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Design method for infrared elliptical dome optical system
with wide field-ofregard
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Abstract: The aircraft with an elliptical dome acquires excellent aerodynamic performance but the non—otationally sym—
metric structure characteristic of the dome makes the airborne infrared search/track system difficult to meet the require—
ments of wide field-of-regard ( FOR) and high imaging quality at the same time. In order to overcome this problem a
design method for the elliptical dome optical system based on the combination of an arch corrector and a dynamic correc—
tor was proposed. A mid-wave infrared optical system with an ellipsoid dome was designed as an example. The system
has a super wide FOR of +54° and the imaging quality of the system approaches to the diffraction limit across the en—
tire FOR and instantaneous field-of view.
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Fig.2  Schematic diagrams of three elliptical dome optical
systems surface type of the corrector is (a) conic (b) as—
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Table 1 The comparisons of optimization results and pro-
cessing time of the three systems

( Error Function) ( min)
23 602.443 3 0.07
2611.6543 30.53
837.083 1 67.35
3.
0.8 = -
— L5
5 06 * - -Z8
j 0.4 = L Z9
2 0.2 b ” " - +
5 o+---"
£ 02 | ) . 3
S 04t ao\a ¥ ‘ g \
= 06 1
-t 0.8 L
- " L . + T . "
0 6 12 18 24 30 36 42 48 54
Field of Regard /Deg
3
Fig. 3 Aberrations Z5 Z8 79 versus FOR of the

system using arch corrector

3
#6201230
11
( MEMS)
N N N 61
4,
2.
2 x y) :lglvivi(x y) (2)
z2(x y) v, i
Vi(x y) L
n
13

Viixy) = exp Ino( \/(x -x)" +(y-y)°/d) "
(3)
(% ) l d



32

262
/ |
I! AY N
k‘\ 100% .
5.
12.4mm
SO . s IR
4 61
Fig.4 Schematic diagram of actuators distribution of 61-el—
ement DM
o w

d 1.6 mm

a 2.0 w 0.06.

(3):

V(xy) =exp{ —1.098989 (x —x,)" +(y -

yi) : }
(2) (4)
61
4
7nS
100 mm
F 1.875 60 mm
2.4° x2.4°
87.17 mm

(4)

1.0

+54°

5 (a) 0°(
(d) 54°
Fig.5 Elliptical dome optical system with FOR ('a) 0°( side
view) (b) 0°( planform) (¢)24° and ( d)54°

) (D)0 )\ (c)24°

6
( MTF) .
N MTF

2.4° x2.4°

1.0 — —

0.9 ——

0,‘4{‘“\
b 4
S 0.7— ;
- DIFFRACTION L
< 06— 1(0.000,0.000) DEG g
5 o5k— 1(0.000,0.840) DEG N |
=20 ———=1(0.000,1.200) DE
0 04— £(0.840,0.000) DEG -
o £(1.200,0.000) DEG

0.3 —WAVELENGTH WEIGHT

4800.0 NM 1
0.2— 4250.0 NM 2
3700.0 NM 1
0.1 | | —~
425 8.50 12.75 17.00

SPATIAL FREQUENCY (CYCLES/MM)
(a)

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3 263
1.0 -1
10 0.9 B - 1
09 08 SR
- 0.8 g7 S ¥
& o7 | E o6 DIFFRACTION LIMIT ==
s oy e
< 0.6 —————1 (0.000,0.000) DEG 205 0.0001:200) DEG
=t i -1 (0:000.0:840) DEG a ~===-110'840.0.000) DEG
R 05~ =———1 (0.000,1.200) DEG S04 }{1:300,0.000) DEG
S oal————— §{9430:0.:000) DEG 0.3 - WAVELENGTH WEIGHT —
0.3 —WAVELENGTH WEIGHT - 02f $H0RM 3
4800.0 NM 1 3700.0 NM 1 ]
02— 4250.0 NM 2 0.1 —
0.1 137000 NM 1 ] |
' | | 425 8.50 12.75 17.00
4.25 8.50 12.75 17.00 SPATIAL FREQUENCY (CYCLES/MM)
SPATIAL FREQUENCY (CYCLES/MM) 0
(b)
6 (a) 0°.(b) 12°.(¢) 24° .(d) 36°.( e) 48°.(f)
10 54° MTF
0‘9 ) Fig. 6 Modulation transfer function( MTF) of the system
. with FOR () 0° (b)12° (c)24° (d)36° (e)48° and
s B (f) 54°
E .| DIFFRACTION LIMIT .
< 0.6 —— ¥(0.000,0.000) DEG =
= — o= §(0.000,0.840) DEG
Boal oot ReR
S04~ $11.200,0.000) DEG
0.3 —WAVELENGTH WEIGHT =
4800.0 NM 1
02— 4250.0 NM 2
3700.0 NM 1
" | l

4125 8.50 12.75
SPATIAL FREQUENCY (CYCLES/MM)
(c)

17.00

1.0

09
08
o7
206
5
8 0.5
Qo4

0.3

02—

0.1

425 8.50 12.75 17.00
SPATIAL FREQUENCY (CYCLES/MM)
()

1.0 —

0.9 T
) o ‘q“‘ff - prt— -
297 DIFFRACTION LIMIT ==
< 0.6/~ ——— ¥ (0.000,0.000) DEG )
5 ~ §(0.000,0.840) DEG
a2 0.5 ————1%(0.000,1.200) DEG
8 0l = $(0.8400.000) DEG ~ _____|
S 04— §{1.200,0.000) DEG

0.3 —WAVELENGTH WEIGHT

4800.0 NM 1
02— 4250.0 NM 2
3700.0 NM 1 )
o l | | -
1
425 8.50 12.75 17.00
SPATIAL FREQUENCY (CYCLES/MM)
(e)

+54°

87.17 mm

REFERENCES

Mills J. Conformal optics: theory and practice J . SPIE
2001 4442: 101 ~107.

Trotta P. Precision conformal optics technology program
J . SPIE 2001 4375: 96407.
Knapp D. Fundamentals of Conformal Dome Design J .
SPIE 2002 4832: 394-409.
CHANG Jun LIU Li-Ping CHENG De-Wen et al. Design
of infrared optical system with special dome J . J. Infrared
Millim. Waves(

) 2009 28
(3): 204-240.
SONG Da-Lin CHANG Jun WANG Qing¥eng et al.
Conformal optical system design with a single fixed conic
corrector J . Chin. Phys. B 2011 20(7):074201:1-5.
ZHANG Rong-Shi. Recent advances in infrared window and
dome technologies J . Infrared and Laser Engineering (
. /
) 2007 36(2):114419.

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



264

32

7 Crowther B McKenney D Mills J. Aberrations of Optical
Domes J . SPIE 1998 3482:48 ~61.

8 JIANG Yang SUN Qiang GU Li-shan et al. Design of opti—

cal system of HMD using hybrid refractive/diffractive and
free Hform surfaces J . Optics and Precision Engineering

( .

) 2011 19(3):508-

514.
9 CHENG De-Wen WANG Yong-Tian HUA Hong et al.
Design of an optical see-through head-mounted display with
a low fnumber and large field of view using a freeform
prism J . Applied Optics 2009 48( 14) : 26552668.
10 Mehta P Hufnagel R. Pressure distribution under flexible

polishing tools — Conventional aspheric optics J . SPIE
1990 1303:178-188.

11 Crowther B McKenney D Sparrold S et al. Sensor Sys—
tem with Dynamic Optical Corrector. US Patent Number 6
201 230 2001.

12 ZHOU Ren-Zhong Yan Jin-Xiang. Adaptive optics theory

M . Beijing: Beijing Institute of Technology Press (

) 1996 310322.
13 ZHOU Ren-Zhong. Adaptive optics M . Beijing: National
Defence Industry Press ( . . :
) 1996 160-493.

258 )
. MTF

REFERENCES

1 ZHANG Xing-de LI Rong-gang LIU Lin et al. Research
and development of dual-band infrared camera system J .
Laser & Infrared ( .

) 2010 40( 8):
801-804.

2 SWEENEY D W SOMMARGREN G E. Harmonic diffrac—
tive lense J . Appl. Opt 1995 34( 14) :24692473.

3 YAN Shu-Hua. Design of Diffractive Micro-optics M . Bei-
jing: National Defense Industry Press(

. : ) 2011.

4 FAN Chang—iang WANG Zhao-qi WU Huan-bao et al.
The design of infrared dual-band doubledayer harmonic dif—
fractive optical system J . Acta optica sinica (

) 2007 27(7) : 12664270.

5 SUN Qiang WANG Zhao—qi LIU Hongdi et al. Optical
system of harmonic diffractive/ refractive for infrared dual-
color detector J . Infrared and Laser Engineering(

/
. ) 2003 32(3):317321.

6 DONG Ke-yan PAN Yudong WANG Xue-in et al. Opti—

cal design of a HDE infrared dual-band step-zoom system
J . Optics and Precision Engineering(

) 2008 16(5) : 764-770.
7 WEN Qingwong XU Ming=uan. Design of triplicate infra—
red FOV switching mechanics J . Laser & Infrared(

) 2010 40(8) : 877-879.
8 WANG ZhiHiang. Optical technology handbook M . Bei-
jing: China Machine Press(
: ) 2007.
9 WANG Cheng—gang SUN Hao LI Jingguo et al. Trends
in two-eolor infrared focal plane detectors of MCT J . Laser
& Infrared( .
) 2009 39(4):
367371.
10 LI Lin. Modern Optical Design Method M . Beijing: Bei—
jing Institute of Technology Press(
: ) 2009.



