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I NASA[1−3]!î³ ESA[4,5] Ú{IÊÛ!d:
¢�¿ [6,7] �4�êü k Rayleigh Ñ� Doppler

-1X��ï�Ú)�Uå©ISÿº-1X
�OyåÚ�é��©�� 2006 c, ¥I�E
�Æm©XÃï���&ÿ 10—40 km pÝº|
��1ª Rayleigh Ñ� Doppler -1X�XÚ, ¿
u 2009 cÐÚ�¤
�n�Å�ï�, 8c�é
XÚ�?�Ú�õÚ?1�'�	|¢� [8,9]©

3 Rayleigh Ñ� Doppler -1X��ï�L§
¥, �3�)M�Ú^�±9�{�õ�¡�'�
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â?n�¡, �I�)û3êâ�üL§¥�[!
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2 k�ßLÇ¼ê

ª Ç � ν � Mie � � Ñ � & Ò (½ ë �
1)!Rayleigh ��Ñ�&Ò²LIOä�ßL
Ç©O�
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×
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e cos
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2πnν

νFSR

)

× exp
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−
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)2
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, (1)

TR(ν) = Tpe

(
1 − Re

1 + Re

)
×

{
1 + 2

∞∑
n=1

Rn
e cos

(
2πnν

νFSR

)

× exp
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−

(
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ª ¥: Tpe � ¸ � ß L Ç; Re � k � � � Ç;

νFSR = 2νFSR/(1 + cosθ0), νFSR �gdÌmå,

θ0 � 1 & Ò ² L O � º � \ � � I O ä � 1
å u Ñ �; ∆νl = δv/(4ln2)1/2, δv � - 1 u � Ì
°; ∆νe = (∆ν2

l + ∆ν2
r )1/2, ∆vr = (8kT/Mλ2)1/2

� Rayleigh Ì� 1/e pÝ?�°Ý, λ �-1Å�,

k � Boltzmann ~ê, T ��í§Ý, M ��í©
f�þ; ν0 = c / λ0, λ0 = 354.7 nm©

ã 1 Rayleigh Ñ�ÿº-1X��ÂÅ�nã

Xã 1 ¤«, b½"�º�Â����Ñ�1
¥ Mie Ñ�&Ò1fê� NM, Rayleigh Ñ�&Ò
1fê� NR, Kü�>�Ï�IOäÑÑ&Ò1
fêÚéAUþuÿÏ��Â��1fê©O�

N1 = a1[NMTM1(νl+νD)+NRTR1(νl+νD, T )], (3)

N2 = a2[NMTM2(νl+νD)+NRTR2(νl+νD, T )], (4)

Ne = a3(NM + NR), (5)

ª¥: a1, a2, a3 ��O~ê; νl �u�-1ªÇ;

νD � Doppler ªÇ.

½Âü�>�Ï�IOä�k�ßLÇ¼ê
�

T e
1 (νl + νD, T,Rβ) = a3N1/(a1Ne)

= (1 − R−1
β )TM1(νl + νD)

+R−1
β TR1(νl + νD, T ), (6)

T e
2 (νl + νD, T,Rβ) = a3N2/(a2Ne)

= (1 − R−1
β )TM2(νl + νD)

+R−1
β TR2(νl + νD, T ), (7)

ª¥: Rβ ���Ñ�', Rβ = 1+βM/βR = 1+NM

/NR.

3 ��Ñ�'�ü

3.1 ---111uuu���ªªªÇÇÇ���üüü

���¹e, u�-1ªÇ¿�î��£½3
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ü�IOäßLÇ���:?, 7LéÙ?1î
�ÿþ©Xã 1 ¤«, 3?\�í�c, u�-1
k©Ñ1r IM0 ��ë�1��ÏL1nÍÜ?
\�ÂÅ©3?\£½Ï�IOä L cd©å¡
©Ñ�Ü©��Uþiÿ&Ò, Ù{\��£½Ï
�IOä L ��ªÇuÿ&Ò©ùü�&Ò©O
�

ILe = a5IM0, (8)

ILs = a4IM0TL(νl), (9)

ª¥ a4, a5 ��O~ê. K�±��:

TL(νl) = a5ILs/(a4ILe), (10)

Ù¥ TL(ν) = TM(ν), Ù3IOäßLÇ��OL
§¥®²��©ÏLõ�ª[Ü�±�� TL(ν) 3
º�ÿþÄ���S��¼ê ν (TL), Ku�-1
ªÇ�

νl = ν[a5ILs/(a4ILe)]. (11)

3.2 ���üüüSSS������{{{

Doppler ªÇ3?1º|ÿþL§¥, Äk¦
u�-1åR�\���í¥?1&ÿ, ,�2
±oÅå×£{ÿþÀHÜ�o����»�
º�©du3é6�ºÚ²6�«�, º��R
�©þØ�LA�f�z¦, Cq�", Ù�)
� Doppler ª£þ�ÑØO [6], = νD = 0, K��Ñ
�'��âR����&ÿ&Òde¡���5
S��§¦): T e

1 (νl, T,Rβ) − a3N1/(a1Ne) = 0,

T e
2 (νl, T,Rβ) − a3N2/(a2Ne) = 0.

(8)

äNS�Ú½Xe:

1) �â�í�ª�½Ð©§Ý T (0) Ú��Ñ
�' R

(0)
β , òÙÚ νl �\ (1), (2) ªÚ (6), (7) ª�

� T e
1 (T (0), R

(0)
β ) Ú T e

2 (T (0), R
(0)
β );

2) é (6) Ú (7) ª¦ ��� ∂T e
1 (T , Rβ) / ∂T ,

∂T e
1 (T , Rβ) / ∂Rβ , ∂T e

2 (T , Rβ) / ∂T , ∂T e
2 (T , Rβ) /

∂Rβ , ,�ò T (0), R
(0)
β Ú ν0 �\, �� ∂T e

1 (T (0),

R
(0)
β ) / ∂T , ∂T e

1 (T (0), R
(0)
β ) / ∂Rβ , ∂T e

2 (T (0), R
(0)
β ) /

∂T ±9 ∂T e
2 (T (0), R

(0)
β ) / ∂Rβ ;

3) �â (8) ªïá�§
∂T e

1(T
(0), R

(0)
β )

∂T

∂T e
1(T

(0), R
(0)
β )

∂Rβ

∂T e
2(T

(0), R
(0)
β )
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2(T

(0), R
(0)
β )
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a1Ne
− T e

1(T
(0), R

(0)
β )

a3N2
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− T e

2(T
(0), R

(0)
β )

 , (9)

)� δT Ú δRβ , ��: T (1)

R
(1)
β

 =

 T (0)

R
(0)
β

 +

 δT

δRβ

 ; (10)

4) òÚ½ (3) ��#� T (1) Ú R
(1)
β �\Ú

½ 1), 2), 2dÚ½ 3) ��§|©EþãÚ½U
YS�, �� max(|δT | , |δRβ |) < ε ��. �ª��
�í§ÝÚ��Ñ�'� T (k+1)

R
(k+1)
β

 =

 T (k)

R
(k)
β

 +

 δT

δRβ

 . (11)

3.3 ÐÐÐ©©©óóó���:::ÀÀÀ���

ÿþCþ����Ý
� [11]

[DT WD]−1, (12)

Ù¥

D =


∂T e

1 (νl, T,Rβ)
∂T

∂T e
1 (νl, T,Rβ)

∂Rβ

∂T e
2 (νl, T,Rβ)

∂T

∂T e
2 (νl, T,Rβ)

∂Rβ

 ,

W =

 1/σT1 0

0 1/σT2


Ù¥ σT1 , σT2 ©O�ÿþ T1 Ú T2 ���©dd
����Ñ�'�ÿþØ��
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2
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)2
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3&ÒÑâD(4�e, þª��¤:

ε ≈ 1
Ne

√(
∂T e

1

∂T

)2

T e
2 (T e

2+
a3
a2

)+
(

∂T e
2

∂T

)2

T e
1 (T e

1 + a3
a1

)∣∣∣∣∂T e
1

∂T

∂T e
2

∂Rβ
−∂T e

1

∂Rβ

∂T e
2

∂T

∣∣∣∣
=

ε0
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, (14)

Ù¥ ε0 �ÿþØ�� Ne �©d (13) Ú (14) ª�
�, ��Ñ�'�ÿþØ��R���&ÿ��Ð
©-1ªÇ νl k'©ã 2 �Ñ
3ØÓ��í§
ÝÚ��Ñ�'��¹e, ε0 �u�-1Ð©ó�
: νl—νc �Cz'X (νc �ü�>�Ï�IOä
ßLÇ��:?�ªÇ, �� 0)©lã¥�±w
Ñ: �§Ý3 210—250 K!��Ñ�'3 1.01—2

Cz�, �Z�Ð©ó�:=3 860—900 MHz �
�Cz, Ù�§ÝÚ��Ñ�'�'XØ�©du
T(J´3&ÒÑâD(4��^�e��, ¢
S&ÿL§¥��3U��µD(!&ÿìVO
ê�, &D'�k¤ü$, Ïdó�:�Ñ��ß
LÇ��:?�C©�Ä
¢S�í�µD(
Ú&ÿìD(���, �Zó�:3 800 MHz N
C©

ã 2 ØÓ��í§ÝÚ��Ñ�'�, ��Ñ�' Ne �ÿ
þØ��u�-1�Ð©ó�: ν0 �Cz'X

4 º|�ü

½Â>�Ï���ÝÚ§Ý�A¼ê©O�

RV(νD, T,Rβ) = T e
1 (νl+νD, T,Rβ)/T e

2 (νl+νD, T,Rβ),

(15)

RT(νD, T,Rβ) = T e
1 (νl + νD, T,Rβ)

+T e
2 (νl + νD, T,Rβ), (16)

ª¥ Rβ |^þ!�{dR�&ÿ����Ñ�&
Ò¦�¿�\þãüª, ,�|^�ökcJÑ�
Ó��üº�Ú�í§Ý���5S��{�ü
���íº�Ú§Ý. 5¿d��u�-1ªÇA
£½3ü�>�ßLÇ��:NC.

ã 3 R�º�� 0 Ú 0.2 m/s �, æ^��5S��{�ü�
����Ñ�'�ÚO(J

5 ��Ñ�'Úº|�ü�ý

5.1 ������ÑÑÑ���'''���üüü���ýýý

�½�í§Ý� 210 K, Ù{�íëêæ^
{IIO�í�.��, íM��1��Ñ�'
� 20, 3 20 km ?�A���Ñ�'� 1.0654. æ
^ Monte-Carlo �{�[R�&ÿ� 20 km pÝ?
��&ÿì¤�Â��1fê, 2|^ 3.2 !¤ã
�ü§S�ü��Ñ�'Ú§Ý. ã 3 �R�º�
©O� 0 Ú 0.2 m/s �, é&Ò?1 3000 g�[, b
½�í§ÝÚ��Ñ�'�S�Ð�©O� 230 K

Ú 1.1654, æ^��5S��{�ü�����Ñ
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�'�ÚO(J, ²þ�©O� 1.0651 Ú 1.0634 K,

þ��©O� 9.53×10−3 Ú 9.44×10−3. ùL²3
�ÑR�º���¹e, æ^��5S�{U
O
(/�üÑý¢���Ñ�'; 3 0.2 m/s �R�
º���¹e, æ^��5S�{�üÑ��Ñ�
'�ý� �� 2×10−3, �±�ÑØO.

5.2 ººº|||���üüü���ýýý

�½»�º�� 20 m/s, �í§Ý� 210 K, Ù
{�íëêæ^{IIO�í�.��, íM�
�1��Ñ�'� 20, æ^ Monte-Carlo �{�[
± 30◦ Uº�oÅå×£&ÿ�, 20 km pÝ?�
�&ÿì¤�Â��1fê, 2|^º��ü§S
�ü»�º�Ú§Ý©ã 4 �é&Ò?1 3000 g
�[, b½�ª§Ý�¢S§Ý � 20 K, ��Ñ
�'�¢S � 0.1, ÄkòR�&ÿ�ü���
��Ñ�'�\� (9) Ú (10) üª, ,�æ^��
5S��{�ü���»�º�Ú§Ý�ÚO(
J. ²þ�©O� 19.99 m/s Ú 209.94 K, þ��©

ã 4 k¦���Ñ�', ,�æ^��5S��{�ü(J
(a) »�º�; (b) §Ý

ã 5 ��æ^��5S��{�ü(J (a) »�º�; (b) §
Ý

ã 6 æ^DÚ�{�ü���»�º�

O� 0.61 m/s Ú 4.08 K. ã 5 �é&Ò?1 3000 g
�[, ��æ^��5S��{�ü���»�
º�Ú§Ý�ÚO(J. ²þ�©O� 19.14 m/s

Ú 190.81 K, �ý�©O �
 0.86 m/s Ú 19.19 K,

þ��©O� 0.57 m/s Ú 2.18 K. dd�±wÑ: k
¦���Ñ�', ,�æ^��5S�º��ü�
{U
O(/�üÑ»�º�Ú§Ý�, ��æ
^��5S�º��ü�{�ü���»�º�

030702-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 030702

Ú§Ý��éuý�u) l, cÙ´��Ñ�'
����¹e £þ��.

ã 7 k¦���Ñ�', ,�æ^��5S��{�ü(J
(a) »�º�; (b) §Ý

� 
 ? � Ú © Û � � Ñ � ' � K �, b
½ 10 km ?k±���, ��Ñ�'�� 2, �½»
�º�� 20 m/s, �í§Ý� 220 K, Ù{�íëê

Óþ��, æ^ Monte-Carlo �{�[ 10 km pÝ
§S�ü»�º�Ú§Ý. ã 6 �é&Ò?1 3000

g�[, b½�ª§Ý�¢S§Ý � 20 K, ��
Ñ�'�¢S � 0.5, æ^DÚ�{�ü���
º�(J, ²þ�� 21.06, �ý� ��L 1 m/s.

XJ��æ^��5S��{�üº�Ú§Ý,

duS�Ý
ªu¾�, S�§SÃ{�~$1.

ã 7 �æ^�©�{���»�º�Ú§Ý�Ú
O(J. ²þ�©O� 20.00 m/s Ú 220.02 K, þ�
�©O� 0.10 m/s Ú 1.04 K. dd��, =¦3��
Ñ�'é���¹e, æ^�©¤ã��ü�{E
U
O(/�üÑ»�º�Ú§Ý.

6 ( Ø

�©�é Rayleigh Ñ� Doppler -1X�º|
�üL§¥íM���Ñ�&Ò·\Úå�º�
�üØ�, JÑ3º|ÿþL§¥O\R����
&Ò&ÿ, l|^R���&ÿ&Òæ^��5
S��{�ü�í��Ñ�'©Ó�, ?�Ú©Û
�Ñ
�Z�-1Ð©ó�:©3º��üL§
¥, ò®�ü�����Ñ�'(J�\�º��
üS�§S¥, �±k��ØíM�&Òéº�Ú
§Ý�ü(J�K�©Ïd, T�{´é Rayleigh

Ñ� Doppler -1X�º|�ü�{�?�ÚU
?, k�Jp
º|&ÿ°Ý©
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Abstract

In the process of wind retrieval for Rayleigh Doppler lidar, besides atmospheric temperature and pressure, the accuracy of the

wind retrieval result is also affected by Mie signal. When the Mie scattering sigal is large, especially in the cases such as high altitude

clouds or volcanic ash and so on, the wind retrieval result will largely deviate from the ture value if the aerosol signal is ignored due to

temperature uncertainty and Mie signal contamination. A nonlinear iterative algorithm is proposed, which can retrieve both wind and

atmospheric temperature by using the mesured signal with outgoing laser pointing to the zenith. The initial operating point of laser is

optimized. Simulation results show that the proposed algorithm can retrieve scattering ratio effectively, and by combination with the

nonlinear iterative algorithm of wind retrieval, this algorithm can eliminate the effect of aerosol backscattering signal and then improve

the atmopheric wind speed and the temperature retrieval accuracy effectively.

Keywords: lidar, Rayleigh scattering, Doppler, Fabry-Perot etalon
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