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In this paper, a context— and speaker—dependent cepstrum extraction method and a channel normalization method
for minimizing the loss of speaker characteristics in the cepstrum were proposed for a robust speaker recognition
system over the channel, The proposed extraction method creates a cepstrum based on the pitch synchronous analysis
using the inherent pitch of the speaker, Therefore, the cepstrum called the “pitch synchronous cepstrum” (PSC)
represents the impulse response of the vocal tract more accurately in voiced speech, And the PSC can compensate
for channel distortion because the pitch is more robust in a channel environment than the spectrum of speech, And
the proposed channel normalization method, the “formant-hroadened pitch synchronous CMS” (FBPSCMS), applies
the Formant—Broadened CMS to the PSC and improves the accuracy of the intraframe processing, We compared the
text—independent closed—set speaker identification on 56 females and 112 males using TIMIT and NTIMIT database,
respectively, The results show that pitch synchronous LPCC improves the error reduction rate by up to 7.7% in
comparison with conventional short—time cepstrum and the error rates of the FBPSCMS are more stable and lower
than those of pole—filtered CMS,

Keywords: Feature extraction, Fitch synchronous analysis, Cepstrum, Channel robustness, Spesker recognition
ASK subject classification; Speech signal processing (2.5)
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Table 1. Error reduction rates by log pitch.
™r NTIMIT
STLP | PSIP | STMF | PSMF |STBIMFIPSBIMF| STLP | PSLP | STMF | PSMF | ST.BLMF | PSBLMF
without 937 93.7 954 95.2 88.3 85.3 60.0 60.0 51.2 496 64.4 62.6
with 96.0 96.8 96.2 96.4 91.3 873 68.8 722 590 60.4 68.4 68.4
ERR 36.5% | 492% | 17.4% | 250% | 256% | 136% | 22.0% | 305% | 16.0% | 21.4% | 11.2% | 15.5%
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Table 2. Error rates with respect to the number of utterances for training.

TIMIT, w/ pitch
28 oRIA | STLP PSLP ERR STMF | PSMF ERR | STBIMF | PSBIMF | ERR
3 84.9 859 6.6% 80.0 788 -5.9% 57.1 619 11.9%
4 89.7 903 5.8% 893 853 37.1% | 736 75.4 6.8%
5 909 917 B.8% 923 919 -5.1% 812 808 | -21%
6 95.2 946 -126% 956 950 -135% | 859 85.7 -1.4%
7 960 96.8 20.0% 96.2 9.4 53% 913 873 | -46.0%
Average | 913 919 5.7% 907 833 | -113% | 778 782 | -63%
NTIMIT, W/ pich
4IRS | STAP PSLP ERR STMF PSMF | ERR STBLMF | PSBIMF | ERA
3 480 52.4 8.5% 326 348 33% 366 408 6.6%
A 55.4 57.0 36% 408 390 -3.0% 428 408 12.2%
5 | s14 | 30 4.1% 46.4 48.4 37% 51.4 57.8 13.2%
6 6438 688 1.4% 55.8 548 | -23% | 612 66.8 10.4%
7 | ess 72.2 10.9% 59.0 60.4 3.4% 684 68.4 0.0%
" hverage | 597 62.7 77% 469 475 1.0% 524 | 567 9.3%
3 223 9i8 Y 2400 M2 ol (2YYo| 71X 7] L4
Table 3. Eeror rates with respect to the number of utterances for training (fixed lenglh frame).
TIMAIT, w/ pitch
e T PSLP ERA STME | PSMF ERR | STBLMF | PSBLMF | EAA
3 849 827 S145% | 800 798 ~1.0% 57.1 617 10.7%
4 89.7 887 ~96% 89.3 867 | —241% | 736 | 756 N
5 909 915 6.6% 923 929 78% 81.2 806 | -3.1%
6 | w2 o4 | -168% | 956 956 00% | 859 857 | -14%
%60 | 954 -14.0% 96.2 97.0 216% | 913 881 | -368%
average | 913 | 906 | -97% 907 Y 08% 778 | 783 | -46%
NTIMIT, w7 pilch
B2 IS | STLP PSLP ERR STMF | PSMF EAR | STBLMF | PSELMF | ERR
3 480 540 115% 326 372 6.8% 366 424 9.1%
4 | 554 565.8 09% | 408 394 -24% | 428 | 524 | 168%
5 | 614 | 624 | 26% | 464 476 2.2% 514 | 578 13.2%
6 | ea8 | 702 | 153% 558 55.0 J18% 612 65.4 10.8%
7 68.8 71.0 71% | 500 506 1.5% 664 696 | 38%
Average 597 | 627 75% | 469 478 1.3% 52.1 575 10.7%
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Table 4. Error rates with respect to the number of utterances for training {Female).

TIMIT, w/ pitch
#HIRS| STLP | PSP | ERR STMF | PSMF | ERR | STBLMF | PSBLMF | ERR
3 845 899 34.6% 833 788 -286% 625 5.7 | -127%
4 89.9 91.1 11.8% 91.7 845 -85.8% 75.0 667 | -333%
5 91.7 923 7.1% 917 905 -14.3% 816 738 | -420%
6 952 952 0.0% 96.4 952 -33.3% 857 816 | -291%
7 95.2 97.0 37.4% 95.8 95.2 -14.1% 899 | 857 | -412%
Average 913 93.1 18.2% 91.8 888 -352% | 789 731 | -317%
NTIMIT, W/ pitch
jﬁ IRl STLP PSLP EAR STMF PSMF ERR ST.BUW PS.BLMF ERR
3 46.1 53.9 14.6% 382 38.8 1.0% 36.4 333 -48%
4 515 57.0 11.2% 418 455 6.2% 503 467 -7.3%
5 62.4 618 ~16% 473 479 1.2% 515 52,1 12%
6 $4.2 703 16.9% 588 558 -7.4% 618 636 4.8%
7 673 727 16.7% 576 606 7.9% 679 630 | -15.1%
Average | 583 £3.2 116% | 487 497 1.6% 536 518 | -4.2%
B 5 EUS AT LY S0l ojE g2 (Wxh
Table 5. Error rates with respect to the number of utterances for training (Male).
TIMIT. w/ pitch
maps| sue PSLP ERR STMF | PSMF ERR | STBLMF | PSBIMF | ERR
3 | es4 84.2 -82% | 786 | 789 1.4% 616 643 | 70%
a 89.9 905 5.9% 887 863 -21.0% 810 80.4 -31%
5 91.1 920 10.0% 926 926 0.0% 857 842 | -104%
6 95.2 94.4 -187% 952 949 -6.3% 878 88.1 25%
7 96.4 96.7 8.4% 96.4 970 16.5% 920 881 | -48.0%
Average 916 916 -05% 903 899 -19% | 816 810 | -104%
NTIMIT, w/ pitch
gk | sTup PSLP EAR SIMF | PSMF ERR | STBLMF | PSBIMF | ERR
3 493 522 5.9% 31.0 340 43% 409 45,1 71%
4 576 573 -0.7% 406 36.1 -75% 505 522 36%
5 | 612 639 6.9% 466 490 45% | 594 | 609 | 37%
6 | 654 | e84 | 86% | 546 | 543 | -07% | 663 | 684 6.2%
7 699 722 7.9% 600 606 1.5% 00 | 713 7.7%
Average 60.7 628 5.7% 466 468 0.4% 57.2 59.6 5.6%
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