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o._MhN~KWQcÂÆbWQ]X~C]�_Q]�[?_Q]XW*c�Å�]K_Mheo¨p�Æ�fV_M\=U2_Q]�SV]^[?obWZY?S"hN~KSV]^[?h½{XSi~
y SVfiW*��o.ST[?}KSVh½Y§\%WQo.|�he]�k
\=_�~,SVceo§W*Y?SC~Kh	�8SgY?Sg]�[i�
Î±[?_M]�WQc^fV_Q\=U2_M]�Sg]�[(heobW¦ce_^fiW*cK\%WZÁ,hN\���\�_*`�[?}�Sdo.U2SVfg[.Y?�K\
Å � Å���Æ54 � Å���6 � Æ�Sg[ � Å���Æ57 � Å�� ��� Æ"Æ"o?WZ[?heo¨`�p,he]�kKÀ

� Å��KÆ � � Å���6 + Æ87�ù	/10+:9 Ò � Ö �;65Ö Ó h½`dÖ=<>�?<�øQÙ+:9 Ò � Ù � � Ö �@65Ö �@6TÙ Ó h½`døMÙBA>�C< � ÖQù+D9 Ò � ø
�FEGEGE � � Ö �@65Ö �.EHEGE �;6Tø Ó h½` � ÖQù=AI�JA�ÖQuQ×
*±SdWQ~�~T[?_7h½[?oHhe]^[?SV]Ko.he[qpJ[?}K_Mo.S�_*`K[?}KS¢U,Y?SVm�he_M��o(WQ]�~5`�_Mcece_iz"¿
he]�k°fV_M\=U2_Q]�SV]^[i� Í [?}KSgYT[?_Q]XWQcdfV_Q\=U2_M]�Sg]�[?oJhN]©[?}�S
o?W*\=S
`�Y?SVÊ��KSV]�f0p y WQ]�~�W*Y?S5]K_Ace_M]KkMSgY7fV_Q]�o.hN~KSgY?SV~P�
tJ_Q]K¿¡[?_M]�WQcPfV_M\=U2_Q]�SV]^[?o7W*Y?SC\%WM~,S5_Q`j[?}�SCo.�K\ _*`j[?}�S5he]K¿
[?SV]Ko.he[?heSVo¢_Q`P[?}�S§o.hekM]�WQc8fV_M\=U2_Q]�SV]^[?ojY?SV\%WQhe]KhN]Kk5he]�SVWQf3}�_*`
[?}�S�ÖZwËfgY?h½[?hNfVWQc y W*]X~,o y S0[z¾SgSV]�×ËWQ]X~ � uMu*×M× �JëM��Å¡É¾}KS
WQ��~Kh½[?_QY.p²o¨p,o¨[?SV\ y SV}XWimnSVo�WQoËW y WQ]K|�_Q` y WQ]�~KUXW*o.o�{Xc½¿
[?SgY?oVs,z§h½[?}�fV_Q]�[?he]���_Q��o.c½p�_ZmnSgY?cNWQUKU�he]�k
fgSV]^[?SgY"`�Y?SiÊ^�KSV]�fVheSVoV�
É¾}�Sgo.S©ÃWQ��~Kh½[?_QY.p�{Xc½[?SgY?o.Ä%fiW*] y SCWQUKUKY?_iÁ,hN\%WZ[?Si~ y p%Y?SVfg[.¿
WQ]KkM�KcÂWZY7{�c½[?SgY?o¦z§h½[?}�fgY?h½[?hefiW*c y W*]X~,z§hN~�[?}�he]�fgY?SiW*o.he]�k=z§h½[?}
`�Y?SVÊ��KSV]�f0p^�H»]=[?}KhNo�\=_�~KSVc�s^[?}�SJWQ��~Kh y ceS y WQ]�~%heo�[?}KSgY?Sg`�_QY?S
~Khem�hN~KSi~�he]�[?_
Ö*w=]K_M]K¿¡Y?SVkQ��cNW*Y¦fgY?h½[?hefiW*c y W*]X~,oV� Æ
Ý É¾}�h½Y3~�Ü�[?SVUPÀ5K¦-0<
6Q�Q-ML�'*�.Gn-.>N2d6Q<J�,6Q/2-0/����
É¾}�_Qo.S�fg_M\=U2_M]KSV]^[?o y SVce_Zz [?}�S�W y o._Mce�K[?S�}�SVW*Y?he]�k=[?}KY?Sgo.}K¿
_McN~�W*]X~�[?_M]�WQc¾fg_M\=U2_M]KSV]^[?oCo.SVUXWZY3W*[?Si~ y p�ceSVo.o�[?}XW*]�×,� u
�¾WZY?|,oV�
Ý È�_Q�KY.[?}�Ü�[?SVUPÀË�3/X>Q���i�¡>*)�'QL§'Q/2>IO"Le6M�3'QL�L�'Q�¨G*��/���D�;�+.-0�¨;,�
6MLe>Q�
»]°[?}�heo7o¨[?SgU�s�z�SAW*fVfV_Q��]^[7`�_QY7[?}�ST`�Y?SVÊ��KSV]�f0p�\%W*o.|,he]Kk=Sg`�¿
`�Sgfg[?oJ_*`¢[?}KS5�JÎTÜ8��*±SC]�SgSi~�[?_°~,heo.fgY?Sg[?heëVS�[?}KS�`ÂY?SiÊ^��SV]Kfgp

r�W*Y?f3}ËÖQù�s � ûMûQø � ù^À ×nÖ



w

tonal    
non tonal

0 50 100 150 200 250 300
−20

0

20

40

60

80

100
tonal and non tonal components

� â�÷Xà(îZå(38´ � å,èMï2ÞHá�ç æ å�ñ

tonal             

tonal removed     

non tonal         

non tonal removed 

absolute threshold

0 50 100 150 200 250 300
−20

0

20

40

60

80

100
relevant masking components

� â�÷Xà(îZå��8´ � �(â�î*á�ç æ å�ñ
WZÁKheo5W*fVfV_*Y3~Khe]�k%[?_�[?}KS�}KSiW*Y?he]Kk°o.SV]Ko.h½[?hNm�h½[p�z§}�hef0}©heo y Sg[.¿
[?SgYP`�_*Ybce_iz±`�Y?SiÊ^�KSV]�fVheSVo(WQ]�~TSgÁ,UKY?SVo.oP`�Y?SiÊ^��Sg]�fVheSVo�hN]'�¾WZY?|�oV�
r�W*o.|,he]Kk�fV�KY?mMSVo5W*Y?S
[?}KSV]�WQce\=_Mo¨[Ccehe]�SiWZY�Å�z§he[?}�~Kh	�8SgY?SV]^[
ce_iz¾SgYTWQ]�~���U�U2S0YJo.ce_MU2SgoT~KSgU2SV]X~,hN]Kk=_M]�[?}�S�~,hNo¨[3W*]�fVS y Sg¿
[qz¾SVSV]®[?}�S�\%W*o.|nSi~®WQ]�~®[?}�S�\%WQo.|�he]�k�fg_M\=U2_M]KSV]^[0ÆAWQ]�~
~,SVU2SV]X~�_M]=W7\%WQo.|�he]�kThe]X~,SgÁA~Kh	�8SgY?SV]^[b`�_*Y¢[?_Q]XW*cXWQ]�~A]�_Q]K¿
[?_Q]XWQc�fV_M\=U2_Q]�SV]^[?oV�)*±SC��o.S�� � [?_%~,SV]�_*[?ST[?}�SCo.Sg[7_Q`j`�Y?Sg¿
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*�hNceSgp�WQ]�~�Ü�_M]�oVs � ûQûQw,�

Ò ÖMù Ó �C�2RTh½Á,_M]Ps (M�X+.-.'n> (M�K-.1g��+0)�< (K9Q�?�q-0<A�?�'�M_Q}�] *�heceSgpËWQ]�~
Ü�_M]KoVs � ûnùQø��

Ò ÖQú Ó Ã¨r�U2SVk WQ�X~,he_Q¿�cNWipnSgY Ù SV]KfV_�~KSgY0ì*~KSVfg_�~KSgY o._*`�[qz"W*Y?SQs Ä
[?Sgf0}P��Y?SVUP�Ns$ÈKY3W*��]�}K_Q`�SgY.¿�».».Ü � ûMûQw,s � ûQûnu^s � ûQûQw*¿ � ûMûMu��
}^[.[?UPÀ ìQìZz"z"z5� heheoV� `�}�k*¿~,SM�

� ß�ãbäÂå°³X´ ¹ å æ å,è æ â�ï2ÞËïXõbò�ß æ å�îQí�ß�î*ó���èMïPáHâ�Þ�÷��Ká(å,èMïPáHâ�Þ�÷
ß æ  %�óPãHâ æ �KçM´
Î7��~Khe_=Ü�hNkQ]XW*c (X13;�)K�3-0+0� 1?'Q�?��'Q/8-0��� 1VLe'Q+0��/8-0�
RTSg[?SVf0[?hN_Q]�É¾}KY?Sgo.}�� ×�� ù*w ×,� uMÖQu ×,� ønÖ
��� � � ��� � � � �
� � � � & � � � � % 
 × ×,� ×M×Q×Mú ×,� × � w^ù
� _Q`d~,h	�8SgY?SV]^[§]�_QhNo.Sgo ÖQùQú*w ÖQÙQúnu ÖQ× � w

� ß�ãbäÂå�3P´ ¹ å æ å,è æ â�ï2ÞËïXõbò�ß æ å�îQí�ß�î*ó���èMïPáHâ�Þ�÷��Ká(å,èMïPáHâ�Þ�÷
ß æ ³ 3 ��ó8ãbâ æ �KçM´
Î7��~Khe_=Ü�hNkQ]XW*c (X13;�)K�3-0+0� 1?'Q�?��'Q/8-0��� 1VLe'Q+0��/8-0�
RTSg[?SVf0[?hN_Q]�É¾}KY?Sgo.}�� ×�� ù*w ×,� uMÖQu ×,� ønÖ
��� � � ��� � ×�� ûMûMûQø � �
� � � � & � � � � % 
 × × ×
� _Q`d~,h	�8SgY?SV]^[§]�_QhNo.Sgo ÙMùQú*w ÖQÙQúnu ÖQ× � w

� ß�ãbäÂå �P´ ¹ å æ å,è æ â�ï2ÞËïXõbò�ß æ å�îQí�ß�î*ó���èMïPáHâ�Þ�÷��Ká(å,èMïPáHâ�Þ�÷
ß æ ³� �±ó8ãbâ æ �KçM´
Î7��~Khe_=Ü�hNkQ]XW*c (X13;�)K�3-0+0� 1?'Q�?��'Q/8-0��� 1VLe'Q+0��/8-0�
RTSg[?SVf0[?hN_Q]�É¾}KY?Sgo.}�� ×�� ù*w ×,� uMÖQu ×,� ønÖ
��� � � ��� � � � �
� � � � & � � � � % 
 × × ×
� _Q`d~,h	�8SgY?SV]^[§]�_QhNo.Sgo ÖQùQú*w ÖQÙQúnu ÖQ× � w

� ß�ãbäÂå %(´ ¹ å æ å,è æ â�ï2ÞËïXõbò�ß æ å�îQí�ß�î*ó���èMïPáHâ�Þ�÷��Ká(å,èMïPáHâ�Þ�÷
ß æ 3 3 %�ó8ãbâ æ �KçM´
Î7��~Khe_=Ü�hNkQ]XW*c (X13;�)K�3-0+0� 1?'Q�?��'Q/8-0��� 1VLe'Q+0��/8-0�
RTSg[?SVf0[?hN_Q]�É¾}KY?Sgo.}�� ×�� ù*w ×,� uMÖQu ×,� ønÖ
��� � � ��� � ×�� ûMûMûQÙ � �
� � � � & � � � � % 
 × × ×
� _Q`d~,h	�8SgY?SV]^[§]�_QhNo.Sgo ÖQùQú*w ÖQÙQúnu ÖQ× � w

� ß�ãbäÂå *P´ ¹ å æ å,è æ â�ï2ÞËïXõbò�ß æ å�îQí�ß�î*ó���èMïPáHâ�Þ�÷��Ká(å,èMïPáHâ�Þ�÷
ß æ � 3 �±ó8ãbâ æ �KçM´
Î7��~Khe_=Ü�hNkQ]XW*c (X13;�)K�3-0+0� 1?'Q�?��'Q/8-0��� 1VLe'Q+0��/8-0�
RTSg[?SVf0[?hN_Q]�É¾}KY?Sgo.}�� ×�� ù*w ×,� uMÖQu ×,� ønÖ
��� � � ��� � ×�� ûMûMûQÙ � �
� � � � & � � � � % 
 × × ×
� _Q`d~,h	�8SgY?SV]^[§]�_QhNo.Sgo ÖQùQú*w ÖQÙQúnu ÖQ× � w

� ß�ãbäÂå P´ 8$àHä æ â�ñHä�å�ò�ß æ å,îQí�ßKî*óÔá(å æ å,è æ â�ï2Þ��ÐèMïPá�ö
â�Þ(÷��,á(å,èMïPáHâ�Þ(÷�ß æ  %�ó8ãbâ æ �KçM´
Î7��~Khe_=Ü�hNkQ]XW*c ¤�'Q�q-0+3<='Q+.G°' ¤�'Q�q-0+3<='Q+.G��
RTSg[?SVf0[?hN_Q]�É¾}KY?Sgo.}�� ×�� ù � ×�� uQ×
� � � � ��� � ×�� ûMûMøQú �
� � � � & � � � � % 
 ×�� ×M× � ø ×
� _Q`d~,h	�8SgY?SV]^[§]�_QhNo.Sgo � Ö*wnÖ � Ö*wnÖ

� ß�ãbäÂå � ´ 8$àHä æ â�ñHä�å�ò�ß æ å,îQí�ßKî*óÔá(å æ å,è æ â�ï2Þ��ÐèMïPá�ö
â�Þ(÷��,á(å,èMïPáHâ�Þ(÷�ß æ ³
3 ��ó8ãbâ æ �,çM´
Î7��~Khe_=Ü�hNkQ]XW*c ¤�'Q�q-0+3<='Q+.G°' ¤�'Q�q-0+3<='Q+.G��
RTSg[?SVf0[?hN_Q]�É¾}KY?Sgo.}�� ×�� ù � ×�� uQ×
��� � � ��� � � �
� � � � & � � � � % 
 ×�� ×M× � ø ×
� _Q`d~,h	�8SgY?SV]^[§]�_QhNo.Sgo � Ö*wnÖ � Ö*wnÖ

� ß�ãbäÂå �P´ 8$àHä æ â�ñHä�å�ò�ß æ å,îQí�ßKî*óÔá(å æ å,è æ â�ï2Þ��ÐèMïPá�ö
â�Þ(÷��,á(å,èMïPáHâ�Þ(÷�ß æ ³1 �±ó8ãbâ æ �,çM´
Î7��~Khe_=Ü�hNkQ]XW*c ¤�'Q�q-0+3<='Q+.G°' ¤�'Q�q-0+3<='Q+.G��
RTSg[?SVf0[?hN_Q]�É¾}KY?Sgo.}�� ×�� ù � ×�� uQ×
��� � � ��� � � �
� � � � & � � � � % 
 ×�� ×M× � ø ×�� ×M×M×QúnuQÖ
� _Q`d~,h	�8SgY?SV]^[§]�_QhNo.Sgo � Ö*wnÖ � Ö*wnÖ

r�W*Y?f3}ËÖQù�s � ûMûQø � ù^À ×nÖ


