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Estimation of Detection Distance for Infrared Imaging

System with Focal Plane Detector
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Abstract: A model for estimating the detection distance of an infrared imaging system with a focal

plane array is established. Taking the influences of system observation environment conditions, infrared

radiation characteristics of targets and infrared imaging systems with focal plane arrays on the detection

distance into account, the model can estimate the detection distance of an imaging system for a specific

flight target effectively. With this model, the key technical parameters of an infrared imaging system

can be calculated and verified scientifically. Thus, the top design of a system can be strengthened,

the theoretical foundation can be laid for the engineering practice and the development process of the

relative imaging system can be instructed. Therefore, the model is of very important value to engineering

applications.
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91JF	0 (K$% M<10 �)�

Ts = T0[1 + r

(
γ − 1

2

)
M2] (1)

F)�Ts �22K!�IA� K	T0 �4N(:

K!�IA� K	r �KJ�L�@G�F@�

M r = 0.82�@G�G@�M r = 0.87	γ ��:

+L�NO*+N�NO�<�M γ = 1.4	M
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Lt =
Mtε

π
=

∫ λ2

λ1
c1

λ5(e
C2
λT −1)

dλ

π
· ε (2)

F)�Mt �
�QR>4�4!	λ1 ���R$

QR0.	λ2 ���R$QR .	C1 �SPS

S">4TL�M� 3.7415×108(W· µm4/m2)	C2

�SPSSU>4TL�M� 1.43879×104(µm·
K)�
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��� ����� R�� 

��QQUR�D� D���
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�S<0C�� ω�T��

ω =
πD2

4R2
(3)

T/� ��1��� �5�QRA��

�
�QRIAQ;>4V!� JλT (W/sr/µ m)�


�S/WUVU>4V!� JλO (W/sr/µ m) �

=QW (:=;�� τa�� ��QQ=;

�� τ0�T�
��VU>4U4�1���

 � QR>4V�?�

P =
πD2

4R2
τ0

∫ λ2

λ1

(JλT − JλO)dλ (4)

T Rλ �� �IX5�� (V/W )�� 

�W�X-YYL� Vn, IX<� �� D∗,
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Rλ =
VnD

∗
√
AΔf

(5)

T,X;>8=� δ�
�1/� � S

>1V:L� Nt, T� �A":� IV

S9Z,XYL�

Vs =
P ·Rλ

Nt

=
VnδπD

2τaτ0D
∗

4R2Nt

√
AΔf

τ0

∫ λ2

λ1

(JλT − JλO)dλ

(6)

Y��

R2 =
δπD2τaτ0D

∗

4(Vs/Vn)R2Nt

√
AΔf

τ0

∫ λ2

λ1

(JλT − JλO)dλ

(7)

TT��
�� Z4�+� At�T��

∫ λ2

λ1

(JλT − JλO)dλ = (LT − L0)At (8)

T��

R =

√
δπD2τaτ0D∗

4(Vs/Vn)R2Nt

√
AΔf

τ0(LT − L0)At (9)
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20 cm−1 QR"#�91 0 � 50000 cm−1(0.2

µm∼∞) (:=;�*(:VU>4�
�>
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�%��QQ���Y6�+(6[L
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2 fgJehi
_AE���!� 6 km��!� 0.1 PL

∼0.6PL��^[\��D� 4 mQ_ 737(

]��� 
��[$QQWQCD� 200 mm�

1�� 400 mm���QR�)Q���Q;`

N� 3.7 µm∼4.8 µm�1��� �1V(\�

15 µm ���1��"`��� 
�I

($$���

2.1 KLMNFOP

TT�����!� 0.1 PL ∼0.6 PL�

��4N(:K!� 10 ◦C�T��IJK!

91^_`C 1�

M 1 NOPQRSTPUMVWXYZS

a�`b (aa) 0.1 0.2 0.3 0.4 0.5 0.6

a�bcab (K) 283.4 284.8 287.2 290.4 294.6 299.7
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0";W�Mc:������=;�"`�"

@M��� 20◦�30◦�45◦�60◦ * 75◦�791^

_�V�
���(% 30 km ����W!�

=;�45d\�SEE
��� 40 km�d

��"`91�[$ LOWTRAN7 \791 3.7

µm∼4.8 µm QR=;����XQR=;

����[$�W=;��EG�c=QR

=;��91�������W(:=;

�`C 2�

M 2 NO[\]W^_`abcd

ecde 20◦ 30◦ 45◦ 60◦ 75◦

dff 0.3325 0.3927 0.4452 0.4744 0.4855
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τ 0 ��dff 70%

A0 ��efggghih 31360mm2

D∗ hejfheb D∗ = 3 × 1011cm · Hz1/2 W−1

Ad ijih 0.00152=2.25′10−6 cm2

N ecgijk 3×3=9

Δf klglhi
Δf = K/td

=
π

4
· 1

0.004
= 196.3Hz

VS/VN mkf 6

2.4 KL89FOPhi
��
�no� �D� 4 m��+�

12.6 m2�XZ$$��91JF���
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de �i
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75◦ 67 km
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