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Research on Dynamic Alignment for Space-borne

Fourier Transform Spectrometers
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Abstract: The development of dynamic alignment technology and its application in Fourier transform

spectrometers are presented. A dynamic alignment design scheme for a space-borne Fourier transform

spectrometer is provided.

Key words: Fourier transform spectrometer; space-borne; dynamic alignment; phase detection

1 ?7C>eFsh>'?�4
Q7��Ao�tR��6�=
t�(`R�4��y?xKF_BR�tG�E�>�E�>$5�<eh>>Z ��?x>.t℄x
�+80>5�thx�GTth>'?Q7�|��Q3|QJ�A$Q6�t��Nz(>e	℄ (WMO) +VtG�~O� 1K �o�~O� 10% e[^$*� 1km t'+
h>'?�=t_�Q7$*�&{go 1200 ��goP�8ta+
Y6t�Q3|QJ$Q�wtQ7��N�mV�.i�(wQ7��k`y&Cy�=8�!�38Q7$*�\�t�Æ
�!S�%(0m<Q7��4eR�m<Q7(h'?�!�.8Q3x�8Q7$*��81�~

O��=(l6'?=�4&=('?=T}C."�t3p�v�U}Zu*z
>KM���h>[^'?tz�
��sA.i�Q7��NA?V9_�Ktoz�.i�(wQ7��t7g\: 1�x
!|l(O��5j� (||!3(otvw) �^hQ+w5je�f
/('?=�5jrbzwA}rbt�}rb1 A/Dzwe��rbXg (r\.i�(w) 
'vN��tQ7�>
:j�Qt�f|�I�6t�B6�`r\t�Q7��G�`�?�t�6&{�8/�t=�^^?�
[s2�kg
PÆ��o$K/�eU6J�y<+Vyk8t�G
+:|U6~^ytJ�y�G�n\�^^`�6t�%DmRB�Gg0 1!�
�D/��Ggo?�x�
Pk�Gl^�I�o�D|k(got�)�'%Æ2006–04–0184��Æ$| (1974 —— ) �����2/��j�6���J8o p�nH(l=|�r6��
Infrared (monthly) / Vol.27, No.10, Oct 2006



42 Q [ 2006 V 10 a

; 1 |uÆP��u/j�R8�u�#%L�0sA'?�=
FsC�hqyCl?htT~��0!��tRB�G`�
U>U6��Q~^| G\(t��<
CD�YOj
t5G�t(s�Q7�t'b|NT�t
�uH��:{tG�1MU�+w$K*s
XQ4*&CG��~^yt'b�P�|.i�(wQ7�tt�(z�V�d&CP>K-t��t�.wm
�m|(!�h6|���h6vNQ���+w~^
��m|=(�%hVt���Pwm��?.l%�(!6|��6+w~^tU63GyI�U6Q�t-�y
I�^^}�t0Aox
5q!6|��6t/���G�J�yv�GC�	<�!6t~^y*�|.��℄�t
�yA~^yj`��tK-
n\Q�jqld2�v
PkK-�U6�.��t0�'b�%(t!��
�%hV|&CK-t�>`����%hV<|A>�?otQ7�DmRB
3Y}��o�[U6Uf%m{e��y+w3J
go�Q~^t't�!tk�a|3YI�}�U6t-�y`�fQ��oU6tk(�
Pm��t*zM�,\A�W	�� (1) =(�%hVU6M��XQ7�tD�y*C��t��)ro3b� (2) =(�%hVU6M�u%k�6?w�G�X
ur�}��oU6t/��G~z	 µm �Xo	p µm 
P�H�}

�| Go�t� (3) =(�%hVU6.v0O*�oR��h>S�eG�(svj`t'b
AQ7�C4v2� (R��G�(s) WD�+GyM*y� (4) �%hVU64*M�C.i�Q7�d%(
uM�^Ko: �=�
2 x'1G
"szEL��~%Q�|�%hVtg	�W
:dq)[<|rqhVQ�1A�(
+8Q�Nhx��0~^y�GJQt.i�Q7�
=(�%hVU6.M*r\�5St3JehV
�u1Q7�U6C(stt52�Wgo�~%t't�� ~ % Q � t � " 4 - | 1953 , ,
H.W.Babkock�X+Vt
 +V(1AY6='?1A�(rT
(V (vtQ�6�ClMUtQ�_�`3J�(�5Æ
.i�Q7�=(�%hVU6<|AyO*,01A(vClt_D�(�,0.i�Q7�t%(|C 20z� 70,k�o<$<S�w t
!`=(�%hVU6tkt�k	�.i�Q7��%hVU6
E|, G.W.Ashley e A.G.Tescher (1971 ,)�:t� Bomen I�t H.Buijs (1979 ,) �(.i�Q7�t�%hVU6+wyD

1C5t$*�A 0.03cm−1 � R.J.Huppi v (1979,) �>F6#t5j��%hV�U6+wy�
� J.C.Kemp e R.J.Huppi (1979))gyz�(5j�� R.P.Walker e J.D.Rex (1979 ,) 
fy"�6#t5j�hV�U6�
U
.i�Q7�t�(0y�er�tQ7�
:�s�$Sv
��=(�`�t�w
��%hVt���G48
��=(6+}�3�U��_$ht�w<*M��U6t�G�o`
��.i�Q7�CR��6�̂ R��E{v��t%(
�Q7�t?x��t�G;`;8�V<Fv=(�}..�AhVU6tH�{e
���rqhVtzG�36+}�H��w_$"
�}H��."8tb%4�eD�$*��

Infrared (monthly) / Vol.27, No.10, Oct 2006



M 27 T�M 10 X Q [ 43

3 u5s��:h���>x'1G-)�%hV��C.i�Q7���t%( GS�
E9t�(0�(.i�Q7�
\Ch7$.i�Q7��=(y�%hV���W��VV)<{t.i�(wQ7��=(t�%hVU6�
3.1 �+&!
3.1.1 Bomen AT< DA2 � DA3 XI

Bomen I� DA2 � DA3 U}.i�(wQ7�t�%hV=(�6hV�w
!l(VGQ1Ajt�7$Q��A>HQ��C1Y�6e�65jo
15jrbt�V7$,'?=T}+w�?�,0~^yt(s
l.\A5jrbt(s
3G�jq'?=rb�A>H+~�C�q�'?=rb3jq'?=rb+w_D$"o
A>��t���VB`
B�1B`z(A}rb
QoC_%t�dd+whV�1U6|(w>.B}�Cw>�DH��6Dmt�3Yu(1�%hVU6
M�u5j��G�(s��oS�e�oH�4/OvK-4B!6�
3.1.2 JC_Ub;Z<>G[:DBL\�V+ rh�
ft�mxG5j�
C�Q5j�~^yq=(y�m_�"�t4%h~�w�Pm4%hV�wt�|(`hVeNoFNt5j�(vt
!AxGFNt(v����Vg5jrb�CU6j��U��e�6_$h
3Y,l3�Uft��6+}�t�zUf�6tDm�w�U6tQ�3:!hVU6�"�d
45\XC0!t�U{e�!t�R�(`�b�6TQs�zeB[^0Qs�d?��_>�U���q_N 120◦ !tvw/}
:jw>(0xG2�Wth~
��>CX�E5j�d(0�U�E3J���>���3�>G�TR�	�6+}�_s
PÆ'M��b�U���S�tb%�1U6%(y GNF
4YhVza#hxq� (10min) �
3.1.3 W:Y^MV?QFR\ (IMG)

Y"�8P?U6	℄ (JAROS) 
ftG�>.5j��� (IMG) =(yC�6d+w�%hVt���PmQ7�=(_~+ZL$Kt`��6
5q=( He–Ne �Q= (1IA 632.8nm) �A>HQ8�>HQ���Q�$N 4 �
�?rt_DB�[�`�}�
,`�}�`�UU6t2B�1U6t�U��. ±0.0009◦ 
hV/�A 0.0001◦ �
3.1.4 MNa>G[=BE� V +  r h � Stewart ( h r  �
(USU 
 SR) e AFGL 
fy(0?xm<(h8e 3tR��Q7)yt>FA.i�$Q�1U6=(+~tO��5j�vw
:�%hVU6=(_>_Ot�*U6�U.�℄QOB��Mye2I_D+w�~%Uf�:ju(y���h6
(`O*�oRB�!u(yw>�67$
wO_�0~QOB�M?�
��Qoq4(�U6>|�2I+wB�/M�Uf 32 >2I�)tRB�4| 1/2>
P�Q7�O*R�e�Qv`y*|
o�t
1hVU6uQ7�tGR*q.y"ZIB�
3.1.5 UV–VIS >G[BL\qV
ft UV–VIS.i�(wQ7�|�m(Q7��!=(yC�6d+w���Ut����6C�>�dt?�$��o5j:fn
Qo�6zd��>�d?��,0H�qt4s}M*yFN�62f~^
!t�UC�6Fv?�Ae�b�6?��d3(q+w�C�%hVYOj
�Q5j:t_DB,�Ejt_>UQ6�+w'?
{rtrbH�Y6=�Q�6t?�}%��l>5j:��<`M�ro6D`
��$XMC
lt�Q'?=dro�Ayro�._�t��$X
�>5j:�>Hy,vQ8Clt�Q5jB�+Æ�1hV{e*"Z+8U6ty*�
3.1.6 JC Bio-Rad AT< FTS6000 XI�V Bio-RadI�t FTS6000U}Q7�=(y�m{rxlJtpt�%hVU6�1�%hVU6=( He–Ne �Q�A>HQ8�

Infrared (monthly) / Vol.27, No.10, Oct 2006



44 Q [ 2006 V 10 a�Q^�o+^5j�
15j��fo�C_>'?=d
�>'?=�V2Y}rb1v�U6t}�UfU6M3YUfD0�6dt_>�}H�=u_�}�rbt_D���1�%hVU6*MC5j�`�9�ewb`��=9�rq/Oy�Q5j�t~^y
.jy=f<7t5t'b
$\<7R�|I9tG�3(v�
3.2 �$&!V)� 20z� 70,k<FKR�5j���
:

:ozAO��$Kt5j�
hV��t�=(!�h6|���h6�jK9I℄Q��
ft.i�Q7�r�Æ�=(yO��$K$h���h=�6thV���d[��Pg�
ft1
A 3µm

∼ 15µm �Q7$*�A 2cm−1 t5j�r�Æ�
=(yO��$K$h!6thV���
3.3 7�,d
{t�%hVU6M[
�%hVU6t��.k�
:O�C0H�=tt�HeH�=Det����0sA.i�(wQ7�
3G�G�4t?���"h
!`�GhVU6."8tb%���V<�1%(tH�{e|�}..��}..�.�%��W�Uf/�8v*z����`
!t%q3<�}��"N^yOU
,!�AH�t8��}Dm�h6
*M��sA.i�(wQ7���Gtb%��e!�$*��H�=Det��|hVU6ktO���H�=��C457$?.l%��H�=��C�67$t*z|
U6?�7�$"�j
5j�:!7$N�
U6J�y`�Mz|�67$,0�{y�%hVU6�(r-�
�<hVH�=y��6?��?�
/�\R��P�hVU6tVGD�+�hV/��.'b
!`Pm%("f�3Gt�%hVU6tH�7$|�{C�6dt�,d��
M[
��}..�AH�=t�6�%hVU6|&CsAO��t.

i�(wQ7�~^y�%(sK-t�m"`t���
4 ��:h���>vÆx'1G-)~eQ�sA.i�(wQ7�t)z
L�ky��B8��}Dm6Adq7�t�6hVU6
:�"��\: 2 �x�

; 2 R8�V7��&iW�V7u�#%L�6��6e$�=_7$vN5jU6�
45◦ <2=� λ/8 13�M_�d6��w>'?= D1�D2(`r\?��d'?�'?=T}(`'?5jrb
jIVD!(st`��XgotDmx`�[��}hV�h6�go3JRBt't��6�^^`�?�
vNQOB(s
C'?=dro31IeQOB_Ot5jrb�AyroJ�t5jrb
&{u�6e�6t\�C?�j�Q6w
m�6=(t?��K&Qyu�O\�ClD!
/Cuhge�d�l(s��Q1^�U6Clt6wQ(�>HQ�,0�Qtlay`�5jBfI�M�ClJ�t5jrb
!`�QM��A�D�'?e5jjXt+~S��hVU6tdq7�|�B8��}Dm�h6�\: 3 �x
1U6t�"$K,#7���h6e�}H�=	N�%(j
_>�}H�=tPg)ye}�o)y%�Q�d
PÆM��X�}H�=thV/�eG�)y�

Infrared (monthly) / Vol.27, No.10, Oct 2006



M 27 T�M 10 X Q [ 45

; 3 9��~En7u�#%L�6hV���0D_'?7g
,0Dm!tdCur'?=T}�dQB$5t4D=
_DB3R�DeN^yOU�!`'?5jT8��)t_D<|'?5jT8��)tQB4D=��hVt
l't|uU>5jT8��)QBgoD=�,0w>'?=\�?rt_DB3w>'?=t�B�~^RB!�.O
!�tOUM�(W�tIw,x
∆φx = 4π

x2 − x1

λ
tan αx (1)wj
 x1 e x2 $-,xw>'?=tDe�+
 αx A~^RBDm!�n!�kgq
1IwM�,�AIw

∆φx = 4π
x2 − x1

λ
αx (2)!`
M�WAw>'?=\�t_DB3RB!N^yOU�nw>'?=t�B��q
Dm!�t
h`C�y_DB|&X

0M?xt ±π ����'?=�BM�~n�H
�BhM�I�?x/�
my�g?x����B$gMI�?x��
my�x?x/�
�Cuy�'?=Sft℄f�_D+It�"7g|
A>d
7g�Iw>dC��Bft'?=
w>'?=#�.��Bftw�5jrb
w�rbt_DBX0 0◦ ∼ ±180◦\�
�_DBt`zsA}�rb1?mXgo+wUf
�"D�Y:\: 4 �x�1UfU6|�>��UfU6��6C?�YOjy�?m!�t'b
:^^?�tDm!�|��t
&{�Hh~t��`0���?_D
+�UfDm!�PID |G(tUf��
�.�l�J�y`�MIy8t*z
mCr�D�YOj
�6t?�(s�. ^y�q(yv4O�!�
GTt PID��(�r\.jUf
z3:!Uf��\$p��~%v��_$h
�r\.jUf��f�h~t��
"�%hVU6|Mwt�

; 4 V7VgZ;
Infrared (monthly) / Vol.27, No.10, Oct 2006



46 Q [ 2006 V 10 a
5 �#Bg	deV)<t%(r�M[
�%hV��|&CO��t.i�(wQ7�~^y�%(sK-tMw��
m���sA.i�(wQ7�t�G
u.|�K-z�&C
n\Uf��tf���}..CxGWtH�y*�8�Dm6tb%4�e$*�t+8v�
oz��"t|
%(�%hVtA+|�6H�Uf�Q7��o$Ktk&{go��t/�
�%hV|C��t/���)
�g!�tÆq~^y2!+wrqhV� � .0
[1] Norman H Macoy, Hal Broberg, et al. Dynamic

alignment design and assessment for scanning in-

terferometers [C]. SPIE, 2832: 126–154.

[2] Takayki Yanagisaa, Tomohiro Akiyama, et al. Influ-

ence of vibrations on Fourier transform spectrometer

[C]. SPIE, 3221: 429–436.

[3] Haruhisa SHIMODA, Toshihiro OGAWA. Interfer-

ometric Monitor for Greenhouse Gases (IMG) [C].

SPIE, 3221: 110–120.

[4] R Stenzel, W F Bluhm, et al. UV-VIS Fourier Trans-

form Spectrometer with Automatic Adjustment [C].

SPIE, 1575: 236–237.

[5] Ralph H haycock, Brent Bartschi, Hoa Nguyen. Au-

tomatic alignment technique for cryogenically cooled

interferometers [C]. SPIE, 364: 30–35.

[6] H Sakai, T C Li, et al. Study of atmospheric

infrared emission using a balloon-borne cryogenic

Fourier spectrometer [C]. SPIE, 364: 38–45.

[7] O_x�/j�)xR8��	 [J]. n=� 2002,

(7): 4–7.

[8] 1p �/j�)xR8���&iWV7u�;
[J]. n=� 2001, (12): 1–11.

[9] 1p �/j�R8��&iW�	u�; [J]. n=� 2003, (2): 18–23.

[10] 1p �`E����7��&iW�	 [J]. R�0�EP� 2003, (10): 448–452.

[11] r�H�w� XX �i?\_(����
Y�; [R]. kL:e\�	Qh�� 2004.

[12] 1p �/j�)xR�7��&iW�	�;
[D]. 2y
H�kL:e\�	Qh�� 2003.��������������������������������������������,-6��JCH US7076088� 2006 K 7 ` 11 PSO	D&lFi�C|��*.p��o℄�D�l9��L&)k�4ZC|���U�N�z'}'eD2ZC|uS9%����buuS9%����}m)1Ru (℄j��1?) fUGu (℄UG�A���w ) �}fC|�	aC|�
u�"a�Ut8C|u��=[s!Hp����#�#,H�n-n=C|��V7�2V7}4Z(�-U/88�iu-n=)iaP�U/88}'eDC|Qiu�"+9Z�K0rZ��2ZC|uUt��=�"v+s.)1C|u*�;|ue

D���#ym�#�J 26 ��;k/ 12 LA;�

� 9℄
Infrared (monthly) / Vol.27, No.10, Oct 2006


