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Abstract

We propose the method of independent subspace analysis (ISA) for separating individual audio
sources from a single-channel mixture. ISA is based on independent component analysis (ICA)
but relaxes the constraint that requires at least as many mixture observation signals as sources. A
second extension to ICA is the use of dynamic components to represent non-stationary signals.
Sources are tracked by similarity of dynamic components over small time steps. We propose
a method for grouping components by partitioning a matrix of independent component cross-
entropies that we call an ixegram. The ixegram measures the mutual similarities of components
in an audio segment and clustering the ixegram yields the source subspaces and time trajectories.
To demonstrate the techniques we give examples of ISA applied to separation of musical and
speech sources from single-channel mixtures.
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Filterbank: Speech and Water Noise Mixture

0.5 1 1.5 2 2.5 3 3.5 4 4.5
50

100

200

400

800

1600

3200

6400

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
−1

−0.5

0

0.5

1

Time (s)

A
m

pl
itu

de

Signal Waveform

� ���

dB scale

−80

−60

−40

−20

0

Time (s)

F
re

qu
en

cy
 (

H
z)

Filterbank: Extracted Speech

0.5 1 1.5 2 2.5 3 3.5 4 4.5
50

100

200

400

800

1600

3200

6400

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
−1

−0.5

0

0.5

1

Time (s)

A
m

pl
itu

de

Signal Waveform

½£���q����}.þ�L ¡¢{�£�¤�o�yIsMv�{%y�vu� ¥bsurAlpn&vu~xo%�%~�{$qû~xlprI~xl&sulpy�v�{$vxtwo�y o%z{�surAlplpn���{$y��i��{$vxl&~uz²{%�w�éy�o%t�sul3qGt�¬«vx�I~xl��¾¡5��£Oôé¬«vu~�{%n&vxlp�ivxt�qGl��©�{�~u�ItwyI�±surAlpl&n���su�I��sur�{%nplps��$~xo���rAlp��twy�vxo±vxtwqGl�vu~�{zyMlpn&vxo$~xtwlps��IsM�t�yI��{%yGt�¬ lp�%~�{$q|��¤�o�qGrAo%y�lpy�vxs���l&~xlO{$y�{%��� sul��Gtwy.ü�{ ý�ªh|±���wo�npn«s{%y��Cnp�w��sMvxl&~xlp�itwy«vxoGý��%~xo%��r�sp�
x°���N���	����#$��%} ¦R~�)�� ¼(� ¨ ~xl&��q.{%y��������hb��s�hgv�W�t�pdv��d�����i�� �h��b��x�J�iÀM���é~xlpsusp°¦����%ü �} ý,~Gj��(ô��w�wtwsp�w�±twl&~�{$~xn���twn�qGo«� lp�wsmo%z���l�{�~xt�yI�Czo%~�suo%��y��sulpr �{�~�{$vxtwo�y§{$y��i~xlpn&o�y�sMvu~x�In&vxtwo�y���À y��*gj�z�,�������N�����hg��3�� ��p¡�3���*¡¢¡-���£��¤�-b¥fe�¦�*gj�z�,�§�s�w�����h�1�R�Nih���������hb¨�%°t�io%��o%y-nA°¦����h© �} ©3~ª��� �Ý�«¤�o�ohn�l��¬«T�z�edR� b��1fih���hb��s�hgp�m¡-gj�z�pdv���pb��1f?ih�t��hgEf¢i3�-b¨®�vih�¨b¨�h���§���Ij>vx��l&sut�sp°�¤�¼.�Ilpr v��w°1¯�y�tw©A��o$z�¼ �IlR°Glp���(°A¦z���«¦��} lh~ª±�� ²I� ¨ ~xo���y:�´³N�hkm¡��1�sih�¨bE�h��i��µih���hb��s�hgv�T�v�pdv��d�ih��i�� �3�pb���¶�·g�dr¡�gjdv�Rdv�-�sih�¨bE�3�ti��Jip¡¢¡�gj�zi��p «�a���Ijevx��l&sut�sp°�¤�¼=�Il&rIv��w°¯±y�tw©A� o%z�¼«��lR°Gl&�K�(°:¦�����ý«�} ª,~Gj���ô��w�wt�sp�¸�*g�dj�hb¨�R�¨bE�h��®�¹Jgpb�ºhdv�#³N�hkO¡-���si3�¨bE�h�tih�µ�����hb��s�3gv����pdv��d?����i�� �h��b��x�»���Ij/vx��lpsutwsp°��|{%sx{$sun��«�Isul&vuvxs�À]y�sMvxt�vx�Ivxlo$z��ólpn���yIo��wo��$��°t�ilp�It�{?qó{$�Ao%~�{$vxo$~u��°:¦����h¼ �} ¼3~Gj���½��µ½Oo�sul&y«vx��{%�±{%y��´���¿¾On«�Iy�oI°�l��It�vxo%~xsp�V³N�3kO¡��1�si�®�¨b¨�h�ti��1i3�-�3b��s�hgp�O�v�pdv��dµih�tih� �h��b��x°$n���{%r vxl&~£�it�� ���wlp©�l&��~xlprI~xl��sul&y«v�{�vxtwo�y�smzo%~�npo%qGr�� v�{$vxtwo�y�{%��{%���It�vxo%~u�§sun&lpy�lG{$y�{$�w� sutws�À

vx�Il���l&zv±lp�wlpqGlpy�v�°�r�{%�%lps�ý�ª�Á�Â ýhÁ�ý«�Oqó{p��~xlpyInpl3ô�~x�w��{%��q|°�|{$�«��{%��°�Ã² °:¦�����Ä«�} Áz~Gô�� j��(¼«n��Ilpt�~xl&~���¼«o��Iy��8sun&lpy�l�sulp�%qGlpy�v�{$vxtwo�y|���8� � y�{%qGtwn� l&vxlpn&vxtwo�yCo%zónpo%~u~xl&��o%�%~�{$qþnpo�qGo«� ����{$vxtwo�y��Ý�:lpn��Iy�twn�{$�¦½Ol&�rAo$~uv|�*½�l¢�«¦�°��|{$susx{%n��«��sul&vuvxs8À y�sMvxt�vx� vxldo$z��ólpn���y�o%�wo��%��°)OrI~xtw��¦����h� �} Ä,~.¤±��²�� vuvxlpyC{%y��ª² �1��l&~�{$����v�� ¨ ��twy��.sul&r�{$~�{�vxtwo�yio$zósuo%�I~xnpl&sp°r�{$~uv�t¨ÀN)±yC{��I{%r vxt�©�l¾{%�w��o$~xt�vx��q/��{%sul��Co�yCy�lp� ~xo�qGtwqGl&vxtwn{�~xn��Itwvxl&n&vx�I~xl��¿��b!fh�ti��1¡�g��z�vdv����b��ef%°:ý3l�Àw¦pÂ�¦�ü«°Ý¦z�h� ¦%�} �,~?²%�]½��é¤�{$~��Io%suod{%y��Å)±y�vxo�twy�lC¼«o��I��o%��qGt�{%n%� ¨ �wtwy����Al�{%q��zo%~xqGtwy�� z²o$~y�o%yX��{%�Isusut�{%y}sutw�%y�{%�wsp�����N�Æ�*gj�z�pd�d��3b��1fh�x°¦Rl�üI¡E¼�£vÀ ©�¼�ý�Â1©�Á%ü °:jmlpn&lpq��Al&~�¦z���h© �} ¦pü3~��Ý��¤�o�qGo%y:�!À y��IlprAlpy��Ilpy�v�npo�qGrAo%y�lpy�vG{$y�{$�w� sutwsp°�{dy�l&�npo%y�npl&rIvvÇÈ�-b!fh��i��¬�µg��z�vdv����b��efhÉ¿�µ� ��dvºzbEdvg�°£©h¼I¡E©�£vÀ ý3Ä¢Á�Â1© ¦RlI°)OrI~xtw��¦����3lI��¼ rAlpnpt�{$�:twsusu��l�o%y���tw�%��l&~u�G¾±~��Il�~±¼«v�{$vxtwsMvxtwnpsp�} ¦%¦R~�)�� ¨ l&����{%y�� ���;¼«lGyMyIo���sjn«t5� )±y twy z²o%~xq.{�vxtwo�yI�q.{�¬ItwqGtwsx{$vxtwo%y§{%r�r ~xo�{$n��vxo.���wtwy��|sulpr�{$~�{�vxt�o%yd{%y��|�I�wt�y��� lpnpo�y«©�o%�w�Ivxtwo�y��µÊ�dv�1gji��N³N�hkO¡���°-Á1Àw¦�¦�ýh�,Â�¦�¦�ªh� °�¦z�h��ª��} ¦�ý,~.����q:lpl%°1����±�t�~xo���{%qGt5°1)�� ¨ lp�w�¢°�{%y�������¼ lGy y�o���sjn«t5��)!��y�t��zK�ItwyI�Otwy z²o%~xq.{�vxtwo�yI�¢vx�Ilpo%~xl&vxtwn�z~�{$qGl&��o$~�n±z²o$~Ýtwy�� lprAlpy��Ilpy�vnpo%qGrAo�yIlpy�v�{%y�{%��� sut�sp�A�p���rdvgv��ih�¨bE�h��i���Ë1�3��gp�tih�§�h��«Ìi3�� -dR®k�ih�¨bE��i��§i3�t�Í³N�hkO¡��1�rdvg«Ì�z�edR� b��1f%°�¦z���hÄ �} ¦�©3~�)��µ�±� ©%{$~xtwy�lpy {%y��Î�Ý�µ�±o���l&~���À y��IlprAl&y��Il&y«vCsu�I��sur�{$npl{$y�{%��� sutws±su�Io���sOl&qGl&~x��lpyInpl¾o%zÝr���{$sul¾{%y��8su�ItwzKvOt�y«©%{$~xt�{%y�vzl�{$vx� ~xlpséz~xo�q}y�{$vx� ~�{%�«twq.{%�%lpsp� À yw�µg��z�,���p���r�-Ë1�hb����A³N�h��¤z��h�»Ê�dv�1gji��tÊ�dv�¨Ï��hgj�3�x°�Ð6{$su��twy��$vxo�y:°Ij�� ¤±�w°ó¦������«�} ¦Rlh~�q��&qó{�vx��{$�«��l&~�°�j��é¤�{%�w��{%l&~uvxsp° ¨ �N�io�o$~�°�{%y��Å²I�§Ñ�{%y��Il&���{%�w�wl��,½�l&v�{$��lp�wlpn&vu~xo�np{$~��Itwo%�%~�{%q`l&¬«vu~�{%n&vxtwo%yX�«�!suo%�I~xnplsu�I��sur�{$npl¾sulpr�{$~�{$vxtwo%y:��À y��*gj�z�,�¬�����N�a�e���»�hgj�3�� ��v¡/�h����sih�r�£��b!fh�ti�����gpgjih�w�*gj�z�&°�r�{%�%lps�©�ªh¼zÂ1©�ªh� °é¦����h¼ �} ¦�ª,~�²%�]½��ó¤�{$~�� o�suo �?�i�I�wvxt�� t�qGl&y�sutwo�y�{%�étwy�� lprAlpy�� lpy�vmnpo%qGrAo%�yIlpy�vO{%y�{$���Isutwsp��À y»�µg��z�,���3³��O�-�e��Ò Ó�Ô1���td�i3�¨�E�!d�°ó¦z�h��Ä«�} ¦�¼3~ª��� )3�«¤�{%sul&���¬�����hb��s�hgv�WÕ*gj�3�3¡/Ö¬ -dj�hgv�¢¶¿Ï£b��� �iv¡¢¡t� b¨�pi3�¨bE�h��s�W���sih�¨b��p�¨b¨�pih�£×pi3�pb���k?dv�� ��z�h��¤��hg����¨gp�-�R�¨�1gjd���ih���hb¨�%�¿����jvx�Ilpsutwsp°*�|{$susx{%n��«��sul&vuvxs�À y�sMvxt�vx� vxlGo%z±�ólpn���yIo��wo��$��°��il��It�{q:{%�Ao%~�{�vxo%~u��°�½�lp�I~x��{$~u�§¦z�h��Ä«�} ¦zÁ,~.���Io�q.{%s��o$z²q.{%yIy {%y���²�o�{$n��It�qØ��� ¨ �I��q.{%yIy:�T�é{$tw~u���twsulm�I{$v�{¾np�w��sMvxl�~xt�yI���«���Il�vxl&~xqGtwy�twsMvxtwn±{$y�yIl�{%�wtwy�� �&���N�N�Ö-g�ih�-�vi¢�R�¨b¨�h�-�w�h����i3�¨�rdvgv�Ì����i�� �3�pb���ih�t��«Ìi¢�p 1b���dJ�p���rdR�Ù®� b!fedv���pd�°ó¦z� ¡M¦�£vÀw¦vÂ�¦�l °é¦z����Á«�


	Title Page
	Title Page
	page 2


	Separation of Mixed Audio Sources by Independent Subspace Analysis
	title page
	page 2

	Separation of Mixed Audio Sources by Independent Subspace Analysis
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8



