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Maxflat-based fractional delay in signal acquisition for cochlear implants

CHEN Yousheng, CHEN Weifang, ZHANG Pu, CHEN Peipei

Shenzhen Institute of Information Technology, Shenzhen 518000, China

Abstract: Microphone array-based methods have been applied in the front-end speech enhancement for cochlear implants. In
array-based methods, delay and beamforming technology, with its low computation complexity, is suitable for dual microphone
signal acquisition of the cochlear implants. Delay is an important parameter in beamforming method, and the small inter-
microphone in the cochlear implant results in the problem of fractional delay. By considering the actual frequency distribution
feature of the filter bank in cochlear implants, we explored the characteristics of Maxflat-based fractional delay filter and analyzed

the features of the parameter variations, which may help to construct practical front-end delay beamforming algorithms for

cochlear implants.
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Fig.1 Features of amplitude response of Maxflat—

based fractional delay filter
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Tab.1 Frequency response error in fractional delay filter for 16—
channel cochlear implant with the f; of 22 050 Hz

Center frequency in

16-channel

Frequency response error/%

Order: Order: Order: Order:
cochlear implant/Hz N=2 N=3 N=5 N=10
Channel 1:216.0 0.0000  0.000 0 0.0000  0.0000
Channel 2:343.0 -0.0001  0.000 2 0.0000  0.000 0
Channel 3:485.0 -0.0004  0.0010 0.0000  0.0000
Channel 4:645.0 -0.0014  0.003 2 0.0000  0.000 0
Channel 5:826.0 -0.0040  0.0088  -0.0002 0.000 0
Channel 6:1 030.0 -0.0096  0.0212  -0.000 8 0.000 0
Channel 7:1 259.0 -0.0213  0.0465  -0.0025 0.000 0
Channel 8:1 516.5 -0.0447  0.0967  -0.006 9 0.000 0
Channel 9:1 806.5 -0.0893  0.1908  -0.0174 -0.0003
Channel 10:2 132.5  -0.1701  0.3570  -0.0385 -0.001 2
Channel 11:2499.5  -03144 0.6446  -0.0734  -0.003 0
Channel 12:2912.5  -0.5697  1.1304  -0.106 7 0.007 7
Channel 13:3377.0 -09907  1.8835  -0.046 6 0.142 6
Channel 14:3899.5 -1.6705  3.0019 0.4042 09128
Channel 15:4487.0 -2.7654  4.608 4 2.0892  3.6093
Channel 16:5 148.0 -4.4134  6.6800 6.706 6 7.093 6

2 Zf.=22 050 Hz 7 16 B8 F B IR 5 HHEIR 5K 25 A0 FE5T
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Tab.2 Phase response error in fractional delay filter for 16—
channel cochlear implant with the f; of 22 050 Hz

Center frequency in

16-channel

Phase response error/%

Order: Order: Order: Order:
cochlear implant/Hz N=2 N=3 N=5 N=10
Channel 1:216.0 0.026 9 0.000 0 0.0000  0.0000
Channel 2:343.0 0.071 6 0.000 3 0.0000  0.000 0
Channel 3:485.0 0.144 0 0.0010 0.0000  0.000 0
Channel 4:645.0 0.258 7 0.0034  -0.000 1 0.000 0
Channel 5:826.0 0.428 4 0.0093  -0.000 6 0.000 0
Channel 6:1 030.0 0.667 7 0.0225  -0.002 1 0.000 0
Channel 7:1 259.0 0.992 0 0.0497  -0.006 8 0.000 0
Channel 8:1 516.5 1.438 0 0.1044  -0.020 1 0.000 0
Channel 9:1 806.5 2.0332 0.2082  -0.0553  -0.000 4
Channel 10:2 132.5 2.806 4 03953  -0.1396  -0.003 3
Channel 11:2 499.5 3.8186 0.7275 -0.3327 -0.0197
Channel 12:2 912.5 5.147 4 1.308 1  -0.7528  -0.090 2
Channel 13:3 377.0 6.806 5 22491  -1.5584 -0.2818
Channel 14:3 899.5 8.8810 37299  -2.9498 -0.3988
Channel 15:4487.0 11.5239 6.0307  -5.028 7 1.578 6
Channel 16:5148.0  14.762 7 93359  -7.1423 12.2296
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Tab.3 Frequency response error in fractional delay filter for 16—
channel cochlear implant with the f; of 44 100 Hz

Center frequency in Frequency response error/%

16-channel Order: Order: Order: Order:
cochlear implant/Hz N=2 N=3 N=5 N=10

Channel 1:216.0 0.0000  0.000 0 0.000 0 0.000 0
Channel 2:343.0 0.0000  0.000 0 0.000 0 0.000 0
Channel 3:485.0 0.0000  0.000 1 0.000 0 0.000 0
Channel 4:645.0 -0.000 1 0.000 2 0.000 0 0.000 0
Channel 5:826.0 -0.000 2 0.000 5 0.000 0 0.000 0

Channel 6: 1 030.0 -0.000 6 0.001 3 0.000 0 0.000 0
Channel 7:1 259.0 -0.001 3 0.002 8 0.000 0 0.000 0
Channel 8:1 516.5 -0.0027  0.0060  -0.000 1 0.000 0
Channel 9:1 806.5 -0.0056  0.0124  -0.000 4 0.000 0
Channel 10:2 132.5  -0.0109  0.0239  -0.000 9 0.000 0
Channel 11:2499.5  -0.0205  0.0449  -0.0023 0.000 0
Channel 12:2912.5  -0.0376  0.0816  -0.0055 0.000 0
Channel 13:3377.0  -0.0684  0.1469  -0.0123  -0.000 1
Channel 14:3899.5 -0.1197 02539  -0.0252  -0.000 5
Channel 15:4487.0  -02060  0.4297  -0.0478  -0.0017
Channel 16:5148.0  -0.3525  0.7188  -0.0811 -0.003 0

4 Hf.=44 100 Hz T 16 185E B8 F E AR 55 B R I8R5 804857
R IRE
Tab.4 Phase response error in fractional delay filter for 16—channel
cochlear implant with the f.of 44 100 Hz

Center frequency in Phase response error/%

16-channel Order: Order: Order: Order:
cochlear implant/Hz N=2 N=3 N=5 N=10

Channel 1:216.0 0.006 0 0.000 0 0.000 0 0.000 0
Channel 2:343.0 0.016 8 0.000 0 0.000 0 0.000 0
Channel 3:485.0 0.036 1 0.000 1 0.000 0 0.000 0
Channel 4:645.0 0.0626  0.000 2 0.0000  0.0000
Channel 5:826.0 0.1019 0.000 5 0.000 0 0.000 0

Channel 6:1 030.0 0.164 3 0.001 4 0.0000  0.000 0
Channel 7:1 259.0 02415 0.0029  -0.0001 0.000 0
Channel 8:1 516.5 0.353 4 0.0063  -0.000 3 0.000 0
Channel 9:1 806.5 0.5105 0.0132  -0.0009 0.000 0
Channel 10:2 132.5  0.7102 0.0255  -0.0025 0.000 0
Channel 11:2 499.5 09751 0.0480  -0.006 4 0.000 0
Channel 12:2 912.5 13191 0.0878  -0.0156 0.000 0
Channel 13:3 377.0 1.779 0 0.1596  -0.0375  -0.0002
Channel 14:3 899.5  2.354 1 02788  -0.0844  -0.001 1
Channel 15:4 487.0  3.089 4 04784  -0.1835 -0.0059
Channel 16:5148.0  4.044 2 0.8147 -03902 -0.0268
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Fig.3 Comparison of waveform and time—frequency spectrum between the original signal and the signal after fractional delaying
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