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Voice Quality of Dysarthric Speakers in Connected Speech
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ABSTRACT

This study investigated the perceptual and cepstral/spectral characteristics of phonation and their relationships in dysarthria
in connected speech. Twenty-two participants were divided into two groups; the eleven dysarthric speakers were paired with
matching age and gender healthy control participants. A perceptual evaluation was performed by three speech pathologists
using the GRBAS scale to measure the cepstrual/spectral characteristics of phonation between the two groups’ connected
speech. Correlations showed dysarthric speakers scored significantly worse (with a higher rating) with severities in G (overall
dysphonia grade), B (breathiness), and S (strain), while the smoothed prominence of the cepstral peak (CPPs) was
significantly lower. The CPPs were significantly correlated with the perceptual ratings, including G, B, and S. The utility of
CPPs is supported by its high relationship with perceptually rated dysphonia severity in dysarthric speakers. The receiver
operating characteristic (ROC) analysis showed that the threshold of 5.08 dB for the CPPs achieved a good classification for
dysarthria, with 63.6% sensitivity and the perfect specificity (100%). Those results indicate the CPPs reliably distinguished
between healthy controls and dysarthric speakers. However, the CPP frequency (CPP F0) and low-high spectral ratio (L/H

ratio) were not significantly different between the two groups.
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UAARE Bi-o] A9 shlAIAl Arkell AA FIF
A SAAA DlE T dEFE 71 HKent &
Weismer, 1999). PIRIZSAS AN WIsHA Yelus= $5

A 24 EAe 24, 59 22 4 B v opyet 2

1) F9uigta, slpseo@hanmailnet, Al 1 A}
2) S9Nt cjseongd9@gmail.com, 1 AI# =}

o] A7E 2013 F=ASE F Sevide TEEES
O 78 1Bekgk Aoltt.

A9zl 20139 119 49
FARAAL 20139 1Y€ 229

AANZAA: 20139 12€ 12¢

77} E 23l (Darley et al., 1969; Duffy, 1995).
=2 AR Ar|v B 7Y &2 % AATH aclH
siatol o3 Sgxd FH2EH Ze 4% 2919 A
gl 23k A3tiLaver, 1980; Coadou, 2006). "}H]E3}Al=
ANATA FA e} olol] gt shAte] RAHG BAPTHo=E <
g vAgdA] S4ES AMSstE SAdE X3 o WA
AT BE vlE §300A A4EE 7P gukEl v
2 EBEAolW  ZZFA(roughness), Z17A(strain), 712
(breathiness), °ll/d(hoarseness), Hld(nasality) &2 Th¥gt &
2 A2t tK(Darley et al., 1969). AA1Zt4 H7l= npb] gl
o BF ¥ 545 AHsh] A% /g gubEdd el
E7stal 3rte] AlEAdS el g o Fe] Uk ol
Beketr] s S3FeA A7 deAo] ArjHo o o
Jo]th(Kent et al., 2003; Wang

et al, 2009). FA%, o|9¥, d=¥, $&5d, Fo2FH
48, A5 HesNAEdE Y A ERe 9%

I ATellM 7 el AFEE ST Ty vl &

3

I
i)

b

|

)



34

Fe g 43 dyssd g 334 524
olu} o &go] uikal 23]y riHEA e FFEI B2 F
A =S ERIKKent et al, 1999; Kim, Kent, &
Weismer, 2010). PHHIZAN= TY EFFE oAM= 34
7t o] B2 HEdA FJoo| 2R wpudatele] S5k}
A EAd A& AL AT v DA ol dig 1
ol FFTd wet o] Fojx| 1 Qirh

oha|EEiake] S gk v sty dAFe
o] KA F3E& AdsiAte} vlmEAF o fo3
AR EPTh(Kent et al,, 1999). 252 ¢t
AAazel QojA TF-AAFA L e kgHe
T AE W, OE S AAeke] 11 deAg
oI%t 3pate] Ynky SANEEAL WMYsiA £ 4 ok
(Wang et al, 2009). =3t AAdstA o v]3)] Zgo A
A A A o] BIA A o] ArEA ZHE h(Revis et al,
1999). MDVP9} 22 o 7o) A%
g ol EAMol= HAshy Addsle B4l

o gtk AFWsE S| BT HpABPYe] sha e
o
=

td

ol
< HHGsle AFEsE ARHo R B & e 58
BEAu o] majo] @ FE o] 9htiKent et al., 2003).
d2dste] Aol e S3FsHA ddT = e 8
At SFHAFALATAE WG g 235 o &5 HE
(HNR)¥} #A~E® E2AX]Ql CPP(cepstral peak prominence)}
CPPs(smoothed CPP), 73t Y2~HEZH(LTAS; long-term
average spectrum)©|U DFT(discrete Fourier transformation) 2=
HEZO| 7]&7], A/AFI4 HE&(L/H ratio)g 43 o
ZAdtsle]l SgEE BANXE F HNRS 7|EFI4E,
fundamental frequency) 7} A &3] S ookt & 4 1o
B2 SAEAT A A Y B0 R Qs FoE
T317] ofelfEE ZFAo] Brlsitt. old nlsl F~EY &
ARl CPPe} CPPs= AA| 4155
z3H52 Ao it A oM, Fo] A S4< 2
A FoBRE SAZATE AT A B 22 &
5 7Fs3lth(Moers et al., 2012). AZ2E3}e] CPPs= A4+
w3 HEe % BHAR F8F ¥ ol ¥
AR AR S5 FHAY M =L 4
Hol= F@sH EAAQ Aoz RaHG
(Heman-Ackah, et al., 2002; Awan & Roy, 2005; ; Haderlein et
al., 2012; Lowell, et al., 2011; Moers et al, 2012). CPPs Fo=
CPPse| Fytrz AT golA 71 744 =
7Y dRbA o2 ZRFE9EE BT I-A

of

e 2

ol
-

Mol oo 2
2] :J_
T

)

2ot

1980). ©]¢} 2] CPPs For= TARE 2 &S I
2 EHS] UAEXE 2o U FARE AF
eN

71448 213Gy uAt v, 184

S4Us WA M4s (2013)

459

]_

ol

>

2 2 g

EESE

i

U7} ETHNordstrom, 2008; Gobl & Ni Chasaide, 2010;

Watts & Awan, 2011). tEE2]

APATE LTASE AHE

Yo WERL 2MEY 787, 29EY duRe] Aa Fuh

g ~HEZ YA HlE& (L/H ratio; ratio of low to

T =

high-frequency spectral energies) 5= A& o] F SAHA
So] Aoy FFAASAHARA] YA E At
A SAEAL AR, A5 AF 4 Wl S 83

W Eghts AAEstoA

H o oHojde st

(Hillenbrand & Houde, 1996; Mendoza et al., 1996; Leino, T,
2009). 13U 2FxATE #HAo] e Aoz FAHT
(Eadie & Baylor, 2006). 2~HE% Ao QlojA LTASE H
] FFT F3to] F34% bin 27| W2 bin 73t HFL
o2 AAHER s BMEA 2 slsAel ok u

Rl |
A Ho AR S5 W9shs DFT 29 Ef s 24
& Fart Stk # DFT 2 EfA LH ratiog 734

AN AT E SARNZ H|m

A7 BT LH

§—l_
ratio= ALFI A thek AFuk oA HlEE 29

EY 71279 A8 ARE

AE 4 AtkLowell et al,

2012). kA o] AR AHEH JUARE ZHS 9
3 @ Aol WMErTe BAY ) UH ratio® AHEHTH H2A
geblug Aol TE, Bl 2 AR AYsA Yo

2 A3 744, 224, A9 L/H ratio7} B2l Hls) fo

SHAl SFUTHWatts & Awan, 201

Arjuie 23 2o thekst %A 2 7] AA gdolod o

Ao AAm $o)% =po|s}

oA A EERe] Ao A2EYHN ~HEY
A AT FFadEdgoe] Bl &3ttt

g,

r?ﬂ I o

1. SR %

A THLowell, et al., 2012).

=
=
=
#rRes omwu A2

F

o2l
P

[o
>,
oM
b
ta)
o
g]
_“:L
3

d
o
2
lo
@
b

B dAFes velgsiate] AA4E SZAEALS GRBASY
Zy 22 BAAsate) viwdoh vpu|Esla 240 gk
A BAdo| AAsiAtet Aol HoleAE Yolry] ¢

3l CPPs%} DFT ~HE®H9] [/H

72 ZAA9) gotH ZAA
ABEAE AN 32

ratios VW 3Th T3 HXA
Zre] BAE Lotry] s



HZYSIA OHHI 23R S8 =4
2. A7 WY
2.1 A

3 oA mpHlEA S 7R Ao
Z Fgake 117( :F:7:4)a+ *g aJr AHE 1846}04 HA] L

(M:F=7:4)°] T}, D}Hl“‘i}ZH HoAH L 48274, ZA3A
o] HHFAH L 45.00M A F o 3 03_%’—% Mann-Whitney
UAARCE Hud A3 FAFLE §F9% Aozt gtk
<E 1> 7ol FAqg vihgsiar FRro.

F 1 vhe skl AR
Table 1. Dysarthric speakers' information
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3 4 vpalEsiAel Adsiak J@e] GRBASSF CPPs, CPP Fy, L/H ratio®] B+ ®&H3t
Table 4. Dysarthric and Normal Speaker Groups' Means and SDs for GRBAS, CPPs, CPP F;, and L/H ratio

w23k A48}
A nEwA A nEA g
G 1.73 786 45 522 <001*""
R 45 688 18 405 438
B 1.09 944 27 467 019"
A 36 505 0 0 151°
S 1.27 786 0 0 <001%""
CPPs 4.58 1.59 6.34 A7 004"
CPP F, 175 37 177 2 889
L/H ratio -.854 1.982 840 4.00 222
Indepedent-t test, **p<.01; *Mann-Whitney test, 7 fp<.001 fp<.05
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Figure 1. A smoothed cepstrum comparing normal and
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Table 5. Correlation of GRBAS, CPPs, CPP Fy, and L/H ratio in Dysarthric Speaker Group
Spearman's p B S CPPs CPP F, L/H ratio
G .709* .833%* - 853 %k 412 486
B 961 %** -.847** 817** 117
S -.897H** 765%* 118
CPPs -573 -264
CPP F, -.055

sk

p<.001, "p<.01, "p<.05
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Figure 6. The intergroup comparison for L/H ratio
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® 6. BAZA 29 LA S| ROC B4
Table 6. ROC analysis of auditory-perceptual and acoustic measures

g AUCY Std. Error Asymptotic P Cower B?jny:lnp totie %Zup;lr Bomnd
G .897 .065 .002 .000 1.000
B 789 .101 .022 592 .986
S .909 072 .001 .000 1.000
CPPs 913 .059 .001 .000 1.000
CPP F, 529 128 .818 278 .780
L/H ratio 127 118 .071 497 958

T ROC 241 o}l W2 (Area under the ROC curve)

100
80
:_g, 50 — CPPs
£ TR A lese T .- CPP Fo
§ 400 &= 4 . LH ratio

20
0

80
100-Specificity

a9 8. 5%H SHXE9 ROC AR
Figure 8. The ROC curve of acoustic measures
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