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Abstract: In order to solve the problems of poor imaging quality, complex structure and large volume of
existing dual-band common aperture cameras, a visible/long-wave infrared dual-color optical system was
proposed. Simultaneous imaging is achieved by sharing the front—end reflection structure in the two bands
and adding a dichroic beam splitter on the back of the main mirror, thereby ensuring the compactness of the
system structure. The influence of the dichroic beam splitter on the infrared band imaging was analyzed in
detail, as well as the influence of different angles of the dichroic beam splitter from vertical direction. The
correct system of long wave infrared band and the image plane were eccentrically processed by —2.39 mm,
so the image quality of the infrared band was greatly improved. The validity of the analysis conclusion was
verified by the field test imaging. The results show that the system has loose tolerances, simple structure,
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and a few optical components. This system has the advantages of easy processing, installation, and strong
engineering feasibility, which can effectively improve the target detection and recognition capabilities of the
camera.

Key words: Visible light; Long—wave infrared; Common aperture; Dual-band; Optical design
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Table 1 Main parameters of optical system

Items Visible light LWIR
Effective aperture /mm >120 >120
Field of view /(°) 3 3
Wavelength range /pum 0.5~0.8 7~10

2% ZR G0 AR HE H BRI 2 19 S B e s 2
2f "tan w = 2y (1)
Kop L RRGEE, o PR A, 2y R AL KE . KR DDA SN S HRAR(D),
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Fig. 1 Structure of Cassegrain system
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Table 2 Initial structure of pre-system
Ttems R, R, d e’ ,
Value —280 mm —260 mm —70 mm 1 7.3
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Fig. 2 Structure of visible light
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Fig. 3 Refraction diagram of the dichroic beam splitter
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Fig. 6 Encircled energy of visible and LWIR

0511002-5



T o AR

RI WHERABRGRBERER(ERS0% EE
Table 3 Diameter of different fields of two bands (with 80 percent of energy)

Field 0° 0.75° 0.9° 1.06° 1.5°
Visible light 11 pm 12 pm 12.4 ym 12.8 pm 15.2 pm
LWIR 36 pm 36 um 36 um 36 pm 38 pum
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Fig. 7 Spot diagram of visible and LWIR
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Table 4 RMS Radius of different fields of two bands

Field 0° 0.75° 0.9° 1.06° 1.5°
Visible light 3.536 pm 5.232 pm 5.972 pm 6.892 pm 10.116 pm
LWIR 9.902 pm 8.266 um 8.155 um 8.595 pm 12.629 pm
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Fig. 8 Distortion of visible and LWIR
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Fig. 9 Preset tolerance values
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Table 5 RMS spot radius tolerance analysis
RMS Spot Radius / pm

Probability - -
Visible light LWIR
90% 7.058 15.79
80% 6.730 13.51
50% 5.748 11.12
20% 4.970 9.412
10% 4.908 8.682
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Fig. 10 3D structure of dual-color integrated system
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Fig. 11 Field test picture of the camera
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