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[ F\GNGM AHFJ DPIHT ]W Y[A^ _ AB CD HGEHG DGJMFM CIJ CD `FDGO IJ F T IOGNCJV XIJXGEM KB CXB CD F` NG MI XFEMUHG MBG BFHT IJ CX
`GBF\ CIH MBG DCVJFN `Z T GFJ D IP `FDCD GNGT GJM D MBFM FHG XIT`aNCbG CJ MBG PHGcUGJXZ OIT FCJ _
ABG GDDGJXG IP MBG MK I EFDD FEEHIFXB CJ\IN\GD PCH DM MBG GDMCT FMCIJ IP MBG T FMGHJFN QRS ]LQRS^ PHIT F XIHHUEMGO
F`OIT CJFN XUMFJGFIU D HGXIHOCJV U DCJV F E CMXB DZJXBHIJIU D OGXITEIDCMCIJ _ d FDGO IJ MB CD GDM CT FMCIJ e F DGXIJO CMGHFMCIJ
CD EGHPIHT GO CJ IHOGH MI HGXI\GH MBG OGDCHGO fGMFN QRS ]fQRS^ XITEIJGJM D_ ABG EGHPIHT FJXG IP MBG EHIEIDGO
MGXBJ CcUG CD G\FNUFMGO IJ F \FH CGMZ IP QRS DCVJFND _ QgEGHCT GJMFN HG DU NM D DBIK MBG FXXUHFXZ IP MBG EHIEIDGO MGXBJ CcUG
GDEGXCFNNZ CJ NIK PGMF N QRS EIK GH XCHXUT DMFJXG
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h ij @kl<m: ? @ fGMFN QRS GgMHFXMCIJ e W CMXB YZJXBHIJIU D n GEHGDGJMFMCIJ e W CMXB YZJXBHIJIU D [ F\GNGM MHFJ DPIHT

1   Introduction oM CD EHI\GO MBFM MBG OCFVJIDCD IP PGMFN XFHOCFX OCDGF DGD
`F DGO IJ MBG FJFNZ DCD IP MBG PGMFN XFHO CFX HBZ MBT CD JIM
\GHZ HG NCF` NG _ oM CJ\IN\GD CJ DIT G XFDGD UJJGXGDDFHZ
IEGHFM CIJ D FJO CM CD UJF` NG MI OGMGXM DIT G OCDGF DGDe MBFM pD
KBZ MBG FJFNZ DCD IP MBG QRS `GXIT G MBG `FDCD IP MB G
OCFVJIDCD _ ABG T GMBIO IP HGXIHOCJV OCHGXMNZ MB G fQRS CD
HG NFMGO MI FJ CJMGHJF N GNGXMHIOG PCgGO IJ MBG PGMFNpD DXFNE
OUHCJV MBG NF`IH _ YI e MI FJFNZ qGe GFHNCGH OUHCJV
EHGVJFJXZ e MBG PGMF NpD BGFNMB K G `GXIT G CJMGHGDMGO K CMB
JIJ CJ\FDC\ G T GMBIOD HGDGFHXBG D r MBG GgMHFXMCIJ IP MB G
fQRS PHIT EHGVJFJM K IT GJ pD QRS _ ABG EHI` NGT NCG D CJ
MBG XBICXG IP FJ GPPCXCGJM T GMBIO MI GgMHFXM MBG PGMFN
QRS e EHGDGJM K CMB F \GHZ NIK EIK GH CJ MBG F`OIT CJFN
EHGVJFJM K IT GJ pD QRS e K CMB T CJ CTUT IP CJ PIHT FMCIJ pD
NI DD _

s CPPGHGJM T GMBIOD BF\G `GGJ EHIEIDGO PIH MB G
OGMGXMCIJ FJO MBG GgMHFXM CIJ IP fQRS _ ABGZ OGFNe
G DDGJMCFNNZ e K CMB CJOGEGJOGJM XITEIJGJM FJFNZ DCD
XIJXGEM FJO MBG PCNMGHCJV XIJXGEM _ t T GMBIO GTE NIZ CJV
MBG ` NCJO DIUHXG DGEFHFM CIJ EHCJXCE NG BFD `GGJ U DGO CJ
uvw _ oM XIJ DCDM D IP MB G XIJ DMCMUMCIJ IP MBG DCVJFN DIUHXGD `Z
HGVHIUE CJV FNN MBG PGMFN FJO T FMGHJFN QRS FJO
XIJ DCOGHCJV T FJZ EFHFT GMGH D HGNFMGO MI G\GJM D IXXUHHCJV
OUHCJV MBG HGXIHOCJV QRS IEGHFM CIJ FD MBG G NGXMHIOG xD
EI DCM CIJ e MB G JICDG _ t DXBGT G `FDGO IJ F PUqqZ OGXCDCIJ
FNVIHCMBT CD EHIEIDGO CJ uyw _ ABG PUqqZ OGMGXMIH HGcU CHG D
MK I DCVJFND IP HGPGHGJXG T FMGHJFN FJO PGMFN MI GJBFJXG
MBG zn Y XITE NGg MI T FbG GFDCGH CM D OGMGXM CIJ _ YIT G

K F\GNGM MHFJ DPIHT `FDGO EHIXGOUHGD BF\G `GGJ U DGO CJ
MBG GgMHFXMCIJ IP fQRS DUXB F D MBG OGMGXM CIJ IP MBG zn Y
T FMGHJFN XITE NGg FJO MBG FJFNZ DCD IP CM D XBFHFXMGHCDMCX D _
oJ u{we MBG FUMBIHD U DGO MBG FDDUTEMCIJ MBFM MBG K F\GNGM
MHFJ DPIHT XFJ XBFHFXMGHCqG MBG NIXFN HGVU NFHCMZ IP DCVJFND_
ABGZ EHI\GO MBFM MBG NIXFN T Fg CT F IP MBG K F\GNGM
MHFJ DPIHT TIOU NU D OGMGXM MBG DCJVU NFH EICJMD ]NIXFM CIJ D
IP CHHGVU NFH DMHU XMUHGD^ IP `IMB MBG PGMFN QRS FJO MBG
T FMGHJFN QRS PHIT MBG XITEI DCMG F`OIT CJFN DCVJFN_
t PMGH F OCDXHCT CJFM CIJ DMFVG U DCJV F EHCIHC CJPIHT FMCIJ
PIH MBG GgMHFXMCIJ EHIXGOUHGe MBG DGNGXMGO NIXFN T Fg CT F
EGHT CM MBG HGXIJ DMHUXM CIJ IP MBG PGMFN QRS XIJMH C`UMCIJ _

AB CD EFEGH PIXU DGD IJ T FMGHJFN FJO PGMFN QRS
DGEFHFMCIJ U DCJV F T GMBIO `FDGO IJ E CMXB DZJXBHIJIU D
K F\GNGM MHFJ DPIHT u|e}w _ ABG EHIEIDGO MGXBJ CcUG CD
O CPPGHGJM PHIT MBG IMBGH T IOGN `F DGO T GMBIODe CJ MBFM CM
HGcU CHGD IJ NZ IJG F`OIT CJFN DCVJFN~ JG CMBGH DCVJFND IP
HGPGHGJXG FHG JGGOGO JIH T FJZ DCVJFND FHG HGcU CHGO MI
XIJ DMCMUMG F DCVJFN `FDG MI FJFNZ qG FJO GgMHFXM MB G PGMFN
QRS _ oJ DGXM CIJ � e K G CJMHIOUXG F `HCGP I\GH\ CGK IJ MBG
K F\GNGM MHFJ DPIHT FJO MBG E CMXB DZJXBHIJIU D K F\GNGM
OGXITEIDCMCIJ _ oJ DGXMCIJ ve K G OGDXHC`G MBG OCPPGHGJM
DMGE D XIJ DM CMUM CJV MBG EHIEIDGO T GMBIO _ [ G EHIEIDG F
MGXBJ CcUG MBFM HGNCG D EH CT FHCNZ IJ MBG EIDCMCIJ D IP B CVB
EGFb D XIHHGDEIJOCJV MI MBG n K F\G IP MBG QRS _ ABG
EHCJXCE NG XIJ DCDM D CJ GDM CT FMCJV MBG EGHCIO CXCMZ ]E CMXB
EGHCIO^ K CMB MBG FUMIXIHHGNFMCIJ PUJXM CIJ FJO OC\ CO CJV
MBG IHCV CJFN DCVJFN CJMI E DGUOIaEGHCIOCX DGVT GJM D U DCJV
MBG M CT G EICJMD I`MFCJGO PHIT MBG XIJ DCOGHGO E CMXB



OGMGXMIH FNVIHCMBT _ AB CD DGVT GJMFM CIJ NGFOD MI MBG E CMXB
DZJXBHIJIU D HGEHG DGJMFMCIJ _ dZ FEE NZ CJV MBG K F\GNGM
MHFJ DPIHT MI MB CD HGEHGDGJMFM CIJ FJO DZJMBG DCD IJ NZ MBG
FEEHIg CT FMCIJ XITEIJGJM K G XFJ I`MFCJ MBG OIT CJFMCJV
E CMXBGO DCVJFNpD `GBF\ CIH e DI MBG T FMGHJFN QRS
GDMCT FMCIJ _ t DGXIJO CMGHFM CIJ IP MB CD MGXBJ CcUG MI MBG
DCVJFN HG DU NMFJM PHIT MBG GNCT CJFMCIJ IP MBG T FMGHJFN
XITEIJGJM PHIT MBG XITEIDCMG IJG GgMHFXM D MBG fQRS _
oJ DGXM CIJ � e K G OGT IJ DMHFMG MBG GPPGXMC\ GJG DD IP MB G
EHIEIDGO T GMBIO K CMB MBG GgEGHCT GJM HG DU NM D _ f CJFNNZ MB G
T FCJ XIJXNU DCIJ D IP IUH K IHb FHG DUTT FHCqGO CJ MBG NF DM
DGXMCIJ _

2   Pitch Synchronous Wavelet Transform [F\GNGM MHFJ DPIHT u�w K FD HGXGJMNZ CJMHIOUXGO FD FJ
FNMGHJFMC\ G MGXBJ CcUG PIH FJFNZ q CJV JIJ DMFM CIJFHZ DCVJFN _
oM EHI\ COG D F JGK K FZ PIH HGEHG DGJMCJV DCVJFN CJMI K GNNa
`GBF\GO GgEHGDDCIJ MBFM Z CGNO D U DGPU N EHIEGHMCGD _
ABG XIJMCJUIU D K F\GNGM MHFJ DPIHT IP DCVJFN )(tx

HGNFMC\ G
MI MBG `FDCX K F\GNGM CD V C\ GJ `Z r
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3   Fetal ECG Extraction Method �{s tr}t}usp � sv{}p }w s�vrnyvx}o }w ���� �nusp }o
v{s t xvy{ u|oy{r}o}~ u � n�szsv vrno uw}r� xu u{}�o xo v{s
pxn�rn� }w � x� ����v yno �s psuyrx�sp nu n v{rss uvst tr}ysp~rs �

• �so}xuxo� v{s y}�t}uxvs ux�onz
][][][ nsnsns �� ��� � �� += v} szx� xonvs v{s{ x�{ wrs�~soy| wr}� xv �

• � uvx� nvxo� v{s � nvsronz ��� ][ˆ ns���� �
• ��vrnyvxo� v{s wsvnz ��� ][ns�� �� �

�o v{s wxr uv uvst � � s szx� xonvs v{ s ~o� novsp { x�{
wrs�~soy| ux�onz y}�t}osov u ~ uxo� n u}wv v{rsu{} zp xo�
xo v{s � n�szsv p}� nxo � ¡ � �{sus y}�t}osov u nrs yn~ usp �s uusov xnzz| � �| v{s rnop}� o}xus p~s v} u¢ xo £ szsyvr}ps
xovsrwnys nop n�t zxwxsr �¤ wvsr v{ xu }tsrnv x}o � � s s�tnop v{s pso}xusp y}�t} uxvsux�onz nyy}rpxo� v} xv u p}� xonov {nr� }o xy uvr~ yv~rs



�� nvsronz ��� � � �o wnyv � � s y}o uxpsr v{ s n~v}y}rrsznvx}o
w~oyvx}o }w v{s ux�onz v} }�vnxo }os t us~p} tsr x}p }wrswsrsoys � � xv{ v{ xu t us~p} tsrx}p � s px� xps v{s ux�onz
xo us�~soysu v} psvsyv v{s { x�{ tsn¢ �rstrsusovxo� v{s
� nvsronz � �n�s� xo sny{ }os � � {so � s }�vnxo v� }
y}o usy~vx� su { x�{ tsn¢ u � s n uu~� s v{nv v{s �nt �sv� sso
v{s� xu v{s t us~p} tsrx}p � � s px� xps v{s ux�onz
nyy}rpxo� v} v{s �nt u �sv� sso v� } y}o usy~vx� su tsn¢ u v}y}o uvxv~vs n os� rstrsusovnv x}o � xv{ v{s t us~p} tsrx}p}�vnxosp � v{nv xu � v{s t xvy{ tsrx}p us�� sovnv x}o � � syn~ us}w ��� ux�onz y{nrnyvsrxuv xyu� {}� s�sr� v{sus t us~p}tsrx}p us�� sov u p} o}v sny{ {n�s v{s un� s p~rnv x}o � �v xu
osysuunr| v} rs� }�s v{sus z}ynz tsrx}pxyxv| �nrxnv x}o utr x}r v} tr}ys uuxo� � � s y{}} us v} s�~nzx�s v{s tsrx}p
zso�v{ u �| �sr} �tnppxo� nzz }w v{s tsr x}p us�� sov u v} v{s
� n� x�~� tsr x}p zso�v{ �

� x� � � � svnz ��� s�vrnyv x}o pxn�rn� ~ uxo� � xvy{u|oy{r}o}~ u � n�szsv vrno uw}r� �
¤ wvsr uvr~yv~rxo� v{s ux�onz xo v{ xu wnu{ x}o �t xvy{u|oy{r}o}~ u rstrsusovnv x}o � nop ntt z| xo� no nrrn| }w� n�szsv vrno uw}r� � v{s p}� xonov tsrx}pxy �s{n� x}r�s uv x� nvx}o � xu vr xttsp xo onrr}� y}�� u nop vrno uxsovu�psvnxzu� nrs }r�no x�sp xo so us�� zsu }w uxps�nopu }w v{ s{nr� }o xy u� �| u|ov{sux� xo� � }o z| � v{s s uv x� nvx}oy}�t}osov � � s yno s�vrnyv v{s � nvsronz ��� ux�onz

][ˆ ns�� �� � �{s s�vrnyvsp � nvsronz ��� xu s zx� xonvsp
wr}� v{s }rx� xonz ��� v} tr}� xps v{s ux�onz

][ˆ][ nsns 	
��− � � { xy{ � xzz � s vrsnvsp xo v{s v{ xrp uvst �

�{s znuv uvst xu ux� xznr v{no v{s trs� x}~ u }os� v{s
pxwwsrsoys xu v{ s ux�onz y}oysrosp � �{ xu }tsrnv x}o xu
ntt zxsp v} no ��� y}o uv xv~vsp suusovxnzz| �| v{s wsvnz
��� ][ns�� �� nop u}� s rsuxp~nz � nvsronz y}�t}osov ��{s rsu~ zv }w v{ xu zn uv uvst xu v{s s�vrnyvsp wsvnz ��� �

4   Results and Discussion �o 
 rpsr v} s�nz~nvs v{s tsrw}r� noys }w s�vrnyvxo� v{s
���� �| t xvy{ u|oy{r}o}~ u � n�szsv psy}�t}uxvx}o �s�tsrx� sov u �| y}�t~vsr ux�~ znv x}o xu ynrr xsp }~v � �{s
vsuv usv pst xyvsp xo wx�~rs � y}o uxuv u }w ��y{nooszrsy}rp xo� pnvn }w t}xovu ���� un�t zsp nv ����� rnvs� xv{ w}~r szsyvr}psu t} uxvx}osp xo pxwwsrsov tnrvu }w v{strs�onov � }� no �u n�p}� so � �{s }v{sr psvnxzu xo v{ss�tsrx� sov u nrs n u w} zz}� u� v{s psy}�t} uxv x}o zs�szu nrs
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