEWAA GH 5, F U v AR
& G717 A s ofof gt & AtelM= 47H4 Ad= 5
3, 1) AA% 4 (concatenative synthesis)§21] 4
e o8] AESE AFel] flel e Eofof & o
7 eflEe dtetekal, 2) Aras FFHT F AFHA
FUHO R ISk fHE Alole] BAE L, ol

At wek.

hin

0

we L Hoto ox

AY 19 AL P SR 54 ole] A
Q%15 F WA AuATel FolAe wl, FAX 20
How A AFwd] ATL Fr 2SS Johls
Aotk

oAulazle] A2 vAgAEe] & 588 el
< AN, DAaEAt
7= magnitude estima—
Ma,

oh, l.g

A= AH =
tion 7ML o] &3t %ﬁg At} Magnitude estimation
712 Q1zto] ejRAl=e) tigt JIAHEE H&E et
N3, AdE Fu, = Ao dolvt FAZ 34 7hssict
744 3 HlEro 2 sk}, whaha] 2 A3lo] ok wAlEiA}
< oz ul&Fd(ratio judgment) 5l it HZ
A& AT
A8 o] A2z, Lodge (1981) £ Tanenhaus and Murphy
(1981) o] AR&-st Aadatsl AARES 4ol HEs
Aate] ARgsiolom, Ag Stal, AR F7FomM v
WS EE Sgith HAFR A A E AAEL o]
of At dole] HE TE|eF oM nlEdds =
35, ol %‘ J¥ Mo] dolsg} FA 255 Log WEto] 4
& AAsHE, 31949 71e7= 1ol 7k gk
7}X4°]C shtt, HP{W}X]E A At | AFEARR st
o TAE A dolE HrelES dh= A9elk 4219
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71871 1) Pk ke ZHAok s, 19 ke s 7
A7) ko S BA} vl 5ol ol A, A4
Vg AT olWEA S Ro% WHT 5 Ak # A
Gl HAN) 712717} 1 A4S fol5F 5% 2
gakglom, o)) FAT NABAEY A3 o] gato]
A7 AN S Balolch w3 FAH WNABAE) g
A A% sjelete] X A HAAES
St o] % 71 B9149] AS B A3 A A
I SRR FEE S B B BY, mAsh:

ol = o] 88kt

g 24

26739 v A} Aol Fefsiglon, ol &
AFT 7158 Fhst 2370] A= 2379 ¥4
= 1941004 40413 27.24), EFAA} 5.13)Abo] o)
A} 131, oAk 10" 0.2 o] FojHiTt

oA
w3

2.3 HEEH|

Ao o]&H PSS d43 FA (concatenative
synthesis) 1S ©]83}= Rhetorical rVoice TTS
(Text—To—Speech) A|~El3} AT&T Natural VoicesZ
o] g3t AYAJ3)3] © ™, 16kHz sampling rate, 16bit mono
WAV file format 02 A3tk AdE 95492 Praat
4.2.29% o]&3to] olg] 7 AYgEor WgHon,
Pentium 4 PCefl %2 Philips Seismic Edge PSC705
sound board®} Philips SBC3375 s|=E2 E3fo] ¥|ald
2t Al AA = AT

2.4 NEXT

Ad 1elde= 6714 220 &, @S9 S=01& UEr
= 1t 1 ](pltch) kA5 0] w2 7] (speech rate: 2

= ARAAAE ZRe] AR 3

7 59 2JES HUlEth 4 A5 £ ¥ 19
ol 4z} 27) o)t
3A)5-A)& Rhetorical rVoice TTS A|AEl®} AT&T

Natural Voices AlAEoA] AME-E= A4 EAAd7
oAxEA 7+ 1708 F 47019 Ex}(speaker) S A EiEto] A
skt $4-29) wWE7] (speech rate) = 29 WaEE
=74 (syllable) & HYeRlE Zo®, WAR] 54 5 WA
AZEo 2 Uie grolth, ARE5ES AT A"l A
Ade g2 w2719 85% W 115% Folth o] F

7 el g7 14l Praat 4.2.29°9] PSOLA (Pitch
Synchronous Overlap And Add) &12]&E o431 7+
WA A &] AT 278kt

5442 H A& autocorrelation method (Borsma,
1993) & ol&ste] 54, 91X M+ Praat
4.2.29% olg3ato] At =W Bt IJA|
o] A} xfo] g2 0.2Hzelth 80dBe €A%t =7 &5
(pure tone) 2] S350] Qx| QlojA], M3}7*]e (JND: Just
Noticeable Difference) #t<> 2Hz ©]’J(Roederer, 1973)
olglal & A Sl B Ao ARgE 42 w20l of
W E3hgo)7] wiie] derme ofHAR HX] E F
zto] 0.2Hzi= WSHEAS] wRtolekal 71y sk3ith,

E/\‘::

E 1 48 19 4ERn 47
A9 29l e
—
42 A (speaker) ©] A3E ou:]
I 120H7"
3 3] (pitch) 198H§

52 W=7
(speech rate)

Z R A2 FE)
(message format)

ZBRHAAA ] ]|

NS AR AA A
AJo] A1k 2H4

4.98 syllables/sec”
3.62 syllables/sec

Semantic context”
Keyword

Collision traffic one o'clock”
Cabin pressure dropping

0.1sec”
0.8sec

" H7V7)E QRS (reference stimuli)

2 AFPolA AL AREHA A=
H|37] 254 B34S o O#E, Simpson and Williams
(1980) 9 A S ARUARE F F
712 olu) e} wAlA] e (format) F 7HRE ©]&3FA Tt
TAHAES AR A FAF= zlol7) gl vl 25
A oM AEAAAE e R steg, A3 A «4”
PRl Al H R} 2= AFdEel gl F2s] ARl

S-S AR A7) (amplitude) + 5% H7k] 4
wE AoR ASFSHARE AT ATt
= RS A7) BRFY old =} AvEY] o

oLt A 3-8l Slo] 28T 4= Q= b7t
o]z ] wjizolth ol EE "ortyls &2 & A
ARLol Uit & A9, Aol $ast
%ﬂ&bfﬂ Wal7b 57] witel] &57), B SollA
AL AR FEAAEE 7AW I TR AR
o] 5ol #HAF AT Rood et al,, 1985; Kerr
Hayes, 1983).
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66 SEA - O|ZEH KEABIES
B 2. ZEHAIX] oln|2} HEf AL &3t 67 52T 44 209 o2
WA« S ArEer, T3 SR HHRE FEUFE St
b0 A alELedtt i B 2= o] AxlE]
Semantic Context Keyword ANOVA 245 AAskint & 3914 = + 8l 24,
QOIE T 00]3 - 0] 7o
)%  Collision Traffic One O'clock  Traffic One O'clock 670 2815 B e 9H(p<0.0001) Aol7t gliz Ao v
o OO|E 7}o] 90 2O 5290 O A O
= Cabin pressure Dropping Pressure Dropping Eber, 2915 k] 291F o) de] wEAEE Sl sl
2 ekt 3 7 40l F9H I 97} Bt
YrdEzks % 49 24 5% 37 3 WUV AR
2.5 HeER| of et AFEE 1012t IS wl ofol tigh A&l
#roltt.
7zt AR e= A3 d, AFEHE o]t A3
. . . = - =M A
magnitude estimationg ©]8-3F H7} # o) o538 2 H 3. ANOVA &4 2}
AEE, F5d AdYsiglen, o8 7IX 3 g A5E SSum of g SMean F Pr>F
T AEF ¢lty. AFAAEL Mashour and Hosman — - quares dnare
3 S 3
(1968) 9] AN TS B Aslo] WEE =4sto] Ahaspan oo 96942 1 96.942 26994 <0.0001
o =
}\E]ﬁé% MS Windows XP 7] ‘%‘J_'B] OSoﬂf\i MS Visual Basic it 9 26.353 1 26.353 73.38 <0.0001
6.00% L2efye RLEMAE ol 8sfe] AAHCH,  qyeom=sl 318454 1 318454 88675 <0.0001
7o) A= 99 £AME Pentium 4 PCOl B2 oyuupg gy 6961 1 6961 19.38 <0.0001
Philips Seismic Edge PSC705 sound board®} Philips AR AR 2]
- N - S AE) 1A o]n] 9.651 1 9.651 26.87 <0.0001
SBC3375 s=EE Fato] oA elA AAHAE 92
= L R = F bl
e AXEE BRs, vE e BIE BRS Aﬁ“*lﬂf]ﬂﬁ 84235 1  84.235 23456 <0.0001
(reference stimuli)< Bl@3le] 7|& AESKHT} o= 4
= o Yk “ARA=AE A Stil(line production:
LP), 4 #< 983 (numerical Estimation: NE) © 24 ¥ 4, TR Q2 HA U EXEH
el sol, ; 2
A T o
Eaa b))
AlBIEM O 2o o
2.6 AyEAM 2 e S 4 d 1.44(0.83)
o 1.07(0.57)
7y A=l dist 98] FrER= A2 ol 4] gk S 120Hz" 1.16(0.65)
GRS
o7 YJeh}A =, o] F 7 H71A]9) regression bias 190Hz 1.35(0.80)
2 gAs] 9% olEl rlosl 7ro . -
=TI s A o]—‘oﬂ Lo_dgeq981)7]' kst vy 2 P 4.98 syllables/sec 1.58(0.69)
A& o] &ato] T F, AR THATE AMESISITH 3.62 syllables/sec 0.93(0.62)
) Semantic context” 1.21(0.77)
ZARHAIA] HE|
IM = /LY. N Yo A) Keyword 1.30(0.69)
A2 ool Collision traffic one o'clock” 1.31(0.70)
Ealy] =A% %)) olu
M s S84 ’ Cabin pressure dropping 1.20(0.76)
=g Aol 7
L+ 5784 el dol HEE E = A 1w A] %) 0.1sec” 1.42(0.79)
>~ w1
N: A 7 g Aol AR 34 0.8sec 1.09(0.63)
o I Aske] #hak 37 A Al
b Al 5= AR W {9 AT Q7% RS (reference stimuli)
by TR B} Akl Bt A Al
¥ 4olA] B S Qi A3 o] TS AuSol we
A7NAA b T} by AN A A I HEAE HEE u) Al LT E, Fot A7 ETFS(EEOF =575

ol 859 B4 ) AFEA, b & 7} AR A0
2 FolR £AF A9 Lol BARE o AR 2914
of Aoln, hye o] Qolg A2 BARE o] 53
A4 Aol
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T, SEE e B2 AR Yehgor, ARuAIA] 3§
B = o] 71 2L keyword #EJ7} semantic context

Felnt £ BAAE dehleh 12T olAe4e) 4

&k BAey Augel ol we A B

7} A

vepgth, ARk o dxkgd Hihe oAgAo] 2
T AFE FIHAE olEo Wl A oE ASIATHED—
worthy et al., 1991), ¥ A= o]k= i A
A7t T2 2 A3A = 9, o459 HE 9

(FxEoDE Ll 243l =42 A127] (roug—

hness), = (timbre) ¥} 2 Q15| 2J& o]
At o7 Algdnh AR IAEAES =
7= EARA o] s AF L, FARRIAY
E_]__o]—ozh’/]— E ‘:.] ul—O 0/\114 61— %_% _'é_
H7}E|ofok ORRX]”} 2 Ay A= A3
Aot A =2 34 9% HUF #E

Zo] opd& HojFEt
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[0
-

ruln N =
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3t Stevens?] #
vens= FAFAES} FHAR AATE 71l

A7} drkm e, A29) 2ol Bolait

l
ot
o
ol
i S
T
o
(e}
ol
30,
i
roh 30 N Al o

s}
<= (power law) & o] &3}3it}. Ste—
A

# Ael}
o) =
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2,

= %A 919l 9549 mZ7] (speech
3 3olA= H X (pitch) of] thshed,
= Azl o

o] AellA p= FHAHJA AT FATHF T
TRl w2t oE s

7} Zlo] oy ATE T3l LA k. oE 5o 2l

7k 14 F2of tjairs A= 7ol 3.5¢1d], o] <l

7k | of thal M= wig- wisithe 2e vEeR

W, Ao F7]o thefE= 0.672HN Ao 37] W3l

w

E'_

9_]'_

(]

Fobx) ebths 212 melFa itk AF 2, 3, 49
P4 2959 A% ol 242} ol FEAAE 3
o] ) A A2E2] H2-7) =3+ magnitude esti—

mation 7|¥& AFsl] =A54iT).

H
£

Y 2, 3, 4 Aol 7 AR eujdde] ofFoixion,
AEAtel IR AL A7 19 AnAdd Y
;}‘ﬂr uAF S Fakste] Aol oleh IAAA AR
59} At

=

E 5 49 & mdgxt

as  AEFA dudd B3 W/ ABB,
o () (3) () FFEEA
31 27 18/9 27.9,3.9
32 28 18/10 28.3,4.3
31 27 18/9 27.9,3.9

3.2 AgdH| | XS

ARE AEAn)E A8 19 FUs 4387} o] 8E 3
om A3 1oA B7EHUE A ARHAA F 7S
< 9= Jjﬂe "kS- 'Cabin Pressure Dropping' ™A]
A8} 71 =2 e WIS w2 Traffic One O'clock’
HAAE 01*0“3]'@‘:]' o] MARAEE: 7P W Qs Bt
(15 Fe) o 71 =& I8%E B7t
4 (0]% Ma) & 7o 2 242t A (&

e T, %_%fﬁ A efles Al wet =24

¥ 20ﬂH = U“*g/é RS2 w27 (speech rate) &
A3 ato] o]o] wE T2 Q% B7F WskE JPslst
7] f&l, 4708 38 AR (AR 27 X F4 27D 9
w2 7] (speech rate) & 42 77 02 AN &
*36“*7]"1]/\1 AE A mETE 100%2H 8F3
< ul, 70~130% HHA 10%8 243kl oH, oldf
E]' F 28709 AFA=S WAk, FE3S 16kHz, 16bit
mono WAV 3} 207 A 4sto] A3l o] &af3itt
A 3elM= ST AR 858 Hat 9K



68 ZEa-

REABISE

€] 70~130% WHlelM 10%% x4t 770
AEASS A, Aol ol &sk3ith

AY 4o WS ARAAIA] Abo] AIZE S 7
Fror AFEsREelEt], 0.25 sec] 7~130% W91 0.18
~0.32secolA 10% HA o2 xAste] AdATS A3t
Sk

I, 287019

=~
=

w
w
>
ng
>

t

i/

Fr

A= A lﬂr U dAE ol gsilon, 7 A
& R 28719 A5S 4] £HR SuFa, 44 A
=] B7}7 ]—c(reference) AR vlaste] o= H& 9
Tl AR EAE AE 23, X #S et ER

ERRE= shic.

H7A(LP, NE) & Lodge (1981)
718} 3+t (geometric
Act. 3 magnitude estimation 7]
st S48 Au59 SHATFE Uehle 25
Al Z%o|th(Lodge, 1981). 7|5F Hvd A= (=
2 95 )9} AT G2 22} log Wgketo], A3

F 62 AF 2004 A BRF] wEr 9}, o] o
3 A E AES 717t log WEke $ 3|9 s A

E 6. g9 wE7|of tiet 37 EY

Cabin Pressure

HAIA] Traffic One O'clock Dropping
Kb crey Fe Ma Fe Ma
Exponent 1.099 1.26 1.232 1.162
Pr> | tl <.0001 0.0002 <.0001 <.0001
Adjusted R? 0.965 0.939 0.976 0.965

Fe: o% A e, Ma: YATHdeA

3721 7147) S Stevens?] WarolA x4 gholl
a5k, Wilks's Lambdag ©]&38}¢] 7]-&7] 7tol| z}o]
7F QEAE ATk Wl e AF ES T A
O 2 67F4 Aol diste] ASe Ay, 3% 749, 5% 79
Tl A F) o2 A3 7 e HAIA 3ol 7
=71 Ael7t = Alw YERGARE, o5 1%olA=
BE A9l oA, 71&7 7 tEva & 4 gl AR
ole]l we} Steven's®] WIS AT GE TS

™ 1.190]9 adjusted R?= 0.9790]t}.

7. 3194 7|27 x&to] AF: Wilk's Lamda(Pr>F)

Traffic One Cabin Pressure
O'clock Dropping

Ma Fe Ma

Fe 0.723 0.323 0.951
Traffic One (0.225) (0.028)"  (0.634)
O'clock M 0.988 0.854
a (0.816)  (0.399)

Cabin Pressure F _ B 0.935
Dropping € (0.581)

“Significant at 95% confidence interval
Fe: oJATSA, Ma: T4

ﬂl

% 82 A7 39 A#EA, FHo IAXE A A=
o} 718 Hoe A= GEEE 999 S 247 log
gste], AP FAEAS st Aot A5 FHOE
) 4700l thgk 71&7] o] AR A= FoaE 5% B
E A9olA 718717 thEvka & § 9l Ao® JERte
u, o]of mre} FFE Steven's?] #HES X4 g2 0.701,
adjusted R?=0.9880°|t}.

N oY

E 8. o HX[of ofgt 2=

HA1A] Traffic One O'clock Cabin Pressure

Dropping
434 Fe Ma Fe Ma
Exponent 0.725 0.749 0.672 0.656
Pr> [t] 0.0002 <.0001 0.0003 <.0001
Adjusted R 0.943 0.967 0927 0.955
Fe: 93354, Ma: 2354

o+
3| 7)4-41S Alst Aujolct 3|4 78712 xjo] AA A
= FogFE 5% B8 AolA 712717 vEda & ¢
= Aoz Yehgth B3e Steven'se] HE<FE A= 3
—0.127, adjusted R*=0. 909014
}\]b‘-] QJ,]_‘:__ i-sl— }oq 7]— 8_

o] #AE YeRE ® 107 7LE} & e

= ﬁ\?%o}O% 7t 2159 24 7Fsst Wl st A7

o= YEKith
F 1004 & 5 3= AAE, 4 21 F9E 57
A

Aol gt 371249 a

L



$25%, B2k, 2006. 5. 31 oY SES42 0188 232 A 2% JEs 69
H Q. MAIX] 2t AlZh ZHA0f CHet 3724 oz © ARHAAE T o] sl A=
) Cabin Pressure skl Eol7] wiitell, X st 34 g% B7Pt
WAL Traffic One O'clock . _ _ ,

Dropping Fol®2 @ FEIZ i A= Zol7t 9l ¢ Atk
A Fe Ma e Ma R Theret 91 A9, B8] WRE =2 F 9
Exponent -0.143 -0.135 -0.130 -0.101 = AlA A g0 EE H7FAT) v J3gE]o]ok
Pr> [t 0.0052 <0001  0.0008  0.0019 AR B s S o] L3 AR ARS A

Adjusted R® 0.780 0.960  0.897 0.965 of avlHor &gd = S Hog A4

Fe: 9199954, Ma: S84+

AN EE 25% ol svhd, A5 W)
=719 120.6% (1.25"1%) & 248 AY Bt
92 (oS A 719 137.5%(1.2507V) 7} w=

[
fg I
=&

E 10. Zt 20151 I8 ANHLE 79 A

szt A% % Adjusted R® AR 89 W3} 14

544 . . .

wh=7) 1.189 0.979 70~130%  73.2~152.8%

it 914 0.701 0.988 70~130%  77.8~120.2%

7B HAIA] Ale] .
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