
���������
	���
�����������������������
�	� ! �"�	��$#%�&���'�����(�
	)�����*�$
��*�$+����(,-	)�����*���'������ ��.�$
�/10���	��$
��*�$+��

2 �3���54

6

�*�����879�:+�+&�:	

;�<>=8?A@�BDCFEHGA<3IKJMLON3EQPSRFT�<>CUT
@�VW<>T�T
XYIZIZ<\[]P_^S[OT�`FT�@�`aIK@�b_Tdc*IK<

e

@YL\[O?A[OJ_[>TDfgCZ<�c�T
<>N�T�h_[>?ACF@�ijT]L\T]IK<3N3Elk

e

cWmDnoPHc�pqmrpHVWCtsvu_w]xHPHy{zQ|}uZ~Z•F••€1Vƒ‚„?…@Yb_EHCa`FT�@QP_y�?…T
bHT�<>G…IZ@Yb_T

†'‡�ˆ]‰HŠ‹Š‹ŒS•�Ž•‰Hˆ
ˆ]‡�•�•

‘

?AT]L\T
<lVWT�?A[O<3IK’“X”T
L>N3E�• Iaf–[>?A’Z[—LO?…N3E(=8?A[—b_T
<—i�CZG…GAT‹?…@U[OT
<>IZJH<>IZGAT
<

˜

T
?™[O|YJH@Yb

e

@U[OT
@YLO?™[t• Ia[>LOJH@U[OT
<>L>N3EH?…T
b_T�X”T�?…=

˜

JYLš[3IK@YbHT�›ZCF=8=)T
@:XY?A@_|

IKJY<>IZGAT
<�€�?A[OE •CZ<3LON3ESœWT�G…GAT
@Qp

e

@lT
?A@YT�<D[š•ShH?žLON3EHT
@lVŸ€1z

‘

^S?™[>JYIa[>?™|

CZ@5œj?A<3b‹ 
J¡T
?A@HT
=¢IKJHf{XMT
?…bHT�@£m:EH<OT
@‹?žb_T�@U[O?žL>N3E¤IZ@H’ZT
XMCZ[OT�@YT�@

i�IZJYLON3EY=8IFL\›S?…T�<>T�<¥T
?A@ƒ?A@U[>T�<3IKJH<3IKG:?A@S`ZT
<\[>?AT
<\[>T
Lv¦�T]Lš[3L\?…’Z@YIZG:EY?A@_|

 �JY’ZT&f •JY’K[§k¨y�CS^S©�nopªVWT
L\[OT
EF[1b_T
<�€1IZLO›S?AT
<OT
<�IZJYL�«DIKJH¬M­ L>N3EHT�=

i�IZJYLON3EYT�@QP*T
@F[3Lš[>T�EHT
@¡X”T�?…=¯®�?…@H �JHf •JH’ZT
@5b_T]L)¦�T
L\[>LO?…’Z@YIZG…L• �T�?A[\|

G…?…N3Er°YJH›U[OJY?AT
<OT
@Yb_TŸ?A@U[>T�<3IKJH<3IKG…T

˜

T
?™[O|Qœj?ATjIZJYN3E

e

@U[>T�@YLO?™[ •Ia[3L\JH@U[>T�<O|

L>N3EH?AT]b_TZP�b_T�<>T�@‹^U[3Ia[>?…L\[O?…›�`FCZ@

˜

JH<>T�›¡k\w
±F±Hw]n:X”T�<>T
N3EH@YT&[$œjJH<3b_TZp

e

@dJH@YLOT�<>T�=�VWT�?A[O<3IK’jLš[>T�G…GAT
@dœj?A<�T�?…@HT�@d@YT�JYIZ<\[>?A’FT�@�T&s_hMT
<O?…=8T�@U[OT
G™|

G…T�@�;�@YL>Ia[> $`ZCF<
PHbHT�<�T]LjT�<>G…IZJHX_[]PYVŸ€1z

‘

^S?™[>JYIa[>?ACF@HT�@� 
J�T�<> �T�JH|

’ZT
@QPU?A@¥b_T
@HT�@²T�@U[šœ�T]b_T�<'@UJY<'?…@F[>T�<3IKJH<3IKG…T

˜

T
?™[>JH@U[OT�<3L>N3EH?AT]b_TjC_b_T�<

@SJH<³?…@F[>T�<3IKJH<3IKG…T

e

@F[>T�@YLO?A[ •Ia[3L\JY@F[>T�<3LON3EY?AT]b_T�IKGžL²´�JHT
L8`FCZ<>EYIK@YbHT�@

LO?A@YbQp

˜

JYL
• IK[O 
GA?žN3E²G•• IK¬Z[WLO?…N3Ev›ZCZ@U[><OCFGAG…?AT
<OT
@QPUCZXvbH?AT]L\T�?A@U[>T�<3IKJH<3IKG…T�@

µ

@U[>T�<3LON3EH?…T
bHTrL\[>Ia[>?…L>N3ElLO?…@Yb¶P¶œWCSbHJH<>N3ElL\?žN3E�T
?A@HT8z�IK[OT
<>IZGA?žLOIK[O?…CZ@

b_T]L:^U[>?A=rJHGAJML{T
<O’F?AX_[]PYC_b_T
<{CZX�LO?ATr �T
?™[>GA?žN3E�°YJH›U[OJY?AT
<OT
@Qp

‘

?…T$T�sU|

h”T�<>?A=8T�@U[>T�G…GAT
@•‚„<>’ZT
XH@H?žLOLOT„ �T
?A’FT�@$LOT�EH< •IKEY@HGA?žN3EHTŸ^_N3ESœ�T
GAG…T�@SœWT�<O[OT

f
•

JH<jIKG…G…TD^S?A[OJMIa[O?…CZ@YT�@QP_JH@MIKXHE
•

IZ@H’Z?…’$`FCZ@vbHT�<Ÿ �T
?™[>GA?žN3EHT�@

‘

•S@YIZ=8?A›

JH@Yb�b_T
<�;�<O[{b_T�<j?…@U[OT
<>IZJH<>IZGAT
@�´�JHT]L�p

·�¸¨•�¹¨ŒS¸gº]‡�•�•

‘

?AT�?A@»b_?…T
LOT�=¯VWT�?A[O<3IK’�XMT]LON3EH<>?…T�X”T�@HT
@5‚*s_h”T�<>?A=8T
@F[>TvJY@F[>T�<3L\JH|

N3EHT
@vb_?…T�¼Y<>IZ’ZTFPUœj?…TDL\?žN3EvL\[>IK[O?žLON3EHT�JH@Yb² �T
?™[>GA?žN3Ev`aIZ<O?…?AT
<OT
@Yb_T:?A@_|

[OT
<>IZJH<3IKG…T

µ

@F[>T�<3LON3EY?AT]b_T�IZJ_f*b_?ATDXH?…@YIZJH<>IZGATD½¾IKEH<>@HT
EH=•JH@Y’8IZJYL\|

œj?…<O›FT�@Qp¿^U[3Ia[>?…L>N3EHT§?…@F[>T�<3IKJH<3IKG…T

µ

@U[OT
<>L>N3EH?…T
b_T¾?…@(c„EYIFL\T¾C_b_T�<

˜

T
?™[�k

e

@U[OT
<>IZJH<>IZG�¦Ÿ?…=8T

‘

T�GžIt•SL
P

e

¦

‘

L>n•C_b_T�<r?A@¤b_T�<

e

@U[OT�@ML\?A[
•

IK[

k

e

@U[>T�<3IKJH<3IKG

e

@U[OT
@YL\?A[š•

‘

?™ÀÁT�<>T�@YN�T
L
P

eOeš‘

L3n:f>• JHEH<>T�@vÂšT�œWT�?…G…LD 
JlT
?™|

@HT
<²z�IK[OT�<3IKG…?žLOIK[O?…CZ@»b_T
L¥®r• CZ<>T�<>T�?…’Z@H?žL>L\T]L�p

‘

?…T�‚„=8h_ÃY@Mb_GA?žN3EH›FT�?A[

b_T]Lj=8T�@YL>N3EHG…?…N3EHT
@1«�T�E�• CF<>LŸf3• JY<

•

;�@YbHT�<>JH@H’ZT
@�?A@1b_?…T
LOT�@�c*IZ<>IZ=)T�|

[OT
<O@¡?…L\[r?…@‹ 
IZEHG…<OT
?…N3EHT
@§‚*s_hMT
<O?…=8T�@U[OT
@‹X”T
L\[O?…=)=•[rœWCZ<3b_T�@�p

e

@

`S?AT
GAT
@ƒ^S?A[OJYIK[O?…CZ@HT
@ƒLO?A@MbÄb_?…T
LOT�?…@U[OT�<3IKJY<>IZGAT
@

µ

@U[OT
<>L>N3EH?…T
b_T—IKGA|

G…T�<3b_?A@Y’FLd@H?žN3EU[• �T
?™[>GA?žN3E‹›FCZ@YL\[>IZ@F[]P�LOCZ@Mb_T�<>@¾`tIZ<O?žIKX”T�GÅp

‘

?…T
Lr’Z?…GA[

 Zp V�p&X”T�?FbHT�<�½¾IKEY<O@HT
EH=•JY@H’�L\?žN3EDXMT
œ�T
’ZT
@Yb_T�<�^HN3EYIKG…G…ÆUJHT
GAG…T�@�P
X”T�?

c„E
•

IK@HCF=)T
@HT�@§œj?…T¡ÇOXH?…@YIKJH<3IKG'XMT]Ia[>L>È�C_b_T
<rX”T�?WXH?…@YIKJH<3IKG…T�@

‘

T&|

[OT
›U[O?…CZ@YLOT&s_h”T�<>?A=8T�@U[>T�@Qp

e

@¤LOCZGžN3EHT�@¤‚*s_h”T�<>?A=8T�@U[>T�@¤ �T�?…’K[³LO?…N3EQP

bHIZ¬$LON3EH@YT�G…GATj 
T�?A[OG…?…N3EHT

•

;�@Yb_T
<OJY@H’ZT
@³XH?A@MIKJH<3IKG…T�<„c*IZ<>IZ=)T�[OT
<*`ZCZ=

«�T�E
•

CZ<D@H?žN3EF[d=8T�EY<$IKJ_fg’FT�G
•

CFL\[DœWT�<3b_T
@Qp)‚'<\fgCFGA’FT�@—b_?AT

•

;{@Yb_T�<>JH@_|

’ZT
@•@H?žN3EU[�L>N3EH@HT
GAG…T�<�IKGžL�T�?…@H?A’FTW®{T�<O[O FPKœj?A<3b$T
?A@)L\?žN3E•X”T�œWT�’FT�@YbHT
L
P

›ZCF=8hYIK›U[OT]L�^_N3EYIKG…G…T�<>T�?…’Z@H?žL�œWIZEH<O’FT�@HCF=8=)T
@QpªV�T
?•L>N3EH@HT�G…G…T�<>T�@

•

;�@Mb_T�<>JH@H’FT�@�’FT�EU[db_T�<d‚„?…@Yb_<>JYN3›�?…@lb_T
@lT
?A@HT]LDb_?™ÀÁJYLOT�@QP�<
•

IZJH=)|

G…?…N3E�fgT]Lš[>T�@�®r• CZ<>T�<>T�?…’Z@H?žL>L\T]Lr• JHX”T�<]p:¼�• JH<Db_?AT)BDCZ=8hYIZ›F[>EHT�?A[:b_?…T
LOT
L

‚„<>T�?…’Z@Y?…L>L\T]LdL\hY?AT
G™[•CZÀ”T
@YLO?…N3EU[OG…?žN3E—@Y?…N3EU[•=8T�EY<rb_?…T�^_N3EY@HT�G…GA?…’Z›FT�?A[

b_T
<

•

;�@Yb_T
<OJY@H’YPUL\CF@Yb_T�<>@)T�EHT
<„b_?AT�^U[>IZ@YbHIK<3bHIZXUœWT�?žN3ESJH@H’�b_T�<„c*IK|

<3IK=8T&[>T�<>`tIZ<O?žIa[>?ACF@vT
?A@YT•ijCZG…G…TZpjzQT
?…b_T
<�’Z?…X_[�T
LjXH?žLOEHT�<:@UJY<{œWT�@H?…’

€�C_b_T
GAGžIK@YL
•

Ia[> �TFP�b_?…T8LOCaœWCZEHG�f
•

JH<•z�Ia[>T�<3IKG…?…L>Ia[>?ACF@�œj?…Trf
•

JY<

‘

T�[OT
›F|

[O?…CZ@¾’FJ_[OT¥É*CF<OEYT�<3LOIZ’ZT�@�[O<>T&ÀÁT�@¾›
•

CZ@H@YT�@Qp

‘

?…T¥?…@‹b_?AT]L\T
<$;�<>XMT
?™[

X”T
L>N3EH<O?…T�X”T�@YT�@$€�T]LOLOJH@H’FT�@dœjJH<3b_T�@d=8?A[�b_T
=

˜

?AT
GFb_JH<3N3EH’FT&f
•

JHEH<O[
P

b_?…T$‚„@U[šœj?žN3›UG…JH@H’8LOCZGžN3EHT�<j€�C_b_T
GAG…Td`ZCF<>IZ@H �J_[><OT
?AX”T�@�p

Ê�ŒUº
Ë�ÌQÍ�Œ

VWT�?{bHT�@»EH?…T�<³X”T
L>N3EH<O?…T�X”T�@YT�@“€�T
L>LOJH@H’ZT
@5EMIK@Yb_T
G™[¥T]L¥LO?…N3E»JH=

XH?…@YIKJY<>IZGATd€�?A[OE
•

CF<>L>N3ESœ�T
GAG…T�@Y=)T]LOLOJH@H’FT�@�=8?™[:LOh”T� �?…T�G…G…T�@1i�IZJYLON3EH|

=³IZLO›S?AT
<OT
<O@Qp*;{JYL\’UIK@H’UL\hYJH@H›U[j?…L\[dÎ =rJHGA[O?…hHGA?…T
b�@YCZ?žL\TF­APHbHIFLjb_JH<3N3E

€�JHGA[O?…hHG…?A›aIK[O?…CZ@¥T
?A@HT]L'¦Ÿ?…T&fghYIZ¬Z<3IKJYL>N3EHT
@YL*=8?™[WT�?…@HT�=.^S?…@SJYL\[O<t• IK’ZT
<

`ZCF@luK•F•¥®� )X”T�<>T
N3EH@HT�[�œjJY<>b_TFpd€�JHGA[O?…hHGA?…T
bl@HCF?…LOTrEMIa[{fgCFGA’FT�@YbHT

N3EYIZ<>IZ›F[>T�<>?…L\[O?žL>N3EHT�‚'?A’FT�@YL>N3EYIaf–[>T�@QÏ

‘

?…T{¼YT�?…@YLš[><OJY›F[>JH<„X”T
LO?™[> &['h”T&|

<>?AC_b_?žLON3EYT$y�JHG…G…bHJH<>N3EY’
•

IK@Y’ZTZPMb_T�<>T�@� �T
?™[>GA?žN3EHT
<{;�XYL\[>IZ@Yb1b_T
<{¦�<
•

IK|

’FT�<Ofg<OT]ÆFJYT�@H $T
@U[>LOhH<O?žN3EU[
p

‘

?…Tr‚'?A@YE�• JHG…GAT
@Yb_T�@MLš[3Ia[O?žL\[O?…›�T�@U[>LOhH<>?…N3EU[

b_T
<Qh”CFLO?™[>?A`FT�@d®•• IZG™f–[>T„T�?…@HT�<�«DIKJH¬F`ZT�<O[OT
?AG…JH@H’Ÿ=8?A[�€�?A[\[OT
GAœWT�<O[Q@SJHG…GÐp

VWT�?Á;{bYb_?™[>?ACF@²T
?A@HT]L'LOhMT
›U[O<3IKG”?A=Ñi�IZJYLON3EYT�@³ �T
@U[O<>?AT
<\[>T�@v^S?…@SJYL>L\?A|

’F@YIKGžL:k¨EH?…T�<�uK•F••®� tn�?…L\[ŸbH?AT�<OT
G…IK[O?…`ZT�c„EYIFL\T: �œj?žLON3EHT
@vi�IZJYL>N3EHT�@

JH@Mb1¦�T]Lš[3L\?…’Z@MIKGQœj?žN3EU[O?…’Yp

e

L\[:b_?…T
LOT••HP”T�@U[>L\[OT
EHT�@�?…@1T
?A@HT
<:y{CU^S©

^S?A[OJMIa[O?…CZ@vk¨i�IZJYLON3EYT�@$IKJHfHXMT
?…b_T
@8m:EH<>T�@d?…@•c'EYIZLOTZPt¦�T]Lš[3L\?…’Z@MIKGZ?…@

«�T
’ZT�@YhHEYIZLOT]n$IKJYL>N3EHG…?AT
¬ZG…?…N3E¾?…@F[>T�<3IKJH<3IKG…T

e

@U[OT
@YL\?A[ •IK[>LOJH@U[OT
<>L>N3EH?…T&|

b_T³k

e\eš‘

L>n&PYX”T�?�±F•)«�<3IZb�c„EYIFL\TDIKJMLOL>N3EHG…?AT
¬ZG…?…N3Ev?A@U[OT
<>IZJH<3IKG…T

˜

T
?™[O|

JH@U[>T�<3LON3EH?…T
bHTlk

e

¦

‘

L3nop

‘

?AT�«�< •CZ¬ZT�b_?…T
LOT�<)?A@U[OT
<>IZJH<3IKG…T�@

µ

@F[>T�<O|

L>N3EH?…T
b_T1`aIZ<O?…?AT
<\[� �T
?™[>GA?žN3E“JH=ÒT�?…@HT
@Ä€�?A[\[OT
GAœWT�<O[v`FCZ@£•YP�œ�CFXMT
?

b_?…T$É„IZ<O?žIa[>?ACF@�JY=8LOC¥L>N3EH@HT�G…G…T�<�T
<\fgCFGA’Z[
PaÂšT$’F< •CF¬ZT
<ŸbH?AT•VŸIZ@Yb_XH<>T�?A|

[>T�bHT
L8i�IKJMLON3EH=³IFL\›S?…T�<>T�<3L$?žLš[]p5€�?A[¥IKXH@HT
EH=8T�@YbHT�=¢c�T
’ZT�GŸb_T]L

¦�T
L\[>LO?A’F@YIKGžL$@Y?A=8=$[³b_?…T�^S[>IK@MbHIK<3bHIKXSœWT�?žN3ESJH@H’1b_T
<)c*IZ<>IZ=)T�[OT
<\|

`FT�<O[OT�?…G…JH@H’�IKX»k¨LO?AT
EHT³;�XHXQp�wtnop³€�?A[DT
?A@YT�=ÓLOCZGžN3EHT
@l€1IFL\›S?…T�<>T�<

G•• IK¬Z['L\?žN3E³b_T�<'‚'?A@H°YJH¬$b_T
<„XMT
?…bHT�@¥<>T�G…T�`aIK@U[>T�@)XH?A@MIKJH<3IKG…T�@

‘

T&[OT
›U|

[>?ACF@YLON�JHT
L�’ZT&[><OT
@H@U[j=)T]LOLOT�@§kÐNKp fšp„É„IK@�b_T$c*IZ<jJH@Yb�BDCZEHG…<3IKJYL>N3EQP

w]±Z±UÔZnop

‚'?A@HT)G…T�?žN3EF[>T³€�C_b_?™ÃM›tIK[O?…CZ@¾b_?…T
LOT
Ld^U[O?…=•JYGAJYLDX”T
L\[OT
EU[dbYIK<>?A@QP�XMT
?

b_T
<�VWT�<>T
N3EH@SJH@Y’W`FCZ@D=•JYG™[>?AhHG…?…T
bD@HCF?…LOT*b_T�=�JH<3L\hH<
•

JH@H’FGA?žN3EHT
@�¦Ÿ?…T&f–|

hYIZ¬Z<3IKJYL>N3EHT
@{T�?…@HT
@•«�GAT
?…N3EYLOhYIZ@H@SJH@H’FL>IK@U[>T�?…Ga �JH 
J_f
•

JH’ZT
@Qp

‘

IZbHJH<>N3E

X”T
LO?™[> &[³?…@¤b_T
<³y�CU^_©�^S?A[OJYIK[O?…CZ@¤b_T�<�ÂšT�œWT�?…G…?A’FTv?…@U[OT�<3IKJY<>IZGAT�c*Ia|

<3IK=8T&[>T�<

e\eš‘

CSbHT�<

e

¦

‘

T�?…@HT
@�`ZCF@�•Ä`ZT
<>L>N3EH?…T
b_T
@HT�@(€�?A[\[>T�GA|

œWT�<O[WJY@Yb²b_T
<�«�T
L>IK=$[3Lš[>?A=rJHG…JYL'œj?…<3b¥GžIa[OT
<>IZGA?žLO?AT
<\[Dk¨LO?AT
EHT�L\[O<>?žN3E_|

’FT�hHJH@Y›F[>T&[>T$BDJH<O`FTD?A@1;{XHXQp�w]nopWRZTd’F<
•

CF¬ZT
<ŸbYIZLŸÉ*T�<>E
•

IZG™[>@H?…L{ �œj?A|

L>N3EHT�@�«�GAT
?…N3EYLOhYIZ@H@SJH@H’FL>IK@U[>T�?…GYJH@Yb²<O=³LW½—T�<O[Ÿb_T]L�i{IKJYL>N3EHT�@²?…L\[

kÐc*IK<3IK=8T&[>T�<*Õ�noPFbHT
L\[OC•L\[
•

IZ<O›FT�<�œj?A<3b³b_?…T{z�IK[OT
<>IZGA?žLOIK[O?…CZ@rJH@Yb³b_T�|

L\[OC$œWT�@Y?A’FT�<„b_?AÀ”JML'œj?…<>b³bYIZL„®
•

CZ<>T�<>T�?…’Z@H?žL�p

‘

JY<>N3E³É„IZ<O?žIa[>?ACF@)`FCZ@

ÕÖGÅ• IZ¬K[�LO?…N3E¥IZG…LOCdT�?…@¥›FCZ@U[O?…@SJH?AT
<OG…?žN3EHT�<

•

µ

XMT
<O’UIK@H’d`FCZ@

‘

T&[OT
›U[O?…CZ@

 
J�z�Ia[>T�<3IKG…?…L>Ia[>?ACF@¥<OT]IKG…?…LO?…T�<>T�@Qp

-5 -4 -3 -2 -1 0 1 2 3 4 5
0

0.2

0.4

0.6

0.8

1

1.2

IID [dB]

pd
f

×DØ]Ø
Ù¡ÚZÛ»Ü�Ý
Þ_ß3à&á3ÞHâ�ã–äYå™ã¨á>ÞFæZâ�ã–ç¨à�èKã¨á>Þ_ç•âÐé3ê_äSæKçÐã¨ëKä�èFâoà¥ã–äMç•â�ßOÝaê_ß>ÝaåAâ�ä

ì

äYç}â&äYà3ã–çFí ÝaçÐàoê_äYç}â&ß3à�á3ÞSã¨â3èZâ&à*éÁí ê_ß„é&ëaå îUâ&äÁèZâ$ïjÝKßOÝað³â�ç•â�ßoñ'â&ßoç}â]Û

Õ§òDótô*õZö_÷•ò:ø\ÚZùvè
úüûšýlþtÿÁÕ§òDótô„õFöS÷rò{ø��Uó¥è
úüû•øŸøjøžþtÿ

Õ§òDÚtô*õZö_÷•ò:ø��Fóvè
ú$û•ø\Ù…ø\Ù…øžþKÙ

·����'Œ��a¸¨Š‹ŒS•Áº
Œ

e

@$b_T
@d‚*s_hMT
<O?…=8T�@U[OT
@DœjJH<>bHT�@d€�?A[OE
•

CF<>L>N3ESœ�T
GAG…T�@�=8?™[�T
?A@YT�@•^U[3IK@_|

bHIZ<>b§x

e

¼�´ É*T
<\f¨IZEH<OT
@§’ZT
=)T]LOLOT�@�p

‘

?…Tv€�IZLO›U?…T�<>T�<•EYIa[O[OT�@¡T�?…@HT

‘

IKJHT
<j`ZCF@	�U•Z•r=8L
PYb_?…T$¦�T
L\[O?…’Z@YIZGATD`ZCF@vxF•Z•)=³L�p

e

@�IKG…GAT
@�€�T
L\|

LOJH@H’FT�@1œjJH<3b_T)b_T�<�€1IZLO›S?AT
<OT
<{?…@F[>T�<3IKJH<3IKG�?A@—c„EYIFL\T•IZ@H’ZT
XMCZ[OT
@QP

bHIFL8¦�T]Lš[3L\?…’Z@YIZG�?…@“«�T�’ZT
@HhHEYIFL\T—k¨y{CU^S©�n&p5;�@»b_T
@¤€�T]LOLOJH@H’FT�@

@YIZEH=8T�@v`U?…T�<�É*T�<3L\JMN3EYL\h”T�<3LOCZ@HT
@8[OT�?…GÅPHb_?AT{f
•

JH<�ÂšT
b_T
@vc*IZ<>IZ=)T�[OT
<\|

œWT�<O['`S?AT
<�€�T]LOLOJH@H’FT�@¥b_JY<>N3E_f3• JYEH<\[>T�@Qp

e

@¥b_T
@²;�XYXH?AGžb_JH@Y’ZT�@vL\?…@Yb

b_?…T:€1?™[O[OT�G…œWT�<O[OT{IZGAG…T�<�É*T�<3L\JYN3EML\h”T�<3L\CF@HT�@³bHIZ<O’FT
L\[OT
GAGA[
PFœ�CFXMT
?Mb_?…T

^_N3ESœWT�G…GAT
@Sœ�T
<\[>T�<>T�GžIa[>?A`� �JY=ª«�T]LOIZ=$[Oh”T�’FT�G�b_T
L:€1IZLO›S?AT
<OT
<>LdkÐ~Fu

bHVjnŸIZ@H’ZT
’ZT�X”T�@�LO?A@YbQp

e

= T�<3Lš[>T�@�‚*s_h”T�<>?A=8T
@F[:XMT]Lš[3IK@Yb�b_T
<{€1IFL\›S?…T�<>T�<�IKJMLj=•JHGA[O?…hHG…?AT]b



@HCF?…LOT„=8?™[�VŸIK@Yb_XY<OT
?™[>T�@d`ZCF@³w
•jJY@Yb

�

•j®{ Zp

‘

IFL�¦�T
L\[>LO?A’F@YIKGFœjJH<O|

b_T²LOC� �JY=-€�IZLO›U?…T�<>T�<$IFbHb_?…T�<O[
P*bHIZ¬�T�@U[šœ�T]b_T�<•@UJY<•?…@F[>T�<3IKJH<3IKG…T

e

@U[OT
@YL\?A[ •IK[>LOJH@U[OT
<>L>N3EH?…T
b_TWC_b_T�<*@SJH<*?…@U[OT�<3IKJY<>IZGAT

˜

T�?A[OJY@F[>T�<3LON3EY?AT]b_T

T�@U[3Lš[3IK@Yb_T
@Qp

e

@¾;{XHXQp���LO?A@Yb§bH?AT²‚'<O’FT�XH@Y?…L>L\T³b_?…T
LOT�<r€�T
L>L\JY@H’

IKGžLj¼HJY@H›U[O?…CZ@1b_T]L

‘

´ƒ;{@F[>T�?…G…L{?A=Ö=•JHGA[O?…hHG…?AT]b�@HCZ?žLOT$bHIK<>’ZT]Lš[>T�G…G™[]p

‘

Ia[OT
@HhHJH@Y›F[>T�G…?…@H›_L�?…@rbHT�<�;�XHXH?…Gžb_JH@H’DT�@U[3L\hH<>T
N3EYT�@$<>T�?…@HT�=�=rJHG™|

[O?…hHG…?AT]b�@HCZ?žLOT¥kg›ZT
?A@YT$z�Ia[>T�<3IKG…?…L>Ia[>?ACF@MnoP_=8?A[{E •CFEHT�<>T�@�½lT
<\[>T�@�`FCZ@

Õ œj?…<>b�bHIFLj® •CZ<>T�<>T�?…’Z@Y?…LW �JY@HT�EH=8T
@Yb�G…IK[OT�<3IKG…?žL\T
<\[]p

0 0.5 1 1.5 2

-35

-30

-25

-20

-15

Statische Komponente m

S
/N

 [d
B

]

×DØ]Ø
Ù��UÛ�÷•ëaõF©���ã–çgÞWí ëaß3à�á3ÞSñ'â�å–åAâ�ä²éÁí ê_ß•ð)ê_åqçÅã �”åqã¨â3èvä”ëKãžà&â���Ýaà\æKã¨â�ø

ßOâ�ß�	aëaä(ÚZó»ë
èFâ&ß�
Fó
����ú:ÝaäÁèZØ�ßOâ�ã–ç•â—ê_äÁè‹ç}ëaäÁÝaåAâ��MâoàoçÐàoã™îKäÁÝaåAâ]Ù

�

ã¨â�ßOâ3á3æZâ]ÛW×:å–å…â&ã–ä

ìOì��

à>ô„ÚZó�����ú:ÝaäÁèZØ�ßOâ&ã–ç}â&ÿ�Ýaê&é3ßOâ3á3ÞSç}â

�

ß>â&ã¨â3á3æZâ]Û

ì\ì��

à3ô�
Uó����&ÿ1ã–ä�	tâ�ßoçÐã¨â�ßoç}â

�

ß>â&ã¨â3á3æZâ]Û

ì

�

�

à3ô�ÚZó����&ÿ��{ÝKê_ç•â�ä”Û

ì

�

�

à3ô�
Fó����]Ù

‘

?AT�€�T�¬Fœ�T
<\[>TjGA?…T�’FT�@8f>• JH<ŸIKG…GAT:BDCZ@_ÃY’FJH<3Ia[O?…CZ@YT�@)?A@H@YT�<>EYIKG…X³T�?…@HT
L

L>N3EH=³IKG…T�@�V�T
<OT
?…N3EYT
LŸ`ZCF@�u)bHV�PHœWCZX”T�?�T�?…@�G…T�?žN3EU[OT
<
PHIZXMT
<{L\•_L\[OT�|

=³Ia[>?…L>N3EHT�<³;{@YLš[>?AT
’§b_T�<²^_N3ESœWT�G…GAT
@5=8?A[²Lš[>T�?…’ZT
@Yb_T�=¢½lT
<\[¥`FCZ@

Õ¿ 
J�XMT
CZXYIFN3EU[OT�@�?žL\[
p

e

@YLOXMT]L\CF@Yb_T
<OTdEYIK[:b_?…T)^_N3EY@HT�G…GA?…’Z›FT�?A[{b_T�<

¼�GAJY›F[>JYIa[>?ACF@Äkg`FT�<>’ZG…T�?žN3EHT

‘

Ia[>T�@‹f
•

JY<vw]•�JH@Yb

�

•1®{ �VŸIK@Mb_XH<>T�?A|

[OTtn*œWT�@H?…’•‚'?A@_°MJH¬•IKJHf�b_?AT

‘

T�[OT
›F[>?AT
<OXMIK<>›ZT�?A[�b_T]L'¦�T
L\[>LO?A’F@YIKGžL
PULOC

bHIZ¬$L\?žN3E8?A@²bH?AT]L\T
= ‚*s_h”T�<>?A=8T
@F[�›ZT�?…@HT�¦�<
•

IZ’ZEHT
?™['bHT
L„XY?A@YIZJH<3IKG…T�@

^S•_L\[OT�=³LŸ 
T�?…’K[
p

e

=.fgCFGA’FT�@YbHT�@�‚*s_h”T�<>?A=8T�@U[�œjJH<3b_T$b_?…T$ijCFGAG…Td`ZCF@�^S?…@SJYL\[OCZ@�JH@Mb

=•JYG™[>?AhHG…?…T
br@HCZ?žL\TW`ZT
<\[3IKJYL>N3EU[
Pa?…@Yb_T
=�T�<3Lš[>T�<>T�<�IKGžL�€1IZLO›S?AT
<OT
<�`FT�<O|

œWT�@Yb_T�[�œjJH<3b_TdJH@Yb�bHIFL�i�IZJYLON3EYT�@�IKGžL�¦�T
L\[>LO?A’F@YIKGÅp

µ

=  �J�`FT�<O|

EH?…@Yb_T
<O@QPSbHIZ¬•bHIZL�i�IKJMLON3EHT
@¥IKJ_fg’F<OJY@Yb8=8CZ@YIZJH<>IZGAT
<�´�JHT
L'œWIZEH<O|

’ZT
@HCZ=8=8T�@5œj?A<3b¶P„œjJY<>b_T�?…@¤b_T
@¡ 
œ�T
?Ÿi�T&fgT�<>T�@Y �?…@F[>T�<>`aIKG…GAT
@1ÂšT&|

œWT�?…G…L�T�?…@HTjBDCZ@HÃY’ZJH<3Ia[>?ACF@•y�CS^SCdIK@H’FT�X”CK[>T�@Qp

‘

?…T

‘

IK[OT
@r?…@);{XHXQp

x8G…?AT
’ZT�@�?…@�T�?…@HT�=
•

IKEY@HGA?žN3EHT
@�VWT
<OT
?…N3E�œj?…T$XMT
?A= T�<3L\[OT�@�‚„sSh”T�<>?A|

=8T�@U[
Pj=8?A[²œj?…T
b_T
<OJH=!GAT
?…N3EU[>T�= ;�@YL\[O?…T�’‹ 
J»’Z<
•

CZ¬ZT
<OT
@5½—T�<O[OT
@

`ZCF@vÕ—p

0 0.5 1 1.5 2

-35

-30

-25

-20

-15

Statische Komponente m

S
/N

 [d
B

]

×DØ]Ø
Ù �FÛ—Ü�ã¨âr×DØ]Ø]Ù��Zô�äYê_ß8èZÝ��£Þ_ã¨â&ß¥èZâ�ß���ÝtàOæaã¨â�ßOâ�ß¥â&ã–ä§õ”ã–äYê_ø

àoç•ëKä1ê_ä”èvèZÝaà��Mâ&à3çÐàoã™îKäÁÝaåQð)ê_åqçÅã �”åqã¨â3è²ä”ëKãžà&ârñ'ÝKß�Ù

e

= G…T&[O �[OT
@—‚„sSh”T�<>?…=)T
@U[�œjJH<3b_T
@�€1IZLO›S?AT
<OT
<:JY@Yb�¦�T
L\[>LO?A’F@YIKG*LOC

IZbYb_?AT
<\[]PYbHIZ¬³@H?…N3EU[{@SJH<{T�@U[šœ�T]b_T�<

e

¦

‘

L�C_b_T
<

e\eš‘

L�T
@U[>L\[>IK@Mb_T�@QP

LOCZ@Yb_T
<O@vbHIK¬)b_?AT]L\T�X”T�?žb_T�@�´�JHT
LW’ZT
=8?…L>N3EU[WIKJHf–[O<3Ia[OT
@Qp

‘

?…T
LWG
•

IK¬Z[

LO?…N3E¤bHIZb_JY<>N3E‹<>T
IZGA?žLO?AT
<OT
@QP„bHIK¬—b_?…T�c'EYIZLOT² 
œj?…L>N3EHT
@5i�IZJYLON3EYT�@

JH@Yb�^S?…@UJML	�Su§C_b_T
<lw]xFu¡«�<3IZb£XMT�[O<
•

IK’K[]p

‘

?…T
LOT—XMT
?…b_T
@ƒ¼
•

IKG…G…T

JH@U[OT
<>L>N3EHT
?…b_T
@£L\?žN3E£bHIFb_JH<3N3EQP�bHIK¬¡?A= T�<3L\[OT�@£¼MIKG…G�bH?AT1X”T�?žb_T
@

´�JHT]L¥?…@£b_?AT]L\T
GAX”T�ij?žN3EU[OJH@Y’YPj?…=! 
œ�T
?™[>T�@£¼YIZGAG:?A@ÄT�@U[O’FT�’ZT
@H’ZT�|

LOT&[O �[OT8ij?žN3EF[>JH@H’�œ�T
?…LOT�@�p•;�JYN3E—X”T�?*b_?…T
LOT�=¿‚„sSh”T�<>?…=)T
@U[�GžIK’FT�@

b_?…T{€�?A[OE •CZ<3LON3ESœWT�G…GAT
@rf •JY<�IKG…G…T{BDCZ@_ÃM’ZJH<3Ia[>?ACF@HT�@)?A@Y@HT�<>EYIKG…X³œWT�@H?A|

’FT�<�bHV�p

 �¸¨ˆ"!Q‡�ˆ]ˆ]¸¨Ì”•

½“?…T'X”T�<>T�?A[>L�CZX”T�@dT
<Oœ •IZEH@U[
P]f •JHEH<O[OT
@•b_?…T'JH@U[OT
<>L>N3EH?…T
b_G…?žN3EHT�@•´�JHT]L

?…@•b_T
@$`ZT
<>L>N3EH?…T
b_T
@HT�@d‚*s_h”T�<>?A=8T
@F[>T�@$ 
J•LOT�EH< •IKEH@HG…?žN3EHT�@•^_N3ESœWT�GA|

G…T�@SœWT�<O[OT�@�p

‘

?…T
Lr=8IZ’�f •JH<8b_T�@§É*T
<O’FGAT
?…N3E§`FCZ@

e

¦

‘

LrJH@Yb

e\eš‘

L

@H?žN3EU[¥JH@SXMT]b_?…@H’K[ •JYXMT
<O<3IZL>N3EHT�@�P�bHI§IZJYL³z�IK[OT�<3IKG…?žLOIK[O?…CZ@YLOT&s_h”T�<>?™|

=8T�@U[>T�@“X”T�›aIK@H@U[²?žL\[
P�bHIZ¬‹b_?AT]L\T�X”T�?žb_T
@ƒ´�JHT
LvL\?žN3E»?A= ’ZT
œj?…L\|

LOT�@‹€1IZ¬ZT8›ZCF=8hMT
@YL\?…T�<>T�@¾›¶• CZ@Y@HT�@Qp

‘

IFL1Ç>¦�<3IZb_?…@H’�É*T�<>E�• IZG™[>@H?…L>È

f3• JH<8JH@ML\T
<OT�‚*s_h”T�<>?A=8T�@U[>T²G•• IK¬K[³LO?…N3E‹ Fp V�p*IKJML)bHT�<³^U[>IZ@YbHIK<3bHIZX_|

œWT�?žN3ESJH@H’²b_T
<{?…@U[OT�<3IKJY<>IZGAT
@1´�JYT
L{IZXHG…T�?A[OT�@�p{¼ •JH<�‚„s_hMT
<O?…=8T�@U[•w

X”T&[>< •IZ’K[rb_?…T
LOT�kgf •JH<•Õ!’ZG…T�?žN3E§@UJYGAG–ndN�IYp �Yp u�bHV f •JH<rb_T
@

e

@U[OT�@H|

LO?™[ •Ia[3LON�JHT�JH@Yb¤N�IHp�w

�

u�#%$�f •JH<¥b_T�@

˜

T
?™[3N&JHTFp

‘

IZL)É*T
<OE •IZG™[>@H?žL

G…?AT
’K[�=8?A[�T&[šœŸI �U•�#%$$hMT
<�bHV£?…=ÖVWT
<OT
?…N3E�b_T�<{z�?™[>T�<3Ia[>JH<OœWT�<O[OTFp

0 0.5 1 1.5 2 2.5

0

1

2

3

4

5

Mittelwert IID [dB]
S

ta
nd

. A
bw

. I
ID

 [d
B

]

×DØ]Ø
Ù�&MÛ���çÅç•â�åqñ'â�ßoç•â²ê_ä”è�õ”ç•ÝKä”èFÝaßOèFÝZØ�ñ'â&ã¨á3ÞSê_äSîré
í

ê_ß²èFâ&ä¡ã–äYç}â&ßoø

ÝKê_ßOÝaåAâ�ä

ì

äYç}â&äYàoã–çZí ÝKç¨àoê_äYç}â�ß3à&á3ÞSã¨â3èFÙ('*){â�ä”â8õ,+að8Ø3ëKåAâvâ�äYçÐà-�”ßOâ3á3ÞHâ�ä

�

Ýaç}â&ä¤ÝaêSà²èZâ�ð¯â&ß3àoç}â&ä�.0/1�Yâ�ßoã–ð8â�äYçÐôDèKã¨â�ÝKêSà\îFâÐéÁí ê_å–åqç}â&ä¡à&ëKåAá3ÞHâ�ä

ÝKêSà�èZâ�ð2��ñ'â&ã–ç}â�ä”Ù

�

ã¨â���ÝtàOæKã¨â&ß>â&ß�Ø3ÝaäÁèZØ�ßOâ�ã–ç•â•ñ'ÝaßDÚZó3���*éÁí ê_ß�èaã¨â

�

ã¨â&ßOâ3á3æZâ:ê_äÁè�
Uó��4��éÁí ê_ß�èaã¨â

�

ßOâ&ã¨â3á3æZâ]Ù

�

Ýaà�ã–ä5	aâ&ßoçÅã¨â&ßoç}â

�

ß>â&ã¨â3á3æ

�]â�ã™îKç„èZÝaà6�{â&àoê_åqç•ÝKçFéÁí ê_ß�ß>â&ã–ä²à3ç}ÝaçÅãžà�á>ÞYâ:ã–äYç}â&ßOÝKê_ßOÝaå…â87�äYç}â&ß3à�á3ÞSã¨â3èZâ]Ù

e

@U[OT
<OT]LOL>IK@U[>T�<�?…L\[•b_T�<dÉ*T
<O’FGAT
?…N3E¾b_T
<d½lT
<\[>T)`FCZ@¾‚*s_h”T�<>?A=8T�@U[³w

JH@Mb
�Hp¥®�?…T�<> �J—œjJH<3b_T8f
•

JH<ŸÂšT
bHT�@¾½lT
<\[$`FCZ@—Õ¢b_T
<$€�?™[O[OT
GAœWT�<O[

JH@Mb‹b_?…Tv^U[>IZ@YbHIZ<>bHIZXSœ�T
?…N3ESJH@H’�`ZCF@

e

¦

‘

JH@Mb

e\eš‘

f
•

JH<rbHT�@§’ZT�|

=8T
L>LOT�@HT
@»€1?™[>E
•

CZ<3LON3ESœWT�G…GAT
@Sœ�T
<\[)XMT
<OT]N3EH@HT&[]p

e

@“;�XHXQp �§L\?…@Yb

b_?…T
LOT²½—T�<O[OTvf>• JH<³b_T
@

e

@U[OT�@ML\?A[]• IK[>L>N&JHT�bHIK<>’ZT]Lš[>T�G…G™[]p

‘

?AT�CKÀÁT�@YT�@

^S•S=rXMCFGATŸ’ZT
G™[>T�@8bHIKX”T�?Hf>• JH<

‘

IK[OT
@8IZJYL*‚*s_h”T�<>?A=8T
@F[jwFPZb_?…TW’FT&f3• JHG…GA|

[>T�@8f>• JH<Ÿ‚*s_h”T�<>?A=8T�@U[6�Hp

˜

JML
• IK[O �G…?žN3E³’Z?…X_[�bHIFL*?A@S`FT�<O[O?…T�<O[OT

‘

<OT
?AT]N3›

b_T
@²½—T�<O[�f
•

JY<WT
?A@YT�@²<>T�?…@vL\[>IK[O?žLON3EYT�@�´�JHTDIK@�p�‚�L'œj?…<3b²b_T
J_[OG…?…N3E�P

bHIZ¬³L\?žN3E�IZ@�b_T�<{^_N3ESœWT�G…GATdb_?…T•^U[3IK@YbHIZ<>bYIKXSœ�T
?…N3ESJH@Y’rb_T
<

e\eš‘

?…@

X”T�?žb_T�@�‚*s_h”T�<>?A=8T
@F[>T�@vJH=.T&[šœŸIrT�?…@HT�@�¼YIZ›F[>CZ< �8JH@U[OT�<3L>N3EHT�?žb_T&[]p

‚�L'G
•

IK¬Z[WLO?…N3E²IZG…LOCdf
•

JH<Ÿb_?…T
LOT:X”T�?žb_T
@v‚*s_h”T�<>?A=8T
@F[>T�@H?žN3EU[W?…@¥T�?…@_f¨IK|

N3EHT
<{½—T�?žL\T)IKJYL�b_T
<{É*T�<O[OT
?AG…JH@H’�b_T�<�?…@F[>T�<3IKJH<3IKG…T�@�´�JHT]L:IZJ_f'b_?…T

€�?A[OE
•

CZ<3LON3ESœWT�G…GATDLON3EYGA?…T�¬FT�@Qp

‚'?A@5XMT]LOLOT�<>T
Lr€1IK¬�f
•

JH<³b_?AT�‚„=8h_ÃM@Yb_G…?…N3EH›FT�?A[8bHT�<)É*T�<3L\JYN3EML\h”T�<O|

LOCZ@HT
@vXY?AT�[OT&[jCZÀ”T
@YL\?žN3EU[OG…?…N3E�bHIFLŸ^_?A’F@YIKGA|•i{IKJYL>N3E_|•É*T�<>E
•

IKGA[O@H?žL
PFJH@H|

IZXHE
•

IK@Y’Z?…’v`FCZ@¾b_T�<$’FT�@YIZJHT�@¾;�<O[•b_T
<d?A@U[OT
<>IZJH<3IKG…T�@

µ

@U[OT�<3L>N3EH?AT�|

b_TFp)‚'?A@¾LOCZGžN3EHT
LDijT]L\JHGA[>IK[dJH@U[OT�<3L\[
•

J_[> &[$€�C_b_T�G…G…TZP�b_?…T8XH?…@YIKJH<3IKG…T

€�?A[OE
•

CZ<3LON3ESœWT�G…GAT
@lIKJHfWb_?…T

•

;�@Yb_T
<OJY@H’�?A=�?…@U[OT
<>IZJH<>IZGAT
@lBDCF<O<>T�GžIa|

[>?ACF@YL\’F<>IFb» �JH<K• JYN3›Uf>• JHEH<>T�@�p

‘

IKX”T�?D?…L\[�IZGAG…T�<3b_?…@H’FL² �J£X”T
IFN3EU[OT�@�P

bHIZ¬vb_?…T•=8T
?…L\[OT
@lBDCZ<><>T�GžIa[O?…CZ@ML\=8C_b_T�G…G…TdJH@HT�=8h_ÃM@Yb_G…?…N3E—L\?…@Yb�f3• JY<

L\[>IK[O?žLON3EHTW?…@F[>T�<3IKJH<3IKG…T

e

@F[>T�@YLO?A[
•

Ia[3L\JY@F[>T�<3LON3EY?AT]b_T�JY@Yb•XY?…LOEHT�<*›FT�?…@HT

ÆUJYIZ@F[>?™[3Ia[>?A`¥›FCZ<><OT
›U[OT�@²É*CZ<>EHT�<3LOIZ’ZT
@³f
•

JH<jXH?…@YIKJY<>IZGAT

‘

T�[OT
›F[>?ACF@YL\|

L>N3ESœ�T
GAG…T�@�T�<>G…IZJHX”T�@Qp

9�¸gº
Œ��a‰_º]‡ �

`aIK@§b_T¥c*IZ<
P�^ÁpQJH@Yb¾BDCFEHGA<3IKJMLON3EQP�;$p'k\w
±Z±SÔKn&p§Ç

‘

?ACZ[O?žN)IZ@Yb¾b_?A|

N3EHCZ[O?žN:bHT&[OT]No[>?ACF@�JML\?…@H’)=•JHGA[O?…hHG…?AT]bS|Å@YCZ?žL\TD=³IZLO›ZT
<>L
P È$T�?…@H’ZT
<OT
?…N3EU[

X”T�?�RMpY;:N&CZJMLš[]p*^_CSNZp„;�=�p

˜

JY<OT
›”P_c�pH€§p�kšw
±F±Hwtnop�ÇOc„<>CZXMIKXH?…GA?A[š•³b_?žLš[><O?…XHJ_[>?ACF@YLŸCKf�?A@U[OT
<>IZJH<3IKG

hHEMIZLOT$IK@Yb�G…T�`FT�G�b_?AÀÁT�<>T�@YN�T
L�?…@�XH?…@YIKJY<>IZG�b_T&[>T
N&[O?…CZ@�Lš[>?A=rJHG…?ÐP È¥RMp

;:N&CZJMLš[]p'^SC_NKp„;�=�p�:,;QP¶w]±<�UÔ"=”w]±Zx>�_p


