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olgta et

—

Amplitude
o o o g
B o -] o

e
N

[
o

L
3000 3500 4000

1000 1500 2000 2500
Frequency

29 3.4 mel scale filterD

Mel spectrum®] & log scales %83t} Log scale2 <l7Fe] iy
e Fe% S-S Axote F= S
Log—-Mel spectrumeo]z}al gt}

X2 o 2 Log-Mel spectrum©] DCT(Discrete Cosine Transform)
21&3t} Log-Mel spectrum® E# z7hol&= A& A 7F ) o7
FHdAe dF 3 595 et al Rddsks o5 dAA A

rok

1) https://ratsgo.github.io/speechbook/docs/fe/micc
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ot webA Log-Mel spectrume DCT #AS Ea) &
AE slaste 4GS AR oEA FE4
EAolt}, dwtr oz MFCCs AlF 5 < 12719 21 o
YA 18E ek 13707F ARgEm, Aol whetk 1371 grell ik delta 4t
¥} delta-delta k= 3+ 39717F AF-&-H Tt

2 AT A= librosa A& o] &3kl 13299 MFCCsE FE3H3
th ol A F&¥ MFCCs #t2 3} H=2 ZgQle] Higtoz ALY
Atk 2 Ay, B AFoAE @et ¥ 13712 MFCCs 574 o] A=<

O:

—~
0%,
r

32

d2 Ao A7y 2 R A
=2, 44 e pHEer Add 5 vy vpH R Ak g4 F
FA A Aoy dAste] SN e WANME AR JFES
=]

N=(# of voice breaks), 1% F4+ HE(% of voice breaks)E A}
&5kt

Jitter, shimmer, HNR> o] ® g8t FokddlA &4 FhE st
A2 ALgHT) Jittere T3 WEER @9 A Ul Foo W
duir}p Al F7]5 Ho]l=7}E, shimmere % WEEZ 24 4
T7F depy AR AQ F1E HolertE Hubste A Fo|vh mpx|Hroe
2 HNRZ 25 o vl ¥E&2 &5 odyxe] u
YA 7} 2AA 8= vl &8 9| ko

TS #% F3H(voice break) 542 wiu| el 3pzrt w1
of stxte] Hl&| FAHS TS A Al oJEws Ae A Y
gt 2 AT Bl A 7Y RS # of voice breaks) b
2o FAS T3] H&(% of voice breaks)S AM&3F T},

H Ao A= praat 2T HE S voice report 7] 5S Abg3sto] &4
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2
o
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2009).
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En
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A A4 o] (total

= oy

w4 T (speaking rate), 25
duration),

L
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-
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Aoz

e
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=2 o] (speaking

rate),
ol (A Aol -

]

9], 2009). webA 2 Aol A
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=
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3.3.33 EF

upH|Eg o] sk v o shxtel vlugs wf Aoldt #E 5
B Bk oty Fo T5EE v wok fFoug Ego] ot
(Hernandez et al, 2020). & <dAFoH= ZHF EAHoZ %V,

deltas(deltaV, deltaC), Varcos(Varco-V, Varco-C), rPVIs(VrPV],
CrPVI), nPVIs(VnPVI, CnPVDE AF&-3}3ith.

%VeE 4 AA T Eegol AAstE Hes PJU]’ET}Ei deltanr
deltaC= HElgto = 7Z+7y 253 =
Varco-V&} Varco-C= 23} &ko o
Al ARbE gom, 747 degs B
grolth, #2412 42 31¥% Zo

AV =100 3
Varco—V = 7* Varco — C = AC + 100

mean (V') mean (C)
424} 3.1 Varco-V¢& Varco-C 4

S0 7 PVI(Pairwise Variability Index) A Aoty 4 rPVI=
raw PVIE 538l 892, VriPVIE 9958 25 Z ,
ALH 25 e 7HA S 4“]?}‘1}. nPVI+= normalized PVIE 523},
7} rPVIE A rskst gholth. rPVISE nPVIE AHE3stE 724& 4] 32
of AASHA

PVI = 3" Vdy — dia |/ (m —1)
&y — disn

dptdie11
2

2] 3.2 rPVIS} nPVI 4]

nPVI = 100 + 3 7

/ (m—1)

g5 5HAES BEF g5 54 F&F 2xZEJ o Correlatores 9|
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& monogram= A}-&3}%th
F44A247] AHE9] BEAAES AT R fE] dErtel o AbEE A
ARAAZIE ALEste] &S A5 A9 AJHAAAE

o o
ARR AW, T 2AAE 0582 v AnnAs v

i

pe] el shabeE 257 FE o] Fo)E7] wid SFE7)
Al drsE g 37 Wy 4 S XHE TY3 B oiv] 747}
Jdojys Age BAh EE ¥ AdX(vocal tract)E EWES 23
HAQ adew yedl Ao r o EutolE U= Flv s A
5 91AE U= F2¢8 FAE o]&dte] et Eg XWHE T
s wE mWeS] FA7 Fo%schwa)E ZEAOR wolt #AL
omgit}, wixjEto® W& thH] ZAe N EE ERLE IF b

“ o

3
2
By
e T
o
|

of

i
o)

“(Vowel Space
Area; VSA), Formant Centralized Ratio(FCR), Vowel Articulatory
Index(VAI), F2-Ratio 4l 7§¢] 54 & A&t &, A%, & 2
=% 2014; Kang, Yoon, Lee, & Seong, 2010). &, I~ J %9
AR BE S5A F2dA /5/7F /o/E X Ho] AFEEHAT. g0

o /9/E [/ FAAA DEFURSOEA BTl BAmgow

rot

158 5 glek

2g B WA £ 54 333 Pk FI-F2 2% Ay wy
g FEE FHOR, B A AW WHe Tk ALFe) F HA
HolA T fale] wAsE A& Fow Wl A Az Ay T
4% i b, 7 P9 WA AL Febe w4l

2E F7 A3 (VSA)
=1/2%|[(F2/°1/*F1/N/+F2/ N /«F1/°}/+F2/o}/«F1/ Q. /+F2/ 2 /«F1/°]/)
—(F1/°1/%F2/N/+F1/N/«F2/0}/+F1/°}/«F2/ 2. /+F1/Q./«F2/°] )]
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3.3.1 Recursive Feature Elimination(RFE)

Recusive Feature Elimination(RFE) $-4 5AH=S &
s T857 93 SHAES ot AlASH RbE skGe)
EAES  FPEeE  dug ottt FQ%E Support  Vector
Regression(SVR) & Zx]2~9 3|7 (Logistic Regression)& W&o =
EHEY. SVRe MEE WEH 21 (Support Vector Machine; SVM) 2]
AT E AFEStY] IS TS WA R SVMe| i A
34104 Argt, 2228 39 59 ®Wge F5 Wy 19 3
ol Alg-3lE= W ol

A
B RN 49 A T Y F oo xS 4%g nel 24249

g2 gtk By SFo AAR5F 54 A 2= A &
obAm, ke sholnmetHE A4F 54 ASe] 29 w3
BHT ¥ =ES RFECVE Agste] AHe) 54 7l4e A4
a9 36¢ 54 AFo mE 4SEs e gzl

RFECV for LogisticRegression

»

29 36 £4 %o wE A= (RFE)

3.3.2 Extra Trees Classifier(ETC)

Extra Trees Classifier(ETC)v= &4E wiled Rd= &7 24
ol Wy ¥y ~E(Random Forest; RF)e] W& o]
Ab A4 Eg](decision tree)E #Alsta, 7+ oA}
AWNE Agste] 285 Wge Edolt. o, RF
goz HolHE YU W ETCE FH W3S AAFeRE AFE3

el

dolHE TAE Y F Ao 2T A
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3.4 HAHY /7]
3.4.1 Support Vector Machine(SVM)

A EE e WA (Support Vector Machine; SVM)2 &5/ bAoA}
|5 = HAlYd Awdts Rds Aol WEA e AR HolH
AN A 25 AEH tHHernandez, 2020; Narendra & Alku; 2018;
Kadi, Boudraa, & Boudraa, 2013). SVM< J-&312} 3= F He9
A2l mA (margin)S Hhdsl= 24 7 Al(decision boundary)E %+
= Edojt}, mxle AA AANA 71 77k dHolHl AEZE WY
(support vector) (ko] A2 AtEHch vixlES Hdgele HA o AA
AAE Fe SVME o] A AAE VT oZ AEE dEgte] o
F kel et
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o 2 Lo

g AdEE drid & AdAE gvEy. O FEes 2R R
dlolgel s 22 dAEE7F F-ofsH, o weh REe fd 27
AAE FeEv fdd 2R AAE ZE olfe g dlolEdnt A%
1 2 dolgelE AstA ®aE 34 I (overfitting) LS W
A8k7] f1gtelvh W C7F UHF &S A 27 ZL=rh gojxin u
A v AEe B Ad Co #he e slo] Fasth
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gttt Gammas A9 e RFAAE AAsk=d, o)W gamma
FE5 A g9 ZFAEAE FopHt F, gamma’lt ALFE o
@ odlo]g MEZo] wAE dFHe ol i, HolEHE 7t At
wj o slzreletur hibe] Huk o 4 k. Gamma®| Ftel U
g BHge A 5= AT Bl E gammadl kol UF #Hdow
5

gt 4 gty WA gamma GA] TSt

[
e

N
S
il

o

373
B4 dolee] RIS g
A9

B =FoA= SVMY C¢ gammas 18] = 41X (grid search)& 9]
g3t AH3stdnt. HehvE e WeE 107904 10" Aol ). 7hE
719 &2l poly, rbf(radial basis function), sigmoidE =EF 293}
I, 7P F2 Aess B AT bfdv Ao R v
(multiclass classification) &8-S 93] one-versus-one &A1& A
t}. One-versus-one wAol& nx(n-1)/2 7¢] /715 Bt 7
el o2 Jay gk WA 25 v]aske Aol

ﬁd
ofo
ol
ol

17T A )

—

a9 3.7 AXE H“Ei 9 41 (SVM)

3.4.2 Multiple Layer Perceptron(MLP)
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= Zolth. Weight #& 9 d 3 (back-propagation) #A4S Ax ZAA
Hed, 3RS ey 2rh WA, weight 32 AP oz A3k Aol A
P
=R

= T
of Hfe TG ggow Ao gk

362 MLP9| A& v

MLP9 HAstel] FTag stolyugagnHe 2493 /e, SFE
(learning rate), % Elv}o] A (optimizer), &4 3} ¥ <=(activation function)
7F ok FEAtol A = g WS AA s, TFE+F SGD(Stochastic
Gradient Descent), Ibfgs(limited-memory quasi-Newton methods),
adam o] Uttt st T AALY w=mo AEste= vAdE T
2, FHEE logistic, tanh, relu 34 So] gt

2 =folA e MLPY 2493, 58, gHuolA, @43 I+& 1

= AAE ol &ste] HAststdnh. 1 A3, 2493 37, stEE 0.001.
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4. o] o] =

4.1 QoLT(Quality of Life Technology) I3 X

B Fo A ALE3 &4 Iy AE QoLT &A= 2011 5§ 2014
W7kA F5E v el el 244147 A 53 Aotk
(Choi et al., 2012). ©o] HF=22& APAC wo 3770, VOT #H7} o 974,
o] g H RS 2ANE 9% 5= £ 579 ©o] 11272 T
Hth APACT VOT #7182 7 13, A 2 S ZAE 93 5=
< 7} 23] WHESE

B =R A ARg3 dHolE Mol A= QoLT_2012&, vl &ofel 109
Gl Ql 70 o] S o2 Ao UTh QoLT_2012 dHl o] B H o]
E A" o= QoLT ¥~ W dvleolHuol~ 5 7Hd the] mpy]

S54¢ Egeta gv] dEon

}
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Ea

® 41 3 A=
=3 A8 H] 3
FAA = 2 7ho] @ s wed
HA7] m=el Sl ow de] B Aty
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ALE B F 3 FAe A 9l
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¥ 44 53 SAXA Hd
.. . # voice 9% voice
EIR=y jitter | shimmer | HNR
breaks breaks
H] 7 of 1.87 9.33 15.99 7.3 15.95
d = 1.84 8.48 16.61 9.92 23.93
Are-s55= | 200 9.45 16.32 10.37 29.34
ToE-T% | 255 10.86 14.71 13.75 41.06
<= 2.34 9.32 16.30 14.47 54.55
20 I |
10
R ||| ||| 11
jitter shimmer voice breaks # voice breaks %
-Hlx*OH m3ds mELES SSEEE mEL
441 3 AR HA
452. +& A
4521 943} &£
WE S8 549 BEE, 2e4E, B, AAUE o) FFE
A9 W wasdth ¥ 459 19 42% 34 49 W 2s &% =
4o Fagre A Aold. wlwge] sAr wgd sAur o
e UEE 2S5 ada g 7 Zdole} HAAdolE Ho| FHof F
TR/ ABSE WE S5k O mevks HY A7) Bt A3ty
CHEA Y] & W3, 2014; o] & AA A, 2012).
PP EF ANOVA B4 43, g $3% 9o ¥ 23 £5 5
A o= Frengk zol7E T, F(4, 630) = 126.89, p < 0.05.
Dunnet T3 AFS-AA A3, &5 25EHE, Dol AAdo] BF K
£ Q9 gk fou@ 2ol 7k ehgthp < 0.05).
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FO Wi, EEVA, AW, 25 BAFE FE FIE AL A48 3
ol A Felml @ Aolsk vhehA gtom], FO H%gte
A Aol g ol kst

BT _ - 25 75
A | BT | FAR ARG | AR | | o
Hl ol | 18527 | 50.83 | 187.28 | 92.09 | 369.82 | 139.68 | 27854

A% | 187.28 [47.28 | 187.34 | 91.35 | 42875 | 139.35 | 308.04
Ax
| 19001 |46.00| 187.68 | 8890 | 462.77 | 13829 | 32523
5o«
© 27 | 20110 | 57.61 | 191.32 | 87.00 | 529.93 | 139.16 | 360.62
=

T = 239.44 14766 | 23213 | 8223 | 495.72 | 157.18 | 363.92
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of = %9]11] 5k z}ol 7} ddt}, F(4, 630) = 133.72, p < 0.05. Dunnet T3
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A4 A3 deltaV, deltaC, Varco-C, rPVI-V, rPVI-C, nPVI-Col 4]
S FFolust Aoz yERtHp < 0.05).

¥ 47 2&-dF SAA HA

Ad %V deltaV deltaC
H] 7 of 79.93 317.45 49.26
AE 83.25 556.84 93.39
-5 % 84.54 71761 138.17
Toer-T% 86.55 953.10 180.45
=5 87.23 1858.60 333.76
Ae Varco | Varco rPVI rPVI nPVI | nPVI-
= -V -C -V -C -V C
H] 7 ol 79.01 43.19 288.97 54.25 74.28 46.20
A= 82.66 61.20 526.69 97.75 80.58 60.88
HAE-s55% | 8398 80.64 716.67 | 152.15 89.83 78.85
Tor-T% | 8747 92.53 971.39 | 192.46 95.16 88.55
== 102.35 | 102.35 | 117.42 | 1608.09 | 374.22 98.72
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o0 _EmEEEE - uEEEE =il | n T |

%V deltaV deltaC Varco Varco rPVI rPVI nPVI nPVI-C

nH[ZFHf mF: mFECFSE nESEEE mEL

a9 44 F5 SHA B

433 3¢ BFE 54

4331 F2RF=

SAARE 549 A4S4FE, ReAHE, S24FED B F3F
AR dvegth #7 A9 ¥ SAASE 540 AFE 48 2
Y 459 2o vhlgel Awe] SAARE 54 W uge) v
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dehder ole 2AL
AARAS weolth= Mg Afe AxsE= Ao
Whitehill & Ciocca, 2000; Clarke & Hoops, 1980). H&F, E& AbEo]
A4S AZHt AgAo g o o]y wEo meAILTI} xpS-A
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of
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.

FPYF FI ANOVA B4 23, Fol 3% W9 ¥ 2239%

B4 b= Folugt o7k U, F4, 630) = 8101.36, p

Dunnet T3 AH5744 A3, A4SAE, meAstn Sxqin
T

reu gk 2ol 7} UrE‘r‘;kEHp < 0.09).

i his A=REE | REAYE A48
H] <l 95.20 90.83 93.13
A= 65.99 70.21 73.13
AE-T55= 39.37 48.86 46.78
ToE-T% 26.58 39.78 35.40
TE 19.70 26.78 25.16

mH[F0 w3 mFL.-55F wESE-5- m3LE

I 45 2438 x 32 HA

4332 ST =
e I EA mg¥g7 wWAH(VSA; Vowel Space Area),

FCR(Formant Centralized Ratio), VAI(Vowel Articulatory Index),
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5= A4de 3l v EEd 5% As ol e Es A
st =49 §840] tha FolRrh MFCCs, &2 54, &8 54<
HlojzgpQlo 2 ARgstal, Ho]zgpild wE AL SHS FIHEES
WoRR JREE fAwth Age 54 HY LndF 4§ 4,
Recursive  Feature Elimination(RFE) 48 ¥, Extra Trees
Classifier(ETC) A& %2 FE5m, EHF7|=  Support Vector

Machine(SVM)¥} Multiple Layer Perceptron(MLP)7} A& ¥t} 2+ 5
719] Ae& A% (accuracy), 42 = (precision), A& & (recall), f1-7 <

= B7he 9.

51 44 Heoly T4

| HAE
H| 7 of 778 /56 7Y 3w /247
e 164 /12871 8™ /487Y
AE-F5% | 16%/12871 8™ /487Y
ZFLL-FL 10 /807K 59 /4074
=5 59 /4074 27 /1671

pL LN
7719 A HZX(accuracy), A E(precision), A& & (recall),
fl-"A-= J7ESo Ages E7719 A4 dss Hrtshs vt
HoAYE Qe f1-d95e A9 d HAIg=E dgdsy A= A



53 4% ZA¥
53.1 EA A" d3aZ FL A
mo A

— 1
s =
HA, e 54

S AHEEte] AS e TE 8= 5AS
F7He W SVM 771 &7 A= 60%0lA4 69.5%= i3 57t
H] & 15.83%, MLP #7 7]+ g =7}

P
Hl & 2897%E Rt} =
BER7] B% ¢ £& A%S Bt % 525 54 HAY dugs A8

Mol A9 Aas AT

¥ 52 5A A9 duddEF FE& A A9 279
534 EF7 | HEg= ALz Ade | f1-AF
MFCCs SVM 60 62 8] 60.09
+5d+& | MLP 57 47.88 57 59.96
MFCCs SVM 69.5 72.32 69.5 69.41
+2 A8
S A B e MLP 69 69.31 69 69.13
E 53 %& AFE 5 F7o }E AFE Ay St v &
E57 | AdE 7 v & (%)
SVM 15.83
MLP 28.97
5.3.2 RFE(Recursive Feature Elimination) 3§ %



S, i A9

) wE wg A%E 54E FA9S W O Be 45e nad

¥ 54 RFE 3£ % 249 23
AA | A ) : a1
EJA A 5 B4 277 | A¥8g= | AL  AEE 2
# # L

MFCC+ 13 13 | SVM 59 60.63 59 58.97
oA+
Yy +25 | +13 | MLP 59 55.96 535 53.6
MFCCs+ SVM 74 76.09 74 74.4
S A+ 13 13
&t +32 | +16 | MLP 715 72.15 715 | 71.74
WS- 3

¥ 55 RFE A3 Aod F7F v&

771 A 57+ B (%)
SVM 25.42
MLP 21.19
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:L"é 51 SVMS| we JF% 54 27} 4% £5 92 (RFE)

E1 ‘/]'O]‘7]' /\E]ﬁ tﬂi RFE o]-:ﬂ_‘—_qzoﬂ ‘;{
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voice breaks, % of voice breaks), &

nqo

S&E, ddo], dAZe]), &-Ee] 54 UNEF0 BH), &&-¢
54 47§(Varco-V, Varco-C, rPVI-V, nPVI-C)& X33l & 54 8
N7 Aaz ot ol umiu|dAo] Ao =25 xE H 7)o 3} 41:5—,
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¥ 57 ETC 38 & 44 23

AA | A3 1
EA A EA EA EFV (AE: ALE  AIAE P
# # U
gl;c+cs+ 13+ | 13+ | SVM 59 61.51 59 58.44
§_§ 25 11 MLP 61 60.96 61 60.7
MFCCs+ SVM 775 77.82 775 | 77.38
A+ 13+ | 13+
&t 32 9 MLP 77 77.54 77 76.76
e
¥ 58 ETC A8 Add F7F v &
X%l A A F71 ¥ & (%)
SVM 31.36
MLP 26.23
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Abstract

Automatic Severity Classification of Dysarthric

Speech based on Pronunciation Accuracy

Yeo, Eun Jung
Department of Linguistics

The Graduate School

Seoul National University

Dysarthria is a motor speech disorder that occurs when muscles
related to speech production are paralyzed or weakened. Dysarthria is
diagnosed of its severity levels by trained speech therapists, who use
perceptual evaluation on the purpose of providing appropriate
treatments to each patient. While the professional diagnosis is
important, perceptual evaluation not only takes a lot of time and
effort but can also be biased and subjective. The automatic severity
classification of dysarthric speech could compensate for these
shortcomings and aid the therapists.

Pronunciation accuracy, consisted of the percentage of correct
phonemes and the degree of vowel distortion, is one of the most
commonly used features in a clinical setting to classify the severity
levels of dysarthria. However, few previous studies have considered
pronunciation accuracy as a feature for automatic severity
classification. In this paper, we propose pronunciation accuracy to be
beneficial in automatically classifying the severity levels for dysarthric

speech.
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Experiments were designed to confirm the usefulness of these
features in contrast to the features used in previous studies: spectral
features(MFCCs), voice quality features, and prosody features. Two
feature selection methods—Recursive Feature Elimination(RFE) and
Extra Trees Classifier(ETC) were used to determine the optimal
feature set. Each optimal feature set was used as the input to two
classifiers—Support Vector Machine(SVM) and Multiple Layer
Perceptron(MLP). The classifiers were trained to determine the
severity levels of each utterance into five categories - healthy, mild,
mild-to-moderate, moderate-to—severe, severe. The performance of the
classifier was evaluated wusing accuracy, precision, recall, and
Fl-score metrics.

Results from the experiments Dbefore and after adding
pronunciation accuracy features were compared. For the SVM
classifier, the classification accuracy showed a relative increase of
15.83%, 25.42%, 23.39% before feature selection, after applying the
RFE algorithm, and applying the ETC algorithm, respectively. For the
MLP classifier, the relative increase accuracy of 2897%, 21.19%,
22.95% were seen. ETC algorithm-SVM classifier experiment showed
the best performance with 77.5% accuracy. The optimal feature set
included % of voice breaks, speech duration, Percentage of Correct
Consonants, Percentage of Correct Vowels, Percentage of Correct
Phonemes, Vowel Space Area(VSA), Vowel Articulatory Index(VAI),
Formant Centralized Ratio(FCR), and F2-ratio. Furthermore, the
selected feature sets from each experiment were compared. When the
pronunciation accuracy features were included, many voice quality
features and prosody features that were selected in the baseline
experiment were replaced by the pronunciation accuracy features. The

contribution weight of the features from the optimal feature set
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showed that all pronunciation accuracy features have higher
contribution weight compared to voice quality and prosody features.
The results suggest two ways. First, the pronunciation accuracy
features are helpful for the automatic severity classification of
dysarthria. While pronunciation accuracy features have been generally
used by speech pathologists, few studies related to automatic severity
classification have looked into their effect. This study proves that the
pronunciation accuracy features are useful for automatic severity
classification as for a clinical setting.
Second, the pronunciation accuracy features play a more important
role than voice quality features or prosody features. Features related
to articulation are proven to have the highest correlation with the
speech intelligibility score of dysarthric speech among several features
related to speech production. This study indicates that this fact holds

the same for automatic severity classification.
Keyword : dysarthria, automatic severty classification,

pronunciation accuracy, machine learning, feature selection
Student number : 2019-24939
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