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Figure 1 ¹Ñ­�L\|µ
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Figure 3 ;.�ÃÅ�(ìª�A5
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Figure 4 r��m��5�m�'�

Figure 5 MFCCA�J�6§

4 Experiment
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ÃÅID ÃÅ.Ò ¹Ñ<ê �©�Ñêþ(é) ­��Ñêþ(é)

1 �� 64 1,611 7,064

2 ¥, 63 2,264 6,252

3 �x 65 1,638 8,160

4 n( 63 1,521 8,599

5 TCL 63 2,262 6,091

6 °J 61 2,191 6,786

ALL ALL 65 11,487 42,952

Table 1 ¢�êâÚOL

¥Ä�5^T`{<�©�~�Ñ§^uÔö`{<&��.¶3ÿÁL§¥§e

ÿÁ�Ñ�`{<&��.��§K�ûTÿÁ�Ñ��©�~�Ñ(Target)¶�

�XÚ@½Ù�¹Ñ­��Ñ(Nontarget)"L 2�Ñ
Äu`{<&��'���

ÃÅÿÁ8"�©æ^��ØÇ(Equal Error Rate, EER)ïþXÚ¹Ñ­�uÿ5

U"

ÃÅID ÃÅ.Ò ÿÁ<ê Num of Target Num of Nontarget

1 �� 64 1,291 6,936

2 ¥, 63 1,949 6,070

3 �x 65 1,313 8,160

4 n( 63 1,206 8,355

5 TCL 63 1,947 5,901

6 °J 61 1,886 6,422

ALL ALL 65 9,592 41,844

Table 2 ¢�êâÚOL

e©¢�¥�Äu5U°Ä§±9ÄuF-ratioOK�¹Ñ­�uÿÑ¦

^MFCCA�9i-vector��Nµe§�'��.5U§¦^�Ó¢���§¢�

��Xe

�Ñêâ�æ�Ç 16000

zv��� 25

pªþ. 8000

$ªe. 0

J�GMM-UBM�.�pd©Ùêþ 1024

i-vector�Ý 50

4.2 Äu5U°Ä�¹Ñ­�uÿ

(Üc©nØ©Û§·�Äkæ^5U°Ä��{§&ÄØÓª�e¹Ñ­�
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Figure 6 �5�e���fª�¹Ñ­�uÿ5U©Ù

Figure 7 r��e���fª�¹Ñ­�uÿ5U©Ù
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Figure 8 ALLÿÁ8e���fª�uÿ5U©ã¼êã
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3�ª���e§é��fª�?1ª�\�§¹Ñ­�uÿ(JXeã9¤

«"Xã¤«§r���'u�5��uÿ�J�`§·�@�Ù�Ï3æ^r�

�Ý3é�©ª�?1�ò�§Ù�$ªã©�
�õ�ª���§ý¡þ\r


é$ªã�A�J�"
lã6Úã7¥�uy§30-1, 000Hzª���S§�©�

Ñ�­��Ñ�«©5��"Ïd§r��Ýþ�ª��ò5ÆTÐ\­
«©5

���$ªã§¦�Ùuÿ5U�'u�5��`"d	§3�5�þ§æ^T5

U°Ä�ª�\��{§�(¦XÚuÿ5Uk¤Jp§L²
TÄu5U°Äª

�\��{�k�5"



Li et al. Page 8 of 13

Figure 9 Äu5U°Ä�¹Ñ­�uÿ
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Figure 10 �5�þ�F-ratioCz

Figure 11 r��þ�F-ratioCz

�âã 10Úã 11¥��ÈÅì�«©Ý��§¦^ª�\�Úª��òü«

�ªéA�J�L§?1U?§JpA�é¹Ñ­��°�5"

3¢y�¡5`§éuIO�MFCCA�J�L§§O��ÈÅìUþL§¥

n�ÈÅì´ÏLéFFT:�ØÓ\�¦Ú5O�oUþ�§±r���~O�n

�ÈÅìUþ�{ë�Algorithm 1

þã�{¥ÄkÏLMelScale¼ê(½¤¦ª�3r��e���§2¦Ñ

r��eéAÈÅì���§=�mel freq delta"��O�z�FFT:¤éA�

­weight§l
�ÑÈÅìUþ§ëêéAXã12"



Li et al. Page 10 of 13

Algorithm 1 O�n�ÈÅìUþ
Input:

$ªe.:low freq, pªþ.:high freq, ÈÅì�ê:num bins, ÈÅì¥FFT:ê:num fft bins;

Output:

the list of energy for bin: energy bin;

1: mel low freq ←MelScale(lowf req)

2: mel high freq ←MelScale(highf req)

3: mel freq delta← (mel high freq −mel low freq)/(num bins+ 1)

4: for bin = 0 to num bins− 1 do

5: left mel← mel low freq + bin ∗mel freq delta

6: center mel← mel low freq + (bin+ 1) ∗mel freq delta

7: right mel← mel low freq + (bin+ 2) ∗mel freq delta

8: for i = 0 to num fft bins do

9: freq ← fft bin width ∗ i
10: mel←MelScale(freq)

11: if mel > left mel and mel < right mel then

12: if mel <= center mel then

13: weight← (mel − left mel)/(center mel − left mel)

14: else

15: weight← (right mel−mel)/(right mel − center mel)

16: end if

17: weight list append weight

18: end if

19: end for

20: energy ← Calculate Energy by weight list and label of bin

21: energy bin append energy

22: end for

23: return energy bin

±ÄuF-ratioOK�~§ª��{é��ÈÅì?1\�§I�òÈÅì�­

éþã�è¥�weight2g\�§Xã13"

=O����2¦±¹Ñ­�?ÖeÈÅì��­§U?Algorethm 1¥

1171�è�µ

weight list append weight ∗ filter weight

,�«U?�ªª��ò�{I�UCMelSacale¼ê§l
UCª�N��

��m§#�Sacale¼êë�Algorithm 2

Algorithm 2 ²Lª��ò�#�ºÝ¼êScale()
Input:

freq, list of filter weight: weight, mel freq delta;

Output:

The frequency of the new scales;

1: mel← 1127 ∗ logf(1 + freq/700)

2: num parts← int(mel/delta)

3: for i = 0 to num parts− 1 do

4: warping freq ← warpint freq +mel freq delta ∗ weight[i]

5: end for

6: surplus← mel − num parts ∗mel freq delta

7: return warping freq + surplus ∗ weight[num parts]
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Figure 12 ÈÅìUþO�«¿

Figure 13 \��ÈÅìUþ
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Figure 14 r�ºÝ��ª��ò
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4.4 Äu�ÝòÈ ²�ä(CNN)�¹Ñ­�uÿ
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Mel Linear

Baseline 9.83 17.30

Weighting 4.49 15.43

Warping 0.66 1.61

Table 3 ÄuF-ratioOK�ª�\���ò(EER%)

Figure 15 ÄuCNN�A�ÆS«¿ã

(JXeµ

C1 C2

SGD 0.131 0.157

NG-SGD 0.042 0.042

Table 4 ÄuCNN«©5A�ÆS�¹Ñ­�uÿ(J

5µC1�Äu`{<&��'�¹Ñ­�uÿ§C2�¹Ñ­�uÿ(Ã`{<
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5 Conclusions
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Method EER(%)

Linear Baseline 17.30

Linear Weighting 15.43

Mel Baseline 9.83

Mel Weighting 4.49

Linear Warping 1.61

Mel Warping 0.66

CNN SGD 0.131

CNN NG-SGD 0.042

Table 5 ��¹Ñ­�uÿ�{5Ué'
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