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.�@+*h@�7f.�@�7�5�*�aS(62�C[j^af*-(�7!��*h@�7!4A,<.�`/2�587b�/2�:�:[7!(62�5�@�aq]?7!,�@6d�2NrJ*�ZA2�a!2�@=@6(�*-,/.�\�4A(6>�:^4A>#*�7!,e@8d/*-@Jd/*A.3*9,^j�>�Xl2�(T4-\%*-@6 
@6(+*[5�@�7!ZA2�`�(64A`/2�(8@�7!2�.�0Q�)7!(+.�@�u-@8d�2�58a�*A.6.Q4-\/>9j^a!@�7q(62�.�4-a!j�@g7!4A,T>?4�:^2�af.m*�Z�*�7baf*-X^a!2�@64Tj/.)7f.Q2���@6(62�>?2�a!]�(�7f58d�uA*�a�a!4-r=7q,�C
j/.�@64?5�*-`�@6j�(62T*�r=7f:^23(+*-,�CA234-\�58d/*-(+*[5�@62�(�7f.�@g7f5�.m*-,/:<5�4A,/.�@8(+*�7!,^@+.)7!,#4Aj�(=(62�CAj^af*h(�7!��*-@�7q4A,.658d�2�>?2A0Q"t,<`/*-(8@�7f5�j� 
af*-(�uAr=2N5�4A,/.�7f:^2�(J*�d^7!CAd^aq]?j/.�2�\�j^a�58af*A.6.�4-\Q>�j^aq@�7f.65�*�aq2J`�(�7!4A(=>?4�:^2�af.�u^@6d�2N.g4A t5�*�a�a!2�:¢\�(+*A5�@+*�aH`�(�7!4A(�.m>?4�:^2�a�0mUT.
.�d�4-rJ,#7!,���DA§h�tu^@6d^7f.�>?4�:^2�a�7f.�(62�af*-@82�:?@64 @6d�2T@6(+*A:[7q@�7!4A,/*�aS.g>?4�4[@6d�,�2�.6.� �X/*A.g2�:#(62�CAj^af*-(g7!��2�(+.=*-,/:Hu�r=7q@6d�*h`�`�(64A 
`�(�7f*h@62�a!]¤58d�4�.�2�,c`/*-(+*->?2�@82�(+.�u�`�(84�:^j/5�2�.�2�.�@�7q>*-@62�.3r=7q@6d_.�7!>¢7�af*-(T56d/*h(+*A5�@62�(�7�.�@�7f5�.�0?©�4A(82�4�Z[2�(�uH®�4A(6,�2�aba���� ¡ �
d/*A.m:^2�>?4[,/.�@6(+*-@82�:N@8d/*-@m@6d^7f.Q>?4�:^2�a/7�.Qj/.�2�\fj^a�\�4A(m(62�`�(82�.�2�,�@g7!,�C/uA.�2�a�\� t.�7!>¢7�af*-(m.�@64�56d/*[.�@�7f5�`�(64�5�2�.8.�2�.m`l4�.6.�2�.6.�7!,�C
%-¯�°  �@�]^`/23`/4-r=2�(�.�`l2�5�@6(+*�4-\�@6d�23@�]^`/2n@6d/*-@m7�.�5�4[>?>?4A,^a!]9j/.�2�: @649:^2�.65�(�7!Xl2T,/*-@6j�(+*�a/`�d�2�,�4[>?2�,/*<� %�± ut� ± ��*-,/:
r=7�abap@8d�2�(62�\f4[(62TX/29*-`�`�(64A`�(�7�*-@62n\f4A(=@6d�295�4A,/:^j/5�@�7!Z[7!@�]97!,^ZA2�(+.g2T`�(64AX^a!2�>�:^2�Z[2�a!4A`/2�: 7q,�BA2�5�@�7!4A,/.JD *-,/: ± 0
&�d�2i:[7!(82�5�@�.85�*�a!2� t.�`/*A5�2n\�4A(6>�4h\	@6d�2�.�23>?4�:^2�af.�\�*A587ba�7!@+*-@82�.Q@6d�2�2���`^a�7f587q@�*-,/*�aq]�.�7�.m4-\	@8d�2�@6(�*A:^2�4-�eX/2�@�r=2�2�,

@6d�2n7!,/5�4A(6`l4A(+*-@g7!4A,94-\H�/,�2i.85�*�a!2�:^2�@+*�7�a�7!,*�(62�5�4A,/.g@6(6j/5�@�7!4[,¢*h,/:?@6d�23*A5�5�j�(+*A5�]97q,?@6d�23(62�.�j^a!@�7q,�CT2�.�@�7!>*h@62A0�"�,
`/*-(6@g7f5�j^af*-(�u�@6d�23z�y�ª«}A~�v!x�y�y�z+z�²Az=|�²Ax�}[z+vq}Aw/|�yJ³9}A~�z�v�´#µ�;J$�¶�©c·/7q,�@6(84�:^j/5�2�:�7!,#��D ¡ �A`�(84�Z[7f:^2�.m*n(+*-@�7q4A,/*�a�X/*A.�7f.H\�4A(
:^2�*�a�7q,�CNr=7!@8d?(62�.�4-aqj�@�7!4A,H¸�*[5�5�j�(+*A5�]N@8(+*A:^2�4-�	.m*-,/:¢7f:^2�,^@�7�\�]A7!,�CT@8d�2�4A`�@g7!>*�aS.65�*�a!2J@64�rJd^7f58d?@6d�2T5�4A,/:^j/5�@�7!Z[7!@�]
>*�]<X/2 (62�5�4A,/.�@6(8j/5�@62�:�*A.T*¢\fj�,/5�@g7!4A,�4-\�.g`/*-@�7f*�am`/4^.�7!@�7!4[,�u/@6d�2 `�d�]�.�7f5�.34-\%@8d�2?`�(64AX^a!2�>�uH@6d�29`�(�7!4A(3>?4�:^2�a�u
*-,/:�@8d�2.�`/*-@�7�*�a�5�4-ZA2�(�*-CA2?*-,/:�>?2�*[.�j�(62�>?2�,^@��[j/*�a�7!@�]�4-\�@6d�2#:�*-@+*�0?©�4A(62�4-ZA2�(�uH@6d�2;J$�¶�©¹*�a�a!4-r�.�\�4A(N*-,
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$Q��`/2�(g7!>?2�,^@ BA4[j�(+5�2 �¨(62��[j�2�,/5�] ;=2�5�2�7qZA2�(
,^j�>�Xl2�( � 4^.�7!@�7!4[, 4-\%.�4Aj�(+5�29µ��n�-· U�(6(�*�]
% u�D�u�� &�u�©Wu � °������ ��� ¡ 	 2�\�@
± u���u�§ &�u�©Wu � °�
 ��� � % % � 	 2�\�@
 u ¡ u�� &�u�©Wu � °������ § ;�7!CAd^@

&Q*-X^a!2 %���� *-@+*�.�2�@?:^2��/,^7!@�7!4A,/.�\�4A(N4[X/.�2�(6Z�*h@�7!4A,W`�(64�5�2�.6.�2�.�4-\J7!,^@62�(62�.g@T7!,W@6d�2#`/*-`/2�(�0�&�d�2�*-X�X�(82�ZA7f*h@�7!4A,/.
7!,<@6d�295�4-a!j�>?,#a�*-X/2�a!2�:���BA4Aj�(+5�2 � 4^.�7!@�7!4[,���5�4[(6(62�.�`l4A,/:<@64 @6d�2���4[`�u�� 7f:�:[a!2Aul*-,/:��T4A@6@84A>ka�7!,�2N.�4Aj�(�5�2�.�7!,
�)7!CAj�(82 %

2���`^a�7f587!@?:^2�.65�(�7q`�@�7!4A, 4-\T@6d�2#7!,^\�4A(6>#*-@�7!4A,W`�(64-Z[7f:^2�:WX�]W@6d�2<Z-*-(�7!4Aj/. :�*-@+*�.�4Aj�(+5�2�.¢X/4A@6d 7!,/:[7!Z[7f:^j/*�a�aq]_*-,/:
5�4-a�aq2�5�@�7!ZA2�a!]W*-@92�*A56d `l4-7!,^@97!, .�`/*[5�2¤*-,/: .65�*�a!2A0 &=d�j/. u%r=2e:^2�ZA2�a!4[` ,�2�rNuJ�Aj/*h,�@�7q@+*-@�7!Z[297!,/.�7!C[d�@�7!,^@64�@6d�2
7f.6.gj�2<4-\�>9j^a!@�7f.g2�,/.�4A(�:�*h@+*�\fj/.�7q4A,�7q, @6d/*-@#µ�*^·3r�2e*h(62�*hX^a!2@84 :^2�@82�(6>97!,�2<@6d�4^.�2(82�C-7!4A,/.�7!, .�`/*[5�2<rJd�2�(62
@6d�237!,^\�4A(6>#*-@�7!4A, `�(64-ZA7f:^2�:#X^].�2�Z[2�(+*�a�:�*-@�*�.g2�@+.�@64ACA2�@6d�2�(J.�7qCA,^7��S5�*-,^@�a!]?2��/5�2�2�:�.n@6d/*-@=`�(64-ZA7�:^2�:?X^]�*h,�]#4A,�2
.�2�@�7!,/:[7!Z[7f:^j/*�aba!]¤*-,/: µ�XH·�r=2j/.g2@6d�2<;J$�¶�©¹@64�*A.6.�2�.8.T@6d�2 7!,/5�(62�>?2�,^@+*�a=Z�*�aqj�2<4-\�*A:�:[7!@�7!4[,/*�a�.�4Aj�(+5�2�.�4-\
7!,^\�4A(6>*h@�7!4A,�0
"�,�BA2�5�@�7q4A,eD�u�r=2N:^2�ZA2�a!4[`<@6d�2T`�d�]�.�7f5�*�a	>?4�:^2�a	(62�af*-@g7!,�C9@6d�2N4AX/.g2�(6Z�*-X^aq2�.=@64?@6d�295�4A,/:^j/5�@�7!Z[7!@�]9�/2�af:�*-,/:

(62�Z[7!2�ro5�4A>?>?4A,�7!,^ZA2�(+.�7!4[,<>?2�@6d�4�:�.=\�4A(J@6d^7�.J`�(64[X^a!2�>e0J"�,�BA2�5�@�7q4A,/.��¨0 % *h,/:e��0�D¨u�r=2N`�(62�.�2�,^@T*-,e4-ZA2�(6Z[7!2�r
4-\J@6d�2<:[7f.65�(62�@82rJ*�ZA2�a!2�@T@6(�*-,/.�\�4A(6>£*-,/:W*e:[7f.85�j/.6.�7!4A,W4-\=7!@+.�*-`�`^a�7f5�*h@�7!4A,�@64�@6d�2?7q,�ZA2�(�.�2.65�*-@8@62�(�7!,�C�`�(64AX� 
a!2�>e0�BA2�5�@�7q4A,/.J��0��9*-,/:<�¨0 ± (62�.�`/2�5�@g7!ZA2�a!]5�4[,�@+*�7!,@8d�2N:^2�.65�(�7!`�@�7q4A,4h\�@6d�23\�(+*A5�@�*�aS>9j^a!@�7q(62�.�4-a!j�@g7!4A,.�@�*-@�7f.�@g7f5�*�a
(62�CAj^a�*-(�7!��*-@g7!4A,#\�4A(6>9j^af*-@�7q4A,e*-,/:�@6d�2?@64^4-af.�\�4A(i;n$=¶�©� �X/*A.�2�:c*-,/*�a!]�.�7f.�03U¥.�2�@T4-\�2��/*->?`^aq2�.n7�a�a!j/.�@8(+*-@�7!Z[2�4-\
@6d�2N:[7���2�(62�,^@�\�*[5�2�@+.�4-\�4[j�(�*h`�`�(64�*A58de*-(623`�(62�.�2�,^@62�:#7q,eBA2�5�@�7q4A, ± 0=¶%4[,/58a!j/.�7!4A,/.=*-,/:<:[7q(62�5�@�7!4A,/.�\�4A(�\fj�(8@6d�2�(
7!,^ZA2�.�@�7qC�*-@�7!4[,*-(62TC-7qZA2�,?7q,�BA2�5�@�7!4A,e��0
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57698 :<;>=9?A@�B�CED�FGCIHJB�C�KMLNF�KA@PO
®�25�4[,/.�7f:^2�(�*h,e7q,�ZA2�(�.�2.65�*-@8@62�(�7!,�C#`�(64AX^a!2�> 7�a�a!j/.g@6(+*-@62�:�7!,��)7!CAj�(62 % *-,/:�*-(�7�.�7!,�C 7!,�@6d�25�4[,�@62���@T4-\=CA2�4A 
`�d^]�.�7�5�*�a%2���`^aq4A(+*-@�7q4A,_��D % u6�A�-�t0�U�.�2�@T4-\J@6d�(82�2�2�aq2�5�@6(64A>*hCA,�2�@�7f5ia�7!,�2� t.�4Aj�(�5�2�.T4A(�7q2�,�@62�:�`l2�(6`/2�,/:[7f5�j^a�*-(�a!]�@64
@6d�29`/*-CA292�>97q@6@�7!,�C#@�7!>?2� �d/*h(6>?4A,^7f5-u�5�][a�7!,/:^(g7f5�*�amr�*�ZA2�.�7!,^@64<*#>?2�:[7!j�>e09&=d�2?2�a!2�5�@8(�7f5�*�am`�(64A`l2�(6@�7!2�.34-\=@6d^7f.
2�,^ZA7!(84A,�>?2�,^@N*-(62?:^2�5�4A>?`l4�.�2�:�7!,^@64#@6d�2?.�j�>£4h\ � µ % ·�*-,�7!,^�/,^7!@82AuHs�,�4-rJ,�uQ*-,/:�5�4A,/.�@+*-,^@TX/*A58s�C[(64Aj�,/:�*-,/:
µ�D^·�*�5�4A,/:^j/5�@�7!Z[7!@�]�*-,�4A>*�a!]Au�Q�u�rJd^7�56d�Z-*-(�7!2�.�*A.N*�\fj�,/5�@g7!4A,�4-\J@6d�2#@�r=4<Z�*-(�7�*-X^a!2�R *-,/:+S�*-,/:�rnd^7f56d 7f.
s^,�4�rn,_@64�a�7!297q,_(62�Ch7!4A,UT 4-\�@6d�2#`^af*-,�2A0�&=d�2#@6(+*-,/.g>97!@6@62�:�2�,�2�(6C[]�7f.9.65�*-@6@82�(62�:�X^]�Q_*-,/:�@8d�2(62�.gj^a!@�7!,�C
�/2�af:�7f.n>?2�*A.�j�(82�:<X^]<4A,�294-\%@6d�2N@�r=4*-(8(+*�]�.=4h\%`/4-7!,^@3(62�5�2�7!ZA2�(+. 0J®�2?5�4A,/.�7�:^2�(J7!,^ZA2�(+.�7!4A,/.=X/*A.g2�:ej�`l4A,�@6d�2
:�*-@+*¢4AX�@+*�7!,�2�:�\f(84A>�* ,�j�>9X/2�(34-\�.65�*h@6@62�(�7!,�C92���`/2�(�7q>?2�,�@�.J@6d�29:^2�@+*�7�a�.=4-\%rJd^7f58d¤*h(62T`�(64-ZA7�:^2�:#7!,�&	*-X^aq2 % 0
$%*[56d�2���`/2�(�7!> 2�,�@3`�(64�:^j/5�2�.N*#ZA2�5�@64[(�4-\%> 2�*A.�j�(62�>?2�,^@+.T5�4A> `�(�7f.�2�:�4-\�@6d�29.65�*-@6@82�(62�:��/2�af:cµtX/4A@8de7q,� �`�d/*A.�2
*-,/:#�Aj/*[:^(+*-@6j�(62T5�4A>?`l4A,�2�,^@+.�·m4AX/.�2�(6Z[2�:#4�Z[2�(�*9.�7!,�C-aq2J(62�5�2�7!ZA2�(J*-(8(+*�]¢:^j�2T@84�2�,�2�(8CA]?`�j�@�7!,^@649@6d�2�> 2�:[7!j�>
\�(64A>�4[,�2�4-\Q@6d�2�@8d�(62�2i.g4Aj�(+5�2�.�4A`/2�(�*-@�7!,�C9*-@�*�`/*-(6@g7f5�j^af*-(�\f(62��[j�2�,/5�]A0m"�,<`/*-(6@�7f5�j^a�*-(�u-@6d�2na!2�\�@�(82�5�2�7!ZA2�(�*h(6(+*�]
5�4A,/.�7�.�@+.)4-\S§ ± 2��Aj/*�aba!]N.�`/*A5�2�:�2�a!2�>?2�,^@+.Q2���@62�,/:[7!,�Cn\f(84A>VS � ±�W�¡ > @64XS � �A� W D->o*�a�aAa!4�5�*-@62�:�*-@�R �ZY![\W D->e0
B-7!>97baf*-(�a!]Au[@6d�2T(�7!C[d�@J*-(6(�*�]¢7f.J5�4A>?`l4�.�2�:#4-\ ±�¡ 2��[j/*�a�a!]<.�`/*A5�2�:#2�a!2�> 2�,�@+.�\f(64[>&S � %�±�W �->¥@64JS � ¡ D W D->*�a�a
a!4�5�*-@62�:#*-@]R � %�[�[^W D->e0	&�d�2�@6d�(82�2i.�4[j�(+5�2�.=*-(62na!4�5�*h@62�:?*�a!4[,�CN@6d�2na�7!,�2XR �ZY![^W % >*-@]S � DA�->eu^� [ >eu^*-,/:
 �->�0
"�,?@6d^7f.Q`/*h`/2�(�u[r�235�4A,/.�7f:^2�(m@6d�23.�7!@6j/*-@g7!4A,T7q,?rJd^7f58d9@6d�2J2��/*A5�@�u-,�4A,^a�7q,�2�*-(m`�d�]�.�7f5�*�a/(62�af*-@�7q4A,/.�d^7!`9X/2�@�r=2�2�,

@6d�2�4AX/.�2�(6ZA2�:�.65�*-@6@82�(62�:3�/2�af:�.Q*-,/:�@6d�2�5�4A,/:^j/5�@g7!ZA7q@�]T`l2�(6@6j�(6X/*h@�7!4A,#Q37f.)(62�`�(62�.�2�,^@62�:N*[5�5�j�(+*-@62�a!]TX^]T@6d�2�a�7!,�2�*-(
(62�af*h@�7!4A,/.�d^7q`�4[X�@+*�7!,�2�:�@6d�(64[j�CAd?@6d�2Jj/.g2�4-\H@6d�2=�/(+.g@ � 4A(6,*h`�`�(64���7!>#*-@�7!4A,#���-�t0Q&=d�2�5�4A,/:[7q@�7!4A,/.Qj�,/:^2�(=rJd^7f58d
.�j/58d *-, *-`�`�(84��^7!>*h@�7!4A,W>*�]_Xl2�>*A:^2¤*h(62er=2�a�ai:^4�5�j�>?2�,^@62�: 7!, � ��u+DADh�i*-,/: *-(62�*A.6.�j�>?2�: @64Wd�4-af:W\�4A(
@6d�2?(82�>*�7!,/:^2�(T4-\J@6d^7�.3r�4[(6sS0?�¨4A(T@6d�2J_a`cb<:�*-@+*<.g2�@�u�@6d�2 >?4�:^2�amab7!,�sA7q,�C<@6d�2:�*-@+*#@84e@64<@6d�2#5�4A,/:^j/5�@�7!Z[7!@�]
j�,/:^2�(N@8d�2 � 4A(6,�*-`�`�(64��^7!>*-@�7q4A,<@+*-sA2�.3@8d�29\f4[(6>�4h\�* �/(+.�@8 �sA7!,/:c��(62�:^d�4-aq>¬7!,�@82�CA(+*�am2��Aj/*h@�7!4A,W��D [ �QrJd^7f58d�u
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(0, 0)

Medium to be imaged

Left Receiver
Array

Background medium
x

z

Right Receiver
Array

(100,100)

Sources

C

�)7!CAj�(82 %�� ¶%4A,^�/CAj�(+*h@�7!4A,�4-\%7!,^ZA2�(+.g2�5�4A,/:^j/5�@�7qZA7!@�]�`�(64AX^a!2�>e0�&=d�292�a!2�5�@6(64A>#*-CA,�2�@�7f5�.�4Aj�(+5�2�.�µ�7!,/:[7f5�*-@62�:�X�]
@6d�2#X^af*A58s_587!(+58aq2�.�·T2�>97!@N@g7!>?2� �d/*-(6> 4A,^7f5 r�*�ZA2�.i7!,^@64¤*�a!4�.8.�]�>?2�:[7!j�> rJd^7�56d .�j�X/.�2��[j�2�,�@ga!]_*-(62<.65�*-@8@62�(62�:
X^]e5�4A,/:^j/5�@�7!Z[7!@�]?7q,�d�4A>?4ACA2�,�2�7q@�7!2�.�a!4�5�*-@62�:�7!,e@8d�2�:�*-(6s[a!]e.�d/*[:^2�:e(82�5�@+*-,�C-a!2AuPT90�&=d�2?.�2�5�4A,/:�*h(6]#�/2�af:�.3*-(62
4AX/.�2�(8ZA2�:�*-@�4[,�2N4A(3X/4A@8d¤(82�5�2�7!ZA2�(T*-(6(+*�]�.=a!4�5�*-@62�:�4A,e2�7q@6d�2�(TZA2�(6@�7�5�*�a	2�:^CA294-\%(62�Ch7!4A,ej�,/:^2�(37q,�ZA2�.g@�7!C�*-@g7!4A,�0
� *A.�2�:'j�`l4A, @6d�2�.g2�4AX/.�2�(6Z-*-@�7!4[,/.�u3@6d�2�4AX�Y�2�5�@�7!ZA2�4-\9@6d�2�7!,^ZA2�(+.�2�`�(64[X^a!2�>¹7f.#@8d�2�(62�5�4A,/.�@8(6j/5�@�7!4A,'4-\9@6d�2
5�4A,/:^j/5�@�7qZA7!@�]?`l2�(6@6j�(6X/*h@�7!4A,�0

j�`/4[, :[7�.65�(62�@�7!��*h@�7!4A,�j/.�7!,�C<*?>?2�@8d�4�:�4-\=>?4A>?2�,^@+.�µ�©���©�·=*-`�`�(64�*A58d�r=7!@6d�*?`�j^a�.�29X/*A.�7f.���DA�-��u/][7!2�af:�.n@6d�2
>*-@8(�7��� �ZA2�5�@64A(�4AX/.�2�(6Z-*-@�7!4A,<> 4�:^2�a

��� ��� � Q��
	 � µ % ·
rJd�2�(62 ��� 7�.%@8d�2�ZA2�5�@84A(%4-\m.65�*-@6@62�(82�:9�/2�af: 4AX/.�2�(8Z�*-@�7q4A,/.�4AX�@+*�7!,�2�: *�a!4A,�C9@6d�23(62�5�2�7!ZA2�(J*-(8(+*�]Au � � 7f.�@6d�2i©���©
4A`l2�(+*-@64A(�>*-@6(g7�� *A.8.�4�587�*-@62�:�r=7q@6d�@6d�2<��(62�:^d�4ha!>V7!,^@62�CA(�*�a%sA2�(6,�2�a�u Q�7f.�@6d�2?ZA2�5�@64[(�5�4A,^@+*�7!,^7q,�Ce@6d�2©���©
2���`/*-,/.�7!4A, 5�4^2���587!2�,^@+.�4-\�@8d�2e5�4A,/:^j/5�@�7!Z[7!@�]�`/2�(8@6j�(6X/*-@�7q4A, *h,/:�	 � (62�`�(62�.�2�,^@+.?*A:�:[7q@�7!ZA2#,�4-7f.�2#rJd^7f58dc7f.�7f.
@+*-s[2�,?@64TX/23j�,/5�4A(6(82�af*-@62�:?*h,/:?.�@+*-@g7!4A,/*-(6]N.g4N@6d/*-@�	 �� µ [���� ��� ·	rJd�2�(82 � 7f.m*-,*-`�`�(84A`�(�7f*-@82�a!]�.�7q��2�:�7f:^2�,^@�7!@�]
>*-@8(�7�����0m®�29:^2��/,�2N@6d�2J��.g@+*A58sA2�:^�9.�]�.g@62�>4-\%:�*-@+*9*A.

� ��� Q���	 µ�D^·
rJd�2�(62 � � � ���� ���� W�W�W ���� � � umr=7!@8d � *h,/:�	 :^2��/,�2�: *A5�5�4A(+:[7q,�C-a!]A0_&�d�j/.�u�@6d�2<4AX¨Y�2�5�@�7qZA2?4-\T@6d�2#7!,^ZA2�(+.�2
� àOá4ì"î�åjë�è8ëSâ´å�î��! #"%$'&)(+* â¥î4íWâ¥ó�è�ë{ì�ãOë{áUè�ëOë{á�ì¾æ�è8î4í�å� tö�ì�ó¯ë{å�æ+�,áUè�ã� Gì�è8î,$ è8î4í(ó�å�öjè8æSâÄè8î4ó�ì� ,è8ë{æSâ.-/(10
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��������������������������� �!�#"�$%$%$'&)(+*-,/.�0�132�4�.6587!2�,/5�29*-,/:<;=2�>?4A@829BA2�,/.�7!,�C �

.65�*-@8@62�(�7!,�C9`�(64AX^aq2�>¥7f.=@6d�2N:^2�@82�(6>97!,/*-@g7!4A,#4-\7Q#C-7!ZA2�,<@6d�2N:�*h@+*?*-,/:#@6d�2T> 4�:^2�a�7q,�µ�D^·+0

576a5 � @����AO B�C�=��^@�K�� ?
	 @�C�� = F ?ZB�?AK��������C�F��AB��A=9O =�����=���� ?
��@�C��AC�@��IB���= F ?
UV5�4A>?>?4A,^aq]¤j/.g2�: @62�58d�,^7f�[j�2�� %�¡ u6DA�¨u+�A§-��\f4[(¢.g4-a!Z[7!,�C�a�7!,�2�*-(�7!,�Z[2�(+.�2#`�(64AX^a!2�>.¢4-\�@6d�2#\�4A(6> 7!,'µ�D^·n7f.9@64
58d�4�4�.g2T@6d�2T2�.�@�7!>#*-@62T4-\GQe*A5�5�4A(�:[7!,�C9@64�Q � *-(8Cm>97!,� � � Y � Q � �� � � � � Q � �!#"$! µ��^·
rJd�2�(62 � R � �% � R �'& R�0&�d�2?�/(+.g@N@62�(6>¬7q, µ��^·32�,^\f4A(�5�2�.3�S:^2�a�7!@�]�@64<@6d�2#:�*-@+*<rnd�2�(62?@6d�2#r=2�7!CAd^@�7!,�C)(�*��
(62�¦/2�5�@+.3@8d�2?(62�af*-@g7!ZA2N�[j/*�a�7!@�]<4-\=2�*A56d�4-\=@6d�29>?2�*A.�j�(82�>?2�,�@N.g2�@+.T*A.3>?2�*A.gj�(62�:�X�]�@6d�297!,^ZA2�(+.�2�4-\�@8d�2�,�4h7f.�2
5�4-Z�*-(g7f*-,/5�2?rJd^7ba!29@6d�2.�2�5�4A,/: @62�(6> 5�*h,_*�a!@62�(8,/*-@�7!ZA2�aq]<X/2?Z[7!2�r=2�:�*A.T*�(62�CAj^af*-(g7!��*-@�7!4[,e@62�(6>V4[(�*A.T*�`�(�7!4A(
.�@+*h@�7f.�@�7�5�*�a	>?4�:^2�am\f4[(#Qp0�"t,W`/*-(6@�7�5�j^af*-(�uH*A.T:[7f.65�j/.8.�2�:�7!, � DA§-�tul@6d^7f.3`l2�,/*�a!@�]e@62�(8>¬7f.32��Aj^7qZ�*�a!2�,^@N@84e*#`�(�7!4A(
>?4�:^2�a	4-\m@6d�23\�4A(6> � +

Q �-, ,  µ [�� � · W µ ± ·
&=d^j/.�uA@8d�2�,/*h@6j�(62=4-\S@8d�2J(62�CAj^af*h(�7!��*-@�7q4A,T4A(m@6d�2=`�(�7!4[(ms�,�4-r=a!2�:^C[2%7�.	5�*-`�@8j�(62�:�7!,9@6d�2�.g@6(6j/5�@6j�(62=4-\H@6d�2=>*-@6(g7��+
0�¶%4A>?>?4[,�58d�4-7f5�2�.�\�4A(J@8d^7f.�@62�(6>�*-(82N:[7f.65�j/.6.�2�:�7!,�����u ¡ u�D ± u�� % �t0
&�d�2N4A`�@�7q>97!��*-@�7q4A,<`�(64AX^a!2�>¬C-7!Z[2�,¤X^]�µ��^·J*A:^>97q@+.�*#.�4-aqj�@�7!4A,<rJd^7�56d�:^2��/,�2�. �Q#7!,�@62�(6>#.J4-\%@8d�2�,�4[(6>*�a

2��[j/*-@�7!4A,/.
µ � � ( *�� � �

+
�
+
· �Q ��� � ( *�� � W µ��^·

UT.J:[7f.65�j/.6.g2�: 7!,���DA§-��uA@6d^7f.=.�4ha!j�@�7!4A,�u �Q�5�*-,<Xl2T7!,^@62�(6`�(62�@82�:*A.�@6d�23ab7!,�2�*-(�a!2�*A.�@J.6�[j/*-(62�.�2�.�@�7!>*h@62Tµ 	G	 B�$=·%4-\
QeC-7!Z[2�,¤@8d�2�,�4h7f.�]e> 2�*A.�j�(62�>?2�,^@+.n7!,Wµ�D�·�r=7q@6d 	  µ [�� (�·�*-,/:�@6d�29`�(�7q4A(i.g@+*-@�7f.g@�7f5�.�\�4A(#Qe7q>?`^a�7!2�:�X�]cµ ± ·+u
7�0 2A0 Q<7f.J��2�(84<>?2�*-,�*-,/:�d/*A.

+
�
+
*[.3@6d�2<v!wlx�y�z8{�y94-\%7!@�.�5�4-Z�*h(�7f*-,/5�2A0N�¨j�(6@6d�2�(6> 4A(62Aul@6d�292�.�@�7!>*h@�7!4A,�2�(6(64A(

5�4-Z�*-(g7f*-,/5�2T>*-@8(�7���u-7�0 2A0¨@6d�2N5�4-Z�*-(�7�*-,/5�2T4-\GQ Y �Q7�..0/ µaQ Y �QS·8µ Q Y �Q/· ��1 � µ � � ( *�� � � + � + · *�� W µ�§^·

2 � 3 O '8ISR $SP�) '("54 "769K�"A$�"�GJI )=IHR+L�G L98�I
: " / KHL>12' " 3

®�2=*-(62Q7!,^@62�(62�.�@82�:37!,�@6d�2mj/.�2=4-\�2�.�@�7!>*h@�7!4A,� �@6d�2�4[(62�@�7f5)>?2�@6d�4�:�.H\�4A(	.g4-a!Z[7!,�CJ@6d�2�a�7!,�2�*-(�7q��2�:n7!,�Z[2�(+.�2%.65�*-@8@62�(�7!,�C
`�(64AX^aq2�>V7!,WrJd^7f58d�@6d�2<.�@+*-@g7f.�@�7f5�*�a��[j/*-,^@�7!@�7!2�.T*h(62?2��/*->97!,�2�:W*-,/:c@6d�2?7q,�ZA2�(�.�7!4A,�2���2�5�j�@62�: :[7!(62�5�@�aq]<7!,W@6d�2
rJ*�ZA2�a!2�@=@6(+*-,/.�\f4A(8> :^4[>*�7!,�0%�n2�,/5�2AuHr=2TX/2�C-7q,e@6d^7f.n.�2�5�@�7!4A,<r�7!@6de*9X�(�7q2�\�4-ZA2�(6Z[7!2�r'4-\%@6d�2N:[7�.65�(62�@62�r�*�ZA2�aq2�@
@6(+*h,/.�\f4[(6> µ � ® &3·+0)U>?4A(62e:^2�@�*�7�a!2�:W:^2�.65�(�7!`�@g7!4A,W4-\�@6d^7f.�,�2�r�.�7!CA,/*�a=`�(64�5�2�.8.�7!,�C�@64^4-a=7!,/58a!j/:[7q,�C :^2�@�*�7�af.
*A.6.g4�587f*h@62�:<r=7q@6d<7!@�.=7!> `^a!2�>?2�,^@+*-@�7!4[,e*-,/:�2��¨*-> `^a!2�.J4h\m7!@+.3*-`�`^a�7f5�*-@g7!4A,e>#*�]<Xl2�\f4Aj�,/:�7!,W� % u ± u6§¨u  u % [�; % D�u
% §�u %  uf�  �t0)BAj�X/.�2��Aj�2�,^@=@6437!@+.)7q,�@6(84�:^j/5�@�7q4A,�u-r=2�:^2�.65�(�7!Xl2=7!,?C[(62�*-@62�(%:^2�`�@6d#@6d�2J>#*-,�,�2�(m7!,9rJd^7�56d?@8d�2 � ® &
5�*-,<Xl2N2�>?`^a!4-]A2�: 7q,<@6d�2N5�4A,^@62���@n4-\�@8d�23a�7!,�2�*-(�7q��2�: 7!,�Z[2�(+.�2T.65�*-@6@62�(g7!,�C9`�(64AX^a!2�>e0

<�698 :>=&B?	7@�O9@#� � @�� C�@�� @P?
��B���= FG? FA@CB B ? KED
&=d�23\�j�,/:�*->?2�,^@+*�aH7f:^2�*9Xl2�d^7!,/:<@8d�2N:[7f.65�(62�@623rJ*�ZA2�a!2�@=@6(+*-,/.�\f4A(8>o7f.�@64?:^2�5�4A>?`l4�.�29.�7!CA,/*�a�uAd�2�(62T(62�`�(82�.�2�,�@82�:
*A.=*�ZA2�5�@64A(�u-7!,^@64�*9.�2��[j�2�,/5�2N4h\�7!,/5�(62�*A.�7!,�C-a!] ��5�4�*h(+.�2�((��(62�`�(62�.�2�,^@+*-@�7q4A,/.mrJd^7ba!2i*h@%@6d�2N.6*h>?2�@g7!>?2J(62�@�*�7!,^7!,�C
@6d�2�7!,^\�4A(6>*h@�7!4A,#a!4^.�@=7!,�>?4-Z[7!,�C?\�(64A>V*¢�/,�2?@64<*5�4�*h(+.�2?.65�*�a!2A03"�,¤4[j�(N5�*A.�2AuHr=2Nr=7ba�a�Xl2?5�4A,/5�2�(6,�2�:�Xl4A@6d
r=7!@8d?4A,�2�*-,/: @�r=4N:[7!>?2�,/.�7!4[,/*�ap.�7qCA,/*�af.QrJd�2�(82J\�4A(%.�7!> `^a�7f587!@�]Au-r=2=�/(+.�@=:^2�.65�(�7!Xl2T@6d�2JrJ*�ZA2�a!2�@m(62�`�(82�.�2�,�@�*-@�7!4A,
*-,/:�,�4[@+*-@�7!4[,<\�4A(N* %�� .�7!CA,/*�a�ZA2�5�@84A(�u
Fl0?��4-a�aq4�r�7!,�C?@6d�2?rJ*�ZA2�a!2�@na�7!@82�(+*-@6j�(62Aul@6d�292�a!2�>?2�,^@+.�4-\�@6d^7�.3ZA2�5�@64A(
*-(62T@82�(6>?2�:#@6d�2 G=w/y�{�~Q{�|+}Aª«y�{ |�}Aª«v!w^�9|+²�yIH |�v!y�w/~q{�*A.8.�4�587�*-@623r=7!@6dJF/ul*-,/:#@6d�2TZA2�5�@64[(KF97�.�:^2�,�4[@62�:<X^]LF¨µ &NM ·
7!,/:[7f5�*h@�7!,�C�@6d/*-@�@6d�2�.�2e.65�*�ab7!,�C�5�4�2���587q2�,�@+.�(62�`�(82�.�2�,�@)F_*-@?.65�*�a!2 &NM rJd�2�(62<@8d�2#7!,�@82�CA2�( &OM (62�¦/2�5�@�.9@6d�2
:[7!>?2�,/.�7!4A,/*�a�7q@�]94-\7Fl0
� 2�C-7q,�,^7!,�C r=7!@6d�F�µ &OM ·+u�* 5�4�*h(+.�2�(<(62�`�(62�.g2�,�@+*h@�7!4A, µt@6d/*-@#7f. u�* 5�4�*-(�.�2�(�.g2�@e4-\�.65�*�a�7!,�C 5�4^2���587!2�,^@+.�·+uF¨µ &OM Y % ·+u-7�.%4[X�@+*�7!,�2�: X�] �/(+.�@=`/*A.8.�7!,�CPF¨µ &NM ·m@6d�(64[j�CAd�*�a!4-r `/*A.6.�u[�/,^7!@6237q>?`�j^af.�23(62�.�`l4A,/.�29µ��Q"�;3·Q��a!@62�(�uQ�u�*-,/:�@6d�2�,�:^2�587q>*-@�7!,�Cn@6d�2Q��a!@62�(62�:34[j�@6`�j�@	X^]T*�\�*[5�@64A(�4-\�@�r=4/0�&=d^j/.�uRF¨µ & M Y % ·�7f.A� 5�4�*-(+.�2�( �%@8d/*-,SF�µ & M ·�7!,T õOå�ë{ìOë{á&è8ëäì*è�ã{ã{é  Gì'U�ì�æ{å�ý  �ì�è8îGâ´îGë{á�ìOê4æSâ¥åjæ  GåWí4ì²÷Uô§åjæ�V¾å�îW÷´ð�ô§å�æ	î4å�ë�è8ëSâ´å�î&è�÷\ãSâ  GêW÷Ââ´ó²â´ëSð 0\àOá�ì�æ{ìâ´ã î4å¾ó�å� GêW÷´ì -�â¥ëRð,è8í4í4ì�íâ ô�äì�â´î�ó¯å�æ{êUåjæ�è8ë{ì�è�ê�æSâ´å�æ� Gì�è8î Uì 0 ��0`â´î�è¾êUì�î&è�÷´ëSð(ë{ì¯æ# tå8ô�ë{á4ì"ô§å�æ# -WYX "ZV\[SV^] *YW T
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a(M,j) = j th component of a(M)

= Element of a at scale M and shift j

(M-2,n)

(M-2)

(M-1)

α

α

α

a(M)

�)7!CAj�(82�D � U�.6*-> `^a!2?a�*-@6@�7f5�2#.�@6(6j/5�@6j�(82�5�4A(8(62�.�`/4[,/:[7!,�C�@64�* �3± rJ*�ZA2�a!2�@�@6(+*-,/.�\�4A(6>�0¤&=d�2#�/,�2�.g@¢.85�*�a!2 7f.
@+*-s[2�,*A. &OM rnd^7�a!2J@6d�2T5�4�*-(�.�2�.�@m7�. + M 0mUnaf.�4/u[@6d�2i:^4-rJ,^rJ*-(+:�7q>?`/*A5�@�.g2�@�*[.6.�4�587f*-@62�:9r�7!@6d?,�4�:^2T>*-@6s[2�:9X�]
*-,<4A`l2�,¤.6�[j/*-(62Au�7f.=5�4A>?`�(�7f.g2�:#4-\�*�a�a�,�4�:^2�.n>*-(6s[2�:#r=7!@6d#@6d�2�58aq4�.�2�:<.6�[j/*-(62A0

@6d/*-@m@8d�2=��a!@62�(�7q,�C�¸�:^4-rJ,/.6*-> `^a�7!,�C3`�(64�5�2�:^j�(82Jd/*A.m(82�>?4-ZA2�:�@6d�2Jd^7!CAd¢\f(62��[j�2�,/5�]?.�@6(6j/5�@8j�(62=\�(64A>o@6d�2J4[(�7!C-7!,/*�a
.�7!C[,/*�a�u�*h,/:JF�µ & M Y % ·Q7f.=d/*�a�\�*A.�a!4A,�C#*A. F�µ & M ·�0�&�d�2N:^2�@+*�7�aHa!4�.g@%7q,>?4-Z[7!,�C�\f(84A> F�µ & M ·m@64)F�µ & M Y % ·Q7f.
2���@6(+*A5�@62�: .�2�`/*-(+*-@82�a!]NX^]T�/(+.g@%d^7!CAd `/*A.6.)��a!@62�(g7!,�CPF¨µ &NM ·	r=7!@8d�@8d�2��Q"�; ��a!@62�(��#*-,/:9@8d�2�,:^4-rJ,/.6*->?`^ab7!,�CTX�]
@�r=4/0%&=d^7f.n:^2�@+*�7�a	Z[2�5�@64A(=7f.3:^2�,�4A@62�:��mµ &OM Y % ·+0=&=d�2���a!@62�(�7!,�C#*-,/:<:^2�587!>*-@g7!4A,<`�(64�5�2�:^j�(62�7f.J.�j/5�5�2�.8.�7!ZA2�a!]
*-`�`^a�7q2�:#@64?@6d�2N5�4�*h(+.�2�,�2�:#ZA2�(+.�7!4A,/.=4-\ F?(62�.gj^a!@�7!,�C97q,e*�.g2��Aj�2�,/5�294-\�.85�*�a�7!,�C5�4^2���587!2�,^@JZA2�5�@84A(+.�u#F¨µ���·+u�*-,/:
*?.�2��[j�2�,/5�294-\�:^2�@+*�7ba	ZA2�5�@64A(�.�u��mµ���·�u^\f4[(�� � &NM Y %���W�W�W �
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@6d�29�/,�2�.g@N.65�*�a!25�4^2���587!2�,^@+.T*-@T@8d�2�Xl4A@6@64[>V4-\�@6d�2¢af*-@6@�7�5�2�*-,/:�@8d�2¢5�4^*-(+.�2�.�@N*h@T@6d�29@64A`�0?&=r=4#,�4�:^2�.�*-(62
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@6d�2N.�2�@n4-\	�/,�2�.g@�.65�*�a!2T,�4�:^2�.nrJd^7f58d�µ�� � 	)·Q7!>?`/*A5�@�.�0
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<�6a5 :<L �AO �I=��$�^B O9@ � ?�	7@PC�� = FG?��C�F
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� � � � � � � *h,/: 	 � � � Q W"t,�4Aj�(�*-,/*�a!]�.�7f.�4-\%µ % ·�u�r=2Tj/.�2
� � *-,/:�� � @64?> 4�Z[2J\�(64A>`�d^]�.�7f5�*�a�@64.85�*�a!2N.�`/*A5�2TZ[7f*
� � � � �)��� � µ�� � � � � �� ·6µ�� � QH· ��� � 	 � � � 	 ��� � W µ ¡ ·
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*A. �Qlµ�� ���

�

 � � ·m7f.=.�7!C[,^7��S5�*-,^@�a!]:[7���2�(62�,^@�\f(84A>¥X/4A@6d �Qlµ�� ��� ·%*-,/: �QHµ�� 
 ��� ·�r=2N5�4A,/58aqj/:^2N@6d/*-@J.�4[>?2�@�]^`/2T4-\

.�2�,/.�4[(=\fj/.�7!4A,#7f.=4�5�5�j�(6(�7q,�C?4-ZA2�(=@6d�2T(62�C-7!4[,#\�*-(�\�(64A>&R � [ 0

\�4A( ; 1 # � �P� � � 
 ��� � � �P�
�

 ��� ' 0 Ui. @6d�2�(62#7�.?.�@6(�7�5�@�a!]�>?4[(62#7!,^\�4A(6>*-@g7!4A,c7!, � ���

�

 � � u=@6d/*-,W7!, 2�7q@6d�2�(

� �P� 4A(�� 
 ��� *�a!4A,�2Au=@6d�2�2�a!2�>?2�,^@+.¢\f(64[> = µ�� ���
�

 ��� ·N>9j/.�@ a�7!2e*-Xl4-ZA2e@6d�2�4A@6d�2�(#@�r�4l0 "�, @8d�4�.�2¤5�*[.�2�.

rJd�2�(62 = $��µ�� ���
�

 � � ·T7�.?.�7!CA,^7b�S5�*-,�@ga!]�af*-(8CA2�(?@6d/*-, Xl4A@6d = $�Tµ�� ��� ·�*h,/: = $�Tµ�� 
 ��� ·�u=r�2e.8*�]W@6d/*-@#*A5�@�7!ZA2

.�2�,/.�4[(T\�j/.�7!4A,�7�.T@+*-s[7!,�C<`^af*[5�2A0?"t, �)7!CAj�(82 ± µ�*^·�uH@6d^7f.37�.3@6d�2�5�*[.�29\�4A(T@6d�2#2�.�@�7!>*h@62�.34-\�2�aq2�>?2�,�@�.N� Y ¡ 4-\
QHµ
+
� ·+0T$Q�/*->97!,/*h@�7!4A,�4-\��)7!CAj�(62�. ± µtXH· ; µ�:l·J.�d�4-r�.J@8d/*-@i*[5�@�7!ZA29.�2�,/.�4A(3\�j/.�7!4A,�7f.n4�5�5�j�(6(g7!,�C<r=7!@6d�(62�.�`l2�5�@N@64@6d�292�.�@�7q>*-@62�.34-\=@6d�29rJ*�Z[2�a!2�@i5�4^2���587!2�,^@+.34-\ Q¤,�2�*-(T@8d�2?4A(�7!Ch7!,¤*-@T.65�*�aq2�.T��u ± u�*h,/:¤§¨09®�29d/*�Z[2�4[>97!@6@62�:

@6d�2<;J$=¶=© `^a!4A@�*h@�.65�*�aq2�e*A.�,�4�.�j/56d \fj/.�7q4A,_4�5�5�j�(+.�*-@N@6d/*h@�.65�*�aq297!,W@6d^7f.T2��/*->?`^aq2A0��)7q,/*�a�a!]Au)@6d�2?\t*A5�@
@6d/*-@ = $� 7f.358a!4�.�29@64<��2�(84e*-@i*�a�a�.85�*�a!2�.T*-,/:�\�4A(N*�a�amrJ*�Z[2�a!2�@�5�4^2���587!2�,^@+.T5�4A(6(62�.g`/4A,/:[7!,�C<@84e.�d^7�\�@+.=\t*-(3\�(64A>
R � [ 7!,/:[7�5�*-@62�.�@6d/*-@�@6d�2J7q,^\f4A(8>*-@�7!4[,N7q, � �P� *h,/: � 
 ��� 2�7!@8d�2�(�*�a!4A,�234A(m7!,<5�4A>9X^7!,/*-@g7!4A,97f.�7!,/.�j^��587q2�,�@=@64
(62�5�4A,/.g@6(6j/5�@N}Aw � :^2�@+*�7�aH7!, Q<4-ZA2�(=@6d^7f.J:^4A>#*�7!,�0
"�, �)7qCAj�(62�^µ�*^·+u#� � µ 	/·�u�@6d�2#4A`�@�7!>#*�a�.65�*�a!2<*A.�:^2��/,�2�:c7!, BA2�5�@g7!4A, ��0 ± 7�.T`^a!4A@8@62�:�\�4A(�� �&[^W�[ ��µ�.�4-a�7f:

a�7!,�2-·J*-,/: � �Z[^W �#µ�:�*[.�d�2�:�a�7!,�2-·=j/.�7!,�C<:�*-@+*�\�(64A> � ���
�

 � � 0nUJ@ � �Z[^W�[ ��u�r=2?.�2�2N@6d/*h@i*A.#R�CA(64-r�.�a�*-(6CA2Au

@6d�2<4A`�@g7!>*�a�.65�*�aq2e:^(64A`/.�\�(64A> §�@64W��7!, *�>*h,�,�2�(�Aj^7q@62e5�4A,/.�7f.g@62�,�@ r=7!@6dW@6d�2#7!,^@6j^7!@�7q4A, :^2�Z[2�a!4A`/2�: X�]
2��/*->97!,/*-@g7!4A,�4-\�@6d�2#2�.�@�7q>*-@62�.�0<&=d�2 � � [^W � [ u	5�*[.�2.�d�4-r�.9.�7!>¢7�af*-(N58d/*-(+*A5�@82�(�7f.�@�7�5�.���d�4-r=2�ZA2�(�uQ@6d�2?> 4A(62
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RECM for Scaling Coef. at Scale 3
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RECM for Wavelet Coef. at Scale 3
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RECM for Wavelet Coef. at Scale 4
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RECM for Wavelet Coef. at Scale 6

µ�:l·�;n$=¶�© 7!,^\�4A(6>#*-@�7!4A,�\�4A(%rJ*�ZA2�a!2�@%5�4^2�� 
587q2�,�@+.n*-@�.65�*�aq2N§

�)7!CAj�(82 ±�� � 7f*-CA4A,/*�aS2�a!2�>?2�,^@+.=4h\�(62�a�*-@�7!ZA232�(6(64[(�5�4-Z-*-(�7f*-,/5�2�.�\f4A(n@6d�(62�2T(+*A:[7�*�a�`�(64-��a�7!,�C92���`/2�(�7q>?2�,�@�.�0m"t,�*�a�a
5�*A.�2�. u�@8d�2N.�]�>9Xl4-a]���>�95�4A(6(62�.�`l4A,/:�.=@64 = µ�� �P�

�

 ��� ·+uG� � ��@64 = µ�� �P� ·%*-,/:+���A��@64 = µ�� 
 ��� ·+0m��(64[>�µ�*^·	r=2

.�2�29*.�7qCA,^7��S5�*-,^@=a!2�ZA2�aQ4-\�.g2�,/.�4A(n\fj/.�7q4A,e@+*hsA7!,�C9`^af*[5�2Nr=7!@8d<(62�.�`/2�5�@T@84?@6d�2N2�.g@�7!>*-@82�.=4-\m@6d�2�5�4�*h(+.�2�.�@�.85�*�a!2
.65�*�ab7!,�C?5�4�2���587q2�,�@+.�\�*-(�\�(64A>¥@6d�2T4A(g7!C-7!,JR � [ 0m�¨(64A>¬µtXH· ; µ�:l·+u^r�2T5�4A,/58a!j/:^2�@6d/*-@J*A5�5�j�(+*h@62T(62�5�4A,/.�@8(6j/5�@�7!4A,
4-\m@6d�2N:^2�@+*�7ba)5�4[>?`/4A,�2�,^@+.n4-\GQ#7f.�a�7q>97!@62�: @64?.�d^7�\�@+.J58a!4^.�2�@84JR � [ 0

.�@6(g7!,�CA2�,^@�@8d�(62�.�d�4-af:W(82�.�j^a!@+.�7!, *�> 4A(62<(+*-`^7�:_:^2�5�(62�*[.�2<7!, .85�*�a!2e*A.?*�\�j�,/5�@�7!4A, 4h\�:[7f.g@+*-,/5�2A0 �)7!,/*�a�aq]AuQ7!,
�)7!CAj�(82��^µtXH·�@6d�29@6(6j�,/5�*-@62�:�2�.�@�7!>#*-@62�.�u �Q � µ�� �P�

�

 ��� ·+uH:^2��/,�2�:�X^]�µ %�¡ ·�u/*-(6295�4A>?`/*-(62�:�*-C^*�7!,/.�@ �Qlµ�� ���

�

 � � ·

\�4A(� � [^W�[ ��*h,/: � � [^W � [ (82�.�`/2�5�@�7qZA2�a!]<.�d�4-r=7!,�C�a�7!@6@ga!2i:[7b�p2�(82�,/5�2N*->?4A,�C?@8d�2T@6d�(62�2A0
&�d�2(62�a�*-@�7!ZA2#2�(6(64[(�5�4-Z�*-(g7f*-,/5�2<>*-@8(�7��_*�af.�4�(62�`�(62�.�2�,^@+.?*�j/.�2�\�j^a�@64^4-a�\f4A(?*-,/*�a!]���7q,�C¤@8d�2#7!,/5�(62�>?2�,^@+*�a

X/2�,�2��/@�.J*A.6.�4�587f*-@82�:9r=7!@6d @6d�2i*[:�:[7!@�7!4A, 4-\�:�*-@+*�@64�*h,�*�aq(62�*A:^]^ q\f4A(8>?2�:92�.�@�7q>*-@62A0)"t,e�)7!CAj�(82�§�uA@8d�2i:[7f*hCA4A,/*�a
2�a!2�>?2�,^@+.n4-\ = µ�� ��� � � ���

�

 ��� ·nµ�7�0 2A0�@8d�2N(62�af*h@�7!ZA23Z�*-(g7f*-,/5�2N(82�:^j/5�@�7!4A,�7!,^\f4[(6>*-@�7q4A,�*[.6.�4�587f*-@62�:�r=7!@6d<@6d�29*A:^ 

:[7!@�7q4A,4h\�>97�:�:[a!2J\�(62��[j�2�,/5�]e:�*-@+*�@64?*-,<2�.�@g7!>*-@623X/*A.�2�:#j�`l4A,ed^7qCAd#\f(82��Aj�2�,/5�] 7!,^\�4A(6>*-@g7!4A,H·�*h(62N:[7f.�`^af*�]A2�:
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� *h(+*->?2�@62�( � *�a!j�2 � *h(+*->?2�@62�( � *�a!j�2
S¢®_*�ZA2�a!2�@ � *-j�X/2�58d^7!2�.3§- �@+*-` R<®W*�Z[2�a!2�@ � *-j�Xl2�56d^7q2�.�D- �@�*-`& � � � ± & � � � D+

� � � D
+
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�
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�

%
& ! ' � � � D & ! ' � � � D

��� � � \�4A(�� �P� D[� [ � � � � \�4A(�� 
 ��� � [�[
��� � � \�4A(�� ��� %�[�[�[ � *A58s�CA(84Aj�,/:<5�4A,/:^j/5�@�7!Z[7!@�] % B�¸�>

&Q*-X^a!2N� � � *h(+*->?2�@62�(�.m\�4A(�5�(84�.6.� �r=2�a�a�@64A> 4ACA(+*-`�d^]9`�(64AX^a!2�>

\�4A(=@6d�2N5�4�*-(+.g2�.�@J.65�*�a�7!,�C?5�4^2���587!2�,^@+.J*-,/:#@8d�23�/,�2�.�@�rJ*�ZA2�a!2�@=5�4�2��<587!2�,�@�.���0�&=d�2�.�2N`^aq4A@+.�7�a�a!j/.g@6(+*-@62n@6d/*-@=@6d�2
>97f:�:[aq2N\�(62��[j�2�,/5�]�:�*-@+*<.�2�@+.T5�4[,�@6(g7!X�j�@629,�2�ro7!,^\�4A(6>#*-@�7!4A,<@84e*#d^7!CAd�\f(82��Aj�2�,/5�]�2�.�@�7q>*-@62?*-@3@6d�25�4�*h(+.�2�.�@
.65�*�aq2�*�r�*�]�\f(64[>o@6d�2�4[(�7!C-7!,?*-,/: *-@%@6d�2��/,�2�.�@J.65�*�a!2�58aq4�.�2�.�@m@64�@6d�2J4A(g7!C-7!,9rJd^7f58d 7f.)7!,<*A5�5�4A(+:9r�7!@6d9@6d�23`^a!4A@+.
7!,e�)7!C[j�(62i�¨0
�¨(64A>�@6d^7f.Q2��/*->?`^a!2Au-r=2J.�2�2J@8d/*-@m@6d�2=(62�af*-@g7!ZA2%2�(8(64A(%5�4-Z�*-(g7f*-,/5�2=>*-@6(g7��N`�(64-ZA7�:^2�.Q,�2�r *-,/:9j/.�2�\�j^a�7!,/.�7!C[d�@

7!,^@64N>9j^a!@g7f.�2�,/.�4A(=:�*-@+*i\fj/.�7q4A,�0�BA`/2�587��S5�*�aba!]Au^4A,�2Tr=4Aj^af:?5�4A,/58aqj/:^2T@6d/*-@%@8d�2i:�*-@�*T\�(64A>k@6d�23d^7!CAd<*-,/:?>¢7f:�:[a!2
\�(62��Aj�2�,/5�] :�*-@+*�.�2�@+.9*-(62#j/.�2�\�j^a=\f4A(9@6d�2#(62�5�4-ZA2�(6]c4-\J@6d�2e5�4A,/:^j/5�@�7!Z[7!@�]�:^2�@+*�7�aJ.�@6(6j/5�@8j�(62,�2�*h(�@8d�2<4A(�7!C-7q,B�
d�4-r=2�ZA2�(�uA*A:�:[7!@g7!4A,/*�a/4AX/.g2�(6Z�*-@g7!4A,/.m*-(62n(62��Aj^7q(62�:9@64T(62�5�4-ZA2�(%*�a�a/X�j�@%@6d�235�4�*-(+.�2�.g@�.65�*�aq2%7q,^\f4A(8>*-@�7!4[,T\t*-(m\�(64A>
R � [ 0m&=d�2�;J$�¶�©V*-,/*�aq]�.�7�.%*�af.g4N.�j�CACA2�.�@�.m@6d/*-@m@8d�2�4A(g7!C-7!,/*�a�`/*-(+*h>?2�@62�(�7!��*h@�7!4A,94-\�QN7q,�ZA4ha!ZA7q,�C % D ¡ :^2�C[(62�2�.
4-\�\�(62�2�:^4A> 7f.�2��¨5�2�.6.�7!ZA2A0%;J*h@6d�2�(�u/*-@J*�@6d�(62�.gd�4-af:#4-\ � � [^W � [ uA@6d�2N:�*-@�*�:[7�5�@+*-@623@6d/*-@=4A,^a!]E��2�a!2�>?2�,^@+.=4-\�	
µt@6d�23,�4A,���2�(64 2�a!2�>?2�,^@+.�4-\ �	 ��� � � µ�� ��� � 
 � � ·6·%5�*-,<X/2N*[5�5�j�(+*-@62�a!] (62�5�4-ZA2�(62�: (62�`�(62�.�2�,^@�7!,�C?*��A��� (82�:^j/5�@�7!4A, 7!,5�4A>?`^aq2���7!@�]�4-\S@6d�2�7!,�Z[2�(+.�2=`�(64AX^a!2�>�0	Una!@6d�4[j�CAd9,�4A@�5�4A,/.�7f:^2�(62�:�7!,9@6d^7�.m`/*-`l2�(�uA@6d�2n(62�:^j/5�@�7!4A,�7!,#5�4A>?`^a!2��^7!@�]
>97!C[d�@�X/23(62�*�a�7!��2�:�7!,�*h,97!,^ZA2�(+.�7!4[,*�a!CA4[(�7!@6d�>orJd�2�(82�r=2�5�4A> `�j�@62�²[w/ª � @8d�4�.�2J,^7!,�2T5�4^2���587!2�,^@+.�(+*-@6d�2�(�@6d/*-,
\�4-a�a!4-r=7!,�C3@6d�2J`�(84�5�2�:^j�(62n7!,<µ %�¡ ·�rJd�2�(62nr�2��/(+.�@�5�4[>?`�j�@62�:?*�aba % D ¡ 2�a!2�>?2�,^@+.�4-\ �	�*-,/:¢@6d�2�,�.g2�@%*�a�a/X�j�@=,^7!,�2
@649��2�(64/0Q"�,<`/*-(6@�7f5�j^a�*-(�u-r=2�4[X/.�2�(6ZA23@6d/*-@QY�j/.�@J.�j/56d<*-,<*-`�`�(64�*[56d 7f.=5�4A,/.�7f:^2�(82�: 7!,¤� D  utD��h�A7!,#@6d�2N5�4A,^@62���@%4-\
*9,�4A,^ab7!,�2�*-(=7!,^ZA2�(+.g2i.65�*h@6@62�(�7!,�C9`�(64[X^a!2�>e0

��6a5 : ��HJF�� �+=�� @�?7� =9FG?AB�O � �JC�F
�$�	� =&@PO O �>F � F��GC�B�����
 � C�F
�AO9@#�
"t,�@6d^7�.=2��¨*h>?`^a!2Nr=295�4A,/.�7f:^2�(n7!>?`�(64-Z[7!,�C?(62�.g4-a!j�@�7!4[,<,�2�*-(�@8d�2�(g7!CAd^@�.�7f:^294-\�@8d�2¢5�4[,/:^j/5�@�7!Z[7!@�]�*-,�4[>*�a!]#X�]
*-j�CA> 2�,�@�7q,�C � ���

�

 � � r=7q@6de:�*-@+*#.�2�@+.!� ;�% D�\�(64A>�&Q*-X^a!2 % rJd^7f58d¤*h(62TCA2�,�2�(+*-@82�:<X^]#a!4-r \�(62��[j�2�,/5�]¤.�4[j�(+5�2�.

a!4�5�*-@62�:#,�2�*-(=@6d�23aq2�\f@�.�7f:^2�4h\�@6d�2T(82�C-7!4A,#4-\�7!,^@62�(62�.g@�*h,/:#>?2�*A.�j�(62�:#X^]#@6d�2T(62�5�2�7!ZA2�(3*-(6(+*�]�a!4�5�*-@62�:<*-@=(�7!C[d�@
.�7f:^2A0)®�2�:^2�,�4[@62%@6d^7�.�*A:�:[7!@�7q4A,N5�4-a�a!2�5�@g7!4A,34-\�4[X/.�2�(6Z�*h@�7!4A,/. � �I� *h,/:T,�4A@62m@8d/*-@�2��/*->97!,/*-@g7!4A,34-\/@6d�2%.�@6(8j/5�@6j�(62
4-\=@6d�2�7!,�@82�CA(+*�a	s[2�(6,�2�af.n\�4A(T@6d^7f.n`�(64AX^a!2�>¬aq2�*A:�.3@64#@6d�2?4AX/.�2�(8Z�*-@�7q4A,e@6d/*h@T@6d�2�a!4-r \�(62��[j�2�,/5�]¤4[X/.�2�(6Z�*h@�7!4A,/.
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