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Imaging System with Polynomial Fitting and MATLAB
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Abstract: The normalized noise power spectrum is a function that appears in the definition formula

for the signal-to-noise ratio of an infrared imaging system. It is seldom mentioned that how to solve or

obtain the detailed expression of this function in references. A practical method for the estimation of

normalized noise power spectrum of an infrared imaging system is presented. It is based on numerical

approximation and can be implemented with the polynomial fitting function and MATLAB. The method

is simple and easy to use.

Key words: noise power spectrum; polynomial fitting; numerical approximation; infrared imaging

system; MATLAB

1 ��Wm�%%�	j�+X�DA� [1]

SNR =
D∗P

A
1/2
d

[

∫

∞

0
s(f)MTF 2

elec(f)df

]1/2

=
D∗P

(A
d
∆f

n
)1/2

(1)oj�D∗ �b:o��/�P �℄W��I_:T℄/�A
d
���I5t� s(f) �b:

oXh℄/F� f �l|E/� MTF
elec

(f) �As+g*��	:+?fv� ∆f
n
�Xh<(2���H�oZ'

∆f
n

=

∫

∞

0

s(f)MTF 2
elec(f)df (2)Wm~j� ∆f

n
r:X�y{r�):)e [2] �6W= ∆f

n
:M���I\jy{o (2)j:b:oXh℄/Ffv s(f)^:���W��jz`I�v����a*:l$G MATLABiJ$oAkO� s(f) :}?y{OM�����
2009–01–19/,��
��E (1963-) �n�Vmjks�H\K5x�&�7{q^C"��E-mail: wangyifeng63@sina.com

Infrared (monthly) / Vol.30, No.7, July 2009



) 30 3�) 7 9 0 > 43

2 D
B�Wo (2)j�PO�:fv s(f)'�WtSgj�WtSg?'��fv:O&$�tSO& [3] �tSO&IJl.o�o (2) �s�:l.ox}5:tSO&�6r,�O&:O�OMWtSO&:pujJ�dv�o (2) :yGr:X�NtS�[�ve�	�1��NtS�>�u e&�y{ [4] �- 0 < r
1

< r
2

< · · · r:XPM�N:2+�[�tS0i�>*'
I =

∫

∞

0

f(x)dx =

∫ r
1

0

f(x)dx +

∫ r
2

r
1

f(x)dx

+ · · · +

∫ r
m+1

rm

f(x)dx + · · · (3)ojKG:4:$tSFrb"tS�Wm~j"z\�CH	7 ∫ r
m−1

0 f(x)dx ≈
∫ rm

0 f(x)dxl�fy{��LY�
I =

∫

∞

0

f(x)dx ≈ I
m

=

∫ rm

0

f(x)dx (4)

r
m
�>S� 2m �r℄[�mzM�3S:Xb"v C �Mro (2) �><{>*�

∫

∞

0

s(f)MTF 2
elec(f)df

≈

∫ C

0

s(f)MTF 2
elec(f)df = ∆f

n
(5)m���It':+gkSÆ^��=8ÆUr=Uv)x��*m�IÆ^+g:*��m�%%�	j:nG*��KgQ1�uEZB�h�J.+t�!0�p<W?:YlA.�^)A.�>�{r=��W��U�#K�WE��<0�I:wk���y{^o

������ [1 �5] �^"�o:+'�+g*��	:Ch+?fv MTF
elec
w�}GYA.: MTF dt�^r:XRVKL'M 1 :5C�o:fv�

3 �J�h
s(f) :O�x.�>G:X{%�w9�$G MATLAB :tS;- int( ) �>y{' [6]

∫

∞

0

exp(−f)MTF 2
elec(f)df

≈

∫ 10

0

exp(−f)MTF 2
elec(f)df = 0.621450 (6)oj

MTF
elec

(f) =
1

√

1 + f2
(7)�W7O'2v�+`�

∫

∞

0

s(f)MTF 2
elec(f)df

≈

∫ 10

0

s(f)MTF 2
elec(f)df = 0.621450 (8): s(f) �f s(f) r:X5C�o:fv��HGJ$ofv�p�

s(f) = c
1
f6+c

2
f5+c

3
f4+c

4
f3+c

5
f2+c

6
f +c

7
(9)_oj: c

1
, c

2
, · · · , c

7
�4D�v��*VD^)�v�[�o (5) ��>*'

∫ 10

0

s(f)MTF 2
elec(f)df =

∫ 11

0

· · · =

∫ 12

0

· · ·

= · · · =

∫ 17

0

s(f)MTF 2
elec(f)df = ∆f

n
(10)� s(f) S�3℄_uY<)`���9























c
1
I
1,1

+ c
2
I
1,2

+ c
3
I
1,3

+ c
4
I
1,4

+ c
5
I
1,5

+ c
6
I
1,6

+ c
7
I
1,7

= 0.621450

c
1
I
2,1

+ c
2
I
2,2

+ c
3
I
2,3

+ c
4
I
2,4

+ c
5
I
2,5

+ c
6
I
2,6

+ c
7
I
2,7

= 0.621450

· · ·

c
1
I
7,1

+ c
2
I
7,2

+ c
3
I
7,3

+ c
4
I
7,4

+ c
5
I
7,5

+ c
6
I
7,6

+ c
7
I
7,7

= 0.621450

(11)

Infrared (monthly) / Vol.30, No.7, July 2009



44 0 > 2009 7 7 Eoj
I
1,1

=

∫ 10

0

f6MTF 2
elecdf, I

1,2
=

∫ 10

0

f5MTF 2
elecdf,

· · · , I
1,7

=

∫ 10

0

MTF 2
elecdf, · · · (12)$G MATLAB :tS;- int( ) [?{'^)tS:e�o (11)rGR:-O&��H*�Æ`.o�YI















I
1,1

I
1,2

· · · I
1,7

I
2,1

I
2,2

· · · I
2,7

...
...

...
...

I
7,1

I
7,2

· · · I
7,7





























c
1

c
2

...

c
7















= 0.621450















1

1
...

1















(13)W MATLAB j*'^)Æ`n�CG)M;-� \ ��w�{' c
1
� c

2
� · · · � c

7
:e�.K98 s(f) :�0o�W,%jI

s(f) = 1.6073× 10−7f6 − 1.2524× 10−5f5

+4.0503× 10−4f4 − 6.9577× 10−3f3

+6.6960× 10−2f2 − 0.34227f + 0.72598 (14)_oj:Y$�v'v�nSy��z*yb�℄�^6*�n�3℄o (8) 98:�dr 0.621469�wWxn(�!i*� �mz_
MATLAB Z':�d'v�nI 32 ��\d\,y{��>qV>98 0.621450��%j�\dGWM 6 -:J$oTAk s(f) �mz_uS�e&��>L�mz_�� C�D�WM
6 -:J$o�v��g,�
 1 �AkfvQ! s(f) NS,fvQ!
exp(−f):����>�'�(�Q!�3IUmk�6 s(f)s�_NF* exp(−f):�oPqi.��
amz_�M�/^6:���D�S,fv exp(−f)�gr7O�:�I&�6Vm�>[8:X2vo (5) :fv s(f)��Nmz�	:Xh℄/Ffv#	r#��

� 1 |&kBlR"OT-R";��
4 _}�Xh<(2� ∆f

n
r�	mz0��v::l6u�'�M ∆f

n
DAoj: s(f) :/W0Er3I;A:�^r��}uS�OMk�0%':K��^6:X_{e&�>�e�*:X&2�m��\d�##71::X�|nZW[�8^6:Xfv s(f) �r1��rHj}G: MTFfv<,I�Cad*���!$

[1] M C Dudzik. Infrared & Electro-Optical Systems

Handbook Vol4 
 Electro-Optical Systems Design,

Analysis, and Testing [M]. SPIE Optical Engineer-

ing Press, 1993.

[2] 5<h�U8�n�_�  #� (� 2 |) [M]. ��
P\9(Æe� 1995 10.

[3] �D�� Æ������-�� [M]. ��
8�\9(Æe� 2007 8.

[4] !Uj�qJJ� �-}� [M]. ��
X7�Q(Æe� 1978.

[5] 5<h�U8�n�_�  #� (� 2 |) [M]. ��
P\9(Æe� 1995 10.

[6] E B Magrab, S Azarm, B Balachandran, et al. MAT-

LAB)�(	�&' [M].��
Bt\9(Æe�
2002.

Infrared (monthly) / Vol.30, No.7, July 2009


