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On the Operating Range of Infrared Detection Systems (I)

WANG Yi-feng, SHI Yan-li, MA Yu

(Kunming Institute of Physics, Kunming 650223, China)

Abstract: Infrared detection systems include the systems for detecting point targets and the thermal

imaging systems for detecting extended source targets. As a system-level performance description pa-

rameter, the operating range can be used to characterize the quality of a detection process. The equation

of the operating range for a detector depends on whether the source is a point one or an extended one.

Besides, it also depends on whether the desired energy is a radiation energy form or a photon form. The

operating range equations under different conditions are presented. The influence of system parameters,

such as the F/# and diameter of optics and the field angle of a detector, on the operating range of both a

search system and a thermal imaging system is discussed. Finally, the understanding and comprehension

for the operating range of infrared detection systems are given.

Key words: infrared detection system; infrared detector; operating range; performance analysis
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∫ λ2

λ1

[Qb(λ, T
A
) − Qb(λ, T

B
)]dλ (5)

Q̃2 = ΔT

∫ λ2

λ1

∂Q
b
(λ, T )
∂T

∣∣∣
T=T

B

dλ (6)

1���21	 Q̃1 � Q̃2 
-2./0!
2��073�!
5�9L ΔT 
(:04=�
��B5�607	<8# (5) �# (6) 8-2

�ÆC=;�	D73�!+ -2.5
�
��

2 mnop8Xq7rMNO4s
)����<6� A

b
��
�����=

9
� R �E91�=<	� R �F:)3
��<6� A

R

:>?<�)����	J 

;�=<(%+�G	< A
R
(:>�
	J�

�

Q
d
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4πR2
(�	J · m−1 · s−1)
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P 1 QR (3) STUVWXR (2) STUYZ[\]^_ (`ab · m−3 · s−1)

λ=10 µm � TB =300 K TT =303 K TT =600 K TT =1500 K

Qb(λ, TA) − Qb(λ,TB ) 3.9322×108 3.9322×1010 1.5729×1011

H@ (4) ;AI<= 3.9322×108 3.9322×1010 1.5729×1011

P 2 Q̃1 c Q̃2 ST\][^_ (`ab · m−2 · s−1)

λ1=8 µm � λ2=12 µm � TB =300 K TT =303 K TT =600 K TT =1500 K

Q̃1 �HJ=>@ (2) ;A 3.0036×1020 7.0001×1022 4.8809×1023

Q̃2 �H?B>@ (4) ;A 1.5136×1020 1.5136×1022 6.0545×1022
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o
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(3) �F:Z]�1	)#1��� R 	�
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(4) |
�Z]�����Z] α 	�|

α=δ 	��# (25) ,' F/# 
R� Fo �PM:

9 D
o
��� (./0! 3 �! 4) �

P 3 ST\] (qr 8 m×3 m st[uv	 Δλ=8 ∼ 12 µm 	wxyz{ a=10 µm)

R (m) 50 km 100 km 200 km 300 km 400 km

���} (rad) 6.0000×10−5 3.0000×10−5 1.5000×10−5 1.0000×10−5 7.5000×10−6

F/# 0.3415 0.3415 0.3415 0.3415 0.3415

~� Fo (m) 0.1667 0.3333 0.6667 1 1.3333

SN Do (m) 0.4880 0.9760 1.9520 2.9280 3.9040

P 4 ST\] (qr 8 m×3 m st[uv	 Δλ=3 ∼ 5 µm 	wxyz{ a=10 µm)

R (m) 50 km 100 km 200 km 300 km 400 km

���} (rad) 6.0000×10−5 3.0000×10−5 1.5000×10−5 1.0000×10−5 7.5000×10−6

F/# 0.8197 0.8197 0.8197 0.8197 0.8197

~� Fo (m) 0.1667 0.3333 0.6667 1 1.3333

SN Do (m) 0.2033 0.4067 0.8133 1.2200 1.6267

(|}~�)
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On the Operating Range of Infrared Detection Systems (II)

WANG Yi-feng, SHI Yan-li, MA Yu

(Kunming Institute of Physics, Kunming 650223, China)

Abstract: Infrared detection systems include the systems for detecting point targets and the thermal

imaging systems for detecting extended source targets. As a system-level performance description pa-

rameter, the operating range can be used to characterize the quality of a detection process. The equation

of the operating range for a detector depends on whether the source is a point one or an extended one.

Besides, it also depends on whether the desired energy is a radiation energy form or a photon form. The

operating range equations under different conditions are presented. The influence of system parameters,

such as the F/# and diameter of optics and the field angle of a detector, on the operating range of both a

search system and a thermal imaging system is discussed. Finally, the understanding and comprehension

for the operating range of infrared detection systems are given.

Key words: infrared detection system; infrared detector; operating range; performance analysis
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√
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F 2
o

R2 =
a
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· R2 = αβR2 (38)

�) (29) ��') (38) #	��:��
ΔQ̃

d
(Δλ, ΔT ) =

τ
i
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αβA

o
Q̃1 (39)
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τ
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√
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9���=5��	����A/)�9
'��
D�-�Æ9�
!F��6��4
=6 5 �

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.33, No.12, Dec 2012



10 � � 2012 � 12 �

G 4 HEP=FG>?>IHGIJ?@JA@@JÆA
Q 5 RSTUVWXYZ[\]
^_]`abcdef [6]

KKLA Pd BML Nlinepair CML DEN SNRdt

1.0 3 6 5.5

0.95 2 4 –

0.9 – – 4.1

0.80 1.5 3.0 3.7

0.50 1.0 2.0 2.8 (2.25∗)

0.30 0.75 1.50 2.3
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∗ FNBCDOOCAPEQRGH�S SNRdt = 2.25 [6]
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'O��) (45) ��Æ�PP"�;� 1 �=
�1	XJ$*+YSP�P"�����=>
�Z4�	$�
Q�	7�:Q[T�

) (45) QUPPR"�\]	$�"��
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Q
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τ
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o
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∂Q
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∂T

∣∣∣
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B
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√
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