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Influence of Atmospheric Transmission Effect on
Characteristics of Detection System

FANG Ling-ju, LIU Peng-qi, TANG Wen-juan, YAN Shi-rong

(Yuanguang Photoelectric Apparatus Co. Ltd., Harbin Institute of Technology, Harbin 150078, China)

Abstract: The infrared radiation features of targets and background are analyzed. A mathematic

model of radiant temperature difference transmission of a target and its background is established. The

influence of atmosphere on infrared radiation transmission is studied. The influences of water vapor

absorption, carbon dioxide absorption and atmospheric scattering on infrared radiation transmission are

investigated respectively. The main performance evaluation parameters of a detection system, such as

modulation transfer function, minimum resolvable temperature difference and visual range, are calculated.

Through simulation, a distorted target image formed by the detection system is obtained. The research

result shows that the atmospheric transmission effect can make the target image formed by the detection

system to be blurred and cause the contrast between the target and the background to be decreased.

Key words: atmospheric transmission; MTF; visual range evaluation
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T
target

=
∑

i

AiTi/A (1)

(��&,)�))�

ΔT = T
target

− Tb (2)

1.1 )
P*+,Æ-./
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	'�(��6�7�� M 	 T � M′ 	

T′ �

6 1 Æ)789:816

/$*+,	4-�

M(T ) =
∫

c1

λ5

1
exp(c2/λT )− 1

dλ (3)

0������(�	6	/�4�

M ′(T ′) = τM(T ) (4)

9�	 τ ������:�.�

�9 (4) ��+�
∫

c1

λ5

1
exp(c2/λT ′) − 1

dλ

= τ

∫
c1

λ5

1
exp(c2/λT )− 1

dλ (5)

�32�

1
exp(c2/λT ′) − 1

= τ
1

exp(c2/λT ) − 1
(6)

;��	
�1�<=��<
��><


�<=2��&,)�)/3;� 220 ∼
320K �	 c2 � λT 	9 (6) �4<�

1
exp(c2/λT ′)

= τ
1

exp(c2/λT )
(7)

9 (7) �3!� [4]

T ′ =
( c2

c2 − λT ln τ

)
T (8)

9 (8) ��	0�������(	

	�"�!��)/�!	���,)�))

���4�

ΔT ′ = T ′
target

− T ′
b

=
( c2

c2 − λTtarget ln τ

)
Ttarget −

( c2

c2 − λT
b
ln τ

)
T

b
(9)

�())=5+	/�>�4)�	�9

�!� [2−3]

ΔT ′ =
( c2

c2 − λT
target

ln τ

)2ΔT (10)
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6B 10km	,9B� ?8�2?@!A

�
�	����1��7?��8"��

��?8�9"	!1�*!6 �>/(�8

"����?@!A9"�� 3∼5µm <=	;

�7?�� 200mm ��	6 ��C�?8

�9"� ��� !��.Æ$	����

"�+��:CÆ$��2�	��6 3∼5µm

��D3�?8���.&�7?� X �:	
[5] �

τ3−5
H2O = 0.36848exp

(− X

10.34298
)

+0.56847exp
(− X

444.05955
)

(11)

��7?�(� 200mm�	E;;9 (11)�

"#6"D�7?�� �?8�:�.�

D�	��6� 3∼5µm ��D3�?@!A�

�:�.&6 �4�>/ L <<�:	 [5] �

τ3−5
CO2

= 0.09729exp
(− L

3.33798
)

+0.78144exp
(− L

897.34804
)

(12)

/$;9 (12) �"#6"D6 �4�>

/� ���D3?@!A:�.�����

������=5/
�E�)/!F6B�/

!�!	,;4=>2546B�/�>4

=�G��	B�H?;9 (12) ��6BF z1

@A z2 	4=�G�>/ R 	IG?� θ �6

7+	*!�7?��4� [1]

Xe = Xe(z1)
1 − exp[−(β + 0.05938)R cos θ]

(β + 0.05938)R cos θ
(13)

9�	Xe(z1) = X0Rexp(−0.05938z1),X0 �6 �

89:�/���92�?8�	β = 0.45/km�

?@!A��:�.�H?��3�/H

?	0��/H?�*!6 �4�>/� [1]

Le = Le(z1)
1 − exp(−0.178R cos θ)

0.178R cos θ
(14)

9�	 Le(z1) = Rexp(−0.178z1) �

1.2.2 WX]^[\

����=�
	�J@;<�
	K�

�
�	��A=���$;�LM'>�
[6] 	"D�B/=5+���
	:�.�

(1) ���B/=5+ (�B'> Rv >

50km) 	�� !
	:�.� [6]

τλ1−λ2
s (λ) = exp

[ − R

λ2 − λ1

∫ λ2

λ1

3.91
Rv

(0.55
λ

)1.6
dλ

]
(15)

(2) ��*�B/=5+ (Rv ∼ 10km) 	�

� !
	:�.� [6]

τλ1−λ2
s (λ) = exp

[ − R

λ2 − λ1

∫ λ2

λ1

3.91
Rv

(0.55
λ

)1.3
dλ

]
(16)

(3) �H�B/=5+ (Rv < 6km) 	�� 

!
	:�.� [6]

τλ1−λ2
s (λ)

= exp
[ − R

λ2 − λ1

∫ λ2

λ1

3.91
Rv

(0.55
λ

)0.585R1/2
v dλ

]
(17)

9�	 Rv ��B'>Æ λ1 � λ2 �7�
��

���	
� <=��+��

�����
	I=�B:�.�

τ(λ) = τH2O(λ)τCO2 (λ)τs (18)

%C��=5 ()/
?/
�B'>�6

B�/*) NC	9�D6IG?J���'>

R E��+"D��D3�:�.&��'>

R �:	�

2 v_wxyzu{`|
��	
������$Æ3MTF
MRTD

�D@*!)) (Noise Equivalent Temperature

Difference, NETD) �

2.1 MTF

MTF�8"	
%�EO�)��/�


�����	
�5	A>254B.P� (C

<���<�) ��	
F�	9�G-D6	

�	
� MTF	'K*E3'-	
� MTF�

��	
� MTF ���FM	

��E
L

=Q4��4E� MTF F4 [7] �
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(1) FM	
� MTF

%CFM	
3R	�FM	
	��H

SÆ=	( [1]

MTFo1 =
2
π
{arccos

( f

fc

) − ( f

fc

)

×[
1 − ( f

fc

)2]1/2} (19)

9�	fc �FM	
�C<GIB. (c/mard)	

� fc = D0/λ 	 λ � !1�<>�

�HR	�FM	
�	' MTF � [1]

MTFo2 = exp(−2πσ2f2)

σ =
ρ√

2 ln( 1
1−p )

(20)

9�	 p 3G
HM=� ρ ��J�FN��

"&FNB�"�O�P�

E;Q�	
�H	�TI�UQ�V

:	(FM	
� MTFo �

MTFo = MTFo1×MTFo2 (21)

(2) ��E� MTF

��E? �/� MTF � [1]

MTFdx = sin c(πω1/2fx) (22)

9�	 ω �W�*�Æ fx �? �/�C<B

.�

��EQK�/ MTF �C<� �C<R

XIC�F�	I�'&Æ� [1]

MTFdy = sin c(πβfy) sin c
πfy

fNy
(23)

9�	 β �QK�/�W�*� �?Æ fy �

QK�/�C<B.Æ fNy = 1/(2β) �

��E�<J<� MTF � [1]

MTFdt =
1

[1 + (2f/f0)2]1/2
(24)

9�	 f0 �C<B.J� 3dB B. (c/mrad) 	

� f0 = 1/α �

��EB MTF�C<J<��<J<,�

 � MTF <*�

MTFd = MTFds×MTFdt (25)

(3) L=Q4�&��'&Æ

L=Q4� MTF � [1]

MTFe = [1 + (2ω1/2f)2]−1/2 (26)

(4) �4E� MTF

�4E� MTF � [1]

MTFm = exp[−2π2(0.25)2(αf)2] (27)

9�	S�? �/W�*��? ?�

��	'-	
� MTF �

MTF = MTFo × MTFd×MTFe×MTFm (28)

��	
�(YK= D0 � 50mm 		
J

' f ′ � 101mm 	FM	
�:�.� 0.8 	?

 *�� 0.0628rad	QK*�� 0.06228rad	�

L>� 50µm 	�LK� 50µm 	��E�� 

<=� 3.7µm∼4.8µm	MA��� 128×128 	N

B� 100Hz 	/$;9 (19)∼(28) "#�+��

�	
� MTF %� 2 ,4�F�C<B.�@

.	��	
�B MTF 4<TOÆ+7	;C

<B.� 2c/mrad �		
�B MTF KL7A

0 �

6 2 ZU[\V MTF

M�����BL&��	
� MTF1K

�+��	
,��"�����BL	E0

�MNN]�O	����:�.�FM	


:�.������	��+��	
,��

�"�����NC��=5����)/�

2 W	1�?/� 50% 	G�IG?� 45◦ 	�
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B'>� 10km 	6B�/� 10km 	��'>

� 10km (��:�.P� 0.525)Æ��^=X�

�����	��	
,��"����%� 3

,4 �����! ���	
��A=��

��	���&,)<<�P/+7��

(a) _OPY6` (b) QQPY6`

6 3 ZU[\aZQQPY6`

2.2 NETD

[L�%R67+	��	
� NETD �

NETD =
4
√

abΔfn

αβD0
2
∫ λ2

λ1
D∗(λ)τ0(λ)

∂Mλ

∂T
dλ

(29)

9�	a� b�7�[-�L�>&KÆD∗(λ)�

P��.Æτ(λ) �FM	
�:�.ÆΔfn �D

@*!\K�9 (29) S2��]R���	]

R���DP%�
√

(ns)^	H?(� NETD

�

NETD =
4F 2

√
Δfn

√
Adnsτ0

∫ λ2

λ1
D∗(λ)

∂Mλ

∂T
dλ

(30)

2.3 MRTD

MRTD "�3��	
�R��"&$	

!�P����$	�$Q"	
�*'	'

"#�-� [1]

MRTD(f)

=
π2

4
√

14
SNRDT f

NETD

MTF (f)
( αβ

tefpΔfnτd

)1/2 (31)

9�	SNRDT �S!�DP	/$0�T 2.25Æ

te �#b*��<	5_T 0.2s Æ fp �NBÆ

Δfn �D@*!\K�

/$9 (31)� 2.1R"#�+���	
�

MTF �NC���	
 100mK � NETD 	�"

#�+��	
FC<B.�!� MRTD �%

� 4 ,4	F�C<B.�@.	 MRTD 4<

TOÆ@.	:�	F�C<B.�@.	�

�	
F,)��(����USV+7�

6 4 ZU[\V MRTD

3 v_wx}~Ma�
��	
�R�O�<53��4��L

=5+�P4����,.
W7�XY��

��'> (*') 	�7`�,.*'
W7*'

�XY*'�*'3
�����	
���T

�O�	�	
��">2F4��� [8−9] �

�Q#��	
�ZUV���*'�	5_

� MRTD ��O�P�a��Q#�-� [1]

ΔT ′ = ΔT×τa(R) ≥ MRTD(f)

H

2neR
≥ Δθ =

1
2f

(32)

�9�W03���&,)�
�	))0

�����(	+b
�����	
���

�	
� MRTD[1] Æ���	
�X?���	


��(��(?/ [1] �[Y��I-=5�

��'>T�
�����	
�U��c�

>W7d���*'�

0�H?<(	ZUV���*'Q#�

��� [2]

ΔT ′ = ΔT
( c2

c2 − λT ln τ

)2 ≥ MRTD(f)

H

2neR
≥ Δθ =

1
2f

(33)

/$ 2.1R%#���	
$Æ2��=

5	Z\�#��V�W2,))� 8K 	e

f� 0.5m×1.5m�;��X.�7� 0.1
0.3
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0.5 
 0.8 
 0.95 �	��+&AO
W7
XY

3 ,.*Y1� �*'Q#ZC�% 1 ,

4	;��X.� 0.5 �	��	
�#�AO

'>� 2.57km 	W7'>� 0.67km 	XY'>

� 0.34km �

b 1 cdefghijkilmno

(pq� km)

ZU[] 0.1 0.3 0.5 0.8 0.95

\c^_ 5.45 3.48 2.57 1.70 1.26

dg^_ 1.35 0.91 0.67 0.44 0.33

`a^_ 0.69 0.46 0.34 0.23 0.17

4 rÆ
 '1�Æ!�"��� �����

! ���	
�����	%����	


MTF 
 MRTD �*'*����$Æ	%��

2���	
�����"�����,T�

���e]ZC%+�

(1)F�C<B.�@.	��	
� MTF

4<TOÆ+7	 MRTD 4<TOÆ�b	�

�	
F,)��(����USV+7Æ

(2) ����! ����	
�����

�I=���	!���&,)<<��P/

�+7�

���������! [0���	


����	�1�\f FM�� [10] 
Æ]�

�^_�� [11,12] 2I>1Z�����O�

�hi�g?	F!�5j%���	
��

����

^_56
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