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Design of Initial Structure of Infrared Dual
Field-of-view Optical System
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Abstract: The zoom lens theory and re-imaging theory of dual field-of-view infrared optical systems

are presented. The focus length and space of each element in a lens group are solved according to the

object-image exchanging rule in Gaussian imaging principle. The solving method for an initial structure

of the double separate lens in a lens group is described in detail. The basic theory for solving with PW

method is analyzed. Finally, an dual field-of-view infrared optical system based on a 320×240 pixel cooled

staring middle infrared focal plane array is designed according to the above theory. The optical system

is evaluated in image quality with the optical modulation transfer function. The result shows that the

design has a high image quality and can meet the requirements of practical applications.

Key words: infrared optical system; initial structure; optical design; dual field-of-view

1 MN

����
����	��������

��������������������
�������
�
� / ������	�

�������� ���
���
���
��!���������	
� / ����
�"���#������� [1] �
���
 !"$�	��%!��"$�	����
�#�	�"��$��$�����#$�	

&'()�2010–07–16

*+K,�973 LMOPNOQR (2009CB72400105)

PQ-.�SR (1985-) �T�STUUÆ�VWXVY�Z[W\XYZ[]^_\XV`]^a$ E-mail:

limit beyond@163.com

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.1, Jan 2011



24 � � 2011 b 1 c

�%� �	/��#0 % "$�	�!
&��� ���� !&�''1(�"2
)#��$* [2] �(�3��0�#�") 
��+4%56&�7#��#�'*���	
�,-�.(�)+*/-�#��84�#�
 !"9,����0�	�-+12,��:
�.//03�.,�4��#0��2(�
���";��<= 5�7.61>-2 
37?4�58�9�,-�(�$����
	��%�#0;+�.� ��% �	!
&��@$�	/69����	0&���
 ��1:�;+12,��;�%A�-26
;+12�#4��2B� �,<�;+1
237=8�9C���D*�

,4E6>?$����	�:5�;4
-6"$<=�?4��F<�
����
"$�	�@7./�>AB�E6/C
�
320×240G<?H8D9�-2���/C
�
�� !"$�	�@�"$E�FGA'6
��D�#�:B�=H�-2.C;<9I
=D��"��JK�0�>AB��E=�@
64-2
��� !�	���I�L�C
M�
2 _def`abcg

�� !&�	�;,<= [3] �J> K
0?�F FN-2�� K0���GO@
5+P���-+L�+�(�H�M'�N.
/��	��� !�

AI K0�IJI0�!&�<!!B
JI0Q K0��O 3P!! K0QI
JI0��O�@���O�>I �#0/
CD�R�7#SK3�I����?4��Q
"�K+ beta T –1 � RK,L�UVS�

-<!!&� fs � KS� M � K0�
IJI0�!&"T� f ′

2 � f ′
3 � K0�< /

P!-+L�+�?�&"T� m2s � m2
l
�

m3s �m3
l
� l2s �l2′s �l2

l
�l2′l �l3s �l3′s �< /

P!!BJI0Q K0��O"T� d12
s
�

d12
l
� K0QIJI0��O� d23

s
� d23

l

(M�Æ��U') �NB0��Q"�N�0�
P!!&


fl = fs× M (1)

-+L�+


m2
s

= − 1√
M

m2
l
= −

√
M (2)

?�&


l2
s

= (1 − m2
s
)/m2

s
× f ′

2

l2′s = l2
s
× m2

s

l2
l
= (1 − m2

l
)/m2

l
× f ′

2

l2′l = l2
l
/m2

l
(3)

��

q = l2

s
− l2

l

f ′
1 = d12s + l2s

d12l
= d12s + q

d23s
= d23l

+ q

l3
s

= l2′s − d23s

l3′s = l3
s
× f ′

3/(l3
s
+ f ′

3)

m3
s

= l3′s/l3
s

m3
l
= m3

s

FL = fl × m2
l
× m3

l
(4)

ELS

A = fl/FL

f ′
1 = f ′

1 × A

f ′
2 = f ′

2 × A

f ′
3 = f ′

3 × A

d12s = d12s × A

d23
s

= d23
s
× A

Infrared (monthly)/Vol.32, No.1, Jan 2011 http://journal.sitp.ac.cn/hw



� 32 ��� 1 � � � 25

d12
l
= d12

l
× A

d23
l
= d23

l
× A

q = q × A (5)

�2FH !Q"�-6>WI��%�"
GXO.C 3?4���� [4] RKP!@5
!�	��H@4BJI0V� ÆEPQ�
W� 2FH?4���#0�!& 3BI
�O�N.2FH"$�	�-6U'�
3 dhefgih

�2FH"$�	�-6U' I ("!

8��O) ���"$�	��5<=�>H�
#0IQ�./U' (r, d, n) �3
:5�4�
>@7./� PW AB�

/24�R"$�	���4
��	-
2�SJ
�XTUK�.,YL�SJ��

�V����M�W�VS"X��"Y#0
��
�XT�ZN+��,-�BYZZ�2
!��RK,-��%+��!9�
�#O
�#Æ'[K[L�7#��
�"$-2/�
[�#��"Y�#��=%��$H�

64[�#�P5%�FN�!��-2
ABW��;84�\88K���/][\-
2�.�"Y�#084��,��\88��
 Q]�^�5 [5] �7#=^�[�����
��3
:5
��"Y#0� PW AB�

\-�#0"!8Æ��R]3�BI0
"!8"T� ϕ

a
� ϕ

b
�XTZN+� n�_`

'� v �[�#>?
�ST�'� Q2 �N

ϕ
a

+ ϕ
b

= 1 (6)

ϕ
a

v
a

+
ϕ

b

v
b

= C (7)

u =
ϕa

ϕ
b

W∞ = −n + 1
n

Q2 −
1

n − 1

P0 =
n

(n − 1)2

[
1 − 9

4(n + 2)

]

P∞ = P0 +
[
1 − 1

(n + 1)2

] [
W∞ − 1

2(n + 2)

]2

W = W∞ + u

(
2 +

1
n

)

P = P∞ + u(4W∞ − 1) + u2

(
3 +

2
n

)

ϕ2
aW∞

a + ϕ2
bWb

= W∞ (8)

ϕ3
aP∞

a + ϕ3
bPb

= P∞ (9)

c2 = Q
a

+ 1

c1 = c2 +
1

na − 1

r1 =
f ′

c1ϕa

(10)

r2 =
f ′

c2ϕa

(11)

c4 = Q
b
+ 1

c3 = c4 +
1

n
b
− 1

r3 =
f ′

c3ϕb

(12)

r4 =
f ′

c4ϕb

(13)

W P∞
a � W∞

a � P
b
� W

b
� Q

a
� Q

b
aU�b

W�c�� (8) �� (9) �%_�=�"Y�d
Q`�

�� PW Q�5�'��� [6] �a�e
P∞ = W∞ = C = 0 !��"Y#0\#Q]
P5�b5�V5�7#�>I�"Y#0�X
T0SWI�^� �=Q]W^�5��#
0SdQ�
4 jikjlek

J��8D9�/C 320×240 G<?H8

D9�8D9��G12� 30µm×30µm ���
=D���"9�
��� K"$�	�c
9-2U'Xa 1 0U�

l 1 mnopqr

_dfg (µm) 3 ∼ 5

240(eYh)
`a f ′(mm)

60(bYh)

2.29◦ × 1.83◦ (eYh)
Yh 2ω(◦)

9.16◦ × 7.32◦ (bYh)

F Z (#) 4

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.1, Jan 2011



26 � � 2011 b 1 c

a 2 cH���B
:5�-6"$<=
�>H��	U'.C�

.S PW B�>�5A�d�=^�	�
IQU'��#0�efELRK�"!8/
 �E:i�#0G�O�(P / <!@5!�
4�?4�
;,fS�@�[]A�=^�
S,8�9C�-2�X\ 1 0U�

"$FGA' (MTF) �"$�	�D�f
9:BU'�0�	�FGA'X\ 2 0U��
/�\ (a) �\ (b) "T�g���g���^
]h�N\/� iH�� 17lp/mm���^+
(_j6`^+) 3�0�	� MTFj�4 0.6�

k�hNla�bc0�	��,L��D��
�I�em�idj8�

(a) bYh (WFOV)

(b) eYh (NFOV)

e 1 fgkhknoile

l 2 mnstuvwx

lZ jpmm qn opm qn rpmm qn qrskm qn stklau

(mm) f1 d12 f2 d23 f3 L1 fR L2 L3

t` 152 21.7143 –43.4286 82.5143 65.1429 159.6852 21.5569 23.1138 20

�` 86.8571 17.3714

(a) bYh (WFOV) (b) eYh (NFOV)

e 2 fgkuvvZmn

5 eg
:5�
����"$�	� !<=�

opwq��"Y#0�@7./�>AB�f
:"r�@� PWAB�>�;,<=�%I�
��q<=-2�;4/C
�<?H 320×240

Gs�!t
nc�
����"$�	�b
@�"$E�FGA'6��D�#�:B�
.Cac�0�	��DAw�9I=D��"
��K=�@^AB��E=�0AB64-2

��� !�	��,L�UxCM�

opIJ

[1] uyv�zÆx�q�yzw{op��fgx|
[J]. ryys, 2010, 30(3): 872–875.

[2] y{z� B J Rauscher. }h{Yh|~fgk�
�x| [J]. tzu{, 1995, 20(3): 19–22.

[3] |v~}x|mz w|x|}yryz{ [M]. �

���_|}~~� 1971.

[4] K H Lee. First-order optics computation for re-

imaging IR optical systems, infrared imaging systems

[J]. SPIE, 5076, 2003: 123129.

[5] }~�z tzry~�z{ [M]. �
���_|
}~~� 1986.

[6] ��zryz{�� [M].�
���}~~�1976.

Infrared (monthly)/Vol.32, No.1, Jan 2011 http://journal.sitp.ac.cn/hw


