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Automatic Detection of Hypernasality Grades Based on Discrete Wavelet Transformation and Cepstrum Analysis

ZHAO Li-bo LIU Qi FU Fang-ling HE Ling

(College of Electronics and Information Engineering, Sichuan University,Chengdu 610065, China)
Abstract This paper proposed an automatic hypernasality grades classification algorithm in cleft palate speech based on
discrete wavelet decomposition coefficients and cepstrum analysis. Currently.the widely used features to classify hyper-
nasality grades include MFCC, Teager energy.Shannon energy and so on. However, the classification accuracy is low,
and the computation amount is large. The speech data tested in this work include 1789 Mandarin syllables with the final
\a\,which are spoken by cleft palate patients with four grades of hypernasality. The wavelet decomposition coefficient-
cepstrum was extracted as the acoustic feature,and then KNN classifier was applied to identify four grades of hyperna-
sality. The classification performance was compared with five acoustic features: MFCC, LPCC, pitch period,formant and
short-time energy. Meanwhile, the performance of KNN was compared with SVM classifier. The experimental results
indicate that the recognition accuracy obtained by using wavelet decomposition coefficient cepstrum feature is higher
than that obtained by using five classical acoustics features. The classification accuracy is higher when using KNN than
SVM classifier. Recognition accuracy obtained by using wavelet decomposition coefficient cepstrum feature combined
with KNN is 91. 67 % ,and 87. 60% combined with SVM. Recognition accuracy using classical acoustics features com-
bined with KNN is only 21. 69 % ~84.54% ,and 30. 61 % ~78. 24 % combined with SVM.
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fili T B AAAE 5 Z A N T2 WL IR R FER TR 0 L B %o B ) & £ 4
T S AR s B g 4 Bk T RS S Ak B
A R 7 7 5 BN S 248 5 SR Y A S PR A L B T4

1 5]
5 B2 I AT A LAY e R TR . B R I I R R

il

E g A 5 55 0 BE G 1k R ik o R R O S IR RE S8 42 )
B R I 4 R o ) R O 2 B R 1Y B
KRR T R T AR R AR . BRI R BIE W A
—FETE A M R N AS U L 368 R A A SR B T Y
Q. 78 B R A R ik 0. 182200 . AT, IR B
BT A U R I R 22 M A X AR D AT A BT A
SR A T AR R T2 B I R S B TR AL . X Se A I L T

FIF5 H 1 .2017-03-06  &1E H P .2017-06-17

RFE (1993 —) B B /E  EEBFR DT NI & R 5 AL B, E-mail: ling. he @ scu. edu. cn; X1
[ 225 5 MRS AL B 5 A 8 (1996 —) o £, il 2B, EFHF 5 T7 1 R if

AbH, E-mail : ling. he@scu. edu. en GAE/E#H) .

ERe S L0

RT3 RN =

FURT X 5 2405 5 I 50 Z a5 IR 2 L B A
DG U SR A A o b R B RS R Y —
Tl g 8l PR B o A (R B2 119 iy i S5 RN IO A T R B Y
SR P RS . O EL X T S A IE A AR T B e S S
B VA  BEA ZCPF A 5 WA PFD 5 ) SE B 0 . TRD IR oo 595 1O 9 531
503 2 B R0 il B IR A2 15 W I 2R 15 . TR FG A I R _E A

AL ZEF AR S FHERFIL LT HE (61503264) 9T H .

FA967T—) B ML . EEHE TR
1981 —) Lo WA YR, AT MO RS



55 4 3]

XA 1T 2 < R T /0N D e R B 3 23 BT 4 J 2R s e S G 1 SR 279

BT HEATZ MR AP, SRR, AN 25T A G R
T B I PR R AE L O R R [ Y 43 28 AR RRRAE 42 IO U5
Xof I 4 v B RO AR AT IR . Maier 58 A 45 A 28 M )
B or2o% ORSEA R IR A3 2 38 SVM 4p 2K 2% L ] Teager fig
R MFCC R AE ] 5 24 L 32 75 A2 76 55 &3 AT IR, 1F 4
RikH] 75,80 %0 H B A /b HLRR L A I B A8 5 Murillo
G NTERST LB M R B R AT B 5T 58 0 R A AT
PN TR E R AR AT e 4t A R DL 357 43 88 U0 v B SR L
U TE 5 58 5K 31 88. 82 %6, (H A% J7 I PR i 72 52 4%« e AiF B 2
b AR BB, [ B 3 A AT vk S R A X U R
HIE A AT L 01 25 R A o 0 2R 5 He S50 4l H S b 75 AR BE
Teager figt \MFCC 11 /U By BE & 45 47 3k T GMM # 7 43
HRRNT A FhER S B SR R ¥ VR R R V) #E4T R
L IE B2 80, 40 % fH GMM #5852 Z2 B8 v

AR SR H — o 3 T /0N U A A8 A 40 AT 1) S 2 v g
2R AE AR MU L 36 BT KNN Hl SVM PR32 2 52 90 75
ARG A U 4 Y /NI A i AR B R ] IS
SRR R 5 B4 Bl B BN SRR AE S8 R R 5 28 i 2
FROEIEAT T HORe . /N G0 M 02 — b 22 00 B A0 T vk, R
WA AR AR R P I E 5 S XA H S S AT N I R e R
I BB 5 5 R R B R MR R A, A B S E S W
B3 2 B0 T R AT BE . S BUE S 55 75 1T E B
P S o 17 A R L B ISR B S 00T 43 B L P e A R
FLREAR G b S e 2 4 £ 2 IR P B AN AR . SRR IR R
L /NI A3 M R B0 R S B 2 R IE S L S5 6
KNN 432888 %F 4 28 GE# B vh B RN ER ) i 88 A 8 iR
B IE A %R 91,6724,

2 BREEESERAMAMNRE

AR SR IS 2 05 3 1 AR T /N i 2R AR R A
22 TR AR RR AR AR D X 03 S E AR SR RRAE L AT KNI A
SV M AR 735 X 15 2R i o o A5 S AT IR 3 IR ) AR 8 3
AR5 5 A P 2 AR B R BB 5 R 2 4 A
oy, LA ME 1R,

s st
AR BABAT
wgEe] | SRAIGR
72 L7 »
> é;g;;;;ggﬁ e

IO =R A B R AR =R PR T |
Fig. 1 Flowchart of automatic cleft palate hypernasality grades

recognition method
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Fig. 2 Time domain waveforms of nasal speech in different

hypernasality grades
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Fig. 3 Wavelet decomposition waveforms of speech signal
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Fig.4 Time domain waveform of normal speech signal



4 M AR, 45 3T/ I A8 e R B 43 BT B9 5 2 i B A5 A A SR 281
2 10 G =F '[In| Fy[WH ()] ] (16)
1
0 ) =F '[In| F.[WL ()] ] an
1
- Foob, C Gy B 13 , F ' 677 30 300400 5L 306 725 B
-3
L 3.1.4 A ZH TR T A S EIKN R
:z J15 4 B /N AR e R BRI R S R T
R s 5 0 71, IS0 5T 4 7
(D) RIS . N, N JFION 1
. L L R AR 7 SR R T
: RRESE 4 A A Y L a5 S R AL BT LA
. HBENEASSERERENER ., SR RSN A
i o 2 B0 B BUR B S 50ny B R .
“ Crmma () =Ct ) (18)
-6
" Crmn ) =C () a9
0 50 100 150 200 250 300 350 400 450
N\
(b /1N 53 i AR A5 L Hi, Crpera () 378 /0 P28 3 55 001 22 200480 35 15 By = %L,
x10°* AN . N N 35 i
‘;7 Cr para (1) FE7R 7N S PARAT 22 BB EAR By 2 50,
2t ‘ 3.2 ZELFEFYRE
) | R SCHE A IS 2 T B8 T 26 Y7 S AR EDT1 4 MFCC,

0 50 100 150 200 250 300 350 400 450

Cod /NI 5 ik v i B

0 100 200 300 400 500 600 700 800 900
(D /NS i A 5 5
5 HER AT BRI

Fig. 5 Time domain waveform of severe nasal speech signal
3.1.3 MELEHRF K R A%

BT 5 1 078 SR 7 O £ X
AR S B G AT SR BCRBT 5T A B T — 20 T IR A A
AIFS I8 PN Y P4 o T8 T X S A A R LR LA A R G 52
PEAE R AT AL . 5 AR A D 3 A 5 A ) S i 4 A Y R
4 ZURAR A U AR 2 35 0 100 B I @ 2 I | AR ™ Y
S AR AR R L O HLP B AN [F] B2 3R B 2 2 A TR
SR o B L TR I L A R T SR A S X 43 v B AR L
—FREAE o 0F 1 HR R B SRR B /N R AR R I
(3 SE0F /N A8 fh 22 i oy 4k BEAT (8 LI A 4

2

N—1 _em
FulWH()]= S WH (e N ,0<n<<N—1 1))
n=0

F, [WL(z)]:NZ:WL (e ¥ 0<n<N—1 (1
S 4R B O 2 B XN B

Fo=1In|Fu[WH ()| +jarg Fu[WH () 1) (12)

By =1In| FL[WL () ]| + jarg{ F, [WL ()]} (13)
X b S

Rey (Fy)=1Inl Fy[WH (]| (s

Re, (Fy) =In| FL[WL ()] (15)

Re FoR BUSCHR . SR e A7 5 HC o BEL o A 4

L LTI AR 3% 2R B CLPCC) |k Ja 401 3L i g 0 g 1 o
3 2 A A DRI Sy T S 45 R AR 5 A A Y i e S IR
BE LA L 5 FREAE 5 TRAETE AN (6] 8 i 2 28 P 22 R AT L fiE
i S BT I 2 o B S AN 2 SR

4 KNN #1 SVM %> 22

4.1 KNN 5388

KNN3 T3R5 4 2R A 1 5 H At T 7 R AR A5 1 B
BB SR AR R B R AFEAR LG R AR
o T ) 3 28 LG A0 e R B RN SIS e R A3 SRR AR SR A S BT
133 532 45

A SO S A S B A 4 S R P R R
EH, BHA—RKICHN N, i=1,2,3, 4. Kkt F 4 2%, Fr
BREARMNEHELEE R n.

DB RE AR 5 ISR A 4 b i A5 R AR 819 BRI
iRz

dis(x,y)=
o x FR MR AR 1 y R I GRREAR 1T

NG HE B4R T HEF BB 2 IR /ME .

MR 21K o A de/NIE B AR A 005 U ZRAEA
L2 TB) AR AR EE

20

. oy 1
Simulate(x,y) T dis(zay) @D
DGR T AR VAR AR w PR T AN R 28 1A~ 8K
k
Num(z,N;)= 2 Simulate(x,y;) 22)
i=1
5) 44 M S AE AR 43 AE B T 4B BT IR 2R A Him 2 2K
i=max; (Num(zx,N;)) (23)

4,2 SVM 4y %25

LR AL(SVMO U 2 —Fp B RS 0 2 25 4%
WHT 43, SIMEZAERE T IEEE LR Z ¥
TH—A~ SVM, HIVA] 5 i 0 25 19 77 2 ) i 3R AR 8T ) 26
Bl AXHH AR TR, FERIT 6 4 SVM, 514
SVM 1432581 N



282 AN I A =

2018 4F

m

,glea‘erJ:O 24)
FEr v R SVM S Bt o 2758 3 H5 1 B9 A8 0 R
8 P Tl

L A — AR AR

D58 R A 58 T Z T8 0 E R

FOO=Sw, X +b, (25)
i=1

2) AR 38 0 0 2 X AR AR T TR 2 )

1. f(X)>0

ox)= (26)
{o, F(X)<0

DG 6 4~ SVM 432K a1 45 IR

Num (i) = EG:f(X,) 27

i=1
AT B e 221 B Sk IR A 5 10 28 )
i=max(Num(i)) (28)

5 BREEFERRANERESN

5.1 LIGHIE

H i, B2 F 55 0 iR SR B 255 55 R4
[ R, i 2400 SRR 32 B & 0 T B BRI . i 2 N B Al
T > S 240 N 1 F S 228 57 DK WIS 2408 35 R o5 Y 1)
O RBIHHERE RS, A R EBERLZ HILE,LEAE
Sy e 6 B 2R EAT B R4 . AR SCRBRHE SR 4 T VRS2 i U )il R
ARV O B2 B s s AR IS 24 IR T oD I il
RTINS B, O R E N R R NE BRI o AR+
RIS SR AU ARG T R R I 2R R I ST A
BB Y R TR S A 8 5 1R FITEA L B B
AR AT, REE R A L E AR R R
WY SRS . BR R T ) BT A T A Eh 3 O AT BAGE o AT
ST A ATAL FIAR I . T AR B Y P8 RS 205 AR Y 3k
NG FIAL o 11 T A N TP AR B K IF 2R RE R
= I VERR R, 18 VPTG bRV Y 2 SR A I A R Bk e
Sy B BUER 1 A bR UE” s B I K AR Sy AR S 3 Sl S RO
S Z k.

AR SLEEAR K A 80 MIEEYE A, Hd, Bk 40 A5,
oA B 10 A3 R X R IE R VR EE R E 4 A
B ER R, ot 40 XLk 4 L, A 10 AL A
N IEH R P EMEE 4 S RE SR,

5.2 KNNiRFNERE S

X KNN 432 R G AT I 2, 8 I 2 e B 1 /N 0 45 i
FEUEE B HARBY S BRI 5 Tl 2 s 22 R AE 43 51 4 i 25 8
A R E S IR A HAE oy e A . I ZR S Y KNN
AP EAR X a P E R R 13K 4 BT,

FR 1 LIS R B S ORI 25 R (KNND

Table 1  Automatic hypernasality grades classification accuracy

in cleft palate speech spoken by female patients(KNN)
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Table 5 Automatic hypernasality grades classification accuracy

in cleft palate speech spoken by female patient(SVM)
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Table 7 Automatic hypernasality grades classification accuracy
in cleft palate speech spoken by female patients using

parameters with lower order(SVM)
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