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Formant features

1-4 Mean value of first,second, third and fourth formant

5-8 Maximum value of first,second, third and fourth formant

9-12 Minimum value of first,second, third and fourth formant

13-16 Variance of first,second, third and fourth formant

Pitch features

17.91 Maximum, minimum, mean, median, inter-quartile range of pitch
values

22 Pitch existence in the utterance expressed in percentage (0- 100 % )
Maximum, mean, median, interquartile range of durations for the

2326 plateaux at minima

27.99 Mean, median, interquartile range of pitch values for the plateaux
at minima
Maximum, mean, median, interquartile range, upper limit (90%)

3034 of durations for the plateaux at maxima

3537 Mean, median, interquartile range of the pitch values within the
plateaux at maxima

38.41 Maximum, mean, median, interquartile range of durations of the
rising slopes of pitch contours

12-24 Mean, median, interquartile range of the pitch values within the
rising slopes of pitch contours

4548 Maximum, mean, median, interquartile range of durations of the
falling slopes of pitch contours

19.51 Mean, median, interquartile range of the pitch values

within the falling slopes of pitch contours

Energy features

- Maximum, mean, median, interquartile range of energy value
Maximum, mean, median, interquartile range of durations for the

°700 plateaux at minima
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mean, median, interquartile range of energy value for the plateaux

61-63 o

at minima

Maximum, mean, median, interquartile range , upper limit(90%) of
o4-68 durations for the plateaux at maxima

mean, median, interquartile range of energy value for the plateaux
oot at maxima

Maximum, mean, median, interquartile range of durations of the
rers rising slopes of energy contours

Mean, median, interquartile range of the energy values within the
rer8 rising slopes of energy contours

Maximum, mean, median, interquartile range of durations of the
982 falling slopes of energy contours
83.85 Mean, median, interquartile range of the energy values within the

falling slopes of energy contours

Spectral features

86- 93 Energy below 250, 600, 1000, 1500, 2100, 2800, 3500, 3950 Hz

Energy in the frequency bands 250-600, 600-1000, 1000-

24400 1500,1500-2100 , 2100-2800,2800-3500,3500-3950 Hz

L1106 | ENerY in the frequency bands 250-1000, 600-1500,1000-
2100,1500-2800,2100-3500,2800-3950 Hz

107- 111 Energy in the frequency bands 250-1500, 600-2100,1000-2800,1500-

3500,2100-3950 Hz

Energy ratio between the frequency bands (3950 —2100)
112-113 | and (2100-0) and between the frequency bands (2100- 1000)
and (1000-0) Hz
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el aid, 15 @ oglazs Kernel ol 550 L1, SVM i oo, a5

kernel ab ¢g
SVM1 Guassian RBF(radial basis function)
SVM2 Multilayer perceptron
SVM3 Quadratic
SVM4 Linear
SVM5 cubic polynomial
YoY Jgux

s el a3, S 4y oglise (Distance functions) s alols o6 F L K-NN us oo,

alold &b

KNN1 Euclidean- ...l

KNN2 cityblock(sum of absolute differences)- widusl s ojlul ggome

Cosine-based
KNN3 (one minus the cosine of the included angle between patterns)
(b €903 i 5 sl osienS Sloie o )owgenS s 2L 2

correlation-based

KNN4 ( one minus the sample correlation between patterns)

(L 4l (m (Sonod Sl ) (Ko bl

f -y Jjb
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PNN Correctly classified response (%)
Ground Truth | | >45 <45
>45 88.34 11.66
<45 7.49 92.51
Total rate (%) 90.43+1.84
Bayes-SFFS | Correctly classified response (%)
Ground Truth | | >45 <45
>45 82.68 17.32
<45 14.84 85.16
Total rate (%) 83.92+1.48
SVYM1 Correctly classified response (%)
Ground Truth | | >45 <45
>45 85.23 14.777
<45 15.43 84.57
Total rate (%) 84.90+£2.05
SvmM4 Correctly classified response (%)
Ground Truth | | >45 <45
>45 78.98 21.02
<45 19.24 80.76
Total rate (%) 79.87+2.32

/ Y. )‘45L).MJ L] o\)) Ls‘)"LQL)“’BJ L)_)):.Q))lbf Ls‘)" DES 60&‘\) oli;b).,u.uf)} L)”.a).\Lo :0-Y Jj.}.}
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PNN Correctly classified response (%)
Ground Truth | | >33 <33
>33 88.51 11.49
<33 10.17 89.83
Total rate (%) 89.17+0.93
Bayes-SFFS | Correctly classified response (%)
Ground Truth | | >33 <33
>33 63.72 36.28
<33 21.36 78.64
Total rate (%) 71.18+10.55
SvM1 Correctly classified response (%)
Ground Truth | | >33 <33
>33 71.23 28.77
<33 21.88 78.12
Total rate (%) 74.68+4 .87
SVM4 Correctly classified response (%)
Ground Truth | | >33 <33
>33 68.36 31.64
<33 25.44 74.56
Total rate (%) 71.46+4.38
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Young | Middle Aged | Old

Range 9..30 31..55 56..79
Train. 4259 3333 969
Test 1125 984 276
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Range | 9..15 | 16..20 | 21..25 | 26..30 | 31..35 36.40 | 41..45 | 46..50 | 5L..55 | 56..60 | 61..65 | 66..70 | 71..79
Train. | s8¢ | 999 | 2507 | 1113 | 838 599 | 720 | 1020 | 755 | 514 | 287 | 202 | 182
Test | 48 | w7 | 624 | 240 | 2R u6 Ba6 | M 72 144 B4 24 u4
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PLP (Gamma Error Rate

16 11 9.91%
18 10.8 9.21%
20 9 8.84%
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MFCC frame length Gamma error rate
13 30ms 0.03 10.9
24 30ms 0.015 7.33
39 30ms 0.008 6.17
13 25ms 0.029 11.11
24 25ms 0.005 7.33
39 25ms 0.008 5.89
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speaker

Shimmer {frequency vanations betwasn
voiced periods of speech)

Jitter (power variatons between
male lemale voiced perieds of speech)

{Speech rate)

elderly non-elderly slderly nan-eldarty

[VE] gy 5l g0 09, il e abads : AY IS
1l 00l oolaiwl iy sle a0,

C4.5 decision tree induction (DT) -
L . Artificial neural network (ANN) Y

o9l &4 learning rate = 0.15
oS > lase momentum = 0.2

,,55 olaws iteration = 500

KNN(k=5 ,simple distance weighting) Y
Naive Bayes(NB) -f

SVM(polynomial kernel with degree 4 ) -0
BL(Baseline ,simple classifier ) -

ol 0a 00ls (Lt VY=Y Jgo ;0 cglite (slaass 00, 5l eslatul (s15b sl Cawas gl

| C45 ANN kKNN NB SVM BL

gender | 67.79 81.09 75.62 67.34 70.51 58.78
age 9268 96.57 9571 91.15 96.52 88.30
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0.001 18.4615 38.0952 60 30.33
0.002 20 35.7143 60 30.33
0.003 20 35.7143 60 30.33
0.004 20 33.3333 60 29.51
0.005 20 33.3333 60 29.51
0.006 18.4615 33.3333 60 28.69
0.007 18.4615 38.0952 60 30.33
0.008 20 38.0952 60 31.15
0.09 20 38.0952 60 31.15
0.01 18.4615 38.0952 60 30.33
0.02 20 38.0952 66.6667 31.97
0.03 23.0769 38.0952 66.6667 33.61
0.04 24.6154 40.4762 60 34.43
0.05 26.1538 45.2381 53.3333 36.07
0.06 26.1538 45.2381 60 36.89
0.07 30.7692 45,2381 53.3333 38.52
0.08 35.3846 42.8571 53.3333 40.16
0.09 35.3846 40.4762 46.6667 38.52
0.1 32.3077 35.7143 60 36.89
0.2 27.6923 38.0952 60 35.25
0.3 33.8462 30.9524 60 36.07
04 29.2308 30.9524 66.6667 34.43
0.5 30.7692 38.0952 60 36.89
0.6 32.3077 30.9524 73.3333 36.89
0.7 33.8462 35.7143 73.3333 39.34
0.8 36.9231 33.3333 73.3333 40.16
0.9 36.9331 45.2381 80 45.08
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pca 1l 18.3673 73.8095 86.6667 40
pca 2 22.449 78.5714 80 43.23
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pca 4 13.8462 69.0476 93.3333 42.62
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09 Errorh Errorg Errorw total error
lda 1 20.4082 66.6667 26.6667 33.55
lda 2 27.6923 45.2381 53.3333 36.89
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Errorh Errorg Errorw total error
Male(MFCC) 60 29.0323 100 53.66
Female(MFCC) 16 70 75 35.9
Male(RootMFCC) 57.5 35.4839 100 54.88
Female(RootMFCC) | 28 70 75 43.59
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Abstract

Age estimation based on human's speech features, is a considerable subject in
automatic speech recognition (ASR) systems. Although some researches have
been done in speaker age estimation, but more studies, especidly in Fars
Language speech is required. Like other speech processing systems, we are face
with two main challenges in age estimation: finding an appropriate method for
feature extraction, and choosing areliable classification method.

The main goa of this research is using Root Me Ferequency Cepstral
Coefficients features in an age estimation system and finding an optimum root
(gama)to have a less error; and also comparing the performance of an age
estimation system when using this feature, with other common features like
MFCC, PLP and LPC.

For feature extraction, the whole of speech signal is separated to phonemes
(smallest part of speech). these phoneme signals is used for feature extraction
and classification.

Linear classification and Mahalanobis distance method are used for classifying
each phoneme signal in one of the age groups.

Expriments which has been done on FARSDAT database, shows that at
gama=0.006 (the root in RootMFCC method) there is the least error rate (28.69
%). besides, separating speech signa to its phonemes and extracting features

from each phoneme signal, improves the results and decreases the error rate.

Keywords: age estimation, speech, phoneme, RootMFCC feature extraction, FARSDAT
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