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Design of optical engine for zoom infrared two-band
scene simulator based on dual-DMD

PAN Yue®, XU Xi-Ping,
(School of Opto-electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Qiao Yang

’

Abstract; In order to simulate the spectral distribution difference between the target and the interference
in real scene, a zoom optical engine with two channels and the same caliber has been designed based on
dual digital micro-mirror device (DMD) , it includes projection optical system and two illumination op-
tical systems. The optical engine directly illuminates two DMD target surfaces respectively with long-
wave infrared (LWIR) and mid-wave infrared (MWIR) Kohler telecentric beam. It uses spatial stere-
oscopic layout to get avoid of interference between different optical paths. The design result shows that
the illuminance uniformity of illumination optical system is better than 94% . The modulation transfer
function (MTF) values of zoom projection optical system are better than 0.4 and better than 0.7 at 10
Ip/mm respectively in bands of LWIR (8 ~12 um) and MWIR (3.7 ~ 4.8 um). And the distortion
is better than 0.5% , which meet the requirements.

Key words: optical design, infrared simulation, dual digital micro-mirror device (DMD) , two-band,
optical engine
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Table 1 Design parameters of the dual-DMD optical en-
gine
Parameter Value

Working wave-bands

3.7~4.8 pm;8 ~12 um

Zoom ratio 2%
X +3.75°
Field of view
+1.875°
F# 4
133.6 mm
Focal length
267.2 mm
[Mumination way Kohler

Sensor area of DMD
Pixel pitch of DMD

14.1 mm x10.5 mm
13.68 pm
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Fig.6 Light path of illumination optical system
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Fig.7 Evaluation results of the illuminace uniformity
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Table 2 Optical properties of the selected infrared materials for the projection optical system

Index of refraction

Chromatic dispersive power

. X Between-band chromatic
Thermal dispersive power

Material dispersive power
ym 10 um Ciosun”/ (%) Co_ipyn/ (%) T/(10 3 /K) Py 15,/ (%)
ZnS 2.2501 2.1983 0.91 4.36 3.02 4.32
AMTIR1 2.5146 2.4981 0.50 0.91 3.61 1.09
ZnSe 2.4331 2.4067 0.50 1.71 3.77 1.88
Ge 4.0224 4.0036 0.99 0.10 12.61 0.63
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Fig. 10  Spot diagram of the LWIR projection optical sys-
tem (a) long focus, (b) short focus
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Table 3 Optical efficiency of each component

Parameter Value/ (% )
Window transmission(once) n, 97
Micro-mirror reflectivity 7, 88
Array fill factor n; 92
Array diffraction efficiency of MWIR 7, 78
Array diffraction efficiency of LWIR 75 58
Dichroic beam combiner transmission 7, 98
Dichroic beam combiner reflectivity 7, 99
lens and filter transmission ng 98
Mirror reflectivity 19 99
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Fig.11  Spot diagram of the MWIR projection optical system
(a) long focus, (b) short focus
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Fig.12 MTF curves of the LWIR projection optical system
(a) long focus, (b) short focus
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Fig. 13 MTF curves of the MWIR projection optical system
(a) long focus, (b) short focus
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