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Automatic Detection Algorithm of Pharyngeal Fricative in Cleft Palate Speech Based on
Multi-delay Fourth-order Cumulant Octave Spectral Line
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Abstract In order to realize the automatic classification and detection of palate pharyngeal fricative and normal speech, an auto-
matic pharyngeal fricative detection algorithm based on multi-delay fourth-order cumulant one-third octave spectral line (FTSL)
was proposed by studying the pronunciation characteristics of cleft palate patients with pharyngeal fricative. Currently, most re-
searches involved with the detection of pharyngeal fricatives are based on the length of consonants and the energy distribution of
speech in frequency-domain. There exist few researches which have achieved automatic classification of pharyngeal fricatives and
normal speech. This experiment is based on the pronunciation characteristics of pharyngeal fricative. Each frame’s multi-delay
fourth-ordercumulant is computed,and then one-third octave is used to extract the FTSL. Automatic classification of pharyngeal
fricative and normal speech is realized by FTSL. In this experiment, the FTSL of 200 normal consonants and 194 consonants of
pharyngeal fricative are extracted,and the SVM classifier is used to classify. Besides,comparative experiments were conducted on
FTSL feature and traditional acoustic features,and the results were fully analyzed and discussed in this paper. The experimental
results show that the proposed FTSL has an accurate rate of 92. 7% for the automatic classification of pharyngeal speeches,and it
has excellent performance and can provide an effective,objective and non-invasive auxiliary basis for clinical pharyngeal state as-
sessment.

Keywords Pharyngeal fricative, FTSL spectral line, Fourth-order cumulant, One-third octave spectral line
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Fig. 1 Flow chart of automatic detection system for pharyngeal

fricative of cleft palate speech

2.1 BREFHEFTNEATNERER
2.1.1 R&EME

L AE 5 S ATt A5 T 93X B H T Bl XA
RER WA A N HOGBERE . Sl X O R B A E A
FOFIIZ Bl AF F BUR, BORAR . I 20 R R R i B R
T3P — e AR 32 P 3l A 0 3 o i W 0 3 A T B 2R
To 5 IR 07 A AR LG AR M A 0B RN BT SR O
FB S A EAA A T, R BWEERE KM E 0 ns
WEIE, FHEEANEW . EE2 BT FE s, AE
JEIE A WYX S 2 R TEAE S R P R R I ok S HL R M E
HENITE,

Pl 2 I 24 8 3 R W45 B R AR B 4 1 )RR
BT, a2 s sk BOR B T AL 4 S BURB I O AR A,
A B ke BT 094 AL 8 ok 2 B A S TE 2 B R L T L DL
B I R AR AL R RS RS

FALJE 4

B2 WA A AR F A U s R R
Fig. 2 Lateral view schematic illustration of pharyngeal fricative

compensatory articulation
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Fig. 3 Time domain waveform and spectrogram of syllable /si/
spoken by cleft palate speaker with pharyngeal fricative and

normal speaker
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Fig.4 Multi-delay fourth-order cumulant of speech signal
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Table 3 Classification accuracy rate corresponding to delay m
HEREm RAE#HE/%
50 84.3
70 90. 1
100 92.7
150 85.2
200 84.3
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Fig. 6 ROC curve of SVM classifier
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Table 4 AUC value correspconding to ROC curve in different m

HAERE AUC &
FTSL=J5 24 % ,m=100 0.9672
FTSL=Jj& 24 % ,m=200 0.8710
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Table 5 Classification accuracy corresponding to number of

spectral lines

FTSL i % % B WA E#H R/ %
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Table 6 AUC values under ROC curves of different groups of

spectral lines

PR E AUC 1
FTSL=3T 25 4 ,m=100 0.8259
FTSL=4 %% .m=100 0.9800
FTSL=J& 24 % .m=100 0.9672
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Table 8 Recognition accuracy of TSL and FTSL spectral lines

BRAE %A HHEE EHE/Y%
24(J5 24 %) 95.16
FTSL i % 25CH 25 %) 80. 65
13042 3) 90. 32
24(J5 24 %) 73.83
TSL # % 25CHT 25 %) 83.19
13042 3) 82. 54
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Fig. 9 Two and three order cumulants of a frame of Pharyngeal

fricative
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Table 7 Recognition accuracy of low-order cumulants
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Table 9 Recognition accuracy of pharyngeal fricative by traditional

speech features

1t 598 & RHAE E#HE/Y%
&R 80. 2
15 B 77.4
B Ak CE 8l D 81.8
MFCC f i % & 72.1
[Ril s 84.4
i i 4 4 4 76.0

WA 8 H AH I A9 o R AE B D3k o R AR SC AR Y
FTSL #1326 1Y 43 25 R0 1F 5 3 4 0 T 3 b 1 15 G5 75 24 4
A, BJVEE A B & A G bR BOR IR0 b R 04 3 R 0 LU AH L AR 4R
PERRAE v A 90 LA 2 ok 07 2 4 B0 L 3 0 A% 0 AR AE P Rk R 4R
ZEMEEFENWT,

1) % Bt g 05« 2 5 RE O B R LT 15 5 RE R A0 R Ak, X i
T3 00 DX 03 B g, 33K 2 R Sy P R 5 AP AR Sl T B AL M B
et A B S IE %5 8 XEUR ], (A S R ok 2 5 R
—AMEEMNMEER N SEGE S AW R SR
A 3 AN ] 45 PR 3L ) R 0 4 S 5 IR PR A
T B IR AL

2)MFCC 8 3% 5 35 - 32 it MFCC 4% 4 2 50C% F 89 & =
U TR AL 3 UM A A Y 22 TR AR R R i R L AR A
MU 42 355 v, WA ) 5 2 4 ol A 2 s JOOAA S o 1 ik 5 L 7
PRSI 2 B 55 46 T S 80K B, T BRI T B IE 6 R
FHFHMBEFTSERTMNEREEEHETHEEI LR
ZAREE B MFCC JCyE R 47 1 R A 1 A Ak 1Y 22 57

3) [ A 56 CE R0 LU AED - A 1) AR 6 ol B0k BUE 35 (5 5
B R LA S EEH TS A S s . W
hy i AR TP DX G 3 0 L R 04 0 R Al B R OK 22
S MBS SIEE S22 S E RIS B, BT R4
FIHA ST AN XN — B . kL %A
iE K X 43 MR 488 5 LA B I 5 388 35 i, IR A A

DAREFFIES B AR E A SR E— A AL
P R S RS B b B S A B T T AE
LIRS TR, A2 N AR AR, Kk, T
I SR B G AR L A R S IR AR
ELMERE L2 EA 25 WEER o P E R v,
VR 00 LA B i 30 A 0 A5 Al 8 2 O W 4 3 1 TRUI S 1 R
¥k 80 %6 fiA » e AE — B AR L U0 M R 4 3 DL RIE R
L ik e 2 1 6 1k A B S 6 4 1T DR I TR ) o R TR A

3t 515 G2 B e R B AR Ge T T R AE O R TE —
R L X LR R L AR A R, FTSL
2R 50 A A — W B 2 R U R, s R T
155 MM 3h 2% 57, 515 G055 FRAE A H  BE 95 T8 4 b 2 3 i 482
5 IR X,

GRIE A SGHE TR F 50 2 2R Uy R
T 1/3 PR AR B FTSL AR E 34k i e il T
W M S IR S A A GO LR, 5k

e AR L S S R S L R, 0T TR 5 IE
WEETES NG Lo 2R R SYM 4y 288 5
TR KT R R 0 B Bl A AR, SEE R i — P e
T DUy AR B FE R T R R A X T B e 4 R
RS2, 5 e T AR B B AR R A T 2k AR AR S A% G
T R AE X IR AR I A 5 . SE U A R 394 AN RE AR iE
17 T FRAE 2 85048 R B 3R, 45 210 15 2445 55 W 48 35 19 A 3
SFRR AT ZE ., SR R, fESET 2 ER UM R
FTSL i £ A AE T 45 U IE 8 b i o8 92,700, 3K A4 Bl T
AR SCHRE Y FTSL % 2 i iR 48 2 5 16 % 885 19 B 3 4 28 K )
AT R AT 1 b X A B I R 27 B A — s L FH AR 1.

Brigt RS SN R 0T R B R T IR B R IS R IT
BRI R T IR A AR R A B AR AT B 220 G T I AR T
bt AT (A, R ik B AR B AT TN LAl (45 AR S0
B 9 45 LA 38647, R I 0 BT A 78 6 e R TS 2435 7
A P B A AT R AR S ) BT

& % X W

[1] XIAO Y,LIANG M G. Automatic Detection of PharyngealFrica-
tivesin Cleft Palate Speech[ C]// Proceedings of the 4th Interna-
tional Conferenceon Computer Engineering and Networks.
Springer International Publishing. 2015:861-868.

[2] REN Z,ZHOU X,MA L,et al. Comparison Study of Vocal At-
tack Time in Patients With Cleft Palate With and Without Glot-
tal Stop in Mandarin[J]. Journal of Voice: Official Journal of the
Voice Foundation,2018,33(5) :803. ¢15-803. e21.

[3] MA SW,REN ZP,WEN Y X,et al. Compensatory articulation
in patients with repaired cleft palate and the speech therapy ap-
proach[ ] ]. Journal of Practical Stomatology,2012,28(5):619-
622.

[4] GUERRA T A,MARINO V C C,ROCHA D C,et al. Nasalance
at presence and absence of pharyngeal fricative[ J]. Speech, Lan-
guage, Hearing Sciences and Education Journal, 2016, 18 (2):
449-458.

[5] DENG SH,WANG T S,HUANG R C,et al. Study on the char-
acteristics of the speech of persons with disorder and sound after
Postoperatively in cleft palate[ J]. China Prac Med.2017,12(2) .
194-195.

[6] JIANG L P,WANG G M,YANG Y S.,et al. The study on artic-
ulation characteristics of the patients after pharyngoplasty[J].
China Journal of Oral Maxillofacial Surgery,2005(1) :56-58.

[7] MA L. The acoustic features and the articulation character of
tougue movement of pharyngeal fricatives [ C] // Abstracts of
the 2nd Chinese International Congress on Oral and Maxillofa-
cial Surgery in Conjunction with 5th National Congress on Oral
and Maxillofacial Surgery. 1998:267-268.

[8] GARCIA A F.,MARINO V C,PEGORARO-KROOK M 1, et
al. Nasalance during use of pharyngeal and glottal place of pro-
duction[]J]. Codas,2014,26(5) ;395-401.

[9] WANG G M,CHEN Y,QIU W L,et al. Clinical application and
evaluation in analysis of articulation disorders WTH TSL[J]. J.

Oral Maxil. Surg. ,2000(3) :189-197.



152 Computer Science THEHLEIZ  Vol. 47.No. 1.]an. 2020
[10] ZHANG C H,ZHOU H Y,JIAO X H. Phonetic fbatllres of be- main[ J]. Speech Communication,2002,36(3) :219-246.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

fore and after posterior pharyngeal flap surgery in older parents
with velopharyngeal insufficiency[J]. Journal of Harbin Medical
University,2016,50(2) :162-165.

ZHU Y S,SHI J J. A acoustic technology analysis of misarticu-
lation in patients with cleft palate [J]. Journal of Practical Sto-
matology,2004(3) :364-366.

ALAM M K,ZULKIPLI A S,HAQUE S,et al. A perceptual
evaluation of speech disorders in children with repaired unilater-
al cleft lip and palate in Hospital UniversitiSains Malaysia[J].
Angladesh Journal of Medical Science,2018,17(3) :470-478.
MCLEOD S, CROWE K. Children”s Consonant Acquisition in
27 Languages: A Cross-Linguistic Review[ J]. Am. J. Speech
Lang Pathol. ,2018,27:1546-1571.

L R F T LML RO W AR R AL 2004
24-37.

TROST ] E. Articulatory additions to the classical description of
the speech of persons with cleft palate[ J]. Cleft Palate Journal,
1981,18(3):193-203.

Kk Btk i i) ¥ 50 43 B — 5 B GE A D iR ML Jb L i AR R A
th AL 1999,

kWt ik, BARAME S A B 2 WO [MOL Jb 5t 3 48 R 2% W R A
2002.

DONG X H. Application of MUSIC algorithm based on fourth-
order cumulants in high frequency ground wave radar[D]. Wu-
han: Wuhan University,2004.

FAN Y Y. High order statistics feature extraction of ship noise
and its response[ D]. Xi’an: Northwestern Polytechnical Univer-
sity»1999.

VOSOUGHI E,JAVAHERIAN A. Parameters effective on esti-
mating a nonstationary mixed-phase wavelet using cumulant
matching approach[]]. Journal of Applied Geophysics, 2018,
148.83-97.

LV J Y. High Order Statistics Analysis and its Applications
[D]. Beijing: Beijing University of Posts and Telecommunica-
tions, 2014,

ANANTHRAM S,GEORGIOS B, et al. Bibliography on higher-
order statistics[ ] ]. Signal Processing,1997(60) :65-66.
MENDEL J M. Tutorial on higher order statistics (spectra) in
signal processing and system theory: Theoretical results and
some applications[ J]. Proc. IEEE,1991,79(3):278-305.
ALBATAINEH Z. Robust blind channel estimation algorithm
for linear STBC systems using fourth ordercumulant matrices
[JJ. Telecommunication Systems,2018.68(3):573-582.

LIANG H, YANG C S. A Signal DetectionAlgorithm Based on
Fourth-orderCumulant[ J ]. Torpedo Technology, 2007 (5): 48-
50.

MEI T M. Blind signal separation algorithm based on symmetric
fourth-order mutual cumulant[ C]// Signal Processing Branch of
China Electronics Society and Signal Processing Branch of China
Institute of Instruments and Instruments. 2003 ;4.
ELIAS N.RAFIK G.,SAMY M. Speechenhancement using

fourth-order cumulants and optimum filters in the subband do-

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

QIAN Z,LI X Y.ZHANG R B, et al. Speech-stream detection in
short-wave channel based on empirical mode decomposition and
higher-order statistics[ J . Journal of Harbin Institute of Tech-
nology»2009,16(5) : 713-716.

BAO H Q. A brief introduction to phonological and acoustic a-
nalysis of Putonghua (continued 1) [J]. Journal of Audiology
and Speech Pathology,2004(4) .:285-286.

CHENG J,LI1 G H,ZHOU G L. Simplified Calculating Simula-
tion of Fourth-Order Cumulants [ J ]. Computer Simulation,
2009,26(8) :80-83.

ZHANG A Q.ZHANG X H. Recursive estimation of fourth-or-
der cumulants and application[ ]J]. Signal Processing, 2002 (1) :
88-90.

LU W C,CHEN N Y,YE C Z,et al. Introduction to Support
Vector Machine Algorithms and Software ChemSVM[ ] ]. Com-
puter and Applied Chemistry.2002(6) :697-702.

FAN X W. Research and application of support vector machine
algorithm [ D]. Hangzhou:Zhejiang University,2003.

QIN Y Q.ZHANG X Y. Speech signal emotion recognition
based on SVM [[]J ]. Journal of Circuits and Systems, 2012,
17(5) :55-59.

NAZEER O,JAVAID N,et al. Short Term Load Forcasting
Using Heuristic Algorithm and Support Vector Machine[ C //
12th International Conference on Complex, Intelligent,and Soft-
ware Intensive Systems (CISIS). 2019.:791-799.

LUO R L. Research on text independent speaker recognition al-
gorithm based on SVM[D]. Lanzhou: Lanzhou University of
Technology,2009.

LUO R L. Text independent speaker recognition algorithm
based on SVM[ D]. Lanzhou: Lanzhou University of Technolo-
2y.2009.

TANG J T.HU D.GONG Z M. Research on image texture clas-
sification based on SVM[]]. Computer Engineering and Science,
2008(8) :44-45,48.

GANDEK B, WARE J E;AARONSON N K, et al. Cross-valida-
tion of item selection and scoringfor the SF-12 Health Survey in
nine countries: results from the IQOLA Project[ J]. Journal of

clinical epidemiology,1998,51(11):1171-1178.

HE Fei, born in 1998, postgraduate. Her
main research interests include speech

signal processing and image processing.

YIN Heng, born in 1971, master. Her
main research interests include evalua-

tion of cleft palate speech.






