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1 Ú ó

g 20 V 80 c�ÐÏ{I�ÊÛ�íí?
¢�¿ (JPL) JÑ
¤�1Ì¤�Vg�8, ¤�
1ÌEâ®��
��uÐÚ2�A^ [1,2]. @Ï
Ñy�¤�1Ì¤�õ´ÄuÚÑcº½û�1
», ¡�ÚÑ.¤�1Ì¤. ùa¤�1Ì¤�n
{ü!5U½, ��3XXÚ1Ïþ�&ÿ(¯
Ý$�Øv, �N
§�?�ÚuÐ, ép(¯Ý
&ÿì��6±9é1ÆXÚ����¦¤�T
aEâuÐ�´¶. ²;�Z�¤�1Ì¤´Ä
uò��ÖZ�¤�, §��°�Äº�!�!�
� �$Ä¼�Z�ã, 1´ØÉd¿��, XÚ
1Ïþ�ÚÑ.¤�1Ì¤�'�pü�êþ?,
�du×£�éº¡���Úî£äkép��
¦, XÚ�½5��ü$, A^�¸Ú^��É
���. �
�Ñ°�ÄºXÚ½5�JK, <

�qJÑ
�mN�Z�¤�1Ì¤, ¿3ÊU�
a!º|&ÿ��¡��
��A^ [3]. ù«
¤�1Ì¤�1´¥���d¿, &ÿ(¯ÝØp,
��ÚÑ.1Ì¤�¤�', duÙd¿�°Ý�
1Ì©EÇÃ', Ïd, 3�m©EÇ�¦Øp�
�¹e, �mN�Z�¤�1Ì¤��±äk�p
�(¯Ý. �þã1Ì¤  �UJø8I�1Ì
&E [4−10], =|^1�Z��A, ¼�8I�Z�
ã, 2ÏLFp�C���Ù1Ìã, �Jø1
�,��A5 —–  � [11−15]. �
)û¤�1
ÌEâ¥p½Ý�p(¯Ý�gñ¿¢yé8
I �&E�&ÿ,·�K|31ÌEâõcïÄ
�Ä:þqJÑ
�«Äu Savart ��#.��
·ÜN�. �Z�¤�1Ì¤ (TSMPIIS), 8c
®lnØþØy
 TSMPIIS �a �&ÿ��1
5, (á
|^ TSMPIIS ^={?1 �&ÿ�Ä
��Y [16].
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,, 3|^ TSMPIIS ^={ÿþ �&E
¥, kü�I�5¿�¯K: Äk, du^={ÿþ
 �&E�I�, 7L^= Savart  1ºêg5¼
�ØÓ^�e�rÝ�âU�üÑ8I� Stokes
ëê, ù¿�X7L»�XÚ�k�(�, 3XÚ
¥\\=ÄXÚ, 4��»�
 TSMPIIS ·�!
�.z!p½5!Ã$ÄÜ��A5; Ùg, |
^ TSMPIIS ^={ÿþ Stokes ëê�, �U3X
Ú4��À|��S, âU�{¢y, ù4�/�
�
 TSMPIIS p�!���ÿþ �&E�Uå.

XÛ�Ñ±þü�Øv, J, TSMPIIS ÿþ �&
E�Uå, UÄ|^ TSMPIIS ?1�À| �&E
�ÿþ, �©òÒd¯K?1nØþ�©ÛÚ&?.

2 TSMPIIS � �&ÿ�n

�8|ï��Äu Savart  1º� TSMPIIS
1 ´ ã, X ã 1 ¤ «. TSMPIIS Ì � d å  
ì!Savart  1º!u ì!¤�ßºÚ CCD
&ÿì|¤.

ã 1 TSMPIIS �nã

ã 2 Savart  1º�m(��nã

ÙØ%©åì Savart  1ºdü¬�ÓþÝ
�ü¶�¬N (½K¬N) |¤, �m(��n�
ã 2. � Z ¶���XÚ1¶��, K Savart ��
�1¶3�²¡ (XZ ²¡) S, �� X ¶Ú Z ¶
��þ¤ 45◦ �. �A� Savart m��1¶3Y²
¡ (Y Z ²¡) S, � Y ¶Ú Z ¶���þ¤ 45◦ �.
å ìÚu ì �z���Ó, 3R��¡ (XY

²¡) S, � X ¶Ú Y ¶��¤ 45◦ �. l1u
Ñ�1²å ì P1 �, ¤� ���÷Ùß��
��� �1, �du¬NVò��A, 3 Savart
��S, \�1©å¤Ï~1 (o 1) Ú�~1 (e

1), Ù¥ o 1UY÷���DÂ,  e 1u) ò.
�\�� Savart m��, du Savart ü�¬N�1
¶��p�R�, � o 1¤� e 1 ò, �é�� e
1¤� o 1DÂ, Ñ�1�üå²1u\�1��
Ä��p�R��� �1. üå �1²u ì
�¤��Ä���Ó�üå� �1, ��²¤�
ßº®à3 CCD ²¡þ, /¤Z�ã.

�â �&ÿEâ�Ä��n, |^ TSMPIIS
&ÿ Stokes ëê�'�Ò�wÙUÄ�)�� 
�¡Ó�� ��J. nÜ�Ä¢SA^�ý:
ÚO�©Û�{B, y±� �1�~, ©Û��
 �1ÏL�� �¡��1rCz

Iout = Iin cos2(α), (1)

ª¥ Iin �\�1�1r, Iout ´Ñ�1r½&ÿ
ìP¹�1r, α� �¡ß����\�1 �
��m�Y�. e �¡�ß���� 45◦, \�1
� ���� θ, A�Ù�Ì, K�� �1ÏL�
 �¡���1rC�

Iout = Iin cos2(45◦ − θ) = A2 cos2(45◦ − θ). (2)

yO��þã� �1ÏL TSMPIIS ��1
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rL�ª.
1) �� �1ÏLå ì P1 ���Ì�

A1 = A cos(45◦ − θ). (3)

2) �� �1ÏL Savart ü����Ì�

Aoe = Aeo = A1 cos(45◦) =
√

2/2A1. (4)

3) �1�ÏLu ì P2 ���Ì�

A2 = (Aoe + Aeo) cos(45◦) = A1, (5)

=
Aout = A2 = A1 = A cos(45◦ − θ). (6)

ù�� �1ÏL� �¡��1rL�ª
´���Ó�, ¿�X|^ TSMPIIS ?1 �ÿ
þ�´���1�. �3þ¡�í�¥·��

;��ª�1rU\�L�ª¥kZ����
3, �´À�
"1§�:� �?1í�, 
vk�Ä TSMPIIS 1§��K�. 3Ù¦1§�
Ø�"��¹e,  �&E� Stokes ëê�üú
ªò�ü�� �¡ØÓ, 3Ù¦1§�e, UÄ
¢y TSMPIIS é �&E� Stokes ëê�ü, ¢
y TSMPIIS �À| �&E�ÿþ, T©ò?�Ú
?1�\�©Û.

3 TSMPIIS �À| �&Eÿþ©Û

3.1 TSMPIIS ��� Mueller ÝÝÝ


OOO���

� â Ý 
 1 Æ � Ä � � n � � [17], � 1
å � Ï L   � X Ú �, Ù Stokes ë ê � C z �
^ Mueller Ý
L�Xe¤«:

S′ = Mn · · ·M2M1S, (7)

ª¥ S ´\�1� Stokes ëê, S′ ´²LXÚ�
Ñ�1� Stokes ëê, M1 ´\�1�²L�1�
� �ì� (~X �¡!�Å¡!� ò´ì
�) � Mueller Ý
, M2 ´1�²L�1�� �
ì�� Mueller Ý
, �gaí, XÚ¥kõ��

�ì�Ò��Eõ�� Mueller Ý
. -XÚ�D
ÑÝ
 M = Mn · · ·M2M1, du Mueller Ý
´
�� 4 × 4 �Ý
, �XÚ Mueller DÑÝ
�L
«Xe:

M = Mn · · ·M2M1

=


m11 m12 m13 m14

m21 m22 m23 m24

m31 m32 m33 m34

m41 m42 m43 m44

 . (8)

� S′ =


S′

0

S′
1

S′
2

S′
3

, S =


S0

S1

S2

S3

, K (7) ª���


S′

0

S′
1

S′
2

S′
3

 =


m11 m12 m13 m14

m21 m22 m23 m24

m31 m32 m33 m34

m41 m42 m43 m44




S0

S1

S2

S3

 . (9)

�â Stokes ëê�½Â��, S0 �8I�o
1r, ²L �XÚ�&ÿ���1r I =�þª
¥� S′

0, Ï&ÿìÿ��rÝ I �8I1Ð
© Stokes ëê�'X�dþª¦�

I = S′
0 = m11S0 + m12S1 + m13S2 + m14S3. (10)

�â (10) ª��, e¦�8I13ØÓ^�
e, =ØÓ Mueller Ý
^�e�1r� I , K��
ï±8I1 Stokes ëê���ê�o��§, n
Øþ��ko�Õá�rÝ�, Ò��üO�Ñ8
I��Üo� Stokes ëê. Ïd,�½þO�8I
1� Stokes ëê, Ò7Lk(½XÚ� Mueller
DÑÝ
 M = Mn · · ·M2M1.

d Ý 
 1 Æ � � [17], n � � .   � ¡
� Mueller Ý
�L«�

Mp =
1
2


1 cos 2θ sin 2θ 0

cos 2θ cos2 2θ sin 2θ cos 2θ 0

sin 2θ sin 2θ cos 2θ sin2 2θ 0

0 0 0 0

 , (11)
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ª¥ θ ´ �¡�ß����1¶�Y�. �g,1 (g,1� Stokes ëê�L«� S0 = I0


1

0

0

0

) ÏL�

 �¡�, Ù Stokes ëêC�

S′ = MpS0 =
I0

2


1 cos 2θ sin 2θ 0

cos 2θ cos2 2θ sin 2θ cos 2θ 0

sin 2θ sin 2θ cos 2θ sin2 2θ 0

0 0 0 0




1

0

0

0

 =
I0

2


1

cos 2θ

sin 2θ

0

 . (12)

þªL²g,1ÏL� �¡�ÙrÝC�
�5�

1
2

, ��÷ �¡ß����Ä�� �1,

ù�1� �nØ�ÎÜ.
3 TSMPIIS ¥, Ø
ü �¡ (å ìÚu

 ì) 	, �k�Ø%� �ì� —–Savart �, �
ï TSMPIIS � Mueller Ý
�'�Ò´O� Savart
�� Mueller Ý
L�ª. �â TSMPIIS Z�¤�
�nÚVò�¬N�DÂ5Æ��, ²Lå ì�

� �1 S0 = I0


1

cos 2θ

sin 2θ

0

, ÏL Savart ��C¤

ü ���p�R�� o 1Ú e 1. �üö�1§
�� ∆, Ù ���L«� δ = 2π∆/λ, òü1å
Ü¤��ý� �1, Ù Stokes ëêL�Xe:

S′ =
I0

2


cos 2θ

sin 2θ cos δ

sin 2θ sin δ

 . (13)

d (9), (11) Ú (12) ª���§
1

cos 2θ

sin 2θ cos δ

sin 2θ sin δ



=


m11 m12 m13 m14

m21 m22 m23 m24

m31 m32 m33 m34

m41 m42 m43 m44




1

cos 2θ

sin 2θ

0

 . (14)

��� � ¦ ) Ñ Savart   � ¡ � Mueller Ý 


� Stokes ëê, �7L�ï,	n|�§. ´�
�g,1ßL Savart  �¡��, ÙÑ�1�©
� o 1Ú e 1, �Ù ��� δ = ∆/λ + δ0, δ0 �
Ð©� �, dug,1¥ δ0 ���Å�, ¤±Ñ
�1Ü¤��E´g,1, Ïdk

1

0

0

0

 =


m11 m12 m13 m14

m21 m22 m23 m24

m31 m32 m33 m34

m41 m42 m43 m44




1

0

0

0

 . (15)

�� �1÷ Savart 1¶��DÂ�, òØ¬Ñ
y©åy�, = δ = 0, K� �1E�� �1,
¤±qk

1

cos 2θ

sin 2θ

0



=


m11 m12 m13 m14

m21 m22 m23 m24

m31 m32 m33 m34

m41 m42 m43 m44




1

cos 2θ

sin 2θ

0

 . (16)

d	, � �   � 1 ÷ � I X � � D Â � S =
1

1

0

0

, òÙ�¤ d¥þ��¤ E =

 e iδ0

0

,

= ax = e iδ0 , ay = 0. ò�ÝK�Vò�¬N� o,
e 1¶þK a0 = ax cos θ + ay sin θ = e iδ0 cos θ,
a e = −ax sin θ + ay cos θ = − e iδ0 sin θ. �Ù
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ÏL Savart ���, � o 1Ú e 1�� �� δ,
K a′

0 = a0 e iδ, a′
e = a e 2ò�#ÝK� x, y ¶

þKk

ax = a′
0 cos θ − a′

e sin θ

= e iδ0( e iδ cos2 θ + sin2 θ),

ay = a′
0 sin θ + a′

e cos θ

= e iδ0(( e iδ − 1) sin θ cos θ),

�K~êÏf e iδ0 , �ªÑ�1� d¥þ�L

�� E =

 e iδ cos2 θ + sin2 θ

( e iδ − 1) sin θ cos θ

. du d¥þ

Ú Stokes ¥þ�m�3Xe=�'X [17]:

S0 = E′P1E, S1 = E′P2E,

S2 = E′P3E, S3 = E′P4E, (17)

ª¥ E′ � d¥þ E ����ÝÝ
, P1 = 1 0

0 1

, P2 =

 1 0

0 −1

, P3 =

 0 1

1 0

, P4 = 0 −i

i 0

�Y%Ý
. |^ (17) ª¦�þ¡ d¥

þ E � Stokes ¥þL�ªXe:

S′ =


1

cos2 2θ + sin2 θ cos δ

(1 − cos δ) sin 2θ cos 2θ

sin 2θ sin δ

 ,

¤±qk 
1

cos2 2θ + sin2 θ cos δ

(1 − cos δ) sin 2θ cos 2θ

sin 2θ sin δ



=


m11 m12 m13 m14

m21 m22 m23 m24

m31 m32 m33 m34

m41 m42 m43 m44




1

1

0

0

 (18)

Ó���m^� �1 S =


1

0

0

1

 ÏL Savart ��

�, Ù�ò©)� o 1Ú e 1, �üö����ò
Ø2´ π/2, ´��
 δ′ = δ + π/2, δ = 2π∆/λ

¤± 
1

− sin 2θ sin δ

cos 2θ sin δ

cos δ



=


m11 m12 m13 m14

m21 m22 m23 m24

m31 m32 m33 m34

m41 m42 m43 m44




1

0

0

1

 . (19)

�d, éá�§ (16), (17), (18) Ú (19), �)� Savart
�� Mueller Ý
�

Ms =


1 0 0 0

0 cos2 2θ + sin2 2θ cos δ (1 − cos δ) sin 2θ cos 2θ − sin 2θ sin δ

0 (1 − cos δ) sin 2θ cos 2θ sin2 2θ + cos2 2θ cos δ cos 2θ sin δ

0 sin 2θ sin δ − cos 2θ sin δ cos δ

 . (20)

�d, �â (9), (11) Ú (20) ª, (Ü TSMPIIS ¥ �¡�ß�� �Ú Savart ��1¶� �Ñ� 45◦, �
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\�§�, �� TSMPIIS � Mueller Ý
L�ª

M = MaMsMp =
1
4


1 0 1 0

0 0 0 0

1 0 1 0

0 0 0 0




1 0 0 0

0 cos δ 0 − sin δ

0 0 1 0

0 sin δ 0 cos δ




1 0 1 0

0 0 0 0

1 0 1 0

0 0 0 0

 =
1
2


1 0 1 0

0 0 0 0

1 0 1 0

0 0 0 0

 . (21)

�� TSMPIIS � Mueller Ý
´���Z�¤�1Ì¤��1§�Ã'�DÑÝ
, �ÙL�ª�ü� 
�¡ 45◦ ������Ó. 3 TSMPIIS ¥ØÓ�À|�û½
ØÓ�1§�= ��, y3du¤ì
��� Mueller Ý
�1§�Ã'=�À|�Ã', Ïdc¡0��^= Savart  1º{ÿþ8I �&
E���±ÿÐ�¤ì��À|��S.

3.2 TSMPIIS ���ÀÀÀ|||   ���ÿÿÿþþþ{{{

Uì^= Savart  1º{, ^=��XÚ Mueller Ý
, �I3�kÄ:þ2¦þ��^=Ý
 T (ϕ) =
1 0 0 0

0 cos ϕ sinϕ 0

0 − sinϕ cos ϕ 0

0 0 0 1

 =�, =^= ϕ �Ý�� Mueller Ý
�

M(θ + ϕ) = T (−2ϕ)M(θ)T (2ϕ)

=
1
2


1 0 0 0

0 cos 2ϕ − sin 2ϕ 0

0 sin 2ϕ cos 2ϕ 0

0 0 0 1




1 0 1 0

0 0 0 0

1 0 1 0

0 0 0 0




1 0 0 0

0 cos 2ϕ sin 2ϕ 0

0 − sin 2ϕ cos 2ϕ 0

0 0 0 1



=
1
2


1 − sin 2ϕ cos 2ϕ 0

− sin 2ϕ cos2 2ϕ − sin 2ϕ cos 2ϕ 0

cos 2ϕ − sin 2ϕ cos 2ϕ sin2 2ϕ 0

0 0 0 0

 . (22)

Ïd, ��8I²L^= ϕ �Ý Savart  1º� TSMPIIS ��, Ù Stokes Cz�
S′

0

S′
1

S′
2

S′
3

 = M


S0

S1

S2

S3

 =
1
2


1 − sin 2ϕ cos 2ϕ 0

− sin 2ϕ cos2 2ϕ − sin 2ϕ cos 2ϕ 0

cos 2ϕ − sin 2ϕ cos 2ϕ sin2 2ϕ 0

0 0 0 0




S0

S1

S2

S3

 . (23)

¤±lu ìÑ��1r

Io = S′
0 =

1
2
(S0 − sin 2ϕS1 + cos 2ϕS2). (24)

�Ä� TSMPIIS ¥V1å²¤�º��¬u
)Z�y�, Ïd�ª CCD þ&ÿ��1r´V
1å�ZU\���rÝ, �âZ�¤��n��

ÙrÝ�u

I =I0(1 + cos δ)/2 = cos2(δ/2)

× (S0 − sin 2ϕS1 + cos 2ϕS2)/2. (25)

d (25) ª, ÏL^=ngØÓ��Ý ϕ0, ϕ1, ϕ2, �
�n�ØÓ�rÝ� I0, I1, I2, Ò�¦)Ñ8I�
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n� Stokes ëê S0, S1, S2. òþ¡ëêéá�§
��§|Xe:

1
2


1 − sin 2ϕ0 cos 2ϕ0

1 − sin 2ϕ1 cos 2ϕ1

1 − sin 2ϕ2 cos 2ϕ2




S0

S1

S2



=


I0 sec2(δϕ0/2)

I1 sec2(δϕ1/2)

I2 sec2(δϕ2/2)

 . (26)

)� 
S0

S1

S2

 =2


1 − sin 2ϕ0 cos 2ϕ0

1 − sin 2ϕ1 cos 2ϕ1

1 − sin 2ϕ2 cos 2ϕ2


−1

×


I0 sec2(δϕ0/2)

I1 sec2(δϕ1/2)

I2 sec2(δϕ2/2)

 . (27)

� À J 0◦, 45◦,−45◦ n � A ½ ^ = � Ý �, �
\ (27) ª, ��

S0 =
[
I1 sec2(δφ0/2) + I2 sec2(δφ2/2)

]
,

S1 =
[
I2 sec2(δφ1/2) − I1 sec2(δφ1/2)

]
,

S2 =[2I2 sec2(δφ1/2) − I1 sec2(δφ0/2)

− I2 sec2(δφ2/2)
]
. (28)

� d, í � Ñ 
 � À | � Ý � TSMPIIS ^
= �&ÿ{�Ä�úª (28). duXÚ �

� δϕn = 2π∆ϕn/λ, �dXÚëêýk¦�, �
du TSMPIIS �Ä�¤�A�ÙÑ�1´üå²
1u\�1�²11,  CCD &ÿìq��3¤
�º��¡þ, ´�^=�8I:3 CCD þ�¤
� �ØUC, l�±�B/J�^=��8I
rÝ. 3Ø�ÄÚÑ�A�cJe, |^ (28) ª=
�¯$/¦�8I �A5� Stokes ëê, ?�
¦)ÑÙ ��Ú �Ý�&E.

4 ( Ø

|^ TSMPIIS ?1 �&ÿ, ´���#��
YÚnØ. ù��{òZ�¤�1ÌEâ� �ÿ
þEâ�(Ü, �±¼�±  �Z�¤�1Ì¤
Ã{¼�� �&E, ¦ TSMPIIS 38I&E�¼
��¡��´LÚ�õ, lò TSMPIIS d± ¤
�¤Ú1Ì¤õU�(Ü, J,� �¤!¤�¤
Ú1Ì¤õU��Nz.

�©|^Ý
1ÆÝ
D4¼ê, lnØþí
�¦�
Äu Savart  1º� TSMPIIS � Mueller
Ý
L�ª, ±9À|S��8I:� �&E
�üúª, ¢y
 TSMPIIS �À| �&E�ÿ
þ. �Ñ
± TSMPIIS ^= �¡{�a&
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Abstract

Spatiotemporally modulated polarization interference imaging spectrometer(TSMPIIS)is static, miniature, stable instrument for

remote sensing polarization detecting, which can be used to obtain the spectral and the polarized information about the target. It has

been approved that TSMPIIS can obtain the target information by circumrotating its polarizer. However this method destroys the

structure of TSMPIIS and reduces the measurement accuracy. According to the detecting theory of TSMPIIS, in this paper, we derive

the basic equations for TSMPIIS detecting by analyzing and calculating its Mueller matrix, and authenticate the feasibility and the

veracity of TSMPIIS for polarization detecting in full field of view. This work is very helpful for TSMPIIS remote sensing detecting

and the retrieval of Stokes parameters.
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