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 ! �� % � � * � � % !
o V WXY Z W[\ X ] X W^ _` a _Y bdc _e Zc Zc [ bdf ] X f Wg h [ f bji ^ ZY b X ` WY Zi k hl

o m c [ bf ] X f W n ZY Z ] X WXY h ZY X g n` Z WX ` Z a WXY X Zi ^ WY Zi k l

o o n` Z W X [ h f _ WY X h WY [i W X ` W _ W ^ X ` X WXi W _Y g f [ W h W ^ Z W ZY X i Y _ h h X ` e p W^ X WY Zi k l

o o n` Z W X [ hY X h WY [i W X ` W _ ` X WXi W _Y g f [ W h W ^ Z W ^ Z\ X h [ bdf [q i Zf Wi _Y Y X c Z W[ _f hr [ W^

W^ X _f X h [ f W^ X i g Y Y X f W WY Zi k l

o s _ [ f \ XY h [ _f _ a c ZY b X ] Z WY [i X h l

o t XY W Z [ f Z ] _g f W _ a e _ _ k k X X n [ f b [ hY X ug [Y X ` l
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 ! �� % � � * � � % !
o w X ug [Y X h Zf ZcY X Z` p Zc [ bf X ` Zf ` qx X ` Y X aXY X f i X h p h WX ] l

o m c c g n` Z W X h ZY X Y X c Z W[\ X W _ W^ [ hY X aXY X f i X h p h W X ] l

o y _ h h [ e c X W _ g h X nY [ _Y [ f a _Y ] Z W[ _f Ze _g W W^ X Zc [ bf ] X f W _e W Z [ f X ` aY _ ] ] Xi ^ Zf [i Zc

Zf ` z _Y c Z h XY ] X Z hg Y X ] X f W hl
o y _ h h [ e c X W _ qx W^ X n _ h [ W[ _f _ ai XY W Z [ f ` X WXi W _Y g f [ W h e p b [ \ [ f b W^ X ] h ] Zc c nY [ _Y

g f i XY W Z [ f W p l

o { X \ XY Zc ` X WXi W _Y hi Zf e X a _Y i X ` W _ ] _\ X Zc _f b r [ W^ X Zi ^ e p b [\ [ f b W^ X ] c ZY b X

nY [ _Y i _Y Y X c Z W[ _f hl
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9 � # : � � � � ! ; � �# � � � ' % � � �� �

o m h hg ] X r X ^ Z\ X X h W[ ] Z WX ` Zc [ bf ] X f W n ZY Z ] X WXY h } r [ W^ Z \ ZY [ Zf i X�~ i _\ ZY [ Zf i X

] Z WY [x � l� ^ X pi Zf i _ ] X aY _ ] nY X \ [ _g h ] X Z hg Y X ] X f W h _Y Z q Y h W bg X h h X [ W^ XY l

o� ^ X _e h XY \ Z W[ _f h� _ a Z WY Zi k ` X n X f ` _f W^ X � WY g X � WY Zi k n ZY Z ] X WXY h� � Zf `

_f W^ X � WY g X � Zc [ bf ] X f W n ZY Z ] X WXY h } ��

� � � �� � �} � ��� � � i _\ � � � � ��

� ^ X h W _i ^ Z h W[i \ Xi W _Y � i _f W Z [ f h W ^ X X� Xi W h _ a W ^ X _e h XY \ Z W[ _f XY Y _Y Zf ` _ a

] g c W[ nc X hi Z W W XY [ f b l V W h \ ZY [ Zf i X�~ i _\ ZY [ Zf i X ] Z WY [x � i Zf e X Z h hg ] X ` W _ e X

kf _r f l� f XY b p c _ h h [ h W Z k X f i ZY X _ a e p W ^ X WY Zi k ] _` X c � l
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9 � # : � � � � ! ; � �# � � � ' % � � �� �

o� ^ X WY Zi k ] _` X c [ h c [ f X ZY [� X ` e p Z q Y h W~ _Y ` XY � Z pc _Y Z n nY _x [ ] Z W[ _f �

� � � � � } �� � � �� � � � � � � � � } �
� � � � �

� � �� � �� ����� � � � � �� � �} � �� } � � � �   �� ¡ �} ¡ �£¢ � } ¡ ¢ � � ¡�

o� ^ X Xx n Zf h [ _f n _ [ f W } ¡ [ h W ^ X f _ ] [ f Zc h X f h _Y n _ h [ W[ _f l

o� ^ X Xx n Zf h [ _f n _ [ f W� ¡ [ h W^ X Y X hg c W _ a Z nY X c [ ] [ f ZY p q Wl
o� ¡ [ h e [ Z h X ` e Xi Zg h X _ a Z c Zi k _ a kf _r c X ` b X _ a W ^ X Zc [ bf ] X f W n ZY Z ] X WXY h ¤ Zf `

b X W hr X [ b ^ W ¥ [ f W ^ X g n` Z W X l

@A BCD BEFG C HIJK LJM J BNOP Q BR IS @ CG T E D I E H �¦



9 � # : � � � � ! ; � �# � � � ' % � � �� �

o o n` Z W X X ug Z W[ _f _ a W ^ X Zc [ bf ] X f W n ZY Z ] X W XY h �

§} � } � � �©¨ ª �� ¢ � ¢ � } � � ª � �¬« ­ ¢ � « ­ � � � ¨ � � �« ­ � ¨ �¬« ­�

o o n` Z W X _ a W^ X i _\ ZY [ Zf i X ] Z WY [x �

§� � ®°¯ ¢ � � ¨ ª � ± � ®°¯ ¢ � ¨ ª � � ± � � � ¨ ª � ª � � �

² _ W^ WXY ] h _f W ^ X Y [ b ^ W ^ Zf ` h [ ` X ZY X n _ h [ W[\ X ` X q f [ WX ¤ h _ W^ X c X a W ^ Zf ` h [ ` X

[ h b ZY Zf Wg X X ` W _ e X n _ h [ W[\ X ` X q f [ W X Z hr X c c l
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9 � # : � � � � ! ; � �# � � � ' % � � �� �

o ´ ^ X f W Z k [ f b Zi c _ h XY c _ _ k _f Zc c ] Z WY [i X h [ f W ^ X g n` Z W X X ug Z W[ _f h [ W Wg Y f h _g W

W^ Z W � � ¨ [ h W^ X _f c p c ZY b X ] Z WY [x l

o� ^ X h [� X _ a W ^ [ h ] Z WY [x ` Xi Y X Z h X h [ a W^ X g n` Z WX [ hY X h WY [i W X ` W _ ` X W Xi W _Y g f [ W h

r ^ [i ^ ^ Z\ X h [ bf [q i Zf Wi _Y Y X c Z W[ _f hr [ W^ W ^ X _f X h [ f W^ X i g Y Y X f W WY Zi k l

o µ _Y W^ [ hY X Z h _f ¤ Z W W Zi ^ W _ X Zi ^ ` X WXi W _Y g f [ W¶ Z c [ h W· ¸ _ a W^ X ` X WXi W _Y g f [ W h

r ^ [i ^ ^ Z\ X h [ bf [q i Zf W i _Y Y X c Z W[ _f h r [ W^ ¶ l · ¸i _f W Z [ f h _f c p ¶ [ W h X c a [ f W^ X

e X b [ f f [ f b Zf ` bY _r h Z h ] _Y X WY Zi k h ZY X nY _i X h h X ` l

o� ^ X h n X X ` _ a W ^ X g n` Z WX ` X n X f ` h _f W^ X h [ � X _ a W ^ X c [ h W· _ a Zc c ` X WXi W _Y g f [ W h

r ^ [i ^ ZY X i _Y Y X c Z WX ` r [ W ^ W ^ X _f X hi Y _ h h X ` e p W^ X i g Y Y X f W WY Zi k � · � ¹ ¸ º» · ¸l

o� ^ X i _ ] ng W Z W[ _f Zc i _ ] nc Xx [ W p _ a W^ X n ZY Z ] X W XY g n` Z WX [ h _ a W ^ X _Y ` XY ¼· ¼¾½ ¿ ¤

r ^ XY X ¿ [ h W^ X f g ] e XY _ a ` X WXi W _Y g f [ W h ^ [ W e p W^ X i g Y Y X f W WY Zi k l

o� ^ X i _ ] ng W Z W[ _f Zc i _ ] nc Xx [ W p _ a W ^ X i _\ ZY [ Zf i X ] Z WY [x g n` Z WX [ h _ a W^ X _Y ` XY

_ a ¼· ¼ÁÀ l

@A BCD BEFG C HIJK LJM J BNOP Q BR IS @ CG T E D I E H ³ Â



9 � # : � � � � ! ; � �# � � � ' % � � �� �

o w X b ZY ` [ f b W ^ X i _ ] ng W Z W[ _f Zc i _ ] nc Xx [ W p [ W [ h _ ai Y g i [ Zc [ ] n _Y W Zf i X W _ Y X h WY [i W

W^ X h [� X _ a W^ X c [ h W· W _ Zf Zi i X n W Ze c X f g ] e XY l

o tg Y Y X f W nY _ n _ h Zc �

G Ã X q f X ZY X c Z W[ _f Ä ÅÆ e X Wr X X f Wr _ ` [� XY X f W ` X W Xi W _Y g f [ W h¶ Zf ` Ç

¶ Å ÇÈ É ¶ Zf ` Ç ^ Z\ X e X X f i Y _ h h X ` e p W^ X h Z ] X WY Zi k l

G Ã X q f X Z ] X WY [i h _f W^ X e Z h [ h _ a W ^ [ hY X c Z W[ _f �

V a¶ Å ¶ ­ Å ¶ À Å ½ ½ ½ Å ¶ Ê Å Ç [ h W ^ X h ^ _Y W X h Wi ^ Z [ f i _f f Xi W[ f b ¶ W _ Ç ¤ W^ X

` [ h W Zf i X [ hË �¶ � Ç � � Ì � Í l Vf n ZY W[i g c ZY ¤ [ a¶ Å Ç ¤ W^ X f Ë �¶ � Ç � � Í l
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9 � # : � � � � ! ; � �# � � � ' % � � �� �

G o h [ f b W^ [ h ` [ h W Zf i X ¤ W ^ X a _ c c _r [ f b Zc b _Y [ W ^ ] a _Y g n` Z W[ f b W ^ X c [ h W h· ¸ ¤¶ ÏÐ ¤

[ h nY _ n _ h X ` �

µ _Y Zc c ¶ Ï Ð ` _ �

Ñ µ _Y Zc c Ç Ï Ð ÒÓ ¶ Ô ` _ �

µ _Y Zc c ¿ Ï· Õr [ W ^ Ë � ¿ � Ç �×Ö Ë Ø ÙÚ ¤ Z` ` ¿ W _· ¸ Zf ` h W _Y X Ë � ¿ �¶ � � Ë � ¿ � Ç �� Í l

Ñ V a Z ` X WXi W _Y ¿ _i i g Y h h X \ XY Zc W[ ] X h [ f · ¸ ¤ k X X n _f c p W ^ X _i i g Y X f i X r [ W ^ W^ X

h ] Zc c X h W ` [ h W Zf i X Ë � ¿ �¶ �l

o� ^ X W^ Y X h ^ _ c ` Ë Ø ÙÚ [ h W^ X c ZY b X h W ` [ h W Zf i X a _Y r ^ [i ^ i _Y Y X c Z W[ _f h ZY X ` X X ] X `

W _ e X h [ bf [q i Zf Wl

o s X X ` h W _ e X W X h W X ` Zf ` Wg f X ` _f ÄY X ZcÆ WY Zi k h
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+ � � �� � � � % ! #< = # � � � # ! � " �! � " � � =� � ; # � " # � � =

o { Wg ` p _ a W^ X e Z h [i nY _ n XY W[ X h _ a W ^ X ] X W^ _` [ f Z h [ ] nc X ¤ h ] Zc c h X Wg n l

o µg c c i _\ ZY [ Zf i X ] Z WY [x [ h g n` Z WX ` l

o� [ b ^ W ` X W Xi W _Y c Z p XY h Zc _f b W^ XÜ ~ Zx [ h ¤r [ W^ Z h n Zi [ f b _ aÝ ¥i ] l

o Vf X Zi ^ c Z p XY ¤ W ^ XY X [ h ZY _r _ a q \ X ` X WXi W _Y g f [ W h ¤ X Zi ^ Í Þß Í Þi ] À l
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The simulation setup

z [m]

x 
[m

]

m hi ^ X ] Z W[i \ [ X r _ a W ^ X h [ ] g c Z W[ _f h X Wg n l

@A BCD BEFG C HIJK LJM J BNOP Q BR IS @ CG T E D I E H 7 Û 7 7



+ � � �� � � � % ! #< = # � � � # ! � " �! � " � � =� � ; # � " # � � =

o { WY Z [ b ^ W WY Zi k h ZY X h [ ] g c Z W X ` hg i ^ W^ Z W X Zi ^ WY Zi ki Y _ h h X h Zc c ` X WXi W _Y c Z p XY hl

o� ^ X [ f W XY h Xi W[ _f n _ [ f W h ZY X h ] X ZY X ` e p Zà Zg h h [ Zf Y X h _c g W[ _f ag f i W[ _f l

o� ^ X h W Zf ` ZY ` ` X \ [ Z W[ _f _ a W^ X _e h XY \ Z W[ _f XY Y _Y [ h á ¥ â ] e _ W^ [ f ã Zf ` [ f ä l

o m W c X Z h W Wr _ ` X W Xi W _Y g f [ W h [ f ` [� XY X f W c Z p XY h ZY X Y X ug [Y X ` W _ qx W ^ X Y X aXY X f i X

aY Z ] X l

o m c c ` X W Xi W _Y g f [ W h Z n ZY W aY _ ] W ^ X h X Wr _ ZY X ] [ h Zc [ bdf X ` e p h ^ [ a W h [ f ã Zf ` ä l

o� ^ X h ^ [ a W h ZY X b X f XY Z WX ` Y Zf ` _ ] c p e p ` Y Zr [ f b aY _ ] Z à Zg h h [ Zf ` [ h WY [ e g W[ _f

WX f W[ ] X h Z hr [ ` X Z h W ^ X _ e h XY \ Z W[ _f XY Y _Y l
o� ^ X n _ h [ W[ _f h _ a W^ X Y X aXY X f i X g f [ W h ZY X qx X ` e p b [ \ [ f b W ^ X ] Z \ XY p h ] Zc c nY [ _Y

g f i XY W Z [ f W p _ a W^ X _Y ` XY _ a ¥ l Ý â ] l

o� ^ X nY [ _Y g f i XY W Z [ f W p _ a W^ X _ W^ XY g f [ W h [ h h X W W _ Ý ] ] l
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+ � � �� � � � % ! #< = # � � � # ! � " �! � " � � =� � ; # � " # � � =

o m ug Zf W[ W Z W[\ X Z h h X h h ] X f W Ze _g W W^ X Zc b _Y [ W^ ]æå h nY Xi [ h [ _f i Zf e X ] Z` X e pi _ ] ng W[ f b W ^ X wç { _ a W ^ X ` [� XY X f i Xè e X Wr X X f WY g X Zf ` X h W[ ] Z WX ` h ^ [ a W hl

o� ^ X h n X X ` _ ai _f \ XY b X f i X [ h ] X Z hg Y X ` e p W^ X f g ] e XY _ a WY Zi k hY X ug [Y X ` W _

e Y [ f b W^ X h W Zf ` ZY ` XY Y _Y h _ a Zc c X h W[ ] Z WX ` h ^ [ a W h e X c _r Zi XY W Z [ f e _g f ` l Vf W^ X

a _c c _r [ f b ¤r X ^ Z\ X g h X ` Z e _g f ` _ aÝ ¥ â ] l

o� ^ X f g ] e XY Zf ` Y X c Z W[\ X n _ h [ W[ _f _ a W ^ X Y X aXY X f i X g f [ W h ^ Z h Z c ZY b X [ fé g X f i X

_f W^ X h n X X ` _ ai _f \ XY b X f i X l
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+ � � �� � � � % ! #< = # � � � # ! � " �! � " � � =� � ; # � " # � � =
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� # " �� � " $� % � �� # -> +  ! ! # � 9 � � *? # �

o { Wg ` p _ a W^ X i _f \ XY b X f i X Zf ` h W Ze [ c [ W p _ a W^ X ] X W^ _` [ f W ^ X t ç { Vf f XY � Y Zi k XY

g h [ f b  w t m Zf ` [ W h Zc [ bf ] X f W [ f WXY a Zi X l

o m r ^ X X c~ c [ k X h X Wg ni _f W Z [ f [ f b Ý á! ] _` g c X h aY _ ] W ^ X � Y Zi k XY Vf f XY ² ZY Y X c r Z h

g h X ` l

ï �� û ñô ó úþ � ü þ ñ" øù úû ñ � � ý 
$# �� ñ ú ñ� úø � � ñø ô ñ ú� ��
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� # " �� � " $� % � �� # -> +  ! ! # � 9 � � *? # �

o� Y Zi k h _ a ] g _f h � â&% ¤ â« � [ f Z ^ _ ] _ b X f X _g h ] Z bf X W[i q X c ` �('� � r XY X

nY _` g i X ` r [ W^ Z h [ ] nc [q X ` a Z h W h [ ] g c Z W[ _f ¤ h [ ] g c Z WX ` g f ` XY W^ X h Z ] X

^ p n _ W ^ X h X h Z h g h X ` [ f W ^ X Y Xi _f h WY g i W[ _f � ] g c W[ nc X hi Z W WXY [ f b ¤ X f XY b p c _ h h ¤

` X WXi W _Y Y X h _c g W[ _f h ¤ X Wi l �l
o� ^ X [ f WXY h Xi W[ _f n _ [ f W h ZY X h ] X ZY X ` e p Zà Zg h h [ Zf Y X h _c g W[ _f ag f i W[ _f � y [x X c h �

ã Zf ` ä ¤ { WY [ n h � _f c p ã �l

o� ^ X h W Zf ` ZY ` ` X \ [ Z W[ _f h _ a W^ X _e h XY \ Z W[ _f XY Y _Y h ZY X Zi i _Y ` [ f b W _ W ^ X [Y f _ ] [ f Zc

\ Zc g X h l

oç _` g c X h a ZY W ^ XY Zr Z p aY _ ] W^ X [ f WXY Zi W[ _f n _ [ f W ZY X c X h h aY X ug X f Wc p ^ [ Wl
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� # " �� � " $� % � �� # -> +  ! ! # � 9 � � *? # �

o� ^ X y [x X c Ã X WXi W _Y [ hg h X ` Z hY X aXY X f i X aY Z ] X Zf ` [ h W^ XY X a _Y X f _ W ] [ h Zc [ bf X ` l

o m c c { [ c [i _f { WY [ n ç _` g c X h �Ý Ã Z hr X c c Z h) Ã � ZY X ] [ h Zc [ bf X ` e p h ^ [ a W h [ f ã Zf `

ä ` [Y Xi W[ _f l

o� ^ X h ^ [ a W h ZY X b X f XY Z WX ` Y Zf ` _ ] c p e p ` Y Zr [ f b aY _ ] Z à Zg h h [ Zf ` [ h WY [ e g W[ _f

r [ W ^ * + Ý ¥ ¥ â ] l

o� ^ X n _ h [ W[ _f h _ a W^ X Y X aXY X f i X g f [ W h ZY X qx X ` e p b [ \ [ f b W ^ X ] Z \ XY p h ] Zc c nY [ _Y

g f i XY W Z [ f W p _ a W^ X _Y ` XY _ a ¥ l ¥Ý â ] l

o� ^ X nY [ _Y g f i XY W Z [ f W p _ a W^ X _ W^ XY g f [ W h [ h h X W W _ ¥ l á ] ] [ f ã Zf ` ¥ l ái ] [ f ä,

o� ^ X i _f i X n W _ ag n` Z WX c [ h W h ^ Z h e X X f Z n nc [ X ` ^ XY X , W^ X W^ Y X h ^ _c ` _ a W^ X g n` Z WX

c [ h W hr Z h h X W W _ Ë Ø ÙÚ � - l
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m c W ^ _g b ^ W ^ X ] X W^ _` ^ Z h e X X f h ^ _r f W _ r _Y k [ f nY [ f i [ nc X ¤ i c X ZY c p ] _Y X

` X \ X c _ n ] X f W ¤ W X h W[ f b Zf ` Wg f [ f b [ h Y X ug [Y X ` W _ ] X X W W ^ X i ^ Zc c X f b X _ a Z ag c c

Zc [ bf ] X f W _ a W^ X t ç {� Y Zi k XY l
o� ^ X ` [ h W Zf i X i g W Ë Ø ÙÚ ^ Z h W _ e X _ n W[ ] [ � X ` , W ^ [ h [ h n ZY W[i g c ZY c p [ ] n _Y W Zf W [ f

\ [ X r _ a W ^ X [ fé g X f i X _ a W^ X ] Zx [ ] Zc ` [ h W Zf i X _f W^ X i _ ] ng W Z W[ _f W[ ] X l

o� ^ X hi Zc X Ze [ c [ W p _ a W^ X Zc b _Y [ W^ ] ^ Z h W _ e X h Wg ` [ X ` _f Z c ZY b XY f g ] e XY _ a

] _` g c X h l

o� ^ X h [ ] nc [q X ` a Z h W WY Zi k h [ ] g c Z W[ _f ^ Z h W _ e X Y X nc Zi X ` e p Z ag c c h [ ] g c Z W[ _f l

o Vf \ [ X r _ a W ^ X hc _r XY i _f \ XY b X f i X a _Y ] _` g c X h [ f W^ X _g WXY c Z p XY h ¤ Zc W XY f Z W[\ X h

W _ g h [ f b h [ f bdc X WY Zi k h ZY X ` X h [Y Ze c X l o h [ f b i _f h WY Z [ f X ` ] g _f n Z [Y h aY _ ] O~ _Y

P �Q ~ ` Xi Z p h [ h Zf Zg h n [i [ _g h n _ h h [ e [ c [ W p l
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