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Design and Alignment of Airborne Compact Long Focal Length
Optical System

CHEN Taixi', WU Yanxiong’
(1Ji Hua Laboratory, Foshan, Guangdong 528000, China)
(2 School of Physics and Optoelectronic Engineering, Foshan University, Foshan, Guangdong 528000, China)

Abstract: According to the requirement of long focal length and compact optical system for airborne
platform, a catadioptric system with long focal length and high resolution is designed by using an improved
R-C mirrors and a spherical correction lens to correct spherical aberration, coma and chromatic aberration
in full field. This system has a focal length of 1 500 mm and field of 2°. The envelopment diameter of the
optical system is no more than ¢400 mm, the Modulation Transfer Function is better than 0.56 @62.5 Ip/mm,
and the imaging quality is approaching to diffraction limit. In order to improve efficiency and reduce the
difficulty of alignment, the imaging quality of the central and adjacent field of the R-C primary and
secondary mirror is controlled to diffraction limit. The sensitivity matrix of the mapping relationship
between the misalignment and primary aberration is established by means of interferometer detection and
computer—aided alignment. The aberration characteristics of the misalignment optical system are analyzed.
The optical precise alignment scheme of wavefront accurate measurement and inversion of the
misalignment is proposed. After alignment, the RMS value of the whole system is better than 1/134,
achieving the imaging quality requirements.
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Table 1 Targets of optical system design

Parameters Targets
Focal length /mm 1500
Field of view / (°) =2
Entrance pupil diameter /mm =290
Waveband/nm 400~700
Modulation transfer function >0.4 @62.5 Ip/mm
Detector pixel size/pm 8
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Fig.1 Initial structure of improved R-C system
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Table 2 Structure parameters of optical system

No. Radius/mm Thickness/mm Glass Conic coefficient £
OBJ co co
STO —585.072 —191.748 MIRROR —1.0620
3 —249.189 359.521 MIRROR —2.508 5
4 oo —89.042 MIRROR
5 —181.179 —18.588 HLAK7A
6 —430.661 —29.129
7 354.851 —7.00 HLAF4
8 —855.707 —5.290 1
9 91.688 —5.937 HFK61
10 —793.753 —3.676
IMA co —11.323
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Fig.2 Optical path of catadioptric system
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Fig.4 RMS wavefront error design results
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Table 3 Maladjustment of each degree

Az/mm Ay/mm Az/mm Aa/(°) ABR/(°)
0.1 0.1 0.1 0.1 0.1
R4 REYEIERE
Table 4 Sensitivity matrix
Aberration Secondary mirror Aberration Third mirror

Az, Ay, Az, Aa, AR, Az, Ay, Az, Aa, AR,

(0,0) Z, —0.007  0.007 0 0.047  —0.047  (0,0) Z, 0 0 0 0 0

Zs 0 0 0 0 0 Zs 0 0 0 0 0
Z, —1.529 0 0 0 —2.444 Z 0.009 0 0 0 0.018

Z 0 —1.529 0 2.444 0 Zy 0 0.009 0 —0.018 0

Z, 0 0 0.196 0 0 Z, 0 0 —0.000 8 0 0

(0,—0.05) Z;, —0.007 0.0151 0 —0.01 —0.048 (0,—1) Z 0 0.045 0 0.015 0
Zs —0.008 0 0 0 —0.057 Zs —0.044 0 0 0 0.015
Z, —1.529 0 0 0 —2.447 Z 0.009 0 0 0 0.018

Z 0 —1.529 0 2.444 0 Zs 0 0.01 0 —0.018 0

Z, 0 0 0.196 0 0 Z, 0 0 —0.008 0 0

(0,+0.05) Z, —0.007 —0.001 0 0.109 —0.048 (0,+1) z; 0 —0.045 0 —0.013 0

Zs 0.008 0 0 0 0.057 Z; 0.044 0 0 0 —0.015

Z. —1.529 0 0 0 —2.44 Z- 0.009 0 0 0 0.018

Z 0 —1.529 0 2.444 0 Zs 0 0.01 0 —0.018 0

Z, 0 0 0.196 0 0 Z, 0 0 —0.008 0 0
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Fig.7 Wave aberration of each field after coarse alignment
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Table 5 Zernike coefficients in full field after coarse alignment
Zs Zs Z; Zs Zy
F(0,0) —0.030 0.031 —0.004 —0.0011 0.03
F(O,—1) —0.062 0.023 0.002 —0.012 —0.016
F(0,1) 0.125 0.039 —0.012 0.027 —0.018
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Table 6 Misalignment calculation results of second mirror

Misalignment value Az/mm Ay/mm Az/mm Aa/(°) AB/(%)
Calculated value —0.002 —0.023 —0.011 0.014 0.003
| +0.22278 +0.52054 | +0.23430

Wave Wave Wave
—0.31702 I —0.27086 —0.31628
PV 0.540 Wave PV 0.791 Wave PV 0.551 Wave
RMS 0.056 Wave RMS 0.052 Wave RMS 0.062 Wave
(a) —0.05° field RMS: 0.056A (b) Center field RMS: 0.052% (c) +0.05° field RMS: 0.062%
H8 Wi e &Mtk =
Fig.8 Wave aberration of each field after fine alignment
#x7 HAREWIHK Zernike RH
Table 7 Zernike coefficients in full field after fine alignment
Zs Zy Z; Z Zs
F(0,0) —0.016 0.010 0.001 0.012 0.006
F(0,—1) 0.021 0.019 0.004 0.008 —0.001
F(0,1) 0.033 0.020 0.006 —0.010 —0.008

1111002-8



MR H 25 i 28 DLBR 22 B K AR D" R G B 5 2%

Wavefront testing ; 5
Asseplble secondary »  optical system Adjust sphencal 7,>threshold Y
mirror roughly field 1--field n aberration Z,
X

y
N
Adjust secondary
A J mirror distance
Adjust secondary X Z,Z ‘Adjust astigmatism and
mirror tilt >threshold coma Z,, Z <threshold
N
v
Accomplish
secondary mirror
assembly

B9 R-C #4548 % KR
Fig.9 Computer aided alignment flow chart of R-C system
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Fig.12 System wave aberration of full field after fine alignment
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