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Design of conformal optical system based on real ray tracing

LI Dong-xi"%, LU Zhen-wu',SUN Qiang', LU Zi-feng®
(1.State Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of
Sciences, Changchun 130033, China;2.Graduate School of the Chinese Academy of Science, Beijing 100039,China;

3.Center for Advanced Optoelectronic Functional Material Research, Northeast Normal University, Changchun 130024, China)

Abstract: The design method of conformal optical system based on real ray tracing was presented,
designed result was satisfactory. Conformal optical system had decenter and tilt characteristic and needs
two parameters, i.e. the field of regard (FOR) and field of view (FOV). Its spherical and all off -axis
aberrations changed with its field of regard. In conformal optical system, astigmatism and coma were two
kinds of most important aberrations and had intensive influence on image quality. Compared with
traditional optical systems, its optical design was more difficult. The previously reported design methods
for conformal systems were all based on Zernike polynomial aberration theory, and further detail analysis
of their aberration was limited. So, a real ray tracing aberration model was established to overcome above
mentioned difficulty. The example results demonstrate that the method is effective for design of conformal
optical system. And a good image quality can be acquired over its whole field of regard.
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Fig.1 Schematic diagram of conformal optical system
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Tab.1 Typical parameters of conformal system
’ Parameters Value or type
’ ’ Outer surface of dome Ellipsoidal surface
’ Material of dome ZnS
s Thickness of dome 5 mm (equal thickness )
Fineness ratio 1.0
: Diameter of dome 160 mm
° ’ ° Operating wavelength 3~5 wm
s FOV +1°
, , FOR +30°
i 0 Aperture 30 mm
F/# in image space 1.4
fo), Detector Uncooled

M=, A, xf(ixA,) (5)

i=1
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b
b o
2.2.3
9
’ 2 o
—I Real ray tracing
"1 Zemike polynomial cocfficients )
Analysis and
. . optimization
‘—f Aberration curve fitting
Conformal
optical .
system ’—i Aberration curve integral
design
’_{Wax%\:n‘n-.mn—\\'u'll equation solve Optical
construction
- - " establishment
ﬂ«emmn Wolf surface fitting |

Fig.2 Whole design of conformal optical system
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Fig.3 Layout of conformal optical system
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Tab.2 Polynomial fitting coefficients and error for Axial spherical aberrations
coma in tangential plane
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il C o
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ration . i
ized) 4.0 [~
(c) | 5.0
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838

37

[1]

[2]

[3]

TS 0.000 0,0.000 0°
[[TS 0.000 0, 1000
I IS 0.000 0,-1.000 0

1.0
0.8

0.6

Modulus of the OTF

0.4 1
0.2
(a)
0.0
0. 00 15.00 30,00
Spatial frequency. cycles-mm
IS 00000 0,0.000 07
S 0.000 0, 1.000 0
TS 0.000 O, -1.000 O
w 1O #
c [
o
= 0.6
5 . 4
= 0.2
4‘=-5 (bl
= 0.0
0. 00 15.00 30. 00
Spaual frequency; cycles-mm
TS 0. 000 0, 0,000 0
TS 0.000 0, 1. 000 0°
Il ru_\‘ 0. 000 0, -1.000 0°
=L ==
LR . H\‘-\‘M
f (). 6
; 0. 4
2 0.2
= 0.0
. 00 15.00 30. 00
Spatial frequency, cyclesmm
P 6 i i 1% i eR % h 2
Fig.6 MTF curves at FOR
N b
) N N
o Zernike N ,
o b
N b
s N N
o N
9 o
b
b o

MILLS J P. Conformal optics: theory and practice [C]//
Proceedings of SPIE, Novel Optical Systems Design and
Optimization IV, 2001, 4442:101-107.

TROTTA P A. Precision conformal optics technology program
[C]//Proceedings of SPIE, Window and Dome Technologies
and Materials VII, 2001, 4375:96-107.

CROUTHER B G, MCKENNEY D B, MILLS J P.
domes [C]//Proceedings of SPIE,

Aberrations of optical

(4]

[5]

(6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

International Optical Design Conference, 1993, 3482:48-61.
MILLS J P, SPARROLD S W, Mitchel T A 1, et al.
Conformal dome aberration correction with counter -rotating
phase plates [C]//Proceedings of SPIE, Window and Dome
Technologies and Materials VI, 1999, 3705:201-208.
PALUSINSKI 1 A, SASIAN J M. Lateral
aberration generators [C]//Proceedings of SPIE, International
Optical Design Conference, 1993, 3482:90-96.
MITCHELL T A, SASIAN J M. Variable

correction using axially translating phase plates [C]//Proce -

shift variable

aberration

edings of SPIE, Window and Dome Technologies and
Materials VI, 1999, 3705:209-220.

WHALE M R. Correcting variable third order astigmatism
introduced by conformal aspheric surfaces[C]//Proceedings of
SPIE, International Optical Design Conference, 1993, 3482:
62-73.

SPARROLD S W. Arch corrector for conformal optical
systems[C]//Proceedings of SPIE, Window and Dome Tech -
nologies and Materials VI, 1999, 3705:189-200.

KNAPP D J, MILLS J P, HEGG R G, et al. Conformal
optics risk reduction demonstration[C]//Proceedings of SPIE,
Window and Dome Technologies and Materials VII, 2001,
4375:146-153.

BORN M, WOLF E. Principle of Optics [M].
UK: Cambridge University Press (

7th ed.
T : ), 1999.
TOMPSON K P. Aberration fields in tilted and decentered
optical system[D]. Arizona: University of Arizona, 1980.
ZHANG Yi-mo. Applied Optics|[M]. Beijing :China Machine
. ), 1982: 275-302.
LI Dong -xi, LU Zhen -wu, SUN Qiang, et al. A research of

conformal optical system based on Wassermann -Wolf equ -

Press (

ations[J]. Acta Physica Sinica ( s s s
Wassermann -Wolf
), 2007, 56(10):5766-5771.
ZHANG Liang, AN Yuan, JIN Guang. Optical design of the
uncoaxial three -mirror system with wide field of view and

long focal length[J]. Infrared and Laser Engineering (

5

5 . N

), 2007, 36 (2): 278-280 .

CHENG De -wen, WANG Yong -tian, CHANG Jun, et al.

Design of a lightweight and wide field -of -view HMD system

with free -form -surface prism [J]. Infrared and Laser Engin -

eering( ) s s

. ), 2007, 36 (3): 309-311.

SUN Qiang, TANG Tong -bin, DONG Guo -cai, et al. Design

of the diffractive /refractive optical system in optical colli -

mator of infrared scene generator [J]. Infrared and Laser

Engineering ( N s .. /
),2007, 36 (6):

881-883

Focus Software Incorporated.ZEMAX Optica Design Program

User Guide, Version 10.0 [Z].Tucson,Az:Focus

Incorporated,2003.

Software



