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On the Maximum Operation Range of
an Infrared Imaging System

WANG Yi-feng, LIU Ping

(Kunming Institute of Physics, Kunming 650223, China)

Abstract: The operation range is one of the important parameters for describing the whole perfor-

mance of a military infrared imaging system. It can be divided into detection range, recognition range

and identification range among which the detection range is the maximum one. According to the geo-

metric relationships among the infrared imaging system, the earth surface and the target, a method for

calculating the operation range of an earth observation infrared imaging system based on MATLAB is

presented. The value of the operation range is determined by the altitude of the infrared imaging system,

the radius of the earth and the height of the target. The actual detection range of an infrared imaging

system or the operation range proposed for a system to be developed should not be greater than this

value.
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�0#+��2
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�� H ���9�� A0�1%:4

� M 0�,:4� C0�AD=MG=CJ=H �B 0

+��50����-$�2#3���#�

( 2(b) �� BG � BJ &���#�BCD 3��

�#+!�#�'�"#���*��(�+


�4)0 D �� D 0����56**+�

��#;+7�8.���<5��#
!�

�OCB � �OCD ��.,�,=�-./

0 ��BD �9��:6 (1) ���

BD = BC + CD

=
√

(R + h)2 − R2 +
√

(R + H)2 − R2 (1)

6��R ������R=6378.14 km�>� R � h

7 R � H �6 (1) �
12�

BD = · · · ≈ 112.9437(
√

h +
√

H) (km) (2)
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BD = · · · ≈ 3.5716(
√

h +
√

H) (m) (3)

2 IJOBfghiCDAjM3E
kNO3lmhnFo
3/��+��/�;�
����7�

�
��8�/ H=h=3.3 m (��/.�+9�

�? [2] �(���8�.�
;4&<5��

:) �

-.6 (1) �9� MATLAB �
;� BD

=12.9762 km �>���
�+����-�


��<	������6�0����0%=

�&=� MATLAB �>�.76 (short) �� 

16��8��-�> ?@��+��A�9

�.76 (long) ��.% BD=12.97624520333608

km �

0 D ���� R + h �12����?3

BD �.#9��@��.%!@���
⎧⎪⎨
⎪⎩

x2
D

+ y2
D

= (R + h)2

x2
D

+ (yD − R − h)2 = BD2

(4)

AB
� MATLAB @C��
;�0 D �

4��

x
D

= 12.976238489531268596899651266337 (km)
y

D
= 6378.1301000034134461494315468398 (km)

0 K �.# BD ����0 K D����

R + 0.5h�12���+�
AB;�!C.#

�@�1�@�

⎧⎪⎪⎨
⎪⎪⎩

x
K
− x

B

y
K
− y

B

=
x

B
− x

D

y
B
− y

D

x2
K

+ y2
K

= (R + 0.5h)2
(5)

9� MATLAB �
;� K 0�4��

x
K

= 11.553888913376758857823795708747 (km)
y

K
= 6378.1311851604071447609085071029 (km)


�C�.# MG �9��@�.# MKG

���.#�@�.#B MK + KG;���@


90 M ���1�@��AB
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

(x
M

− x
G
)2 + (y

M
− y

G
)2 = h2

x
K
− x

M

y
K
− y

M

=
x

M
− x

G

y
M

− y
G

(x
M

− x
K

)2 + (y
M

− y
K

)2 = (x
K
− x

G
)2 + (y

K
− y

G
)2

x2
M

+ y2
M

= R2

(6)

9� MATLAB �
;�

xM = 11.553885924431427568160118294298 (km)

y
M

= 6378.1295351631143573434655508934 (km)


9

xG = 11.553891902322090147487473123196 (km)

y
G

= 6378.1328351576999321783514633124 (km)

� �KBG ��-.EF ���
��

� KBG=2.5275×10−4 rad=0.2528mrad(=0.0145◦) �

 .#B KG ;��0 B �5,���D%

BK =
√

(x
B
− x

K
)2 + (y

B
− y

K
)2

= · · · = 11.55389526488746 (km)

BG =
√

(x
B
− x

G
)2 + (y

B
− y

G
)2

= · · · = 11.55389664154342 (km)

� �KBG ��BG �GC��@��6�?3�

,=GC����;�

3 IJGHMpGINJqKO3l
mhnFo
E
;�� K 0.���
�
�*:�

�!�#�����1 K 0;HI�����

 :4�DE� C0������*:FF�8

�!�#
��,5���
B�!C�@6�
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

(xC − xJ )2 + (yC − yJ )2 = h2

xC

y
C

=
xC − xJ

y
C
− y

J

x2
C

+ (y
C
− R − h)2 = BC2

x2
C

+ y2
C

= R2

(7)
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x
C

= 6.4881192447656346394098733944688 (km)

y
C

= 6378.1367000017070582550217874254 (km)


9

x
J

= 6.4881226016680399999999999913422 (km)

y
J

= 6378.1399999999996648195205663126 (km)

� �CBJ ��-.EF ���
��

� CBJ=0.5086 mrad(=0.0291◦) � .#B CJ ;

��0 B �5,���D��

BC =
√

(xB − xC )2 + (yB − yC )2

= · · · = 6.48812260166804 (km)

BJ =
√

(x
B
− x

J
)2 + (y

B
− y

J
)2

= · · · = 6.48812344089380 (km)

>+�<�
�
% BJ>BC�& BJ� �CBJ �

��C9	D
�
�����6�����0

%J��7% BJ=BC �& �CBJ .
��K�

,=�1�
=����$�
�� 
0�>

+G�
�6:�&>��#�!�#
9��


�>
��,=�<�.
��K�,=�

+���������G�
L�#�9��

H+�
��
��K�,=-���CBJ

����
�.,�,=��� � BCJ �.,�

7%

BC =
√

(R + h)2 − R)2

= · · · = 6.48812260166804 (km)

�
�����6�.;����.%

BJ =
CJ

sin(� CBJ)
≈ CJ

� CBJ
=

h

α
T

(8)

�? [2] &9� 
��H2����� (α
T

=

� CBJ) �

�@�@?I�.
I"#!����J

@�����8��H = h ��OBD ��K�,

=�0 C �#B BD ��0�7% BC=BD/2 �

1��6�H�$.?3 
M0��

4 LMFoNr3lmh
 K?I( 3 ������� �PBQ ��

N8 � PBQ=0.34 mrad(=0.0194◦) �;#B PQ �

9�����M �K �G �D 90�4� *9

�/N�E
(��

� �PBQ ��-.EF �%

(x
P
− x

Q
)2 + (y

P
− y

Q
)2 = x2

P
+ (y

P
− R − h)2

+x2
Q

+ (y
Q
− R − h)2 − 2

√
x2

P
+ (y

P
− R − h)2

×
√

x2
Q

+ (yQ − R − h)2 · cosα (9)

Q 0?3!C12�@�

x2
Q

+ y2
Q

= (R + h)2 (10)

N 0?3!C12�@�

x2
N

+ y2
N

= R2 (11)

+��Q �N !0-$�9�?36 (12) �

, 3 O: � PBQ %JP�L-K PQ %LM
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√
(x

P
− x

N
)2 + (y

P
− y

N
)2

+
√

(x
P
− x

Q
)2 + (y

P
− y

Q
)2 = h (12)

P 0?3.# PB ��@�

x
P
− x

K

y
P
− y

K

=
x

K
− x

B

y
K
− y

B

(13)

+��P 0�?3.# QN ��@�

x
P
− x

K

yP − yK

=
x

K
− x

B

yK − yB

(14)

�@�@�% 6�+8Q�& (x
P
, y

P
)�(x

Q
,

y
Q
) � (x

N
, y

N
) �>�A�B;�RA MATLAB

� solve( ) MNN)�;��+��
9�NO

�4&;����<O<�!�

(1) E
NC�����
�
�����

5,� 0.2528 mrad ��/�� � PBQ=0.34 mr-

ad �D�PP Q 0�� B 0+ G 0-$��%

xQ < xG �3 xQ=0.8xG ����/����

y
Q
�

y
Q

=
√

(R + h)2 − x2
Q

(15)

(2) B�QQ P 04��R�.# BPD �

�@�.# OPQ ��@��AB
⎧⎪⎪⎪⎨
⎪⎪⎪⎩

x
P
− x

B

y
P
− y

B

=
x

B
− x

D

y
B
− y

D

xP

y
P

=
xQ

y
Q

(16)

&�;� x
P
� y

P
�/	

(3);� BP�BQ� PQ�L.#B�9�	

(4)� �PBQ��-.EF ��;� � PBQ

���	

(5)S � PBQ �=0.34 mrad�7RE�S (1)O�

1%-.�������"#�;��=F�

G� x
Q
�/��>&S (2) ∼ (4) O�.?G�

���H5�� 0.34 mrad � � PBQ �
ICA

ITNO���
@�?3�;� (x
P
, y

P
) �

��8��%

xP = 8.6388409968384557925816741617625 (km)

y
P

= 6378.1345121935981643474651202932 (km)

� PBQ = 0.34002056884963369005405427643994 (mrad)

BQ = 8.6388 (km)

BP = 8.6388454665075594165837824776667 (km)

PQ = 2.9373857665914243005584179110484 (m)

,5���

S � PBQ=0.17 mrad ��"

#�2 1 C�+�@F
���6��

5 0stuvwO78QR
��-?I���
�TU�� ���

	+��-$�IJ��<( 4�/��T�K

U
�L=����� a�3/��>A9H 

���	:4�D���M�
BC��'T

��
��C�������,8�0D	D�

��M�
BC��'T��
��C���

����7>0DEU�
D	VF��NH�

GHGV��C!��'T�OP�WH��

�!������	
�

-.IJKW
�I��%!C���

H

R
=

na

F
(17)

J 1 KLMNxOPQyRSTUzOPQVW

XQXV RYST

�' (km) WYXU (mrad)
0&-(Z%

WYÆM (m)

0&-0Z%

WYÆM (m)

WYÆMVWY0&-ZX 12.9762 0 0 3.3

WY[[ÆM\]0&-Z( 11.5538 0.2528 1.65 1.65

WY\]0&-Y#Y\Z%X] 6.4881 0.5086 3.3 0

WYXU^] 0.17 mrad 10.8062 0.17 1.83 1.5

WYXU^] 0.34 mrad 8.6388 0.34 2.94 0.36
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, 4 �123YWYZX% !"2

, 5 (a) [Y[[�[Æ%\Z^\[__]\([Z-$&(b)]]WY%"^`a�_^`W

Yab^`aXbcY&(c) WY%"^`aY[ZXb,d%cX_`ZX%"2

6��n ���'T�OP��C��n=1,2,4,

· · · ��.%
R = H

F

na
(18)

��E
�:�"#��� n=2�b��?

[2](���8�. ( H=3.3 m�a=6.8208×10−5�

F=0.406 m) ��.%

R = H
F

2a
= 3.3 × 0.406

2 × 6.82 × 10−5
= 9.8226 (km)

�/��( 3 �.#B BQ �9� (��=�G

� BQ=8.6388 km) ������c�#����

�  ���.'�����#��#-�]

)	S.^��
���7d1-��+�e�

fa
�g_�`b��6�U��

Dd�CeG�efhi!Eg�hfd

�T�
%������.d�T���8�

c�g�i�U2�
������
� (��

T) �C��( 5(a) ���RAjSk6
c


g�!���l �C��
=
!L#� 

!L#>

�#��gj-�!���+
�

#��k�

fa#�md-%�6 (18) �
B�

R =
H

(n/2)
· F

2a
=

H

N
l

· F

2a
(19)

6��N
l
�#���N

l
= n/2 �#��
a
L

hi��8���( 5(a)��7n
� H �.


��o������7neCj�
��"


��Lhi��� �7n�����;�1
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2
�
�Lhi��������( 5(b) �

��

.����lfmn��g�mdHh@S

k�#�j�
i��,8��2j�U2�

 �.�o�#$g��1 �#$g� (2j)=1

�#� =2 Lk�# =2 ����( 5(c) ���

-����	��;�Lh�<�����G

p*j�-���m�!����#�����

�
9hÆ<<2 2 �

J 2 bcdeOfghi{jklmP
QnoO|pqr}sqOlt [1]

qlp` -$V ^rV

1.0 3 6

0.95 2 4

0.9

0.80 1.5 3.0

0.50 1.0 2.0

0.30 0.75 1.50

0.10 0.50 1.00

��
I=6�fa#$g���g_�

`
%�6 (19) �
B�

R =
H

N
l

· f
T

(20)

6��f
T
�#$g�q�����/�

f
T,max

=
F

2a
(21)

b��? [2] (���8���skÆ

�.!�����
m#$g�u� 2.5 cy-

cles/mrad ��/�� 2.9765 cycles/mrad (��#

$g� f
T,max

) �.
��J8�#$g��>

2 1�8�� 50%�m�!�J8������

e� 1 �#���.%

R =
H

N
l

·f
T

=
3.3 m

1 linepair
×2.50 cycles/mrad = 8.2 km

6 ~�N
^������4
O
Sl9��K`

�
9�s
��	�� [3−6] ���e�O��

������-. GPS 4��.H�� [7] �

>mnCt9.r�8���G���G-

fm!�r��1�:�Hn�-. Johnson v

7���
�=F
o�7����$=F
o
[8] 	p-�
�G������GH� 
U2o

$��	
�������$��.
B���

<�7n����
Iqs<tr7ns
� 

"�
G�!�������8��pu M1A1

7n?qu5�
�� 2.4 m 	trs T90 7n

�
�� 2.2 m 	uuv 2 7n?qu5�
�

� 2.5 m �?wvu5�
�� 2.8 m 	wu�

v7ntv���� 2.3 m×2.3 m [1] �� �


�������-������8�-. 3.3 m


��������

�
S���	�� (
) 
������

����c	�:����x0�F�0�*�

uuLw.�	�#+��2
;0��.#

B9���������e0#�9�d1.
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���e0#9����;�������c
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