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Design of off-axis four-mirror optical system with wide field
of view based on free-form surface

HUANG Chen-xu'* ,LIU Xin®> ,PAN Zhi-feng’ ,CHEN Jian-fa* ,ZHANG Hong-gang’
(1. Science and Technology on Electro-optical Laboratory, Luoyang 471009 , China;
2. Luoyang Institute of Electro-optical Equipment,AVIC, Luoyang 471009, China)

Abstract: Reflective optical systems have small size, lightweight, and excellent imaging performance, which make it
very popular in airborne field. A nonlinear equation group was built based on the matrix optics theory, the initial con-
struction parameters of the optical system can be obtained by deriving this equation group. And during the design
process , decenters and tilts of mirrors were adjusted continuously to eliminate the obscurations. the free-form surface
was introduced to improve the balance capacity of optical aberration and enhance system field of view. Then an off-ax-
is four-mirror optical system with effective focal length of 100 mm,FOV of 20° x20° ,and relative aperture as F/7 is
designed. This system has large imaging field of view,tight structure, acentric obstruction and imaging qualities ap-
proaching diffraction limit.
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Tab.2 System parameters after optimized

Surface number | Surface type Radius/mm | Thickness/mm
1 Zemike polynomial | —1075.5985 |  -80. 1456
2 Conic ~173.7568 |  50.64690
3 Sphere Infinity 50. 64690
4 Asphere 153.20764 | 120.77467

NIE 2 frzs, (a) FCh) 23 50 D il Wi Be | rhijie
ZIHMN(3 ~5 wm) T 0% i ek Bl £, A T L D B
50 lp/mm %3 7] §5i R T MTF > 0.7, 78 /7 % I Bt
16 lp/mmZ%s [E] AT MTF > 0. 4, R G875 45 i Bl
B B, S RER SR 3 Fros, ok
YREBEEAR/NT S m B p T A 1027 2R
G LA R R 22 - RE ), S T UG i, 9231
TR Z i Bot e R gt

ki

IT[WAVELENGTH WEIGHT
6356.3NM |
5876 NM 1

DIFFRACTION MTF Y G
Xl-](l.().-](l.()l DEG 486.1 NM 1

19-Nov-15

DEFOCUSING 0.00000

s o
=

[~

MODULATION

=

6. 12.0 18.0 240 30.0 36.0 4.0 48.0
SPATIAL FREQUENCY (CYCLES/MM)

(a) ] WL B



328 5 RS AN

%546 &

= = = YDIFFRACTION LIMIT
zb = ¥ (0.000,0.000) DEG |WAVELENGTH WEIGHT|
(0.000,-10.0) DEG | 5000.0NM 1
DIFFRACTION MTF (0.000,10.00) DEG | 2000.0NM 1
—-— === (-10.0,0.000) DEG | 3000.0 NM 1
POSITION.  19-Nov-15 | ——————— i6.0.000) RO
» DEFOCUSING 0.00000
09
08 ~_
207
I
206
o
k|
2 \
Ros
E
04
03
02
01
20 40 60 8.0 100 120 140 160
SPATIAL FREQUENCY (CYCLES/MM)
(b) Wi £rsh
»
K2 Juzt RS MIF &
Fig. 2 MTF curves of the system
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