
压缩感知光谱成像技术的编码孔径与探测器匹配优化

刘铭鑫, 张新, 王灵杰, 史广维, 吴洪波, 付强

引用本文:
刘铭鑫, 张新, 王灵杰, 史广维, 吴洪波, 付强. 压缩感知光谱成像技术的编码孔径与探测器匹配
优化[J]. 中国光学, 2020, 13(2): 290-301. doi: 10.3788/CO.20201302.0290
LIU Ming-xin, ZHANG Xin, WANG Ling-jie, SHI Guang-wei, WU Hong-bo, FU Qiang. Optimization
of matching coded aperture with detector based on compressed sensing spectral imaging technology[J].
Chinese Optics, 2020, 13(2): 290-301. doi: 10.3788/CO.20201302.0290

在线阅读 View online: https://doi.org/10.3788/CO.20201302.0290

您可能感兴趣的其他文章

Articles you may be interested in

对地观测高分辨率 TDICCD 相机调焦控制系统设计

Design of refocusing system for a high resolution TDICCD earth observation camera

中国光学. 2015(6): 1013   https://doi.org/10.3788/CO.20150806.1013

大口径光学合成孔径成像技术发展现状

Review on optical synthetic aperture imaging technique

中国光学. 2017, 10(1): 25   https://doi.org/10.3788/CO.20171001.0025

大相对孔径紫外成像仪光学系统设计

Design of large aperture ultraviolet optical system for ultraviolet camera

中国光学. 2018, 11(2): 212   https://doi.org/10.3788/CO.20181102.0212

地球同步轨道暗弱目标地基光学成像技术综述

Review of ground-based optical imaging techniques for dim GEO objects

中国光学. 2019, 12(4): 753   https://doi.org/10.3788/CO.20191204.0753

8×8 APD 阵列激光三维成像接收机研制

Design of 3 D laser imaging receiver based on 8 ×8 APD detector array

中国光学. 2015(3): 422   https://doi.org/10.3788/CO.20150803.0422

http://www.chineseoptics.net.cn/
http://www.chineseoptics.net.cn/
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20201302.0290
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20150806.1013
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20171001.0025
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20181102.0212
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20191204.0753
http://www.chineseoptics.net.cn/cn/article/doi/10.3788/CO.20150803.0422


˚Ø˚Ø˚Ø

!

!"

"

#

!

$

#

$%$%

$

&

%

#

#######

### # ##

&'()

#######

'()*+,+-./)0,

#

# ##

1234!"#524$

# 6.74$%$%

##

!"#$

!$%!89%&9$:"

%&#$

!$%!89%;9$$

##

'()*

!

'*+,-)./

!524<!;%;$%!"#

012-345678$-9./

!524$%!<%;$%!=;>?"

@A..27/+B CD5E/)2*E35E/A7E3@0)+*0+F2A*BE/)2* 2G'()*E!524<!;%;$%!"E*B H2A/( ,0)+*/)G)07+,+E70( G2A*B

2G>)3)* .72I)0+,0)+*0+E*B /+0(*232JDB+0+32.K+*/.3E*!524$%!<%;$%!=;>?"

+,-.

#$%8;9!;"!!$%$%"%$9%$8%9!$

/0123456789-:;<=

>?@ABCD

!"#

!!$

!

$

#

%

!

!

!

&'(

!

!

)*+

!

!

,-.

!

!

/

#

0

!

"!L

1234567849:;<=>?@AB

!

1234584CDEFGHIJKLMNO

!

PQ 67

!"%%""#

$L

12345R4

!

ST

!%%%&8$

EF

!

:;<=(>?@ABCDEF&GBH:;IJKLMNOPQRSTUVWXYZOPQ[\]

$

^_`

\]abcdefgOh

%

ijkl)mnoIpqcrE[stuv

$

_w:;IJOPQxwLMNOPQyz

fg

%

{q|}~��}�OP3�[u�

%

C�c.w����[�OP(>?@

$

_w:;IJOPQXwLMN

OPQyzfg

%

{q����7O[:;<=

%

�:;����������7Oiab��O�

%

UVC�XOP

Q:;IJ[xOPQ:;<=

$

�F��������

!MN@O"

��abl� u¡�o

%

C¢£¤¥¦

&

§F.w

�OPmn[:;<=¨�(>?@YZ©Mª[(>«@¬­®

%

¯°¬±²

#

³F.w����7O[:;<=[

:;<=¨�(>?@YZ´µ¬x[¶·OPQ¸(>OPQ

$

£¤¹Cº»¼[:;<=¨�(>?@YZ

%

½

OPQ¸?@¾¿ÀÁ�{Â

%

iC�cxOPQ�Ã[

!%%P

�F

$

G

#

H

#

I

!

!"#$

!

%&'(

!

)*+,

!

-./0

JKLM.

!1$&:4"##

+NOP:

!6##B2)&!%4"=::Q'-4$%$%!"%$4%$8%

!"#$%$&'#$()(*%'#+,$)- +(./.'"/0#10/2$#,./#/+#(03'4/.()

+(%"0/44/.4/)4$)- 4"/+#0'5$%'-$)- #/+,)(5(-6

RSTU)*J9V)*

!%$

% W?65MX)*

!

!

% Y65MR)*J9Z)+

!

% @?SMAE*J9[+)

!

% YT?2*J9C2

!

% FT\)E*J

!

!!L!"#$%&'(%)'(#'*+,)-.%/0#1)"2345%6."4 7%68*%.)8(-69 :".;6'/'9#% <;-6"1"3.%4"2#'*0.-"6."1%

<;%69.;86 =61)-)8)"'*+,)-.1% >-6"7".;%6-.1%64 ?;#1-.1% <;-6"1"3.%4"2#'*0.-"6."1%

<;%69.;86 !"%%""% <;-6%#

$L@6-5"(1-)#'*<;-6"1"3.%4"2#'*0.-"6."1% A"-B-69 !%%%&8% <;-6%"

!

<'(("1,'64-69 %8);'(% CD2%-/&',)/%&].-'2,E%.E.6

734#0'+#& S* .7E0/)0E3E..3)0E/)2*,% [(+* /(+02B)*J/+K.3E/+2G02B+B E.+7/A7+,.+0/7E3)KEJ+7,B2+,*2/

KE/0( /(+7+,23A/)2* 2G/(+)7B+/+0/27% /(+7+,23A/)2* 2G/(+,D,/+K),32[+7+B4F27/(),.72C3+K% CDA,)*JE

KE/(+KE/)0E3K2B+3G27/(+'2B+B 6.+7/A7+@*E.,(2/@.+0/7E3SKEJ)*J,D,/+K !'6@@S"% )/,3)K)/)*JGE0/27,

,A0( E,EK),KE/0( C+/[++* )/,02B)*J/+K.3E/+E*B /(+B+/+0/27̂,7+,23A/)2* E7+E*E3D_+B E*B /(+0277+,.2*B9



)*J,23A/)2*,E7+J)I+*4'2*,)B+7)*J/(E//(+7+,23A/)2* 2G/(+02B)*J/+K.3E/+),()J(+7/(E* /(+7+,23A/)2* 2G

/(+B+/+0/27% )/),.72.2,+B /(E/,A.+797+,23A/)2* /+0(*232JD),)*/72BA0+B /2/(+'6@@S,D,/+K/2E0()+I+,A9

.+797+,23A/)2* ,.+0/7E3)KEJ)*J/(72AJ( 02K.7+,,+B ,+*,)*J4F270E,+,)* [()0( /(+7+,23A/)2* 2G/(+02B)*J

/+K.3E/+),32[+7/(E* /(+7+,23A/)2* 2G/(+B+/+0/27% EJ7ED,0E3+02B)*JE.+7/A7+[)/( /(7+,(23B .E7/)/)2*)*J

J7EB)*J),.72.2,+B /2E0()+I+E()J(97+,23A/)2* 02B)*JK2B+% [()0( 0E* +*,A7+/(+7+,23A/)2* 2G/(+02B+B E.9

+7/A7+,.+0/7E3)KEJ+74̀ (+MN@OE3J27)/(K),A,+B /27+02*,/7A0//(+BE/E0AC+4aV.+7)K+*/E37+,A3/,,(2[

/(E//(+,.+0/7E3)KEJ+K+E,A7+B CD/(+'6@@S,D,/+KCE,+B 2* ,A.+797+,23A/)2* /(+27D),K27+E00A7E/+E*B

7)0(+7)* 02*/+*/4̀ (+'6@@S,D,/+KCE,+B 2* E02B+B E.+7/A7+[)/( J7ED,0E3+J7EB)*J),+K.32D+B E*B ,(2[*

/2(EI+()J(+7,.E/)E37+,23A/)2* E*B ,.+0/7E37+,23A/)2*4S/0E* C+02*03AB+B /(E/EG/+72./)K)_E/)2*% /(+7+,29

3A/)2* E*B )KEJ)*JbAE3)/D2G/(+'6@@S,D,/+KE7+J7+E/3D)K.72I+B E*B )/,()J( 7+,23A/)2* 02K.2*+*/,E7+

GA33DA/)3)_+B4

8/6 2(0.4& 02K.A/E/)2*E3,.+0/7E3)KEJ)*J#02K.7+,,+B ,+*,)*J# 02B+B E.+7/A7+# 2./)K)_+B B+,)J*

!#

1

#

2

##

(>?@3��?@3�K(>3�r£

Ä

%

ÅÆÇÈÉªÊËÌÍ[¶·ÎÏ¸(>Î

Ï

$

ÐÑ

%

(>?@3�BÒÓÔ�ÕµHÖ×

[EF

$

ØH-)[45

%

3�[aÙ

%

ÒÔ�_

(>?@3�[ÚËÛÜÝÞÝx

%

x¶·

'

x(

>OPQ

'

x()�FQ

'

xÎßàáâxãQ[

Gä¸åæçÛÜè(>?@3�{qc�[

éê

(!9=)

$

ØH6�?@3�[45

%

(>?@3�a

}cxë45ìí

$

+

$%

îï

=%

$ð

%

6�(

>?@3�{qáÞ

%

'¯ñ[rò9ó?¤R

ôõ�

%

Êö`3�÷a}EFìí

$ $%%<

$

%

øùÀ)[

c7EBD

çú§Fûü:;IJ£Ä6

�ýþÿ{qc����(>?@3�

(:)

$ $%!<

$

%>2(E**

çúI!¸9óc"#$F&%&ñ

?@A«@6�(>?@3�

(8)

$ $%!:

$

%U)9

0(E+3

çú{qze�[(>?@u�

%

jkB'

j[l;rý()*zÓ+,-,N¸zÓ.w

��å�N[l./m��

%

�'j[l;rý

01è¨�(>?@A

%

C�c¨�(>?@A

[23»

'

4¿»56

(!%)

$

��(>?@

!'2K.7+,,)I+@.+0/7E3SKEJ)*J%

'@S"

6jkûü:;IJÞLMÊËÌÍÎÏ

%

½©F[³7l¿82w9:3(>?@A;F

[³7l

$

BÒe(>?@3�&

%

:;<=¨

�(>?@A

!'6@@S"

3�jkl.�<=N

!dUd"

>è:;IJ

%

C�c��(>?@

$

B

z?[(>?@3�&

%

YZ@AOPQ6BL

MN[OPQtC[

$

DB

'6@@S

&

%

EFÉª

mF[YZOPQ

%dUd

[OPQGH¸LMN

[OPQrÇ

%dUd

[��KLMN@Izz_

E

%

JdKLÇtCYZOPQ

$

yeBwLM

N@�K

dUd

[�<=MNORrÇVPQ[

RST�R_(>«@�oST�U

%

ÇÈV6

_WxOPQ�Ã[XY

%

R¦ZWX�o(>

«@[¶·OPQ¸(>OPQ

$

[\�_LMNK:;IJOPQRST[

'6@@S

YZabl)oI

$

{q]LMN[OP

QXw:;I^OPQÈ

%

�FXOPQLMN

C��OP(>?@

#

]:;IJOPQXwL

MNOPQÈ

%

§F����7O[:;<=C

�RST_`

$

jk6�ýþÿI!¸C¢Oh

ªqáa£n

&

³F[\u�ªb[(>«@¾

¿µZc{x

$

$#

)*+,3456789:;<

-.

9:;<

-:;<=>?@LQRSABTU

'6@@S

dC�ef¨�?@

%

½gh6��

��mn

$

:;<=(>?@3�á+,3(>

?@3�èi3

%

�F:;IJj1kl

%

]ÊË

!8$

!

$

#

##

mno

%

ç

&

����(>?@3�[:;<=KLMNSTº»



ÌÍ(pbq:;IJ¼

%

:;IJ_ÊË[¶

·r(>ÎÏabst

%

bq+,�Ã¼4T+

,

%

u¼vLMNwx[6zÁyzÊËÌÍ{

k:;st¼[¶·â(>ÎÏ[ûü|}«

@

$

jk����$i��dá�|}[ûü«

@$i?l� u¡

$

:;IJ{k"~¬�

%

Êö[���Ãè

dUd

(!!)

$ dUd

�È·¯dC

�"~:;

%

dá;

'6@@S

[¨�?@¾¿µ@

À{Â

$

DBCDEFÈ

%

À"l

dUd

[��

NOrOPQKLMN[@�NOrOPQ6R

Ç[

%

JST:;<=KLMNRST[\]

$

yPQcB

'6@@S

&

%

���?

dUd

��KL

MN@I�_�[?@

$

åZ[stu��6�

xOPQ�Ã[@Iáu�[���Ä

%

��Ä

[u�fèzÓ@I

%

;ªLMN¸:;IJO

PQrST

(!$)

$

åZstu�[YZOPQ�

twOPQWX[�Ã

%

6zeX�FQu�

$

LMNK:;IJ[OPQ·[òYdÅG

B

"

efg

&!!"

:;IJOPQçwLMNO

PQ

%

Û:;IJKLMNdá�_�?@

#!$"

:;IJOPQÀwLMNOPQ

$

EÛsty

Ó\]

%

dá�?@k�O?dÙ

%

!zÙ�xO

PQ«@?@BXOPQ[LMN(

%

!ûÙè

BXOPQ[@�/ÉªxOPQ[«@

$

½�

Û�F��w~��}�OP��

$

[~9ó

&

%

�F�OPim�ªb[|}ûü«@�?

6�OPYZ[xOPQi�«@

%

�F�OP

3�UXOPQ[LMN(ÉªxOPQ[|}

ûü«@

%

�jk����$i��_(>«@

ab�o

#!""

:;IJOPQ2wLMNOP

Q

$

ÑÈ

%

�:;IJ[:;I�Bûat:;

I�01?����:;I�

$

Ñu�·w�X

OPQ[:;IJ0�?´µxOPQ[���

�:;

%

dá�O�FLMN[OPQ

$

9:9<

LQRSABVWXYZ[\]

'6@@S

[()£��ÛB:;<=

'

+,�

Ã¸�����

!FN6"

LMN�?

%

�«

!!

�«

�#���^

"

©�

$

`YZ[��èÅab¨�� ¡É�l�

 u¡

%

UVBLMN(Éª|}[ûü(>«

«

!#

:;<=¨�(>?@YZ[£��¢«

F)J4! # @/7A0/7E3B)EJ7EK 2G02B+B E.+7/A7+,*E.,(2/

,.+0/7E3)KEJ)*J,D,/+K

@

$

£5ÊËÌÍ[(>¤�d¥�è

*!F%#%

!

"%

½&

F%#

¥�ÊË[¶·¥¦

%

!¥�ÊË[

(>¥¦

$

]ÊË{kö¦YZâ:;IJ¼

%

½(>¤�§l[O¨è

&*

!

!F%#%

!

"$

5:;I

J[å©§lè

:!F%#"%

dáU«

!

&�b:;

IJBª+¸«+u��?

%

½&«+ð¥¬(

!dUd

/w

*

­

+

®¯

"%

ª+ð¥R¬(

!dUd

/w

*

ò

+

®¯

"%

Jª«[ûat:;I�

!%

ð

¥R¬k

%!

ð¥¬k

"$

Ø¼{k+,�Ãab

+,

%

°±UE§lè

&

G!F%#%

!

" H;!FIJ0!

!

" JF%#IJ#"% !!"

½&

0!

!

" e

"

!

!

"!

!

f

!

.

"

è+,�Ã|}[²

F

³[(>O´¿

%

ÐÑ

%

{+,¼LMNö[(

>«@è

&

*

$

!F%#%

!

" H

""

:!FI%#I"*

%

!FI%#I%

!

"

;!FIJ0!

!

" JF%#IJ#"BFIB#IE !$"

##

BwLMNªb[6(µO¨

%

¶_%·a

b¸O

%

dªbLMNwx[|}«@O¨

&

=!F%#" H

"

!

*

$

!F%#%

!

"B

!

E !""

##

Bab

)

~¨� ¡È

%

¹~ ¡È:;I

JÕÛº�

%

ÐÑ;FRÇ[:;<=

:

)

!F%#"

B

FN6

/Éª[Å¿dá¥�è

&

=

)

!F%#" H

"

!

:

)

!FJ0!

!

"%#"*

%

!1J0!

!

"%#%

!

"B

!

% !&"

½&

)e%%!%$%EEE%Kf!% K

è¨� ¡~l

$

�LMN´,»

%

dáªb

&

=

)

26

H

""

,!2%6#F%#"=

)

!F%#"BFB#% !;"

½&

,!2%6#F%#" e(".)

F

#

4

f2%

#

#

4

f( )6 %

ð¥L

$8$

####

&'()

### ###

!

!"

"

#



MN[´,@I�

$

#

4

eL

$

M3

$

èLMN@�·

»

%

½&

L

$

èLMN���¸

%3

$

èLMN@�

l

$

��

!;"

ð}�

!<"

dª

&

=

)

26

H

"""

(".)

F

"

4

J2%

#

"

4

( )J6

:

)

!FJ0!

!

"%#"

*!FJ0!

!

"%#%

!

"BFB#B

!

E !<"

##

5:;<=[¬=Q§l�a

&

:

)

!F%#" H

#

2I%6I

)

)

2I%6I

(".)

F

#

.

J2I%

#

#

.

( )J6I

%

!="

½& #

.

eL

!

M3

!

è:;<=[��·»

%L

!

è:

;IJ�¸

%3

!

è:;IJ��l

%)

)

2I%6I

è´,»

[:;IJ§l

$

z?[

'6@@S

YZB56ìí6dá¼½

3

!

e3

$

e3

[

%

J;CD:;IJ¸LMN[�

¸Rrç

%

Vdájk56&¾M�;½´µR

Ç[¿ÀÀlÞC�

$

E

3

!

e3

$

%

ÑÈ #

.

eL

!

M

3

!

e

#

4

eL

$

M3

$

%

ÁÂLMN¸:;IJ�dáC

��_�zz_E

$

D]

3

!

$

3

$

È

%

Ã #

.

eL

!

M

3

!

$#

4

eL

$

M3

$

%

ÑÈq�cLMN¸:;IJ[

RSTfg

$

Byefga

%

ÄÅáÅzeu�

ÞST:;IJ¸LMN[OPQ

$

Æ�[u�

6�xOPQ�Ãá������7O

%

á #

e

2g6,LM3

>èzÓ�[@IKXOPQ�Ã

ST

%

;ª #

e2g6,LM3e

#

.

eL

!

M3

!

r #

e2

g6,LM3e

#

4

eL

$

M3

$

$

ye7Ou�WXcY

Z[OPQ

%

YZOPQè

KeK)*!3

!

M3

$

"$

y

�¦ZÇ2YZ[¶·â(>OPQ

%

iÈ�U

c$il� u¡[OPQ

(!"9!&)

$

]xOPQ�Ã[@I7O?���È

%

J

Ke3

!

M,

!

e3

$

M,

$

È

%

B!

!2%6"

ÓLMN@I[

µ�O¨è

&

=

)

26

H

#

2I%6I

)

)

2I%6I

%

(".)

FJ0

( )
!

#

J2I%

#

#

( )J6I

,

(".)

F

#

J2%

#

#

( )J6

,*!FJ0!

!

"%#%

!

"BFB#B

!

%

!:"

½& "

e4M3$

]LMNOPQxw:;IJÈ

%

�

"

ÓLMN@�ÉÄ?zÓ@I�

%

JÞ+z

Ó:;IJ@���[Å¿vÊ=b

"

ÓLMN

@I(

%

¹Ó�@I�v7O?

"

Ó��

%

OËè

N

%

'N

!

¸

N

$

%"

Ó��OË_EHLMN([¥

¦

!2f!%6"'

¥¦

!2%6"

¸¥¦

!2h!%6"$

{

k+,¼[Å¿B!

!2%6"

¥¦[O¨Ì�è

&

$

26O8

H

"""

BFB#B( )!

"""

N

!

&

N

$

&

N

"

BFB#B( )!

J!

%

!8"

½&

2%6

èLMN[¶·ÍË

%O

ð¥%í

%8

ð

¥

N

%

'N

!

¸

N

$

¥¦

$

´¡7Oim«�«

$!

�

«�#���^

"

©�

$

«

$#

LMN7Oim

F)J4$#d+/+0/27B)I),)2* .7)*0).3+

��LMNá�[7Ou�´,»

&

=

/

26

H

#

$J!

OH%

#

$

8 H%

$

26O8

)

)

2!6JOJ8"

*

2 !6JOJ8"O

!F%#%

!

"%

!!%"

½&

*

2!6 fOf8"O

!F%#%

!

"

[

2%6

èLMN[¶·Í

Ë

%O

ð¥i�ÊËÌÍ[!

O

Ó%í

%)

)

2!6 fOf8"

B�

!="

pq

%

È

2%6 e%%!%-%Kf!%Oe%%!%

-%$ f!%8 e%%!%$%/e%%!%-%!f!$

�&[

$

è%íl

%

6BLMN[OPQtC[

$

B��

7OLMN@�¼

%

YZ[¶·OPQ�BLM

N¸:;IJ[OPQLÇtC

$

"#

789=;<:>?@A

##

(\&{bcB

'6@@S

YZ&

%

GBHde

OPQRSTu�

$

ydefgÕRPQYZ[

OPQ�X

%

;ªxOPQ�Ã�FQÀÀWX

$

!zeè:;IJOPQxwLMNOPQ

$

^

_yefg

%

��OP3�|}

'6@@S

YZ&6

zÓµã[stÎ�

$

[\�v:;IJst¼

[(>«@�?6zexOPQ«@

%

jk�O

P3��½?@BXOPQ[LMN(

%

iÏa

b�OP$i

%

�ab(>«@�o

$

yeu�

dá¦ZWXOPQRST[�U

$

!ûefg

"8$

!

$

#

##

mno

%

ç

&

����(>?@3�[:;<=KLMNSTº»



è:;IJ[OPQXwLMN

$

^_yef

g

%

[\56cze����7O[:;<=

%

y

e56dá�O�FLMN[OPQ

%

UVÇ2

@IRST[�U

$

=:;<

'^/0129_LQ3456

]:;IJOPQxwLMNOPQÈ

%

R

4TOPQRST[fg

$

_Ñ

%

��OP�F

Ð}yeOPQRST[YZ&

$

�¤LMN@

�·»ÀwB?@(%·pq[ÑÒÓ�³7A

t[OPQ

%

ÁÂdá�~��}�OP�F|

}(ÔÕP[l)I3�

!!%"

&

$

BxOPQ

«@��¸XOPQ«@��´µr�[Ö×Ø

Ù£�[ö{a

%

�F«@[+ròÚ

%

_w¹Ó

LMN@�

%

BÛÜÝ¯ÞbK½_E[

!

Ó~

ßXà«@�

%

,¼Üs

(!;)

&

K)*

'

#

G

-

J

#

F

,

1

(

K

G

%

G,

#

,

1

'

$

1E)E

#

F

,

1

(

K

G

%

G,

H! !!!"

�&

&#

G

-

èMá«@�

##

,

1

èâÞq[ß~7[

ÝÄ

K

G

&[Xà«@�

#

%

G,

è_E[Ì�

$

BLMNOPQXw:;IJOPQ[fg

a

%

�:;IJab���Ä

%

;ªLMN[@�

K���Ä[���@Izz_E

$ F

¸

#

uã

[LMN[@�l¿

?

6B:;IJ���[

��l¿©tC[

$

ÐÑ

%

]

KeK

!

e?K

$

È

%

�

�OPI3ð}�

!!!"

¼

%

¥wLMN

!2%6"

¥

¦[@�öwx(>¤�è

&

-

)

26

H

#

?J!

GH%

#

?J!

(H%

-

)

-?

JG%B

?

J(

% !!$"

½&

-

)

%&

6�@I/Éª[l�

%%'&e%%!%-%

3

$

!?f!"$

ÑÈ�dÓuã+,ãE[�Uð}

�

!!$"

&

%

dáªb

&

=

/

26

H

#

?J!

GH%

#

?J!

(H%

#

$J!

OH%

#

$

8 H%

$%

G,

!2?JG"!6?J("

O8:

/

!!2?JGJO"JOJ8"!6?J("

!>

O

"

!!2?JGJO"JOJ8"!6?J("

%

!!""

½&

>

(

N

K

$

$

%:

/

(

N

K

$

% =

(

N

KM?!KM?h$M?f!"

$

ÑÈ

:;<=OPQXwLMN[OPQ

$

�

!!""

&

%

÷{��OP��¿}l)I

3&

%

ÑÈYZOPQB:;<=ÞtC

%

VR

@åZu�Á7BOPQX[LMNOPQt

C

$

ä�ÑM¿£¤dá�ozÓx¶·OP

Q[(>«@

$

«

"

è�OP(>?@���

�

$

yeu�dáC�:;IJOPQ[

!%%P

�FQ

$

«

"#

�OP(>?@����

F)J4"#F32[0(E7/2G,A.+77+,23A/)2* ,.+0/7E3)KEJ)*J

E3J27)/(K

=:9<

'^`abcdL9-:;<

]LMNOPQxw:;IJ[OPQÈ

%

����OP3�|}yÓYZ&

%

½iÐ6:

;IJ[XOPQ�PQvst[}=(V´µ

XOPQstÎÏ

%

J;LMN´µåx[OP

Q

%

V���F����$i��Þæ$qxO

PQ[(>«@

$

Byefga

%

dá�����7O[çè

|}:;IJ&

$

Bw:;IJ[XOPQ

%

]

zÓv:;IJ��st[(bqLMNÈ

%

d

Å_EH"ÓLMN@�wx

$

áÑèä�

%

�

:;IJ��_ELMNwx@�lab���

7O

%

y77O¼[:;IJ([zÓ��dÅ

_EH"Ómn¢é([��:;��

%

ÑÈÄ

Û���:;��KLMN@�zz_E

%

�d

á�O�FLMNOPQ

$

ä�yeu�

%

dá

jkKLMN@IÀ2ST[:;IJÉª(>

«@YZ

$

DByefga

%

C�M¿©ê[:

;<=§l÷{R6áöª«[ûat:;I

�

%

V6ze´µ����7O[:;I�

%

êÛ

&8$

####

&'()

### ###

!

!"

"

#



��:;<=��Ê=b¹ÓLMN@�[_E

òYab��7O

$

ye7Ou�BM¿£¤&

RRZ�qÞ

%

LMNwx[��£¤ë,6j

kXOPQ[:;IJstST[

$

DB/mk

�&

%

RÏ_:;IJabmn([����7

O

%

Bl��ok�&EFye7Ou�Þ$il

� u¡

$

�_½l)I3abÕP

$

ÛB:;IJO

PQXwLMNOPQ[YZ&C�:;IJK

LMN[ST

%

êÛì����7O¼[:;I

J[OPQKLMNOPQrÇ

%

J

KeP3

!

e

3

$

%

½&

P

è����7Ol¿

$

ÁÂzÓLM

N@�©_E[zÓ:;IJ��©?[@µ

P

$

Ó@�

%

Ã�

!:"

dá��Céè

&

-

!!")

26

Q-

!$")

26

QEEEQ-

!P

$

")

26

H

#

2I%6I

)

)

2I%6I

"""

(".)

FJ0!

!

"

P

#

.

J2I%

#

P

#

.

( )J6I

(".)

F

P

#

.

J2%

#

P

#

.

( )J6

,

*!FJ0!

!

"%#%

!

"BFB#B

!

E !!&"

##

ÑÈ

%

U(íî�&dá�q����7O

:;<=÷{dáC�xOPQLMc

%

ÑÈ

%

Ä

êÛ������7O��

!!&"

ïð[Ð�

-

!1")

26

!1e!%$%EEE%P

$

"

abOs

$

ÑÈ[:;IJ¬

kQ§l�KñöRÇc

%

Cé´µ��O�[:

;IJ§lè

)

i

2I6I

%

ÑÈLMN@�wx(µè

&

-

!-")

26

H

#

2I%6I

)

)

2I%6I

"""

(".)

FJ0!

!

"

#

J2I%

#

#

( )J6I

(".)

F

#

J2%

#

#

( )J6

*!FJ0!

!

"%#%

!

"BFB#B

!

%

!!;"

½&#

eLM3

$

%-

èLMN(zÓ@�[¥¦

$

�

�òO:;IJ��¸Cé��ç�¼[:;I

J§l

)

i

2I6I

dáó?�a��

&

)

i

2I%6I

H

"

!

&

)

2I%6I

Q!! J

&

")

2I%6IQ!

" Q

!! J

"

"!

&

)

2IQ!%6I

Q!! J

&

")

2IQ!%6IQ!

"% !!<"

"̧ & Céè����7O:;<=&

%

���

�7O¼:;IJ���[=ã¸ôãÌ�

$

V

)

2I%6I

Ãèõab��òO¸����7O[:;

IJ§l

$

V "̧ & [��¥q�è

&

"

H

R%RS%

!%RH

{
%

%

&

H

!%!S%

!%!H

{
%

% !!="

½&

R

¸

!

6ä�:;IJ��KLMN@�N

O[à

Pe,

$

M,

!

Cé[

%R

¸

!

dáó?

&

RH

!6 Q!"[ ]
P

PJ6% !!:"

!H

!2Q! JOJ8"[ ]
P

PJ!2JOJ8"E

!!8"

##

«

&

è:;IJ����7O¼KLMN@

�[STfg

$

«

&

¥�cB:;IJOPQW

XÈ

%

özÓ

$ g$

[���_:;IJab��

òO¸����7O[k�

$

«

&#

����7Ok�

F)J4&#c320j /(7+,(23B .E7/)/)2*)*J

B«

&

d�

%

:;IJ����7O¼[�

��KLMN@�NOrST

%

ÐÑ

%

����7

O:;<=6dá�O�FLMN[xOPQC

�l� u¡[É�¸�o[

$

�����7O

[

'6@@S

ab´,»dª

&

=

)

26

H

#

!$J!"?I

OH%

#

$

8 H%

$

26O8

:

i

)

2!6JOJ8"

!*

O

!F%#%

!

""

2!6JOJ8"

%

!$%"

½&

2%6 e%%!%EEE%!Kf!"P%Oe%%!%EEE%!$

f!"P$

B(�d�

P

tCcYZÉ�ÊË[¶

·¸(>OPQ

$

[Ôjk|}����7O:;<=st

cLMNOPQxw:;IJOPQ[\]

%

C�c

'6@@S

YZ[LMNOPQ[

!%%P

�

FQ

$

=:=<

efgh

£5ÊËÌÍ[x(>Î÷

!

(

"

KgKg$

%

r

ø[ã¿¥�

#

(

"

K,K,$

6B !�(

@9

��[

$

ÁÂ

#e

!"dájk '&[

0

Óã¿pÚ�Ä

Þß�ªb

$

(zÔÕP[�

!!""

¸�

!$%"

ù

dáó?ú���

&

;8$

!

$

#

##

mno

%

ç

&

����(>?@3�[:;<=KLMNSTº»



9 H$

!(

H%

(

% !$!"

½&

$

6ûMú�

%

6B:;IJ[:;<=§

lâ+,�ÃLÇtC[

%%

è��ú�

$

yÓ

ú�dá0»?a�[º»\]

&

*H

'

.E7JK)*

(

'

9 J$

!('

$

Q

)'('

!

/%

!$$"

½& (6

#

[

0D

��¥�

%

)6`Ã»Æl

(!<)

$

!�B !

e

!

!

)!

$

Cé

%

½&!

!

èûü2%�

1.ü

%

!

$

èzü´,ýþ�1

$

Byÿ

%

;F��������

!M7EB)+*/

N72Z+0/)2* G27@.E7,+O+02*,/7A0/)2*%MN@O"

��>

èl�$i[��

(!=)

$ MN@O

��[�Û�Fè

B¹~!ðk�&x�uãÕ6²HÊË§l[

"��ab[

%

UV�ÊË§l[º»01èû

~pÚ#7\]

$

(\^_deOPQRST{q[stu�

[¾({xc�ol�Ý[OPQ

%

VÐÑ|}

cWz?YZ¬"[$/ml�

$

ÐÑ

%

�o[

6�$%ÚK&Ð[¶·¸(>OPQ?à'(

&Ð

$

6�$%�B�C[�o��)C

$

By

efga

% MN@O

��¹~!ð[$%�è

+!!K

&

$"%

½&

!

è¨�[~l

%K

$

è¶·OP

Q

%$

è(>j*l

$

ÐÑ

%

deRSTfg[$

%�VRÇ

%

EFw�OP:;<=[��$%

�è

+!!K

&

?

&

$"#

EFw��O�:;<=[�

�$%�è

+!!K

&

P

&

$"$

&#

BCDE

>:;<

ijkl

[~C¢³F[6++,3(>ü:;[

'6@@S

YZ

%

jkim7ý_´µOPQRST

[YZab", ¡

%

,¼abC¢¸Oh

$

C

¢&

%dUd

´¡-l�a

&

OPQè

! %$& g=<:%

��NOè

!"4<:

#

Kg!"4<:

#

K$

Bw*si

Ð

%

<=�(.��¿¦w56¥¦

%

ÐÑ+,�

Ã³F[6¬=�(.

$

LMN[OPQè

<;< g&8$%

@�NOè

8

#

Kg8

#

K$

/o(#�

«

;

©�

%

¥

!

èC¢YZ-l

$

èc{xM¿­�

%

dBÇz¿ÀÀQa

%

_

RÇ0=[1ab0=M¿

%

iOË6�q¹z

Ó@I©ð¥[·�

%

,¼Ü�ù�

%

�½>è`

¿ÀÀQa[à'N

$

m

;<

VWnX

?'3:;<@64#/%"'0'%/#/04

�Ã -l

dUd&

¶·(stN

dRN!!%%

OPQ

&! %$& g=<:

��NO

&!"4<:

#

Kg!"4<:

#

K

LMN

&

MA..DN72F9%"$'

OPQ

&<;< g&8$

@�NO

&=4&

#

Kg=4&

#

K

O(iÃ ¬=�(.

(>23

&;% k<:% *K

(>OPQ *

$% *K];&% *K

YZ�»

=; KK

YZ

F &

«

;#'6@@S

4�C¢YZ

F)J4;#'6@@SB+,j/2. +V.+7)K+*/,D,/+K

##

jk

'6@@S

4�7ýdáab

"

�C¢

$

y

"

�C¢OË_Ewz?[

'6@@S%

LMNOP

QXw

dUd

OPQ[

'6@@S

¸LMNOPQx

w

dUd

OPQ[

'6@@S

y

"

efg

$

³Fz?

[

'6@@S

abC¢È

%

LMN¸:;IJOPQ

RÇ

%

y�PQ��Éª56[$i«@

%

ÐÑê

Û�:;IJ¸LMN[@I�Ä?zz_E[

@�

%

J¼½òY�

Ke3

!

M?

!

e3

$

M?

$

$

B[C

¢&

%

z?

'6@@S

[-lö7è

?

!

e$%?

$

e"%

3

!

e"$%%3

$

e&:%$

ÑÈBw��O�[iÐ

%

L

MNwx[«@OPQ8è

!<% g!<%%

ÈÑÈ[

(>j*lAtbc

:

Ój*

$

:;IJOPQ

xwLMNOPQ

!

�OP

"

fga

%

-lè

&

?

!

e!%?

$

e$%3

!

e"$%%3

$

e!<%$

:;IJOP

QXwLMNOPQ

!

����7O

"

[-lè

?

!

e!4;%?

$

e!%3

!

e"$%%3

$

e&:%$

[~C¢ö

FOPQè

"$% g"$%

­9®¯[

dUd

>è:;

<=Þ�?

"

ÓC¢

$

u¼jk

MN@O

��_ª

b[l�ab$i

$

¥

$

è

"

eC¢:Ãa[M

¿£¤_à

$

<8$

####

&'()

### ###

!

!"

"

#



m

9<=

oijpqr9?stuvw

?'3:9<A(%"'0$4()(*%/'410/%/)#0/415#41)./0#,0//

/B"/0$%/)#'5+().$#$()4

@INO

!

#

K"

#

.

#

4

OPQ

!

@I

"

:;

<=

¶·

OPQ

(>

j*

z?

'6@@S $=4"< $84= !<% g!<% !<% g!<% :

�OP

'6@@S !"4<: $84= "$% g"$% "$% g"$% :

����7O

'6@@S

!"4<: 848 "$% g"$% &:% g&:% $&

«

<#"

efgaM¿£¤_à«

F)J4<#'2K.E7),2* 2GK+E,A7+K+*/7+,A3/,)* /(7++0E,+,

##

_@�/Éª[«@ab�o¼ö7½&z

:(>;[«@ab_à

%

�«

<

©�

$

U_à

«&dá56�b

%

BÇ7[

dUd

:;<=O

PQa

%

z?[

'6@@S

YZ{k@I��¼:;

IJ[OPQaW¦Z

$

UM¿[$i£¤Þ

�

%

z?[

'6@@S

©ªb[«@OPQWX

$

d

á�b³F�OP3�[

'6@@S

¸z?[

'6@@S

[OPQ6z7[

%

DBw³Fc�OP3�

%

ö

K[M¿£¤Wz?[

'6@@S

"cå"<Ô

$

V.w����7O[

'6@@S

©ªb[M¿£

¤OPQux

$

>:9<

'^/0129_LQ34569Xxy

z{ef

³F�OPim[

'6@@S

YZ[:;<=

OPQè

"$% g"$%$

ècI!XOPQ[LM

N

%

�=�LMN[@�abO�

%

¹Ó�@IB

" g"

ÓLMN@��?

$

y7�¼½cñö©

>[

Ke3

!

M?

!

e3

$

M?

$

%

½&

?

!

e!%?

$

e$%K

!

e

"$%%K

$

e!<%$

ä��

!!""

©pq[´,»LM

Nwx(µ¸�

!$$"

©{b[º»\]

%

§F

MN@O

��abl� u¡�o

$

C¢©ªb[

M¿£¤¸�o£¤Õ¸:;IJ´µrÇ[O

PQ

%

iÈ8xwLMN[OPQ

!!<% g!<%"$

�Ñ

%

dá¹¦.w����[�OP(>?@

3�;ª

'6@@S

YZ�O�Fc:;IJ[O

PQ

$

[~C¢[ÊËÌÍè?´2@A

$

�z?

[

'6@@S

YZÉª[l� u¡K.w���

�[�OP(>?@3�ªb[£¤ab_à

%

�«

=!

�«�#���^

"

©�

$

yB_à«ö

7c

&;%%&=%%&:;%;;%

áâ

<$% *K

%í[æ$

«@

%;

Ój*[(>«@ab_à

%

dá¦Z[

�q§Fc�OP�F[

'6@@S

[(>«@?

@¾¿¦Zºwz?[

'6@@S

YZ

%

È<ÔW

±²

$

è)CM¿£¤[`)Ú

%

�ö7i�ÊË

ÌÍ[

"

Ó�

%

³Fz?[

'6@@S

YZ

'

�OP

'6@@S

YZ¸

6@d

îD[

F)+3B @.+0N27"

(E

(>A³Ýy

"

Ó�[(>�FGp

%

iab_

à

$

«

:

èi�ÊËÌÍ¸(E(>A

?)9O+,

5M

B

"

Ó�/[�FGp

$

=8$

!

$

#

##

mno

%

ç

&

����(>?@3�[:;<=KLMNSTº»



«

=#

z?[

'6@@S

YZ

!

(

"

Kºa3

!

a

"

�o£¤_à

F)J4=#'2K.E7),2* 7+,A3/,2GJ+*+7E3'6@@S,D,/+K!A." E*B )K.72I+B 7+02*,/7A0/)2* !B2[*"

«

:#

ÊËÌÍ¸(E(>AB

"

Ó�/[�FGp

F)J4:#'(E7E0/+7),/)00A7I+,2G/E7J+/,0+*+E*B J72A*B9

2CZ+0/,.+0/72K+/+7E//(7++.2)*/,

##

«

8

èz?[

'6@@S

YZ

'

�OP

'6@@S

Y

Z¸

6@d

îD[

F)+3B@.+0N27"

(E(>A

?)9

O+,5M

By

"

Ó�[(>�FGp_à«

$

O

Ë6�K(>A�FGp�ùr��¼

%

z?[

'6@@S

YZè

<:4&=P%

�OP

'6@@S

YZè

:!4"<P%

r��{Âc

!$4:8P$

ä�C¢_à

£¤

%

d)Cºa[

'6@@S

YZ[(>GpK(

E(>A[(>�FGp¬HÄ

$

«

8#

z?

'6@@S

YZ

'

�OP

'6@@S

YZâIF(>A[(>Gp_à

F)J48#'2K.E7),2* 2G,.+0/7E30A7I+,2GEJ+*+7E3'6@@S,D,/+K%E,A.+797+,23A/)2* '6@@S,D,/+KE*B E02KK+70)E3,.+0/72K+/+7

>:=<

'^`abcdL9

A7@@C

Xxyz{ef

!J�C¢ab[6.w����7O[

'6@@S

YZ?@Má

$

ÑÈ

dUd

[OPQëKè

"$% g"$%%

èc;:;IJOPQXwLMNOP

Q

%

ByÿLMNOPQ�

&:% g&:%$

JC¢-l

è

?

!

e!4;%?

$

e!%3

!

e"$%%3

$

e&:%$

ä��

!$%"

©o [I3

%

�:;IJab��òO¸���

�7O/m¼

%

ªbKLMN´µrÇOPQ[:

;<=

%

:;IJâ½����7O/m¼[�¢

«�«

!%

©�

$

jk

MN@O

��abl� u¡

�o

%

uL[C¢M¿©ª[«@¶·OPQè

&:% g&:%$

y>¦LMN[OPQªbc�O�

F

$

ByÓC¢&

%

Bªbx¶·OPQ[ÇÈ

%

Mdáªb

$&

Ó(>j*[(>«@

$

:8$

####

&'()

### ###

!

!"

"

#



«

!%#

:;IJâ½����7O/m¼[�¢«

F)J4!%#@0(+KE/)0B)EJ7EK2G02B)*J/+K.3E/+E*B )/,

C320j /(7+,(23B .E7/)/)2*)*J

èc¦)`u�[$iã¤

%

�z?[

'6@@S

YZÉª[l� u¡K.w����7O[

'6@@S

YZªb[l� u¡ab_à

%

�«

!!

©�

$

yB_à«ö7c

&;%%&=%%&:;%;;%

áâ

<$% *K%;

Ój*[(>«@ab_à

%

dá¦Z

�q§Fc����7O[

'6@@S

[(>«@

?@¾¿¦Zºwz?[

'6@@S

YZ

$

�ö7i�ÊËÌÍ[

N2)*/! kN2)*/"%

�

z?[

'6@@S

YZ

'

.w����7O[

'6@@S

YZ¸

6@d

îD[

F)+3B @.+0N27"

(E(>A

By

"

Ó�[(>Gpab_à

%

�«

!$

©�

$

OË6�K(>A�FGp[�ùr��

%

z?

[

'6@@S

YZè

<:4&=P%

.w����7O:

;IJ[

'6@@S

YZè

:;4=<P%

r��{Âc

!=4$8P$

d)Cºa[

'6@@S

YZ[(>Gp

KIF(>A[(>Gp¬HÄ

$

«

!!#

z?[

'6@@S

YZ

!

(

"

Kºa3

!

a

"

�o£¤_à

F)J4!!#'2K.E7),2* 2G7+02*,/7A0/)2* 7+,A3/,2GJ+*+7E3'6@@S,D,/+K!A." E*B K2B)G)+B '6@@S,D,/+K!B2[*"

«

!$#

z?

'6@@S

YZ

'

����7O

'6@@S

YZâ

6@d

(>A[(>Gp_à

F)J4!$#'2K.E7),2* 2G,.+0/7E30A7I+,2GEJ+*+7E3'6@@S,D,/+K% EC320j /(7+,(23B .E7/)/)2*)*J'6@@S,D,/+KE*B 6@d

,.+0/72K+/+7

88$

!

$

#

##

mno

%

ç

&

����(>?@3�[:;<=KLMNSTº»



;#

D

#

F

##

[\Ohc

'6@@S

YZq�[:;IJ¸

LMNOPQRST[?Ð¸£¤

%

^_deR

STfg

&

:;IJOPQÀwLMNOPQ¸

:;IJOPQXwLMNOPQ[defg

%

abcl)I3[ÕP

$

§F�OPmnst:

;IJOPQÀwLMNOPQ[\]

%

�?�

OPÐ�K����mn[�N

%

�F

MN@O

�

�abl� u¡�o

%

C¢£¤¥¦§F.w

�OPmn[

'6@@S

YZ©Mª[(>«@¬

­®

%

¯°¬±²

%

iÈ�O�Fc:;IJ[x

OPQ�F

$

§F����7O[�Fst:;

IJOPQXwLMNOPQ[\]

%

�OPQ

X[:;IJBmn(��òO¸����7

O

%

iabI3ÕP

%

�F

MN@O

��abl� 

u¡�o

%

C¢£¤¥¦

%

³F.w����7O

[:;<=[

'6@@S

YZ´µ¬x[¶·OP

Q¸(>OPQ

$

[\©ístu�BEF&s

tcOPQRST[\]

$

n|+N

!
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