
� 38 ��� 6 � � � 19

����� 1672-8785(2017)06-0019-05

���� 2∼14 µm ���	�
�

���	
��


�� 1,2 ���� 2 �
�� 2

(1. �������������� �� 266555 	

2. ����������
	
������� �� 266555)

������������������	
����
 !�"�#$
%�&'
(�������)*
+,-.�/��0��
���1�������2345
67�89�1�����:;�<=�>?�45��67
4�@������
A9B1C�D���E�456F�GH�I
�J�����E�K� 1% �

 !�� !�"�#$���������
�����
"#	$%� TN216 &'
()� A DOI: 10.3969/j.issn.1672-8785.2017.06.004

A Wavelength Calibration Method for 2 ∼ 14 µm
Infrared Spectroradiometer
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(1. Science and Technology on Electronic Test & Measurement Laboratory, Qingdao 266555, China;

2. The 41st Research Institute of CETC, Qingdao 266555, China)

Abstract: For a high resolution wide waveband infrared spectroradiometer based on linear variable filters,

a wavelength calibration method is proposed. Firstly, the initial wavelength is derived theoretically and

the linearity of the linear variable filter used is corrected. Then, the wavelength correction is carried out

by the characteristic peak matching based on wavelength reference source so as to complete wavelength

calibration. Finally, the calibration accuracy is checked by using a laser. The result shows that the

calibration accuracy of the proposed method is better than 1%.

Key words: infrared spectroradiometer; variable filter; wide spectral region; wavelength calibration

0 LM
���
��	���
�

���	

��������
�
���������

���
�������
��
�����

��������������������	

����
���������������

���� �!�"������
��	�

������
 !����#"��$� %

#��!"�&$�#�#%��'�$��

��
��	($���%)�&'�*(�

 
)�!"�&�'����'�
��'�

�
(+)�#%,$-%&'����
�

*+,-�2017–03–16

.Æ/0�1N2OÆPQ3RSTUVWX (9140C120301150C12057)

4567�YZ[ (1986-) �\�]8^_`�a9b�cd:ef12ghi;j<kl*
E-mail: jiaqing@mail.ustc.edu.cn

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.6, Jun 2017



20 � � 2017 � 6 


�*&��&�'�����
���*&�

�&���.*������
 !��Æ+

+*�,-+'
"���&�'��&$�

,��' [1−2] �

1 m=>nopq?rs
/��-�% !�(�����
��

	$)0.*1.+,��
 �+,���

�*&/
+,��-.-�*&0%+,��

.-���/+,�/1 02 (��1022

1) ��������!)0.*1.��3


�010%34"2���43�5
 34

637�5 �
�$67���83�67�

��58���9!�36��7:6��A/D

4;�*&0%3
52%������
��

�*(/6*&�8*4"�&�'����

'
8)�������
��*&�9��	

4,!���&9 2 ∼ 14 µm ����&��


 !�9 2%��
��#"9 0.1 ∼ 10 4/<�

���
�����

2 t@upvApqBpwx
637�5���:;�,7:8;7�

5
Æ��:<�==>>�?"9<�?:

@;<ABC=
=)7�5�4@>!�&

�"�A>Æ3'�$�D�B??%,!7

�
C=637�5�@����&,+:"

@D���&�EE [3] �AF
�
 ���/

�F@5637�5A8�?B�,!���

&9 2 ∼ 14 µm ����&��
 !�9 2%

�(��%G" � (22 2)��%G"GH�

-�CHD
637�5IEBH
=F��C

74"Æ�&3'?:G�,HI3�D6J

4)��&C73'�$��
I�,!F�

���
 ��$I3JK�K$�
���

�JELI3�M0�9�N7KOIEL
F

ÆLE'EJELI3�$2 2 4F
��
�

���>
F���637�5G�BHPQ

��MGR
JGH�-�BHS"��
 

��&HT2M>Æ���AF)�!"NI

�*�BN�OO
(+K$EJHT�*�

OP��637�5K�QR���LST#�

�-.-G"�AU�MN
���
�&�

%UO�,$OHTP�V#
W�)�HP

�&�'�

3 pq?rsA=CDEFG
Q�(���
��	�:<
QX&$

����&�'?R�YZ
4"%UOOK

$GH�-�GH*W����
 �LE�

&
��637�5�M>ÆHPRS� 3/

�:TS�TRRSLE�&
K$@U��

&�@3D�V��RV�'G"�

3.1 HIJKLWMXYNZ[

M��
��	��-��[	
4"%

UOO4K$CH637�5BH�GH�-

�GH*W����
 �LE�&�

\ 1 W]X^U_YVX\Z[\

Infrared (monthly)/Vol.38, No.6, Jun 2017 http://journal.sitp.ac.cn/hw



� 38 ��� 6 � � � 21

\ 2 \]]W^X`VX^XX�(a) ^_\	(b) _a\

\ 3 ]W^X`V��YZ \ 4 [b`abVc\

3.1.1 OPQRSTUVWXY
`a�637�5�d"�&�d�I3

b]9�bcHT4+,�c.2>Æ�
Y

Z��&	���637�5�>Æ"
��T

^_d��637�5G� 60 =I3�2 3 W

e9 3 5637�5���1d�4�e$
6

37�5P�M>Æ!e�!��
QX&$�

��M�@=`aff�637�5M>ÆR

SNR�YZ
$B (1)	NM>ÆRS�*
 

3D�B (2) HPM>ÆRS�2 4 We9M>

ÆRS�T#�1dbg
4"/�`7M>Æ

RS�*
J4FRST#.-� 0.1% �D�

Δmin = λmt −
n∑

i=1

ai−1 lngi−1 (1)

λ
NLC

=
n∑

i=1

a
i−1 lngi−1 (2)

B>
λ
mt
9,��&*f�lng 9���d�I

3b]9�bc*f�a
i−1 9M>ÆRS�*�

λ
NLC

9RS�&�

3.1.2 Z[\]^_T\]`abcTRde

Rfghi

2 5 We9�
����LF���63

7�5G�BHPQ��F�cBHPQ�d

h9 R
637�5�g&"9 L
637�5

�>!I3���JELI3�VhS9 θ 


637�5G�F��c���7�5>!�

VhS9 Δθ (g*�cBH?:�Vh9S


ei9f) 
iF��cb637�5]9�b

c D 4$B (3) K$�

D =
L

2
+ R · sin(Δθ) (3)

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.6, Jun 2017



22 � � 2017 � 6 


\ 5 ]W^X`hVXgjhÆi

!M>ÆRS�7�5d�I3�%UL

E�&9

λ
cal

=
n∑

i=1

a
i−1D

i−1 (4)

j'�GH�-CH637�5i2�7

��
k4�jW���gGH*9 N 
��

�gS"9 2π 
iCG��S"9

θ
sp

= 2π/N (5)

�637�5�d�I3G
��GH*

(H6�JELI39GH	*L<) 9

n
θ

= (θ + Δθ)/θ
sp

(6)

4"klB (4) �B (6) 4�K$GH�-�G

H*W����
 �LE�&
FLJ4)

����
��*&�LE�&�

3.2 jkllmnmopYNZ[

`a�GH�-m%�GHT#�d�I

3�'IT#�����QR ($��[	+*

nF�
>I3kh) ��-LiT#���o

���kh�jnp2%U	NOVcq,�

&
AF)��LE�&HPRS
�K$Sl

�&�LE�&RS���,Vm>i2
��

�K$7�5�4@>!�&�d�I3��

������,Vmk���
'�?Rlo


>m?R�C7
KOR�:TSn3R [4] �

p&qn – To'r
:TSoSRD���

n3�pW58���n3

dr:'�n

3SHP'�
#%4�+`
>p�
>
(

8�=�st?8�+< [5−6] �AF
QX/

�:TSoSR�LE�&HPRS�Q��

��
��	�(����
d� HBr �CO �

NH3 �9�'M0 (22 6) �

4 =CDEyz{B|
2 7 We9���
��	�&�'�,

VL3�#p��' qqD�

(1)  ���L% HBr �CO � NH3 ��p

\ 6 rsrsVtu^

Infrared (monthly)/Vol.38, No.6, Jun 2017 http://journal.sitp.ac.cn/hw



� 38 ��� 6 � � � 23

\ 7 W]X^U_YYZsrV��_s

n3t�n3
�

(2) drvu�n3
:TS
�FÆ�M

0OHP�T�

(3) M�d'�n3
:TS�,�O�M

0O (2b 1)
D�B (7)	NRS�* a� b�

y = a · x + b (7)

q 1 rstuTvwhi`x

tubsu wtv\uv ��v

1 3.8119 3.8326

2 4.0437 4.0652

3 4.5914 4.6230

4 6.1500 6.1685

5 8.9116 8.9095

6 12.0387 12.0359

(4) D�RS�*RS$%U	NK$�L

E�&�

(5) �&�'3
=� 3.39 µm � 10.69 µm

V����&�'G"HPRV (22 8)�1d

bg
QX?R��'G"+� 0.1% �

\ 8 vXxa�Zw�(a) 3.39 µm 	(b) 10.69 µm

5 }~�
p&% !�(���
��	��')

�
QX&$����&�'?R
��ÆHP

�,VVw�1dbg
QX?R��&�'G

"+� 0.1% 
iy+xyx����9 2 ∼ 14

µm ����&��
 !�9 2% ����


��	��')��HL
9?R�zz
��

#%�'�+`&'�

yy&'

[1] Joseph S A, David L S. The Infrared & Electro-

Optical Systems Handbook (1993 Edition) [M].

Washington DC: ERIM/SPIE Optical Engineering

Press, 1993.

[2] Dario C, Amir G, Robert A B. New User In-

terface and Features of the SR 5000: Revival of

Infrared CVF-based Spectroradiometry [C]. SPIE,

2004, 5431: 46–56.

[3] w{�{x|�|}~�yz{X^|}b`]W

^X`V�z [J]. z{{|, 2012, 34(7): 72–75.

[4] Robinson B F. Performance Evaluation and Calibra-

tion of a Modular Multiband Radiometer for Remote

Sensing Field Research [J]. Technical Symposium,

1982, 308(6): 146–157.

[5] Wolfe W L, Zissis G J. The Infrared Handbook [M].

Washington DC: The Office of Naval Research, 1978.

[6] }~}z~|}~{|�� [M]. ~���\�Æ

��2010.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.6, Jun 2017


