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Abstract: In order to adapt to increasingly complex detection environments and detection requirements, air-
borne detection platforms often integrate multiple detection systems. As an ideal integration method, the

common aperture composite not only combines the advantages of various types of detection systems, but also
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reduces the total volume of the system and reduces the burden on the platform. In this paper, a Cassegrain-
type common-aperture antenna of infrared and Synthetic Aperture Radars (SAR) is calculated and designed.
Firstly, the primary mirror is calculated according to the radar design requirements; then, the Cassegrain
structure is designed by equations consisting of aberration coefficients and aspheric parameters; next, under
the limitation of the front Cassegrain structure, the cold stop parameters and infrared system parameters, the
lens parameters of the infrared system are calculated by the aberration formula in PW form. The proposed
radar antenna has a diameter of 1.22 m and a gain of 40.9 dB. The infrared system has a focal length of
—1 000 mm and a full field of view of 0.704°. The obscuration ratio of the secondary mirror is less than 0.33,
and the MTF value is greater than 0.4 for each temperature level at 33 Ip/mm. All the parameters of the pro-

posed co-aperture antenna meet the requirements of expected applications.
Key words: optical design; antenna design; infrared and SAR with common aperture; cold heading matching
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10 -1.10 9.03 22.0% 18.38

5 % #®

S5 ML R R I (1 T R LA K = N A &
JRFAH, 2 T L04MS SAR AR RGBT
R M T PRI AR S5 A TRk, Sl i
SEFI IR T Ok A . B 15 E 40 4
5 SAR AL KL, Hrh SAR KL & & it+s



53 1 RICIE, G PN S & AR TR LR R BET 603

bR, LLAMCE R GG BAF, W o &t ic . LS5, Hoalid 3 5 gl T RGRR
J3AN, I T RECE MR B M EE B G SAR SLLAMAIR LG, SAR 41 4h—
TR, @i T BRI 58 SR BN, 1% MR BRSO AR 7R N AR SCE AR 1 R R B, R
REREN L SAR TRIMTT K, LIAMEARGRRIME KRHLRLIMT SAR AR R G — e 2 BNk .

Sk

(1]

[2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

BAZ, Wk, 7R, F . NGRS I G H S EARBTIE 1], 209K, 2018, 40(5): 481-486.

XIA T J, SHEN T, FANG M, et al.. Composite guidance technology research on passive microwave for infrared
imaging [J]. Infrared Technology, 2018, 40(5): 481-486. (in Chinese)

FEE E, KA, AR, L KPR IRAANEUS S A S EORBEFE [T]. K32 F A A, 2018,47(1): 1-5.

MO G R, ZHANG J H, LI CH, et al.. Study on millimeter wave radar/infrared imaging compound guidance
technology [J]. Fire Control Radar Technology, 2018, 47(1): 1-5. (in Chinese)

WU Y Q, WANG ZH L. SAR and infrared image fusion in complex contourlet domain based on joint sparse
representation [J]. Journal of Radars, 2017, 6(4): 349-358.

CHARLES J R, HOPPE D J, SEHIC A. Hybrid RF/optical communication terminal with spherical primary optics for
optical reception[C]. Proceedings of 2011 International Conference on Space Optical Systems and Applications, IEEE,
2011: 171-179.

b, 2 KB, F45, F KRIOUAANE O RE SOt E R G 1], IRE #H K, 2019, 47(2): 61-65, 79.
QIAN K, LIU J G, LI T, et al.. Design of a millimeter wave/laser/infrared common aperture compound optical
system[J]. Modern Defence Technology, 2019, 47(2): 61-65, 79. (in Chinese)

P B, BRI, B 3 A OGO R ] B S, 2018, 11(4): 582-589.

LU ZH W, SHAO SH, MA Y K. Design of a composite laser beam expander without obscuration[J]. Chinese Optics,
2018, 11(4): 582-589. (in Chinese)

BRUSGARD T C, MCCORMICK T C, SIJIGERS H K, et al.. Millimeter wave and infrared sensor in a common
receiving aperture: United States, US5214438[P]. 1993-05-25.

TKm, AR A BURE R Ed S (] A8 384k, 2017, 36(S1): 122-137.

ZHANG R, ZU CH K. Optical transmission and control of glass[J]. Bulletin of the Chinese Ceramic Society, 2017,
36(S1): 122-137. (in Chinese)

AR . BV R ——TCHU RIS 5 R SRR ) 2 — (V). AL A 223R, 2009, 24(5): 873-881.

JIANG D L. Transparent ceramics: one of the most important field of research and development of inorganic
materials[J]. Journal of Inorganic Materials, 2009, 24(5): 873-881. (in Chinese)

X b, S 5F %, AR, LIANEKPET I BB ERFSE [T]. AL F5%, 2001(1): 57-59, 63.

LIU L Y, CHAI SH L, MAO J I. Study on characteristics of infrared/millimeter wave missile head cover materials[J].
Winged Missiles Journal, 2001(1): 57-59, 63. (in Chinese)

KA, DR E, AW, F. ZoSEE EE S R AR AL S BT[] 8 2R, 2010, 30(9): 2766-
2770.

ZHU H X, FENG X G, ZHAO J L, et al.. Design of antireflection and band-pass frequency selective surface combining
coatings for ZnS optical window [J]. Acta Optica Sinica, 2010, 30(9): 2766-2770. (in Chinese )

WA TR ST IR S TS50 i) 2B R R WFE (D] B at: B At B TR %, 2009.

XU R R. Study on multi-band frequency selective surfaces based on lumped element loadings and fractal structure[D].
Nanjing: Nanjing University of Science and Technology, 2009. (in Chinese)

FATHE. R &R 50T IM]L AEAT: JER TR = A, 1993.

KANG X J. Antenna Principle and Design[M]. Beijing: Beijing Institute of Technology Press, 1993. (in Chinese)

S B, & RALEE R HEAR M. Jbat: ER Tk R, 2017.

LU J G. Design Technology of Synthetic Aperture Radar[M]. Beijing: National Defense Industry Press, 2017. (in
Chinese)


https://doi.org/10.3969/j.issn.1008-8652.2018.01.001
https://doi.org/10.3969/j.issn.1009-086x.2019.02.11
https://doi.org/10.3788/co.20181104.0582
https://doi.org/10.3724/SP.J.1077.2009.00873
https://doi.org/10.3969/j.issn.1009-1319.2001.01.015
https://doi.org/10.3788/AOS20103009.2766

604

A 513 %

[15]

EEYE AF I RBEGET A T 5B M. TR TR, 2004,
PAN ] Y. The Design, Manufacture and Test of the Aspherical Optical Surfaces[M]. Suzhou: Soochow University
Press, 2004. (in Chinese)

(16]  Eat, R, RF 3, F. MR LIMRIRIE SO R G801 ], + B S, 2018, 11(1): 92-99.
WANG Q, LIANG J Q, LIANG ZH ZH, et al.. Design of decentered aperture-divided optical system of infrared
polarization imager[J]. Chinese Optics, 2018, 11(1): 92-99. (in Chinese)

[17] sk, mAEF M]. dest: HUSCTL R R, 1982.
ZHANG Y M. Applied Optics[M]. Beijing: China Machine Press, 1982. (in Chinese)

(18] ZAL. "PIRLLAh HARRINRE B OGSO FE (D], KA b Rl b KA AR WU S Wy BT 5T T, 2017.
LI H. Research on key techniques for medium wave infrared target detection device[D]. Changchun: Changchun
Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, 2017. (in Chinese)

(19] ok, MmOt E M =95 2: BesRAE SRR W B 0 s ()] F B 564, 2018, 11(6): 1047-1060.
SHI G H. Find preliminary solution of zoom objective lens using Gaussian optics and third-order aberration theory[J].
Chinese Optics, 2018, 11(6): 1047-1060. (in Chinese)

[20] &%, TEAE, T4, F. FIMERRMEORTENIERLIINS e E R a i L], 645 % 42, 2010, 18(3):
593-601.
SHEN H H, WANG G H, DING J W, et al.. Application of active-athermal compensation to airborne IR optical
systems[J]. Optics and Precision Engineering, 2010, 18(3): 593-601. (in Chinese)

EEEN:

i)
E &
F ) ucas.edu.cn
[ ]

ik HE(1966—), B, HME LA, T
+, B F B, A AR R, 1994 4F |
2004 4FF B B} B K B R B L
W5 0 BLAE 5 T 43 S AR AR A A L T
27, 3PS ot R AR

WF5¥ . E-mail: cleresky@vip.sina.com

RIIR(1995—), B, Wit L5 A, B
EHEIELE, 2017 4F T # LR 22 U 2
g, FENFOCE RS R T
B WF 5% . E-mail: wuwendal7@mails.



https://doi.org/10.3788/co.20181106.1047

