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^
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1 Ú ó

�m�Ä�Å�a´é/¥*ÿ��å»
��, �4z�ÅË�O���«#.��m�
Ä�Å�a¤ì, �°¡º|!°¡§Ý!�í
Yð¹þ!ü�rÝ��í°��¸ëê�*ÿ
Jø
�Ãã [1,2]. �4z�ÅË�O3DÚV
4z�ÅË�O&ÿR�4zÚY²4zË��
Ä:þ, ?�ÚJ�*ÿ8I1nÚ1o� Stokes
ëê©þ�4z&E, ¢y
é8I4z�Ü 4
� Stokes ëþ�&ÿ. 2003 c{Iu�
.þ
1��(1�4z�ÅË�O WindSat, Ù3 10.7,
18.7 Ú 37 GHz ªÇþ��
�4zÏ�, Äg¢
y
(1�ÅË�Oé8I��4z*ÿ [3,4].

�4z�ÅË�Oæ^�I×£�ª, 3n�
^�e, Ë�O^�², Ù*ÿ\��ð½, 4z
^=��". ,3Ë�OÏ�EÚ:�u)^�
 £��¹e, du^���E¤
*ÿ\��Ø
ð½, �X*ÿ� �ØÓu)Cz¶Ó�^� 
£E¤
Ë�O�4zÄOÚ/¥L¡4zÄO
Ø��, �)4z^=�. *ÿ\���ÅÄÌ�
éR�4z�§ÚY²4z�§�*ÿ�)K�,
4z^=�KÌ�é1n Stokes ëê�§�*

ÿ�)K�.

Ë�O^��±ÏL(1^�¯aì (X^r
O�) ÿþ��, ¤ìÿþ¬�)í3Ø�, ¿��
(1¤ìu)�æ�, Ë�O�^�òéJ��¼
� [5−7]. 3(1¤ìÿþ�Ä:þ, Ë�O^��
I�/¡êâý?n�!éÙ?1?�Ú��O
�?�. (Ü/n½ �{ò�§ã�//ã?1
���O^� £´~^��{. ù�I�ÀJk
;./nA��/¡��:?1ã���, T�{
U
3�½§Ýþ�Ø^����í3Ø�, ��
�:�ÀJ�3Ì*<�Ï�, lK��^��
O�O(5 [8−10]. �©ïÄ�«(ÜË�DÑ�
ü�.�OË�O^� £¿�ØÙé*ÿ�§
K���{: ÏLïá�4z�ÅË�O^� £
�*ÿ�§Cz�'X, �[�§Ø��^� £
�Cz5Æ, $^(ÜË�DÑ�.�^�Ö��
{, ÐmË�O^���, l~�Ú�Ø^�Ø
�é*ÿ�§�K�.

2 Stokes ëê��4z�§

Ï~g,0�u��>^Å´Ü©4z�, �

�¡£ãË��4zG�, Stokes Ú\
 4 �ë
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Ù¥ η L«>^Å{|, I L«Ë�oUþ, Q L«
R�4zÚY²4zUþ��, U Ú V £ãR�4
zÚY²4z©þ��Z'X, Ù�©O�üöE
�'(J�¢ÜÚJÜ. �4z�ÅË�O�ÿþ
���^�§L«, 3¢SA^¥, Ï~ò Stokes
ëê=�¤�§L��/ª [12], k
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Ù¥ λ L«>^ÅÅ�, k �À[ù~ê. S.þ,
Ï~�ÑË�rÝ��§�m�'~Xê. @o,
�4z�ÅË�O*ÿ�§�±L«�

TB =


TBv

TBh

TB3

TB4

 =


I+Q

2

I−Q
2

U
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 . (3)

Stokes ëê�Ì�A:´��ëêÑ´�ÿ
þ, �þ�Ë�rÝþj. �4z�ÅË�O�ÿ
þ�Ò´ Stokes ëê�¤k 4 �©þ, ��8IË
���Ü4z&E. Ù¥, ��Ï��§ TBv Ú TBh

Ì�^uJ�°¡º�&E, 4zÏ��§ U Ú V

Ì�^u(½°¡º�.

3 Ë�O^�é�§�K�

�4z�ÅË�O3;$1¥, du²�É6
Ä�Ï��K�, Ø�;�/E¤¢S^���O
^����O, ¬u):� (pitch)!�E (roll) Ú
 Ê (yaw)[13]. ùE¤3^��O�¹e�AÜ
�Ë�O�IX�;��IX�p�mu)
 

£, Xã 1 ¤«. Ù¥, XO, YO, ZO L«;��I
X, XR, YR, ZR L«Ë�O�IX. 3Ë�O^�
�O�, W L«Ë�O×£À�, η0 L«Ë�Od
��U.�, θ0 L«*ÿ\��, n L«/L\�
:?�{�. �Ë�O^�u) £�, Ë�O×
£À�L«� W ′, U.�L«� η′, *ÿ\��
� θ′, /L{�L«� n′. :� (pitch)!�E (roll)
Ú Ê (yaw) L«Ë�O^�� £, =Ë�O�
IX�éu;��IX3:�!�E! Ê��
þ�^=, ©O^�Ý ξpitch, ξroll, ξyaw L«, T^
=÷vmÃÚ^'X. Ë�O^� £¬¦*ÿ\
��u)Cz, Ó��)
4z^=�, ù���
4z�ÅË�O*ÿ�§�)Ø�. e¡?ØË�
O^� £é*ÿ�§�K�, N¹í�
^� 
£�\��±94z^=��'X¿é��IX
ëê½Â?1
�[`².

ã 1 Ë�O^��*ÿAÛ'X«¿ã

3.1 \\\������CCCzzzééé���§§§���KKK���

Ë�O^�u) £�, ½ÂË�O\��C
zþ� ∆θ = θ′ − θ0. �4z�ÅË�O*ÿ\
��Czþ�Ë�O^� £kX���éX, 3
N¹¥�[í�
§��m�'X. ë� WindSat
�;�ëê, ��;�pÝ� 820 km, /¥²þ
�»� 6378.137 km, ^��O��IO\�� θ0

� 49.9◦, ÏL�[�ý, ��\��Cz�Ë�O
^� £�'X, Xã 2 ¤«. ��\���Cz
þ ∆θ �XË�O�:�Ú�Eäk²w�÷� 
��ÅÄCz. :���EE¤� ∆θ �Ì��, �
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 ��� 90◦. ã 2 �[�, òË�O:�Ú�Eé
\��Czþ�K�©O?1
�Ä, Ù¥��þ
Cz�, ,��CþD��"Ø�Cz. du�4

z�ÅË�Oæ^�I×£�ª, �Ë�O� Ê
é\��CzvkK�, d?Ø��Ä.

ã 2 \��Cz�Ë�O^� £�'X (a) L«\��Czþ�×£� �Ú:���Cz; (b) L«\��Czþ�×
£� �Ú�E��Cz

Ï ~, � 4 z � Å Ë � O � ^ �   £ þ �
� (�u 1◦), lE¤\��u)�ÅÄ��,
@o*ÿ�§ TB �Cz�±^�§3�©\�
� θ0 NC���CqL« [14]

TB(θ′) ≈ TB(θ0) + (θ′ − θ0)
∂F

∂θ

∣∣∣
θ′=θ0

, (4)

Ù¥ F L«�4zË�DÑ�ü�., §U�[U
þl/¥8I�Ë�ODÑ�ÔnL§ [15−18], ^
§�[Ë�O�Â�� 4 � Stokes ëê�§, L«
�

TBp = F (f, θ, Ts, w, φ, V, L), (5)

Ù¥, TBp (p = v, h, 3, 4) L«Ë�O*ÿ�§,
§´*ÿªÇ f , *ÿ\�� θ, °¡§Ý Ts, °¡
º� w, �éº� φ, �íYð¹þ V ±9�í�
�Y¹þ L �¼ê.

½Â�§Ø� ∆TB = TB(θ′) − TB(θ0), @o
du\��ÅÄE¤��§Ø� ∆TB L«�

∆TB = ∆θ · ∂F

∂θ

∣∣∣
θ′=θ0

. (6)

(6) ªïá
\��Czþ��§Ø��'X, ù
�´?1�§Ø����Ä:.

�â (4)—(6) ª, �±�[���4z�ÅË
�O3\��ÅÄ�¹e�§�Cz�¹. ïÄL
², \��ÅÄE¤��§Ø�Ì�5g��Ï�
�§ (R�ÚY²4z�§), 1n!1o Stokes ë
ê�§É\��K�é� [19], Ïd�©Ì�ïÄ
\��ÅÄé��Ï��§�K�.

R�ÚY²4z�§É\��ÅÄ�K�N
y3�§'u\���CzÇ ∆TB/∆θ, X (6) ª

¤«. duR�ÚY²4z�§É�éº��� 
�N�K�é�, Ïd�â (5) ª, æ^
°{�Ø
É�éº�K��Ë�DÑ�ü�. F1 5�[�
�Ï��§, L«�

TBv,h = F1(θ, w, Ts, V, L). (7)

�ü�. F1 �Ñ\�)*ÿ\�� θ!°¡
º� w!°¡§Ý Ts!�íYð¹þ V !���
Y¹þ L � 5 �ëê, ÑÑ���Ï��§ TBv

Ú T
[19]
Bh . ëì WindSat �ëê��, ± 10.7 GHz

R�4z�~, ��
3 41◦—59◦ «m��S�
§�\���CzÇ, XL 1 ¤«. O���ü
�.�°¡º� 10 m/s, °¡§Ý 298 K, �íY
ð¹þ 30 mm, ���Y¹þ 0.05 mm. ùp\�
�z� 3◦ ?1æ�. éu�4z�ÅË�O*
ÿ5`, \����3 (40◦, 60◦) �m, ~X�4
z�ÅË�O WindSat � 5 �ªÇ�\����
´ 49.9◦—55.3◦, Ù¥ 49.9◦ éAu 10.7 GHz.

L 1 R�4z�§'u\���CzÇ

\��/(◦) �§CzÇ/K/(◦)

41 2.0851

44 2.0945

47 2.1053

50 2.1181

53 2.1336

56 2.1526

59 2.1768

�±wÑ3\��?u (40◦, 60◦) �m��ÿ,
R�4z�§�\���CzkX 2 K/◦ ±þ�
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CzÇ, 1◦ �\��CzÒ¬���§�Ø��
� 2 K, Xd���§Ø�´Ø��À�, �L
Ë
�O½I°Ý��¦. WindSat éu��Ï�½I
°Ý´ 0.75 K[3], Ïd�§Ø�XØ��¬éëê
�ü�)é�K�.

3.2 444zzz^̂̂===���ééé���§§§���KKK���

�4z�ÅË�O^� £���Ë�OU
��4zÄOÚ/L8I�4zÄOu)��, 4
zÄO�3±>ÅDÂ���¶�^=, �)4z
^=�, Xã 3 ¤«.

ã 3 ¥>^ÅR�uL¡\�, ½Â���^
=��, ϕ =�4z^=�, v, h L«/L8I�R
�ÚY²4z, vA, hA L«Ë�OU��R�ÚY
²4z. Ë�O^� £�4z^=�'X��[

í�ë�N¹. æ^� 3.1 !�Ó�Ë�Oëê, �
[��4z^=��Ë�O^��'X, Xã 4 ¤
«. ��4z^=��XË�O�:�Ú�E�ä
k²w�÷� ��ÅÄCz, ¿�Cz5Æ�\
��Czþ�Cz5Æaq. ù«Cz5Æ�±^
� ({) un�¼ê�/ª[Ü��. du�I×£
�4z�ÅË�O� Êé4z^=�vkK�,
ùp3^��[¥Ø��Ä.

ã 3 4z^=½Â

ã 4 4z^=��Ë�O^� £�'X (a) L«4z^=��×£� �Ú:���Cz; (b) L«4z^=��×£�
 �Ú�E��Cz.

�âã 3, 4z^=� ϕ é�§�K�, �±)
º�>|¥þ E 3U�4zÄOe�éu/¡8
I4zÄOu)
 = [20], L«�

 (E · vA)

(E · hA)


=

 cos ϕ − sinϕ

sinϕ cos ϕ

  (E · v)

(E · h)

 . (8)

Ïd, du4z^=���3��
 4 � Stokes ë
ê¥ Q Ú U �)�A�^=,  I Ú V ØÉ4z
^=�K�, L«�


I ′

Q′

U ′

V ′

 =


1 0 0 0

0 cos(2ϕ) − sin(2ϕ) 0

0 sin(2ϕ) cos(2ϕ) 0

0 0 0 1

 ·


I

Q

U

V

 .

(9)
@o, ²L^=��1n Stokes ëê�§ U ′ L«
�

U ′ = Q sin(2ϕ) + U cos(2ϕ). (10)

1n Stokes ëê�§Czþ ∆U L«�

∆U = U ′ − U = Q sin(2ϕ) − 2U sin2 ϕ. (11)

Ï~, Ë�O^���E¤�4z^=�ê�
��, (11) ª�±{z�

∆U ≈ Q sin(2ϕ) ≈ 2Qϕ. (12)

(11), (12) ªïá
4z^=���§Ø��
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'X, ù´?11n Stokes ëê�§Ø����Ä
:. �â (11) ª, �[��1n Stokes ëê�§Ø
� ∆U �4z^=�Cz�'X, Xã 5 ¤«.

ã 5 4z^=�é1n Stokes ëê�§�K�

éu�4z�ÅË�O5`, ± 10.7 GHz �
~, Ï~ Q �;.�����3 65—75 K �m,
1n Stokes ëê�§ U ���3 −1—1 K ��
S, dã 5 ��4z^=�é U *ÿ°Ý�K�
�±���C 1 K. �â (9) ª, N´�ÑR�ÚY
²Ï��§É�4z^=�K���. ~X, 3 Q

Ú U ©O� 75 Ú 0.3 K ��¹e, �4z^=�
� 0.3◦, @o²L4z^=±� Q′ Ú U ′ ���©
O� 74.9961 Ú 0.8236 K, 4z^=é Q Ú U �
K�©O� −0.0039 Ú 0.5236 K, w,1� Stokes
ëê�§ Q é4z^=Ø¯a, 1n Stokes ëê
�§ U é4z^=¯a. 1n Stokes ëê�§ U

'��Ï��§3ê�þ��ü�êþ?, ¿�
½I°ÝJp, WindSat é4zÏ��§�½I°
Ý�¦� 0.25 K[3], ¤±4z^=��)��§Ø
�é U kwÍK�, ��7Ø��. �éu U , R
�ÚY²Ï��§�êþ?��, ½I°Ý�¦ü
$ (WindSat � 0.75 K), 4z^=éÙ�)��§
Ø��±�ÑØO. Ïd�©Ì�ïÄË�O^�
 £�)�4z^=�é1n Stokes ëê�§ U

�K�9Ù��.

4 *ÿ�§Ø���

4.1 ���§§§ØØØ������ýýý

Ë�O^� £�5
\��±94z^=
��Cz, \��Cz�����Ï��§Ø�Ú
4z^=����1n Stokes ëê�§Ø�´�
©wÍ�, I�?1�Ø, y3?Ø\��ÅÄÚ

4z^=�E¤��§Ø����¯K. Ï��4
z�ÅË�O�²LË���Ú½I��©*ÿ
�§éJ¼�, ¤±ÏL�§�ý��{�[��
�4z�ÅË�O��©*ÿêâ. �§�ý¦
^ (5) ª£ã��4z�ÅË�DÑ�ü�.¢
y. ùp�ü�. F �Ñ\�)*ÿ\�� θ!°
¡º� w!°¡�éº� φ!°¡§Ý Ts!�í
Yð¹þ V !���Y¹þ L � 6 �ëê, ÑÑ�
�4z�Å�§ TBp (p = v, h, 3, 4). �
?ØË
�O^�Ø�é�§�K�9�Ø, 3�ý�, <
�/\\
�¹:�Ú�E�Ë�O^� £, �
�
�¹^� £��©*ÿ�§, ��^���
�{�Ñ\.

�µ|�ÀJ¦^�4z�ÅË�O Wind-
Sat uÙ��¸êâ�¬ (environmental data record,
{P� EDR) ��Ë�DÑ�ü�.�Ñ\, À
J 2004 cz�1�U1�;c 1000 ^°¡êâ,
�O 12000 ^^u�ü�.�ý�)�4z�§.
ëì�4z�ÅË�O WindSat �Ï�ÚªÇ�
�, Xé 10.7 GHz �4zÏ���§��?1
�[. �[����4z�ÅË�O�;�pÝ
� 820 km, �©\��� 49.9◦, Ë�O^�:�
� ξpitch � 0.18◦, �E� ξroll � −0.16◦.

ã 6 Ë�O^� £E¤��§Ø�

3 ? Ø ¥, ± R � 4 z Ï � � § TBv Ú 1
n Stokes ëêÏ��§ U �~?1©Û. ã 6 �Ñ

�ý���3Ë�O^� £�¹e�§ TBv

Ú U �Ø�. TØ�½Â�Ë�O^� £���
§~�^��O���§. I�`²�´ WindSat
�I×£�3cÀÚ�Àü«�¹, ©OéAu×
£� � ω 3 −179◦ � −145◦ Ú −39◦ � 28◦ �
�� [21].

�±wÑ^� £E¤��§Ø��X*ÿ
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� �äk²w�� �N�A5. Ë�O^�
 £E¤
 TBv Ú U Ø��Ì�þ3 0.8 K �m.
Xd��Ø�éuR�4z�§Ú1n Stokes ë
ê�§5`þ´Ø��À�. WindSat êâý?n
éu��Ï��§�°Ý�¦´ 0.75 K, éu1
n Stokes ëê�§�°Ý�¦´ 0.25 K. ��, d
uË�O^� £E¤��§Ø����þ�L

Ë�Oêâý?n�°Ý�¦. ^�[Ü��
{, uy�§Ø��©Ù÷v�u��Cz5Æ,
[Ü�úª/ª� A0 + A1 sin(A2ω − ω0). dd�
�:

∆TBv = 0.0004 + 0.7321

× sin(1.0032ω + 48.0903),

∆U = −0.0163 + 0.8034

× sin(1.0119ω − 41.1209). (13)

∆TBv Ú ∆U ��Ì��, � �É� 90◦. ^þ�
�Ø� (root mean square error, {P� RMSE) 5ï
þ�§Ø����. O���^���cR�4z
�§ TBv �þ��Ø�� 0.5602 K, 1n Stokes ë
ê�§ U �þ��Ø�� 0.4398 K.

4.2 ���§§§������

éu�§��, ®��´�¹^� £��©
*ÿ�§, I����´Ë�O�^� £þ, 3
dÄ:þ?�Ø^� £é�§*ÿE¤�K
�. ùp$^�«^�Ö��{, éË�O^� 
£Ðm��¿�Ø*ÿ�§�Ø�.

± � ý � � � � ¹ Ë � O ^ �   £ � �
§�������©*ÿ�§, 3b�Ë�O
^��O��¹e, $1�4zË�DÑ�ü
� . F , � � Ø ¹ ^ � Ø � � I O � §, l 
O � Ñ ã 6 ¤ « � ∆TBv Ú ∆U . � â (6) ª,
� ∂F1/∂θ �;.�� 2.1177 K/◦, ��\���
Cz ∆θ = ∆TBv/(∂F1/∂θ). �â (12) ª, � Q

� ; . � � 66.7120 K, � � 4 z ^ = � � C
z ∆ϕ = ∆U/(2Q/180π). ùp ∆ϕ = ϕ − ϕ0,
ϕ0 = 0◦ éAu^��O�¹e�4z^=�. æ
^ ∂F1/∂θ Ú Q �;.�Øæ^zg$1�ü
�.O���Ï´;.��L
Cþ�²þCz
�¹, 3°Ý#N��¹eù�ö��±JpO�
�Ç, !�
�éz�*ÿ:���µ|êâ?
$1�ü�.��m�Ñ. ;.��À�æ^
°

{���éº�Ã'��ü�. F1 ?1O�, �
ü�.�Ñ\�°¡º� 10 m/s, °¡§Ý 298 K,
�íYð¹þ 30 mm, ���Y¹þ 0.05 mm. dd
���O� ∆θ Ú ∆ϕ �/ª�

∆θ(ω) = 1.8888 × 10−4 + 0.3457

× sin(1.0032ω + 48.0903),

∆ϕ(ω) = −0.0070 + 0.3452

× sin(1.0119ω − 41.1209). (14)

∆θ Ú ∆ϕ �Cz�Xã 7 ¤«. ã 7 ¥¢
�L«¢S� ∆θ Ú ∆ϕ �� ��Cz�¹, J
�L«æ^;.����{��� ∆θ Ú ∆ϕ. �
�, æ^;.��{�O���\���4z^=
��Cz�¢S�Czvk²w�É, 3 WindSat
×£«�S����ÉØ�L 0.05◦. �âN¹, ∆θ

Ú ∆ϕ �Ë�O^� £äk��'X, �â ∆θ

Ú ∆ϕ �, �æ^�%C��{��Ë�O^
� £�:�� ξpitch Ú�E� ξroll.

½Â8I¼ê J , Ï¦Ë�O�^� £G
� ξpitch Ú ξroll, ¦�TG��)� ∆θ Ú ∆ϕ �k
c�O��� ∆θestimate Ú ∆ϕestimate ���C,
@od��Ë�O:�� ξpitch Ú�E� ξroll =�
¤¦. T�%C��{÷v���¦�n, 8I
¼ê J �½Â�

J =
(−145◦∑

−179◦

∆A(ω) +
28◦∑
−39◦

∆A(ω)
)
,

∆A(ω) =
{

[∆θ(ξpitch, ξroll, ω)

−∆θestimate(ξpitch, ξroll, ω)]2

+[∆ϕ(ξpitch, ξroll, ω)

−∆ϕestimate(ξpitch, ξroll, ω)]2
}

, (15)

Ù¥, ∆θestimate Ú ∆ϕestimate L«æ^;.��
��{�O���\��Ú4z^=��Cz. @
o, Ë�O^�:�Ú�E�(½Xe¤«.

(ξpitch, ξroll) = arg min J(ξpitch, ξroll). (16)

� ª � Ë � O � : � � � 0.198◦, � E �
� −0.162◦ �, 8I¼ê J ��4��. @o, (
½Ë�O^� £þ��O��:�� ξpitch =
0.198◦, �E� ξroll = −162◦. ã 7 ¥:y�£ã

Ë�O?uù�^� £�éA� ∆θ Ú ∆ϕ,
 � � C z 5 Æ � æ ^ ; . � � { � O � �
� ∆θestimate Ú ∆ϕestimate 3 WindSat ×£«�
SÎÜ��~Ð. ²L'�, Ë�O:���E�
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�O��éu�§�ý�����©��3�í
3Ø�� ∆ξpitch = 0.018◦, ∆ξroll = −0.002◦.

ò�O���Ë�O:�Ú�E���#�
^� £þ, ?1Ë�O^���. 2g$1�4
zË�DÑ�ü�., ÏL�kc�[��¹^
�Ø���©�§'�, ��#��§Ø� ∆T ′

Bv

Ú ∆U ′, Xã 8 ¤«.
��duéË�O^� £?1
��°(

��O, �ü�.�ý��§�*ÿ�©�§�
m� ���
²w�~�. ÏL�[Ü, �
� ∆T ′ Ú ∆U ′ �L�ª�

∆T ′
Bv = −3.5074 × 10−4

+0.0545 sin(1.0045ω − 97.1380),

∆U ′ = −1.0879 × 10−3

+0.0629 sin(0.9883ω

−172.5262). (17)

�¤
Ë�O^���, Ò�±�Ø^� £
é*ÿ�§E¤�K�. Ï~, �é°¡º|��
¸ëê��ü, I�b�Ë�O^�ð½, òË�
O*ÿ��©�§¾��IO�^�e, =*ÿ\
��� θ0, 4z^=� ϕ �"�G�. @oÄk,
�â���Ë�O^� £ ξpitch Ú ξroll ��O
�, �±í� ∆θ Ú ∆ϕ. �X, |^ (4) ª���
§���� TB(θ0), |^ (12) ª������ U .
��c, R�4zÏ��§þ��Ø�� 0.5602 K,
ÏLO�������§Ø�� 0.0455 K, ~�

 91.88 %. 4zÏ��§ U 3��c��§Ø
�� 0.4398 K, ����§Ø�� 0.0310 K, ~�

 92.95 %. ��, �éu�4z�ÅË�O Wind-
Sat ��Ï� 0.75 K Ú4zÏ� 0.25 K �½I°
Ý, �����§Ø�~�
��êþ?, Ë�O
^�éu�§�K���
k�/�Ø.

ã 7 \��Ú4z^=��Cz�¹ ¢�!J�!:y�©OL«¢S�!;.��{�O�!ÏL�%C��
� ∆θ Ú ∆ϕ �Cz�¹; (a) \����/; (b) 4z^=���/

ã 8 ^������§Ø� (a) ∆T ′
Bv �Cz�¹; (b) ∆U ′ �Cz�¹

5 ( Ø

?Ø
^�é�4z�ÅË�O*ÿ�K�.

í�
*ÿ\��Ú4z^=��Ë�O^��
Cz'X. |^�«^�Ö�Ãã, ¢y
Ë�O
^���, �~
Ë�O^�éR�4zÏ��§
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Ú1n Stokes ëê�§�K�. duY²4z�§
�R�4z�§����{aq, �©^R�4z
�§����Ï��§��L?1ïÄ. Äu�ý
êâ�ïÄ(JL², Ë�O^� £E¤�Ø�
��k�/�Ø.

Ë�O^� £ÏLUC*ÿ\���4z
^=�, lé��Ï��§Ú1n Stokes ëê�
§�)K�. *ÿ\���4z^=�ÉË�O�
EÚ:�N�, 3� ���u5Æ�Cz. \�
��4z^=��CzÌ��Ë�O^� £�
�Ý3Ó�êþ?. \���4z^=�ïá
Ë
�O�§�^� £�m�Ý�, ´?1�§Ø�
���Ä:.

3Äu�ýêâïÄ�Ä:þ, éu8�Äu
¢ÿêâ��4z�ÅË�O�§��, ¼�°(
�Ë�DÑ�ü�.´cJ, �µ|ëê;.��
À�´'�. Ë�DÑ�.°(â�±O(�[Ë
�O�¢S*ÿ�§. �µ|ëê;.��ÀJI
�äk�L5, âU�NëêCz�²þ�¹.

$^�^�Ö��{Q�±üÕéË�O^
�?1��, ��±ÚÄu¤ìÿþ�^�(½�
{±9/n½ �{�(Ü, ¢yéË�O^��
nÜ��. Äkd^�¯aìêâ��Äu¤ìÿ
þ�Ë�O^�, ?d/n½ �{?1�§ã

�//ã��, �¤éË�O^��2��, ��
æ^�©�^�Ö��{, éí3�^�Ø�?1
��.

�é8cIS(1�4z�ÅË�O�ýk
ïÄI¦, �©�ó��êâý?n�{¥�Ë�
O^����!�
}ÁÚÁ=. 8�I�òË�
OM�ëê�ýÚ�¸ëê�ü?�Ú(Ü, �\
ý¢/�[Ú©Û3¢S*ÿ¥Ë�O^�é�
ÅË�O*ÿ�K�.

N ¹

A1. ííí���ËËË���OOO^̂̂������\\\������ÚÚÚ444zzz^̂̂===
������'''XXX

Äk½Â3^�u) £��Ë�O*ÿk'�Ä�
�IX, XL 2 ¤«.

@o3^�u) £�, Ë�Oé/*ÿ��¹X

ã 9 ¤«. Ù¥ X0, Y0, Z0 L«;��IX, XR, YR, ZR

L«Ë�O�IX, XA, YA, ZA L«U��IX, §�þ

´ü ¥þ; pitch, roll, yaw L«Ë�O^��:�!�E

Ú Ê; ω L«Ë�O�×£� �, =U��IX�éu

Ë�O�IX�^=; η0 L«Ë�O^��O��U.�,

η′ L«Ë�O^� £��U.�. 3Ë�O^� £�,

×£À�L«� W ′, U.�L«� η′, *ÿ\��� θ′,

/L{�L«� n′.

L 2 Ë�O*ÿ�IX½Â

�IX �Ò �I¶ ½Â

;��IX Orb XO /%��

YO ZO × XO

ZO ;��Äþ¥þ����

Ë�O�IX Inst XR Ë�O� Ê¶ (yaw)

YR Ë�O�EÄ¶ (roll)

ZR Ë�O�:�¶ (pitch)

U��IX Ant XA � XR �Ó

YA w = 0◦ �, � YR �Ó; w 6= 0◦ �,��u YR ¶3×£²¡S^=

ZA w = 0◦ �, � ZR �Ó; w 6= 0◦ �, ��u ZR ¶3×£²¡S^=

n��¹e, ;��IX!Ë�O�IX´Ü�, U
��IX�éuË�O�IX�k÷×£� ��^= ω.

I��Ñ�´�
{z`²L§ùpò¥(ÚË�OÀ�
�N�Ä, ^Ë�O�IXÚ���. @oduË�O^�
 £, Ë�O�IX�éu;��IX� 3 ��I¶�)

 Ê (yaw)!:� (pitch) Ú�E (roll) ��þ�^=, �Ý
L«� ξyaw, ξpitch, ξroll. l;��IX�U��IX��
I=��±L«� [22]

Torb/ant = Torb/inst · Tinst/ant, (18)

ùp�C��¹
l;��IX�Ë�O�IX±9lË
�O�IX�U��IX�ü�=�, Ù¥l;��IX
�Ë�O�IX�=�L«�

Torb/inst = Rpitch · Rroll · Ryaw

=


cos ξpitch sin ξpitch 0

− sin ξpitch cos ξpitch 0

0 0 1
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cos ξroll 0 − sin ξroll

0 1 0

sin ξroll 0 cos ξroll




1 0 0

0 cos ξyaw sin ξyaw

0 − sin ξyaw cos ξyaw

 . (19)

Rpitch, Rroll, Ryaw L«Ë�O^�C��:�!�EÚ 
ÊÝ
. lË�O�IX�U��IX�=�L«�

Tinst/ant =


1 0 0

0 cos ω sin ω

0 − sin ω cos ω

 , (20)

ùp ω ´Ë�O�×£� �.

ã 9 Ë�O*ÿG�«¿ã

y3�ÄË�O^� £é*ÿ\���K�. \�
��CzdU.��Cz��. �4z�ÅË�O*ÿ�
U.�´3;��IXe½Â�. �I×£�4z�ÅË
�O×£À����3×£±ÏS´�½�, ��� η0. @
o3Ë�O^� £�, U��IXe�ü À¥þ W ′

A

�±L«� (cos η0, sin η0, 0), òÙC��;��IXe, �
�^� £�;��IXe�À¥þ W ′

O, L«�

W ′
O = T−1

orb/ant · W
′
A. (21)

@oCz±����#�U.��

η′ = arccos(W ′
O · XO). (22)

�âU.��\���AÛ'X, #�*ÿ\��L
«�

θ′ = arcsin
[R + H

R
· sin(η′)

]
, (23)

Ù¥ R L«/¥²þ�», H L«Ë�O��1pÝ. Ïd
��Ë�O\���Czþ�

∆θ = θ′ − θ0, (24)

Ù¥ θ0 �Ë�O^��O���©*ÿ\��. (21)—(24)

ªÒïáåË�O^� £�*ÿ\��C��'X.

ã 10 /L8I4zÄOÚU�4zÄO

e¡?ØË�O^� £é4z^=��K�. X
ã 3, 4z^=� ϕ ½Â�/L8I4zÄOÚË�OU�
4zÄO�m�^=. /L8I4zÄOÚË�OU�4
zÄO�£ãXã 10[17]. Ù¥ k �>^ÅDÂ��ü ¥
þ, W �*ÿÀ���ü ¥þ ( W = −k), n �/L8
I:�ü {�. 3U��IXe, W L«� W ′

A. 3;�
�IXe, W L«� W ′

O. @o/L8I4zÄOL«�

h = k × n,

v = h × k. (25)

|^L 2 ½Â�Ë�OU��IX XA ¶, ��U�
�4zÄO, L«�

hA = W × XA,

vA = W × hA. (26)

n��¹e, U��4zÄOAÚ/¥|µ�4zÄ
O����, ù�U�*ÿ����§âUL«/¥|µ
�§, =

vA = v,

hA = h. (27)

¢S�¹e, duË�O^� £, U��4zÄO¿
ØÚ/¥|µ�4zÄO����, �3±>ÅDÂ��
�¶�^=, ùÒ�)
4z^=� ϕ.

4z^=�´3Ë�OU��IXe£ã�, ùp½
Â�U�Y²4z�/L8IY²4z�m�Y�. 3^
�u) £�, ;��IXe½Â�/L8IY²4z¥
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þ h L«� W ′
O × XO. @o, ò3;��IXe½Â�/

L8IY²4z¥þC��U��IXe, k:

h′
A = Torb/ant · h = Torb/ant · (W ′

O × XO). (28)

3 U � � I X e, U � � Y ² 4 z ¥ þ hA L «
� −ZA, = (0, 0,−1), U � � R � 4 z ¥ þ vA L «
� W ′

A × hA. @o, /¥8IY²4z¥þ h′
A ÚU�

Y²4z¥þ hA �Y�=�4z^=� ϕ, L«�

ϕ =

 arccos(h′
A · hA (h′

A · vA > 0),

− arccos(h′
A · hA (h′

A · vA < 0).
(29)

(28), (29) ªÒïáåË�O^� £�4z^=�C��

'X. ��®�Ë�O^� lþ ξyaw, ξpitch, ξroll, ×£�

 � ω, U.� η0, Ò�±O�Ñ4z^=� ϕ.
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Eliminating the influence of attitude on brightness
temperatures measurement for polarimetric

microwave radiometer
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Abstract

In order to meet the requirement of accurate detection for polarimetric microwave radiometer, in this paper, we study on the

influence of attitude on brightness temperatures received by the radiometer. Correction for brightness temperatures errors is also

analyzed. The relationship between the misspecification of the attitude and the incidence angle together with polarization rotation angle

is established. The variation of brightness temperatures with the change of incidence angle and polarization rotation angle is simulated.

We simulate the original observational brightness temperatures of the radiometer. A method based on the radiative transfer model for

compensating attitude offset to correct brightness temperatures errors is presented. Taking vertical brightness temperature and the third

Stokes parameter brightness temperature for example, our method can eliminate the influence of attitude offset on the observation of

brightness temperatures effectively, the result can satisfy the accuracy requirement of data preprocessing for polarimetric microwave

radiometer.

Keywords: polarimetric microwave radiometer, Stokes parameters, incidence angle, polarization rotation angle,
attitude correction
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