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Design and testing of high contrast ratio MW/LW infrared
dual-bands scene simulation system
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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 of the aspherical
surface and the projection system with long exit pupil relief and infinity projection was taken into
account. Using common infrared materials with reasonable distribution of power and ashperical surface, it
balanced the coma, astigmatism, distortion and chromatic aberration, introduced by the dual-bands and
long exit pupil relief. In the design of the illumination system, directly irradiation combined with the
Abbe illumination principle was adopted to achieve an uniform illumination in the case of oblique
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incidence, also the improvement of light energy utilization and suppression of the stray light as well. The

design result shows that IR MW/LW scene simulator has a full field of view of +2°, exit pupil relief of

190 mm, and exit pupil dimeter of 70 mm. The distortion of the lens is less than 0.2%, the modulation

transfer function (MTF) is close to the diffraction limination at all the field of view in both the MWIR

and LWIR; meanwhile, the relative illumination is higher than 95% . The test result shows, when

blackbody temperature is 300 °C, the lowest simulated temperature is 31.6 C, the highest temperature is

250 C, and the temperature difference reaches to 215.4 C, the system contrast ratio is higher than 0.98,

and the relative illumination is higher than 98.1%. The simulation system has the characteristics of high

contrast, wide temperature difference and realistic image.
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digital micromirror device

b7 S (= b7 ) 1Y S 113 o D SV ) 4 )
YER 5 — B 5 i 5T, B 2864 T8 0% B ) R i A FH %
29k 15% , BRI T 2 G LAY B VS B Wk el it
JSCP BT R TARGF B 4, HUE RGN R
B, WA AL RE A IE . B CURI A AR AR Y
WICTAT I BT, TAR U BR BRAE i i, 4
BER R 0.25 mrad, X L BEBARAN A 0.2, 1 H A1 7% T
M PR DL AR BH I

A DMD TAEJR B %, B R0 — 3k 4544
87 B S5 28 1 AU B L1 A B ARBLAL AR | T2 X e XT
G I 25 YO R A RE . SO R T L R B O 2 A0
il TR B K R B O B R 2 AR G A
IR RS, BOEOGERG R~ + =755 X
et =l RLLL AR Rk 38 2 O R B A B4 A DA AR
BRIETA ST SEBL T RO B T 5 25 QR WiAE DL
220 A s BRI R Ge R R BT DL =G B R A O vk A
R T 220t P m TORRRFIH R o T REASTIE
IR 5] B (4 TR e R R G20, 7E 3~5 um
H1 8~12 wm U Bt 1Y FA 43 BE R 43 51 2 0.069 mrad Al
0.17 mrad , 5 4t i 1% 128 ok B30t 2 122 30 07 S04 R 5 45 T
IS HEIRE] T 98.5%, 7E B AAREE Sy 300 THY, #4540
IR A% 31.6 °C, e 250 C, iR 2383 T 215.4 C,
X LB i 0.98, RE AR A B e

1 DMD BlIffE=S T1E/RIZ

LML O HAR RS M AN 8] 1 B, BRI
R GUR BRI T B LA A E o) G B R e
DMD 1 ZL MG i (4 4% 0 a8 1, 73 53 DL A
TR A R, B W B sh S L AME B



2896 Lok A2

% 42 %

Blackbody

i [Numinating lens
i

]

Ly

|

I

1
i
I
i
1 o
1
i
1

Seeker

F 1 RGN B

Fig.1 Schematic of optical system
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Tab.1l Optical design parameters

Parameter Value
Waveband/pm 3-5;8-12
Effective focal length/mm 250
F number 3.57
Field of view/(°) +2
Entrance pupil distance/mm 250
Back focal length/mm =230
Entrance pupil diameter/mm 70

Resolution/mrad 0.069;0.17
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Fig.2 Schematic of projector structure
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