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The Effect of Noise on the Normal and Pathological Voice
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Ki Hwan Hong - Yoon Soo Yang - Hyun Gi Kim

ABSTRACT

The purpose of this article is to present the acoustic parameters (VOT, jitter,
shimmer, vFO, vAm, NHR, SPI, VTI, DVB, DSH) for consonants (/pipi/, /p"p"/, /p’ip'i/)
and sustained vowels (/a/, /e/, /i/) produced by normal subjects and dysphonia patients at
two vocal effort(normal, high) by Lombard effect using 60dB white noise. Lombard effect
indicates the vocal effort increase in noisy situation.

At normal vocal effort, in general the acoustic parameter values of patients are greater
than normal. And in noisy situation, significant decrease of acoustic values is seen in
normal compared with in dysphonia patients.

The clinical implication of this finding, the vocal quality in dysphonia is not
compensated by vocal effort as well as normal subjects because of the inefficiency caused
by abnormal vocal fold appearance and function. And with this result, we can counsel
that the voice quality can not be improved as well as the patient expect.
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YA =g3s S dolel€ Digital Speech Rainbow(ver. 2.0, Ax=® ft)elA zt #4290
3L A ZHVOT, Voice Onset Time)& A3 ch

/B8 249 ANLEYNE 2AsPen, 10 3 Lad dx 5 3 aAe ax 10 W
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MDVP (Multi-Dimensional Voice Program, model 4305, KAYit) ol A, Hdiz2 24 &
A AR fo/, FES /e/, TEE N/ AR T e 22 99& BT
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3 &4 "é]?}(laryngeal cancer, bemgn neoplasms, chromc laryngltls fuctional dysphonia,
paralysis of a recurrent nerve)g& WA e2 Ao Wb 4 FAXE €4 73 4F,
A7 Y 5 o9 ﬂ°‘91 JEge vomz FYAFG FAHFALN dE Y JEAZ B
ZBoE FanA F£FE02 BE Aol uEA A

3.3 %
31 &g VOT

311 w28 Al
E 19M &8 AA Adsteld A &4 F&xe VOTe & gtol Zasts ZAg
oz

& Holn, &4 @29 VOT gtel A vld o a2A dehdou 43 9 &t
T ¥t
g v Age EEAAE, FAAY S AL AFeA Fasia S FheA
A FAALA F4S 2L 5 YT
¥ 1 Values of VOT and of std. dev (repeated /p"ep’/) (ms)
N P
noise (-) 31.31(4.79) 32:64(5.13)
noise (+) 28.24(4.48) 30.8(5.27)

() e $xe 2z weArt /3/8 108 AAPE o), 2 VOTe Bate] tig Bk

N: normal, P: patient
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BN /o 2ol e A pH/E AYAT SR A FAZeR vy &
oguata, /e &S AA g7 BAe] FE A4 A VOT7E A4QQEd 231 1
Aol & o]t

A% AN e wa FAAL fp/, HYAA, FRAE /A BAA FALE Bole
g, AL /p/7F 4975 msAA 4275 msZE, /p/E 6067 msolA 5383 msE AAsIHC
o, A48 /p'/7F 1505 msol A 11.25 msE 74tk

¥ 2. Value of VOT (/p/, 0%/, /p'/) (ms)
o/ /0"/ /p’/

N P P-value N P P-value N P P-value
noise (-)| 4975 | 622 NS 60.67 73 * 963 15.05 ok
noise (+)| 4275 | 56.83 * 5383 | 6033 NS 8.09 11.25 *
P-value * NS ' * NS NS *

* P<O.1, **: P<0.05, ***: P<0.001, NS: not significant

32 259 %3

321 F3 54

E 39 718F95F0) BT gS BY, &% AN BN A &2 2F Fort F
bR, 53 &9 A% /a/, fi/oA s Tr«l F717F Bl

A

3

X 3. Value of Fy (/a/, /e/, /) (Hz)
/a/ /e/ /i/
N P |P-value| N P |P-value] N P |P-value

noise (-) | 13202 |130.09| NS | 13622 [13927| NS | 13862 |13461| NS
noise (+) | 14135 |14942| NS | 14488 |15569| NS | 14861 |161.79| NS
P-value NS | #xx * - NS | #x

* P<O., **: P<O.05, ***: P<0.001, NS: not significant

£ 49) F544 Jolol B jittersh VFOR B, /a/%) VFOE A9 E ZE F9ol &
A7 O wgor, YA A& FFIA jittersh vFOF BF aste A9E non
W &

LJ[m_\Q,

= MARE 28 AA ool e Aol EAHLRE was fela,
AoE AYn gol 28 APl jitter, vFOS] ol Z/HHAL W&
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¥ 4. Values of frequency perturbation measurements

/a/ fe/ A/
N P |P-value] N P |P-valuef N P |P-value
‘ noise(-)| 082 | 154 | #x+ | 092 | 232 | NS | L14 | 208 | =
(1.02?%) noise(+)] 075 | 173 | NS | 073 | 236 | NS | 076 | 208 | NS
P-value; NS NS * NS * NS
) noise(-){ 2.26 2 * 102 | 353 ok 124 | 204 ook
(1;’5 O%) noise(+)] 093 | 725 | = | o091 | 221 | NS | 089 | 203 | NS
P-value| NS * NS | NS |- * NS

* P<O.1, *x: P<O.05, ##*: P<0.001, NS: not significant
Jitt (Jitter percent): Relative evaluation of the period-to-period(very short-term) variability of the
pitch within the analyzed voice sample.
vF0O (Fundamental frequency variation): Relative standard deviation of the period-to—period calculated
fundamental frequency. .
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¥ 58 BE, &4 329 /a/, /i/Y shimmer®}t vAm kol MDVPS ¥¥gh(itter, 1.04%
» VFO, 1.10%)& E5 23Fsta glon), AAUAL FF Lgol AAHA e /a/9) shimmer
ANME 2HEHt HAJET &4 #x9] shimmers} vAm ko] ETow, 3 /i/9 7
£ 2 f9de] 34 ZA Jerw

49 shimmerst vAm #e £Fo] AANE FFAA BF i e
™, /i/9 vAmE AT BE FoA TAHoZ Fositth v, &4 #x9 ASE £A4
Hog FoaAE AL FUtete AEgE Bk

X 5. Values of amplitude perturbation measurements

/a/ /e/ A

N P |P-value| N P |P-value; N P |P-value
. noise(-)| 42 | 565 ok 308 | 5.46 NS 33 | 462 ook
(BSS}IHHJ, %) noise(+)| 2.24 | 573 NS 266 | 572 NS 274 | 473 ok
P-value| *** | NS * NS *kx | NS
noise(-){ 7.79 | 1122 | *x*x 625 | 10 NS 6 8.83 *okok
(8‘.’2‘ém%) noise(+)| 537 | 10.89 | % 554 | 1035 **x 537 | 888 ok
P-value} #+x | NS *% NS |- NS NS

*: P<0.1, **: P<0.05, ***: P<0.001, NS: not significant
Shim (Shimmer percent): Relative evaluation of the period-to—period (very short-term) variability of
the peak-to-peak amplitude within the analyzed voice sample. Voice break
areas are excluded.
vAm (Peak-to-peak ‘amplitude variation): Relative standard deviation of the period-to-period
calculated peak-to-peak amplitude. It reflects the very
long-term amplitude variations within the analyzed
voice sample.



32 &43ek A9 A4F (2002 12)

323 o 999 AYA(FE) EA

E 6914 NHRE E‘a, 28 zam o xol BAgle]l BAAY B2 B
o, 288 AN @ AFVE /) NHRS) BEFATD FALE o w0, @
A Jal o, A B RoR, fAAE A EAHOZE Sroivlshel

VIIE &4 @At B8 A4 /o, AFI4E MDVPY 28 %J:(oom)g z3}aa 3l
28 AN RN AL /oA BaAL BARCZE felvlah, /e, Ao
= ds) Aok B9 A%, /el EAERew BAE fel 1;—3— 2ok,

SPIE #4719 /A BERUAIDE 2302 A, ALAOR FYAR B4
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F 6. Values of noise related measurements

/a/ /e/ /i/
N P |P-value] N P (P-value| N P [P-value

noise(-) | 0.15 | 0.15 NS 014 | 015 NS 014 | 014 NS

(IZI)_}FE;) noise(+) | 0.13 | 0.18 *k 0.14 | 0.16 ok 014 | 015 NS
P-value | ***x | = NS NS NS NS

noise(-) | 0.06 | 0.07 * 0.07 | 0.09 ok 007 | 0.09 NS

((;_/ 0’211) noise(+) | 0.05 | 0.07 o 007 | 011 *x 0.07 | 0.09 NS
P-value *k NS NS NS NS NS

noise(~) | 959 | 144 ok 419 | 717 | wxx 59 | 995 | ex

(1?3112) noise(+) | 6.09 | 1368 | #** | 344 | 6.13 | = 533 | 814 ok
P-value | #** | NS * * NS *

' *: P<0.1, **: P<0.05, ***: P<0.001, NS: not significant
NHR (Noise to harmonic ratio): Average ratio of the inharmonic spectral energy in the frequency
range 1500-4500 Hz to the harmonic spectral energy in the
frequency range 70-4500 Hz.
VTI (Voice turbulence index): Average ratio of the spectral inharmonic high-frequency energy in the
range 2800-5800 Hz to the spectral harmonic energy in the are
70-4500 Hz in areas of the signal where the influence of the
frequency and amplitude variations, voice breaks, and sub-harmonic
components are minimal.
SPI (Soft phonation index): Average ratio of the lower-frequency harmonic energy in the range
70-1600 Hz to the higher-frequency harmonic energy in the range
1600-4500 Hz.
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gol Qlom, Ay ATRIL €4 xut 34 A3, 3449 B4 Be 5AY
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shin glovt #49 /a/e Frbsia gt

¥ 7. Values of tremor related measurements

/a/ /e/ 4/

N P {P-value] N P |P-value| N P |P-value
noise(-) | 0.39 | 0.71 * 035 [ 076 | NS | 036 | 061 | #xx
(OZERE%) noise(+) | 033 | 063 | =+ | 031 | 057 | NS 0.35 048 | NS
P-value | NS NS NS *% NS *
noise(-) | 368 | 420 | NS | 315 | 51 | #*x | 259 | 464 *
( 42?;) noise() | 204 | 520 | =+ | 239 | 371 | == | 243 | 33 | NS
P-value | #* - | NS B A e NS *

*: P<O.1, »*x P<0.05, **x: P<0.001, NS: not significant
FTRI (FO ~tremor intensity index): Average ratio of the frequency magnitude of the most intensive
low-frequency modulating component (FO-tremor) to the total

frequency magnitude of the analyzed voice signal.
ATRI Amplitude tremor intesity index): Average ratio of the amplitude of the most intense
low-frequency amplitude modulating component (amplitude
tremor) to the total amplitude of the analyzed voice signal.
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R 8lA ALY 4§ DVBS DSHAA 384 £d9 -’?—217]- Bolu &&o] AAEH
© A E LEste AEo] Holu ok 2y, AR Afde & AA Al
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& Bl

3 8. Values of voice break and subharmonic measurements

al /e/ A/

N P |P-value] N P |P-value| N P |P-value

noise(-) | 0.28 0 NS 0 0 NS 0 0 NS

(3\7;3)) noise(+) | 0 |08 ] NS | 0 | 0 | NS | 0 | 0 | NS

P-value | NS NS ] NS NS ) NS | NS ]

noise(-) | 078 ] 094 | NS | 025 | 306 | NS 025 | 107 | NS

(SS;E) noise(+) 0 374 Hok 0 4.16 * 012 | 311 NS
P-value | NS *k | NS | NS NS | NS

*: P<Q.1, ** P<0.05, **+: P<0.001, NS: not significant
DVB (Degree of voice breaks): Ratio of the total length of -areas representing voice breaks to the
time of the complete voice sample.
DSH (Degree of sub-harmonics): Estimated relative evaluation of sub-harmonic to FO components in
the voice sample.
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glon =38 AARIRG B9 A9 £ FIA Ao BHJE EAL AE Mg
fo'/NA 2 et FEd A

mgol M= AAolel A%, et o] S5l Wt jitter, shimmer, vFO, vAm7h 24
sto] Ao AFo] o} Azt D WNEQ FAAe] L ks YL F2F F dRen,
F+ NHR, VTI, SPIYIAE ZH4dtes ZA3ko] Rolxm oy T4 2r
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HAE B7HT Qojel mass FLE 3} AAAVBY T&Yol ASHA Ram 9% &
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A
o] AaE Fmdte] $4 FAe] Y AEE HAT o, 23} xFHo] FPFAU] A
e aFdEvE $A #Fad 22 FFAA a3 veie F dE5S AT F e AL
2 *gﬂr%t}

dte 23 =3 HEH 549 BAE §948AE e E S ‘“—*1& A
*16}04 GFe FE s FFAFH vz Bgohs HelA orist dota Be, dew
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AAAH F4 Aol Y ADdH FHIAH JIES AAGE A7 st o
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