
� 35 ��� 5 � � � 7

����� 1672-8785(2014)05-0007-06

���	
��
�����

�����Æ���

��� ��� ��� ��� ��� ∗

( ����������������������������������� 200083 )

��	�
��	 (8∼12.5 µm) 
��

������������	�����
��
��������	�������� !"�� Sofradir �#
 320×256$�
HgCdTe
��	
��%�� MARS VLW RM4 ���
&'�() 7.7 ∼12 µm	��

*+��,�-./0�123�4� 5�(!"�67"*+ 5�() 250∼330

K 
-.#89$ (Noise Equivalent Temperature Difference, NETD) :� 50 mK 
;�	

%$23	<&
��'$�
&'=
�>?"@A�;�	%$23
���

���B ���C("��)D"!
���
B *��E�	46FF!��B
 8+G�H,"!��IJ�-.67���)D"!
K+L67MN
9/0
O	

��	�;�	
��Æ;�	%$23Æ)D"!Æ��E�Æ���
B 
12
3�� TP311.5 45�67� A DOI: 10.3969/j.issn.1672-8785.2014.05.002

Key Techniques of Data Processing for Cooled Thermal
Infrared Focal Plane Array Imaging System

WANG Xiang-bo, CHEN Xiao-wen, LI Chun-lai, JI Hong-zhen, WANG Jian-yu

(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: A long wave infrared (8–12.5 µm) focal plane array can not operate better than medium

and short wave ones in many respects. Its non-uniformity and blind-pixel problems are quite serious.

A MARS VLW RM4 320×256 HgCdTe long wave infrared focal plane array detector with a wavelength

response range from 7.7 µm to 12 µm is imported from Sofradir Company in France. On the basis

of a high frame frequency and low-noise information acquisition system of which the dynamic range is

calibrated, a thermal infrared imaging system is developed. Its dynamic range is from 250 K to 330 K

and Noise Equivalent Temperature Difference (NETD) is less than 50 mK. According to the response

characteristics of the pixels in the array detector, the non-uniformity and blind-pixel correction method

suitable for thermal infrared imaging systems are studied. A non-uniformity and blind-pixel detection

method based on radiation calibration is put forward. The experimental result shows that the method

is better than the two-point method. It is easy to be implemented in engineering. The result based on

radiation calibration is useful for more precise temperature inversion.

8
9:�2014–03–27

�;<=�>P?@QARSB (863 SB) TU (2012AA121102)

CD���VWE (1989-) �X�FYZ[\�]^_Æ`�"a_ÆbGcHdefgdIh�JiKL@Q�
E-mail: wxiangbo1989@gmail.com ∗ jk#l E-mail:jywang@mail.sitp.ac.cn

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.5, May 2014



8 � � 2014 $ 5 %
Key words: thermal infrared focal plane; thermal infrared imaging system; radiation calibration; blind

pixel detection; non-uniformity correction

0 mn


�	��� (8∼12.5 µm) 	��	��

�������
�� 300 K �������

�
	�����
��
�
��	�	�

��
������
���
	����



�
���������

��������

������
����
������
��

����������	

Æ�
�	������������

����� ���� 	��
�!!"�

�����"���� #�� �!!"$

#���#Æ�	�#�����$%%�&

���$'
	�&��%#���&���

�' ((")	*#+,&-"�	�#��

���.-$��$�#��)%�	���

�#����%Æ�
�	����#���

��./�&	*'+�,(0�*1 863 ��

*�'�	�Æ&�#�(2- 3��,!.

�*#)4)/* Sofradir 5"*0� 320×256

!�+#�	��*��� MARS VLW RM4 �

��$6+�
+, 12 µm  ,	

&$7�Æ--1..%&8/���'

/(Æ�
�	�#���	0%9�!��

$���.0���	�#��!!23 
(

#��)1�*:41;+�,�7�
	5

��(#��)1�!!<�"/�6%���

�7-=�4./2	

1 oMpNqrstu

7� MARS VLW RM4�+#�	����

����#���304&�>1
�����

�
�+3
���2893
%?4193


*::@5A��2-3�;441���6

# [1] �7�BC 3 1 �4	

5 1 5D6<789E5

MARS VLW RM4 �	�������#8

@#���=:�+3��$�
>;� 7.7∼12

µm� 3 2�4	?9289<�68���2

��=36.4�78Æ=379%?��FG

�
:8?9H@4;, AD �F A/D :IH�

FPGA�>#6-
<=A?�Æ@J PCIe–6537

K�;4B,
3>��4.3�A4
CD

�41	���2��L��0+?�#��� 5 2 MARS VLW RM4 E�?B;@C

Infrared (monthly)/Vol.35, No.5, May 2014 http://journal.sitp.ac.cn/hw



� 35 ��� 5 � � � 9

4�3�--<Æ+F 200 - /s 	9(#��

���
 3 3 �4	

5 3 5D6<789��5

2 NqrsOvPwQRS

#���8D>;��5%@J%&8/

93=>�:8�?9A4;
	@�B�5

���4� DN ?>;E�CD>#�	

MARS VLW RM4 @ GAIN1 - GAIN0 EA

=>78	@J289<68A���2��

GAIN1 78	�
78F����4��79%

?�79<>;� 1.6∼4.35 V	M:G>;+H

I68%?4193�=>-:8�A%?5

A/D �4;9<>;CD	

65�	�#������8D>;�

250∼330 K �
>;JN)�
�
	����

�
�	!GH0F5#����L��0�

@(,ÆL��0
,Æ#����%.K�

)L��0JÆ�������8D>;#�

4�%L-	�I�M2%.K-��=��<

B#����L��0J� 300 µs 	

L��0F5HNCO'	%#���4

.HI
	5��8/!PNI��O��D�

EQ�3��@J<K+P/E�9RF5QG

#����4� DN ?5&�>1;L4
	

@�B� (R
 W/cm2) F0���S�HE�

DN = a1φ(T ) + b1 (1)

Q��
	@�B� φ(T ) +4IJT58S

��

φ(T, λ1 ∼ λ2) =

λ2∫
λ1

c1

λ5

1
ec2/λT − 1

dλ (2)

�A���4�T�K� A/D �� >

;�UK� ..�/H?993�=>5:

8	JG��8D>;Æ1U�%$� AD � 

?�V� {
DNmax = a2φ(Tmax) + b2

DNmin = a2φ(Tmin) + b2

(3)

+F5(M���4��$HE�

DN = a2φ(T ) + b2 (4)

M:8 (1) -8 (4) ���HE5(MHE�+

SB93�H=>�'@=>� a2/a1 V	CB

R A/D &L�9<� S��

DN = pVin + q (5)

8�� Vin �FJG�
:8H�%?V AD �

4;9<�DN �4�*H?�+N�93O�

:8$�

B2 =
b2 − q − a2

a1
(b1 − pB1 − q)
p

(6)

8�� B1 �?9G�93:89<	

?993=>-:8HC%#���4.

+.
	5��F5������$HE	MP

FI(�J/H4.!.?9-�5�<B�'

/(��8D>;� 250∼330 K �� 300 K ��

��F�� NETD K� 50 mK ��	�#��

�	

3 oMpxqy&QTzUV
3.1 WXYZ[\

FJ8D>;�5�� �� ��!�

250∼330 K ��>;#�4�5&���;L

4�
	@�B��1QSE�S���E�9

RQS�+F 0.999  ,	)NI�!��$�

�NI� 3 4 �HE 1 - 2 �4	�#�
K

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.5, May 2014



10 � � 2014 $ 5 %

F����9�!�4�QW���LW%	�

����(#��RS	

XGF��	����/C�&��(1

(�!	5�T�!QK��4�NA:ÆX:

1�MY��L-4�9<4	(1(�!��

$O:1��$HEE��W� 3 4 ��HE

3 - 4 �4	L���!V�!!���	�3

���'�NA�ZOXPO��#&�3�

�
	

5 4 7MB;UV@C

3.2 N]^\_`OP

(#��)1%	�����.�Q�K

�!�RS	(��(#��)1W/30J

NER�7�[Y
	E5��W/-7�\'

�W/ [9] 	

7�[Y
	E5��W/@(%@J%

M�NI��O�#�Q�
	E#�8/5

�*:�C45�*:SB9�!�)1[*�

A�@�!��$��$�I/XHE�	L

RW/�2-,�FSB���$�	7�\

'�)1W/NH05��6�+Q0$���

�$[*SR�T$�%���(#��)1

W/�30�.$U	\'/
ZM23��

A4���)@(�V�\'�S8��[W\

3����=�	4��	�#��$�\R%

��=�0X�Æ�A�5�/]^R0	

 EO5�/�Y�%8D>;#Æ1E

P��O T1 
 T2 ��D�EQ�#�	���

] i 
 j �!�4� DN ?� DNij(Tk) �%�@

�!X�#S�

DN(Tk) =
1

M × N

M∑
i=1

N∑
j=1

DNij(Tk)(k = 1, 2) (7)

] i 
 j �!FEO/)1H� DN ?�

DN∗
ij = Gij × DNij + Oij (8)

4Æ1E��O�5�*:+S)1=>

[* Gij -)1:8[* Oij �

Gij =
DN(T2) − DN(T1)

DNij(T2) − DNij(T1)
(9)

Oij =
DN(T1)DNij(T2) − DN(T2)DNij(T1)

DNij(T2) − DNij(T1)
(10)

EO5�/TYZ)EO�5�*:��

K8D>;#�Q�!�$HE�E���_

��+ SB�_�(#��)1B`�)��

�>;'��)1Y`['W	&$A�)/

A!O5�/�7��	�#����$�


1UV�M:���
	5�B`4.)1	

8/8D>;#!PNI��O��D�

EQ���	�3��%&���;L4�


	@�B� φk 5��4� DNk �S�4.<

K+PE�9R�SB9�!����$��H

E�

DNij = Aijφ(T ) + Bij (11)

M:9�!��#�$T$�65/X(M�

$HE�

DN∗
ij = A∗

ijφ(T ) + B∗
ij (12)

�A�@�!��$HE�$�
(MHE�

)1=>[* Gij -)1:8[* Oij $���

Gij = A∗
ij/Aij (13)

Oij =
AijB

∗
ij − A∗

ijBij

Aij
(14)

LA"/WKaÆ��	�����$�


1UVF,�XR)����8D>;#�

!O
	5�*:��)1�H[*&�SWb

R�%��2-����'	�
	5���S

�[*+�����!!
8�<�	

Infrared (monthly)/Vol.35, No.5, May 2014 http://journal.sitp.ac.cn/hw



� 35 ��� 5 � � � 11

3.3 aXYZb[\OP
M:	����*���5V�!!JN

Z�!-J��!	Z�!��!�$OK�

�#�$O 1/10 ��!�J��!��!..

9<���#..9< 10 V��!	BR!!

�5V �G$��[�!!�$���&$

7�!P[*%�	�����!!�
84

.<�	

7��$O�!!<�%M:
	5�E

�9R�B`8 (11)  �$HE\O A �[^

�D�	4�!!�$OK�1(�!�\,�

c�]GM@
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