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Study of Nonuniformity Correction and Filtering of
Infrared Camera for Air-sea Interface Observation
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Abstract: To measure the air-sea heat process in a small scale by using an infrared camera is of great

scientific significance. However, the imaging nonuniformity of the uncooled infrared focal plane array used

in the infrared camera has severe influence on the observation of sea surface temperature distribution. By

using the calm water surface as a blackbody, the nonuniformity of the infrared camera is corrected and

the stripe noise is removed. By comparing the Normalized Mean Square Error (NMSE), signal-to-noise

ratio and standard deviation of the images processed via different filtering methods, the Gaussian filtering

method is found to be more effective.

Key words: air-sea surface; infrared camera; nonuniformity correction

0 XY
����������Æ���	��



�������	��
��������

��������������
�
���

���Æ���	������������

��	�����Æ����
��
���

�����������
���������

��������������������

���
������������
����

����	����������������

�����
� ������������

!�
��"���

���������� �# $�%�

B�CD�2012–04–16

EFGH�IZJ (1986-)�[�\KL]^�_`aMb�cdNeOfPghijaM&E-mail: hzh 1211@163.com

Infrared (monthly)/Vol.33, No.6, Jun 2012 http://journal.sitp.ac.cn/hw



k 33 l�k 6 m � � 23

�� /!��

'( /")� �*+� ,

,����#�Æ��#-�.$Æ��#-

�.��/Æ���0��������  

�����Æ����������%1�


�� �!�������"
2
#���

10 µm ��!$���� [1]( ��&�3�"'

�
%4�) ����&���&�'((�5

���������#6���)*#*$�

�7� 8�$&�3�"'�#�$��'


��������������������

�'��%&�&�3�"'9�)) *�

�'(� (�:
)�'(�# 0.1 ;'�) �

%�Æ+*���&))3<.
 +=


��,>�!��?,++�,-@./-�

�%���� #��0�,.�AÆ!�+*

���B���1/'�#2��"3���

�-���0."3�C!�01���,2

����# 4(3#��&�5/4��'


��
��D"3�$0����Æ?��

�%�Æ+*���&3��%1/%�

<&61�5'�����������

� �&���&%1/%(6�-)# (%�

�E72�3F�2�4G)#�H ��) �

'7588*���������#6�

1 QÆRnSToUV
&���&Æ� ��������91

���5+I�,$:6J7C��5/�9�

-
:9��5/�%��72�%�;�3

F;�����72�� �9����

1.1 <W=XYZ

���&� !���5/!����5

/
��K/�.� (</>�?�) 5/��

�!# "@����5/,7B#A3��

�L0 [2] ,

L
λ

= τ
λ
ε

λ
L

λbT(sea) + τ
λ
ρ

λ
L

λ(sky) + τ
λ
ρ

λ
L

λ(sun)

+L
λ(air) (1)

0�� τ
λ
,��481��Æ ρ

λ
,��48K

/�Æε
λ
,��482/�ÆL

λbT (sea) ,���

��=�485/9�Æ L
λ(sky) ,.�485

/9�ÆL
λ(sun) ,/>485/9�ÆL

λ(air) ,

# "B��@���.>�485/9��

1.2 [\]C^DYZ

&�3�F$�2��5/�?:@��

��&<;��72�Æ<��"
�?:�

��%�Æ+*���&��72�'#,3

472���72=5����3472%�M

N�72�>?72,����72Æ!+*

�E@�%1/%F3��3472�'�'

O�4G"@'5F��A)��72GA�

��+*�E@�
(6#5F�
���-

�6B1Æ! ICI73207&���&#BC��

DP��������7EC8H9Q�%&

C!��� 1 @D$&���&�"
%AI

)�

_ 1 ICI7320 `abcdefghijkl

ICI 7320

:RDE; ÆFSGJFHGH

<KTU 8 ∼ 14 µm

RIIV ±1 WJ ±1%

JKLV 0.038 W (25 W)

=> 320 (H) × 240 (V)

?XK 22◦

2 mnpqrsoptq
2.1 rL\]CÆM

%�Æ&�+*���&%&�6���

9"
�72Æ�E72���N�&�6��

37L��
Y3F�E72M@�!��E7

2Æ!# "@���-M����F3��

��9����# "�
%1/%(6�!

����-M�L!���%1/%(6�#

)*)(6�O'-(6=�N����*)(

6#%��+(6#
=+(6#�$+(6

# [3−6] ÆO'-(6#"
)*�4G"
O-

AP)#'�N�7O�(6# [7−9] ,�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.33, No.6, Jun 2012



24 � � 2012 � 6 �

PQ!��� �*Q�' (�9���3

�����) �<&8��+(6#��PY-

R�#B$ÆS&��
%&����#61

/�=��Q5TR@# "�S�,N:S�

Z��C# "�
)*�!U
# "��

-M�[\��ÆV2Q5TR
# "�S

�,N:S�Z��C]
"�
)*�!U@

# "��-M�[\���PQ!# "�

%D%�-�%�
;�QTB^ �)��

�R�=��
(6�#E�
�9��_��

5/�, 0.98 ��'@RFS�=�Æ��T

U9��9������'@S�Æ1/#6

�����'`*T�9�S���#61/

�=��6 1 ,9Q�TU9��&�6� (E

�, 22.1 ;���G�, 61 %) �

H 1 ICI7230 ;UIJ=VWXaWJGVKHX=

!�&�4$LM�����6 1 �N�

W29��9Yb ����-ÆQT���#

 "�,N:# "�'cZ2�Y4$O-�

?:�X�(6Pb�<&Q56 1 ��P 160

�@�� Y160 �P 120 �
�� X120 �,N:

S#�6 1 ���C��S�
(6�

Q)D@(6YE V 


[V1V2 · · ·V320 ] = [Y1Y2 · · ·Y320 ] − Y160 (2)

Z

T ′ = T − V (3)

0�� T ,6 1 ���YE� T ′ ,3F@%1

/%���YE�V2)D
(6YE H 


[H1H2 · · ·H240 ]
−1 = [X ′

1
X ′

2
· · ·X ′

120
]−1 − X ′

120
(4)

0�� X ′ , T ′ ��
�[\�(6YE M ,

M = V + H (5)

��B6 1%&�����EG6��R�

�'��(6YE M �
(6�6 2 ,#��

��
G��'
�ES# 2.5 m/s �%&�9

�6����Z6 2 ���YEX3(6YE

M ��'C!(62���YE ([6 3) �

H 2 \TU 2.5 m/s VaUIH=

H 3 ]dWe[^]aUIH=

2.2 s\]^_t

(62�&�6�H2@6�X_C$�

R��'^`fJSDGC���#6�YV

Infrared (monthly)/Vol.33, No.6, Jun 2012 http://journal.sitp.ac.cn/hw



k 33 l�k 6 m � � 25

��(6�'3F��A)72�AÆ��34

72a-��C4G�#@'3F�

<&Q51S4G
�S4G
*Z4G�

�G#[,N54G�#�Z8� 3×3 4Gg

b�
#[����1S4GÆh7�D%4G

�#Æ�S4GÆ91��%D%*_+IÆ*

Z4GÆ:9*Z`��\�#QTcS�D

%*_4G"����3FaY64#6�72

Æ^)O����6�#B��1�i]d1S

e>*Z`��,*_4G"��`��L0

,

g[i, j] = e

−(i2 − j2)
2σ2 (6)

�G#[Æ�5$��"3#[�#��

fa$j�bg`��A*#-��^_�Æ

�#c�#["3�dh�a�#["3�X

e�<&Q��Æ db2 �G�i]e>�G��

ÆZ��i]"3 (6�) CAb�#f,R`#

� cA
j
�Xe"3 cDh

j

 cDv

j

 cDd

j
(#/,9

*�a
k(�a��W�a) �

4G�#�+i�'��4G26�c�

�*.#jl�6�c�� �)"�kb�

l�kb=5N/�<&Z#/Y�=����

N54G�#�
#[�

(1) l�mg

<&8�h��1�Pb (Normalized Mean

Square Error, NMSE) 
"7H�):64#6�

�):b σ 75I) ([� 2) �4G6��


mg�#� 2 ��'SD��� NMSE �"7H

I)�*Z4Gnc+��Ci54G�#�B

n*Z4G�[8%H jÆ db2 �GP7�

#fRF#��"7H,kS��n�d8"3


���2"3
��N54G�#� σ S�

b���AmH26� σ S��Bn4G!6�

�C8@*_$�6�f[�
l$�

_ 2 uvwdxy_

nomH=

db2 eTpT db2 eTpT db2 eTpT
WH ndpT edpT ofpT

omfo ��ppgqI �qppgqI �qppgqI

NMSE 0.1594 0.1701 0.0307 0.1352 0.1717 1.9064

h[r (db) 7.9752 7.6931 15.1293 8.6912 7.6515 –2.8021

σ 0.055 0.046 0.047 0.049 0.048 0.045 0.044

(2) "�mg

6 4(a) 
6 4(b) 
6 4(c) �6 4(d) #/,

^�-�2@6�
�S4G2�6�
1S4

G2�6��*Z4G2�6����B(66

��
�H�'2��6 4(b) �6 4(c) �*_

�B�H� j�AÆ`i�
l �Æ6 4(d)

�*_%��H�H26)�jr���`i�

s)nc�
l�6 5 �k, db2 G�7�#f

RF#��Y6 5 ��'SD�lg#f���

0@�6�*#**_���`i�*#*.�

3 zu
<&�r9��b���+8��+(6

#�B=+�$+(6#�H��P���'X

ts)����t�'*�#Ush� 8H�

�
*�(6�'3F!������]
"

ui�
�Pb�Y�j*(6u�����N

54G�#�
#[�R�2�*Z4GÆ�5

�� j�4G+I�!�<&Æ#*HE9

Q�Mj����8,vk��7� t)^

���t���

4 vw
<&�*H��C!$BC��DP��

����wlvm�noI��#��kmo

�
pÆ��t

p�nxw$qo>rsx

yp��u����t����4$# 8H

LMv�<R&� q�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.33, No.6, Jun 2012



26 � � 2012 � 6 �

H 4 (a) wx�aWJH=� (b) edpT]aX=� (c) ndpT]aX=� (d) ofpT]aX=

H 5 db2 eTaqpqzUIX=

r{>?

[1] Christoph S G, Hagen S, Bernd J. Estimation of Sur-

face Flow and Net Heat Flux from Infrared Image

Sequences [J]. Journal of Mathematical Imaging and

Vision, 2003, 19(2): 159–174.

[2] Jin Y Q. Multiple Scattering from a Randomly

Rough Surface [J]. Journal of Applied Physics, 1988,

63(5): 1286–1292.

[3] Schulz M, Caldwell L. Nonuniformity Correction and

Correctability of Infrared Plane Arrays [C]. SPIE,

1995, 2407: 200–209.

[4] yst�zu{yUI:RuvaGnvwxwy
z�� [J]. |}, 2004, 25(11): 21–27.

[5] {e|yUIHGH:RDaGnvwxwxyz
z{ [J]. |}, 2001, 22(6): 1–7.

[6] y||�z}~y}z{|}daUIHGHD~

Gnvw~�xwyz [J]. {~�|, 2002, 31(6):

715–718.

[7] Scribner D A, Sarkay K A, Caulfield J T, et al.

Nonuniformity Correction for Staring Focal Plane

Arrays Using Scene-base Techniques [C]. SPIE, 1990,

1308: 224–233.

[8] Scribner D A, Sarkady K A, Kruer M R, et al. Adap-

tive Nonuniformity Correction for IR Focal Plane Ar-

rays Using Neural Networks [C]. SPIE, 1991, 1541:

100–109.

[9] �}}�~~�y���a}zX�aUIH=G

nvwxwyz [J]. |}, 2006, 27(3): 13–16.

Infrared (monthly)/Vol.33, No.6, Jun 2012 http://journal.sitp.ac.cn/hw


