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Automatic Voice Detection Algorithm for Schizophrenic Combining EHHT and CI
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Abstract Through studying the clinical characteristics of schizophrenic speech,the experiment collected 686 vowel data samples
from 14 schizophrenic patients and 793 vowel data samples from 14 healthy controls matched with gender,age and education level
to establish a pathological voice database. Using the improved formant extraction algorithm combining Ensemble Hilbert-Huang
Transform (EHHT) and Cepstrum Interpolation (CI) to obtain the acoustic feature parameter set reflecting emotion change of
schizophrenic voice quality,then combined with the Support Vector Machine (SVM) classifier for classification,automatic voice
detection of schizophrenic patients and the healthy controls is achieved. Besides.it designed experiments to discuss the influence of
the four factors,that is,the number and variance of white noise, the number of IMF components and the window length,on the
detection effect,and compared with the classical formant estimation methods. Experimental results show that the detection accu-
racy of the proposed algorithm can reach 98. 8%. The patients with schizophrenia have a significant difference in the acoustical
parameters of the formants represent the sound quality feature with the healthy controls, and it may provide a new objective,
quantitative and efficient indicator for the clinical assistant diagnostic research of schizophrenia.

Keywords Schizophrenic voice,Sound quality feature, Formant, Ensemble hilbert-huang transform,Cepstral interpolation
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Fig. 1 Flow chart of automatic voice detection system for
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Fig. 3 Time-domain waveform and spectrogram
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Fig. 6 Envelop of power spectrum and peak of formant
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Fig. 7 Schematic diagram of SVM partitioning algorithm
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Table 1 Experimental voice database
Normal Normal Sick Sick
Vowel
male female male female
/a/ 98 95 85 64
/e/ 108 107 101 92
/i/ 113 119 108 95
/o/ 42 42 40 34
/u/ 34 35 35 32

T Yo SR 0 4 S B LA SCR 3
75 SRR (0 17 A BOHE AT G 5 VI 90 % 19 B
TN 1094 9 HCHE 15 0 565900 Uk 9 11
B K 15
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Table 2 p-values of characteristic parameters of first formant

Parameter max " o med mod rang a B
Fre 7.3X10° 15 2.64x104 0.3063 0.0016 6.1X107° 0.2176  0.0727 0.0017 0.2038
Band 9.4X10710  2.15X107*"  0.4639  2.9x10°6 0.0011 0.0213  0.1986 0.3886 0.3388
Amp 0.0046 0.2433 0.0670 0.0735 0.0520 0.0083 0.0043 0.6656 0.9609

3O IR AR p H

Table 3 p-values of characteristic parameters of second formant
Parameter max " o med mod rang a B
Fre 1.6X10 12 0.0194  9.9Xx10 ' 0.0066 0.0301 0.0027 8. 1x10 ' 0.0961 0.1225
Band 1.4X10 12 0.8978 0.3183 0.3738 0.5046 0.0297 0.9416 0.8604 0.7777
Amp 2.3X10 12 0.1480 0.1758 0.1105 0.8259 0.0018 0.0032 0.0277 0.0399

F4 IR KR E S p 1

Table 4  p-values of characteristic parameters of third formant

Parameter max © o iqr med mod rang a B
Fre 4.2X1077  3.4X1077  1.7X107°  2.5X10°6  3.4x107% 3.1X1078% 2,7xX1071%2 2.6x10 ! 0.0013
Band 1.7x10 14 0.0154 0.0338 0.2673 0.0431 1.0x10~6 0.0015 8.8%x10~14 0.0052
Amp 6.7x10 1 0.7142 0.3960 0.8555 0.0370 0.9625 0.2934 0.3028 0.4513
Pre  Band  Amp  Fre  Bad Amp  Fre o Bed Awm U RS IRALIA S 00 0E 00 AR B 75 F1 R 0 58
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Fig. 8 Box map of peak number feature
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Fig. 9 Effect of integration number and variances of white noise
on detection results
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Table 5 Effect of number of IMF components on detection results

IMF Number  Accuracy/ %

1 96.7
2 97.8
3 98.8
4 96. 6

5 WML, IMF 208 5 =3 I K I R i m . K45
A~ IMF 438 7E 200~3000 Hz S04 19 59 BE 4 L o5 % > 59 8 B
05 L0 09 LU AR B R HE S, 36 BT » A IMF 2 & B IE H {55,
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Table 6 Effect of window length on detection results

Window Length Accuracy/ %

6 94.5
7 97.6
8 98.8
9 96.8
10 95.7

6 Al ML K cepseL=8 B, M I IE B R E i, B K
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Table 7 Detection accuracy of vowels

(T2 %)
Vowel Male  Female All
/a/ 95.6 96. 6 95.9
/e/ 94.7 99.5 99.0
/i/ 98.2 87.9 96. 1
/o/ 86. 6 82.9 91.1
/u/ 98.6 88.1 91.2

8 AR SHUG I IE # R
Table 8 Detection accuracy of various parameters
AL 20)
Parameter F1 F2 F3 Fre Band  Amp
87.7 97.5 97.0 97.0 92.1 79.3

Accuracy
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F 9 R VAR ST I A T 1E i 26 LA
Table 9 Comparison of detection accuracy of formant estimation
methods

LT 2 99)
Method Male  Female All
CEP 91.3 88.2 89.7
LPC 65.0 76.4 67.4
HHT 86.1 77.1 83.7
EHHT+CI 99.9 99. 4 98.8
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