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Optical design of MWIR/LWIR scene projector
with hamonic diffraction element
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Abstract: For the requirements of performance testing and evaluation of IR guidence system which works
in dual-bands of MW/LW, a DMD based dual-bands infrared scene simulation system was designed,
including a projection lens and illumination optical system. The aberration characteristics and design
methods of the IR dual-bands projection system with long exit pupil relief and back focal length were
discussed. An inverted-telephoto structure with a harmony diffraction surface was used to solve the
aberrations such as coma, astigmatism, distortion and chromatic aberration which were difficult to balance.
In the design of the illumination system, directly irradiation combined with the Kohler illumination
principle was adopted to achieve a uniform illumination in the case of oblique incidence, also the
improvement of light energy utilization and suppression of the stray light as well. The designed IR MW/
LW scene simulator has a full field of view of 5°, F# of 2.4, and exit pupil relief of 190 mm. The
distortion of the lens is less than 0.1%. At the Nyquist frequency of 36 Ip/mm, the modulation transfer

W E #1.2012-11-05; {&iT H#A.2012-12-03

HETAR . HR A KRR 4 (60977001) ; [H 5% 863 114 (2007AA12Z10)

EE R A ok /B (1986-), B, A, FE N A] WO LT AMIL S B 5 1 (W WF 58, Email:zhangjz_ciomp@yahoo.cn
SUBE A NI (1973-), B I B, FENF LMD R G5 E AYAFFE . Email:sung@ciomp.an.cn



mailto:Email:zhangjz_ciomp@yahoo.cn
mailto:Email:sunq@ciomp.an.cn

1759 rohl ok T2

% 42 %

function (MTF) is higher than 0.4 in the band of MWIR; at the intermediate frequency of 20 Ip/mm, the
MTF is higher than 0.38 in the band of LWIR, at every field of view. The relative illumination is higher

than 98.5%, which meets the requirement of the scene simulation.
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Fig.1 Schematic of optical system structure
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Tab.1l Optical design parameters

Parameter Value
Waveband/ pm 3.7-4.8; 8-12
Effective focal length/mm 203.5
Fl# F/2.4
Field of view 5°
Back focal length/mm =245
Entrance pupil distance/mm 190
Entrance pupil diameter/mm 84

0.12 mrad@MWIR;

Resolution 0.29 mrad@LWIR
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Fig.2 Schematic of optical system structure
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