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DCCFLCFADHE I DSEJEH CDQUEH REQLMCLBAHALG LN H@ E BCEEQ@ BAKGDJ V ?@E QJD BBANAQDHALG AB DQ@ AESER OW KEGEFDH AGK D XPO YODGR
ZFL BBQLFFEJDHALG [GDJW BAB LN RANNEFEGH BPOODGRB BAKGDJB REFAS ER NFLM D HFEE BHFPQHPFER NAJHEF ODGU BV ?@E CEFNLFM DGQE LN
H@ E CFLCLBER HEQ@G A\PE AB ESDJPDHER LG BCEEQ@ BAKGDJ I AH@ FEDJ I LFJR GLABE T DRRER HL AH T DH S DFALP B X]^ V _`CEFAM EGHDJ
FE BP JH B B@LI H@E DQQPFDQW LN H@E CFLCLBER HEQ@G A\PE EBCEQADJJW AG JLI BAKGDJ HL GLABE QAFQPM BHDGQE abcd
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1   Introduction XCEEQ@ Z JDBBANAQDHALG QDG OE FEKDFRER DB D CFLQERPFE
H@DH D JJLI B H@E EGRYCL AGH AGK LN BEKM EGH B LN BCEEQ@ NFLM
BPFFLPGRAGK DFEDB LN BCEEQ@ DGR GLG BCEEQ@ V nH C JDW B DG
AMCLFHDGH FLJE LG RASEFBE DCC JAQDHALG B REDJAGK I AH@
BCEEQ@ V o LFELSEF T DQQPFDHE BCEEQ@ QJDBBANAQDH ALG AB
FE\P AFER NLF H@E BPQQEBB LN BCEDUEF FEQLKG AHALG
DJKLFAH@M B DGR M DGW BCEEQ@ EG@DGQEM EGH BW BHEM BV

XESEFDJ E BHDO JAB@ER [ JKLFAH@M pB @DSE OEEG P BER AG H@E
REHEQHALG DGR QJDBBANAQDHALG LN BCEEQ@ T H@EW DFE
EBBEGHADJJW ODBER LG I DSENLFM CFLQEBBAGK qEGEFKW T rEFL
QFL BBAGK FDHEs tuvT QLFFE JDHALG CFLQEBBAGK tuv DGR BCEQHFDJ
E BHAM DHALG twv V ?@E CDFDM EHEFB P BER AG H@EBE D JKLFAH@M B
DFE ODBER LG HAM E DSEFDKEB LSEF D NA`ER JEGKH@ I AGRLI V
?@EFENLFE T H@E HAM E FEBLJPHALG LN H@EBE D JKLFAH@M B
RECEGRB LG H@E Q@LAQE LN H@E I AGRLI JEGKH@ DGR QDG GLH
OE M DHQ@ER HL H@E H AM E Q@DFDQHEFABH AQB LN H@E BCEEQ@
BAKGDJ V xLF E` DMC JET H@E REHEQHALG LN HFDG BAEGH B GEER B
@ AK@ HAM E FEBLJPHALG V k @EFEDBT RPFAGK BHDH ALGDFW DGR
CEFALRAQ NFDM EB D JLGKEF DGDJW BAB I AGRLI T QDG OE M LFE
ENNAQAEGH HL E`HFDQH H@E AMCLFHDGH BAKGDJ NEDHPFEB V xPFH@ EF
RABDRSDGHDKE AB H@E CFEBEGQE LN ODQUKFLPGR GLABE
EBCEQADJJW PGREF JLI X]^ QAFQPM BHDGQE V XL
AMCFLSEM EGH AG GLABW EGS AFLGM EGH AB BH AJJ D FEM DAG AGK
BPOy EQH V

ZLMMLG JW T BCEEQ@ BLPGR AB QLG BAREFER HL OE D BAKGDJ
I@LBE QLMCLGEGH JLQDJArDHALG SDF AEB I AREJW AG H AM E DGR
NFE\PEGQW T AH QLGHDAG B OLH@ @ AK@mJLI NFE\PEGQW
QLMCLGEGH B DGR B@LFHmJDFKE RPFDH ALG BLPGRBV ?@EFENLFE
AH pB AMCLFHDGH HL REQLMCL BE BCEEQ@ AGHL I DSENLFM B

I@LBE HAM E NFE\PEGQW CFLCEFHAE B DFE DRDCHER HL AH B JLQDJ
BHFPQHPFEBV ZLG BAREFAGK AH B M DH@EM DH AQDJ CFLCEFHW DGR H@E
QDCDO AJAHW HL M LREJ BCEEQ@ BLPGRBT H@E I DSEJEH C DQUEH
tz{v AB I EJJ BP AHER HL H@ AB HWCE LN E`CDG BALG V ?@E I DSEJEH
CDQUEH HFDG BNLFM AB DG DGDJW BAB M EH@LR H@DH LNNEFB M LFE
NJE` AO AJAHW AG DRDCH AGK H AM E DGR NFE\PEGQW FE BLJPH ALG HL
H@E AGCPH BAKGDJ V ?@ AB NJE` AO AJAHW AB DQ@ AESER OW
QLFFEJDHAGK H@E AGCPH BAKGDJ I AH@ ODBAB NPGQH ALG B H@DH DFE
BQDJER DGR B@ ANHER SEFBALG B LN D BL QDJJER M LH@EF I DSEJEH
I@ AQ@ AH BE JN AB D ODGR CDBB NPGQHALG V

?@ AB CDCEF NLQP BEB LG BCEEQ@ QJDBBANAQDHALG AG GLABW
EGS AFLGM EGH V nG BEQH ALG | T I E AGHFLRPQE D OFAEN LSEFS AEI
LG H@E I DSEJEH HFDG BNLFM DGR H@E BPOODGR I DSEJEH C DQUEH
REQLMCLBAHALG V nG BEQHALG }T I E RE BQFAOE D GEI SLAQER
PGSLAQER QJDBBANAQDHALG DJKLFAH@M AG GLABW EGS AFLGM EGH V
?@ AB HEQ@G A\PE ODBER LG HAM E DGR NFE\PEGQW NEDHPFE P BEB
D QLFFEJDHALG M LREJ LN RANNEFEGH BPOODGRB BCEEQ@ BAKGDJB
REFAS ER NFLM D HFEE BHFPQHPFER NAJHEF ODGU CFLCEFJW
Q@LLrER HL E`HFDQH H@ E BCEEQ@ BAKGDJ Q@DFDQHEFABHAQB V nG
BEQHALG w T I E CFEBEGH H@E ENNEQHAS EGE BB LN H@E CFLCLBER
M EH@LR DGR RABQP BB H@E BAMP JDH ALG FEBP JH B V x AGDJJW T H@E
M DAG QLGQJP BALG B LN LPF I LFU DFE BPMM DFArER AG BEQHALG
u V

2   Speech Decomposition via Wavelet 
Packet kDSEJEH HFDG BNLFM t~v I DB FEQEGHJW AGHFLRPQER DB DG
DJHEFGDHAS E HEQ@G A\PE NLF DGDJW r AGK GLG BHDH ALGDFW BAKGDJ V



nH CFLS ARE B D GEI I DW NLF FECFE BEGHAGK BAKGDJ AGHL I EJJY
OE@DSER E`CFEBBALG H@DH W AEJR B P BENP J CFLCEFHAEB V
?@E QLGHAGPLP B I DSEJEH HFDG BNLFM LN BAKGDJ )(tx
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3   Subband Crosscorrelation Analysis ��� ������ �	
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