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2 Related work
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4 Experiment
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FHUD | FNES | XBAY | RIBESHE(Q) | EREEHE(Q)
1 I 64 1,611 7,064
2 W 63 2,264 6,252
3 i 65 1,638 8,160
4 =8 63 1,521 8,599
5 TCL 63 2,262 6,091
6 R 61 2,191 6,786
ALL ALL 65 11,487 42,952

Table 1 SLRHIBARITF

s IS S Z Ul NG IEH RS, T IRl AME A, ENNd Rt
MHAVE & 5 UG NFIERY LIS, WA ez S & 8 JR 46 1R % 15 3 (Target)s X
Z RGN EH N EOEH (Nontarget). % 245 HH 75T U1l NG EAH S A
FHLMRE. AR SRS 1% % (Equal Error Rate, EER) i 2 7 4t 5% & 55 0k I 14

1
Hto

FHUD | FMES | MILAZ | Num of Target | Num of Nontarget
1 JNH 64 1,291 6,936
2 H 63 1,949 6,070
3 93 65 1,313 8,160
4 =2 63 1,206 8,355
5 TCL 63 1,947 5,901
6 ER 61 1,886 6,422
ALL ALL 65 9,592 41,844
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Weight; = FER,

Hrh Max(EER) 58 550 D 1 B i 22 0 5005 pir oot B EERAE. 2203 AL
HEAAL (—FrnormH—R88), MF/RIBFIZENESL & AN F AU AL W R -

F-Weight (Mel): 5.479, 0.291, 0.36, 0.311, 0.303, 0.28, 0.285, 0.687

F-Weight (Linear): 4.337, 0.424, 0.508, 0.456, 0.431, 0.402, 0.412, 1.025
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Algorithm 1 T8 = FiRKEES

Input:
1SN TN R :low_freq, SR :high_freq, J&Eae N :num_bins, JEEESPFFT & :num_fft_bins;
Output:

the list of energy for bin: energy_bin;
: mel low_freq < MelScale(lowsreq)
: mel_high_freq < MelScale(highsreq)
. mel_freg_delta < (mel_high_freq — mel_low_freq)/(num_-bins + 1)
: for bin = 0 to num_bins — 1 do

center_mel <— mel_low_freq + (bin 4+ 1) * mel_freg_delta
right_mel < mel_low_freq + (bin + 2) * mel_freq_delta
for i = 0 to num_f ft_bins do

1
2
3
4
5: left-mel < mel_low_freq + bin x mel_freq_delta
6
7
8
9 freq + fftbinwidth 1

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

LAE T F-ratioffE W 9], S50 75 v20) & AN B A HEAT AL, 75 BEAG IR 2R AR
Xt ER AR i weight FEUOIAL, W13,

B S AR I 3 DL SR & B JBUAE 55 R IR UK AR I AUE, itk Algorethm 1+
EAVEERARTYSE

weight_list append weight * filter weight

o — b sk Oy SIS A5 9 075 R B A MelSacale PR, AT E0AR AT LS S
HIZ30], HriSacaleki %2 L Algorithm 2

Algorithm 2 21N SHTEHBIR E K EIScale()

Input:

freq, list of filter_weight: weight, mel_freq_delta;

Output:
The frequency of the new scales;

: mel < 1127 x log f(1 + fregq/700)
: num_parts < int(mel/delta)
for i = 0 to num_parts — 1 do

warping-freq < warpint_freq + mel_freq_delta x weight|i]
end for

: surplus <— mel — num_parts * mel_freq_delta

. return warping_freq + surplus * weight[num_parts]




Li et al.

{/{ /\/ \>\> 7 \

mel_low_freq melihighjreq

MelSacale(freq) mel freq delta

Figure 12 JERSBESTETRR

~ (00000

mel_low_freq mel _high_freq

MelSacale(freq) mel _freq_delta

Figure 13 NII/EISKe3ES

Sacale B £ A\ 22 B weight F 2 08 FH IR a4 X0k AT (125 9 A FE - BRI Bk
KoL MRSk i BRI, PGS TR BT S T, WnlEl14, T 26 &I
o MR FLT SR B B AT 25 U O AN R T AT TR

— BARE > -
+ T REARRE
SIS 4G/ I SIS T

Figure 14 {8/RREBBVMHE ST

AN TR] S BR300 3R ORI 55 O 45 R W3R 3. WRFRTLLE Y, 4
T F-ratiof\IHT DIBCAHE 25 3 IR IVE REX U T 2L 2 R 48 MEAh, X4 S 4
THESIE TR0 B, X2 RO IR AR SR e B8 K A, DURAEAFIDE B
e EIRF AR OB, T 25 47 U A B 8 (¥ P 8 EAT 1 g e, 7890
FIA AN UEBAS X DXV R 70 BC 58 2 g, 1 DX 20k /0N g A3ty 2 P 56 />
HEADBIED 25

4.4 BEFRESRBEME(CNN)GIRSERHN

Page 11 of 13



Li et al.

Page 12 of 13

Mel Linear
Baseline 9.83 17.30
Weighting 4.49 15.43
Warping 0.66 1.61

Table 3 EJ-F-ratio/EN BT IR S ZH(EER%)

Figure 15 EFCNNRRHESITER

SRR
C1 Cc2
SGD 0.131 0.157
NG-SGD 0.042 0.042

Table 4 EFCNNXDMRIES NORSERICNER

T CUNEET UL NS A 5 1 5% 3 FBGR I,  C20y 3% BRIl (L Bt il A

fHIEREY),

5 Conclusions

SR SCHTIR 1) AN s E BB N U7 vk, PR REXT b RS PR, T LUE
T F-ratiofE W RS INAURIARGHS 25 Hr R34 Tt 1 & BRI i Ve e, HLRY
BT RERORE . #esh, FET R EM L, @R s m T, A
Bty > JFIRTE ¥ 5 EBGE T B X R AR, RIS 7 AMA R I AR

Z TAERIA AR T HFR, 7 Whttp: //lilt.cslt.org/codes/replay_src.zipo
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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 S PMRBERILNSEMAEXIL
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