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Opto-mechanical structural design for two-DMD infrared dual-band
scene simulator

Pan Yue,Xu Xiping, Qiao Yang

(School of Opto-electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract : Regular infrared dual-band scene simulators are mostly designed with single DMD, which cannot modulate the two wave bands
severally. The single DMD based design can only meet the requirements of working wave band, but is not that practical. To solve this
problem, a dual-DMD based dual-channel co-aperture switch-zoom compact-structure MWIR ( Medium Wave Infrared ) /LWIR ( Long
Wave Infrared) scene simulator is designed. The optical-mechanical structure of its main parts, including projection system, illumination
system, and dichroic beamcombiner, are designed in detail. The optical engine adopts telecentric system to illuminate DMD target sur-
face directly, which uses vertical space overall arrangement to avoid interference from different light path. Moreover, the engine uses two
small-size metal plane mirrors to compress illumination light path, so that system integration degree is increased. The beamcombiner is
fixed in half- kinematics elastic way, we calculate pinchcock’ s deflection for the least preload, and its bending stress formed in material.
Working temperature of black bodies in two wave bands can be calculated with Matlab, which also fits the proportional relation ¢ ( T')
curve of after-optical-system radiation remittance of two wave bands and black body radiation remittance of overall infrared wave band.
The simulation testing shows that when black body temperature reaches 850 K, it meets the highest apparent temperature requirement.
The contrast ratio of mid-wave image is 250: 1, and the contrast ratio of long-wave image is 14: 1, which satisfies the operating require-
ments of infrared mid/long-wave scene simulator at the present stage.
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Fig. 1  Constitution of two-DMD zoom infrared

dual-band scene simulator
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Table 1 Technical parameters of two-DMD simulator
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Fig.2 Optical system of two-DMD zoom infrared dual-band scene simulator
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(a) Long-wave-infrared projection optical system MTF curves of each field
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(b) Medium-wave-infrared projection optical system MTF curves of each field
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Fig.3 Dual-band projection optical system MTF curves of each field
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Table 2 Tolerance of projection optical system

B TR X B IR mm 5 G fi L/ mm
5 1 0.01 +0.03
6 0.5 0.01 +0.03
7 1 0.01 +0.025
8 1 0.01 +0.03
9 0.5 0.01 +0.03
10 1 0.01 +0.02
11 1 0.01 +0.03
12 1 0.01 +0.03
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Fig.4  Structure of illumination system
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Fig.5 General structure of projection system
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Table 3 Physical property of primary materials of

two-DMD simulator

o %JE/,3 ﬂﬂﬁiﬂ&/ Tﬁ&ﬁﬁ/ —
(g-mm~) (x107%/K) GPa
Ge 5.32 6.2 10.37 0.28
Si 2.33 2.5 13.1 0.28
ZnS 4.08 4.6 7.45 0.29
AMTIRI 4.49 4.49 2.2 0.266
ZnSe 5.27 5.27 7.03 0.28
40Cr 7.85 7.85 205.8 0.3
48 6061 2.68 23.6 68.2 0.332
3M2216 1.47 102 68.2 0.43
RTV - 236 0.696 0.45
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Fig.7 Structure of dichroic beamcombiner

SREI BTy R T, UG 4 dre /N B AR A
S«

Fou =mf Y a (3)



55 12 3

i B SE W DMD ZLAN GBI SR A L LA H B 2999

Hrfrem NG HBETR S, AL EREL, Xa HIETEK
VER 35 1 B B Ay 3l i S s i R A BAR N
K8 i

7 e S
N v
: ,
ERRIL 2RI

K8 XU Iz dlyad R rh RS2 1 % ik B2 A
Fig.8 Vector acceleration sum of dichroic beamcombiner

moving process

B LR B FERZE I I ¢ P58
B BRI NS a,  ARRE 35 0 (9 R S a A4 PR
100, B 8 AT LA M50 2 P DL s S/ NIRRT
S5 1 FEOL, PRS2 R LA, WX (3) AT R R

F.. = mf.(g-cosh + (g - cosf, ) (4)

RG-S R ELR S BB ORI M mT 7 60, =
30°,0, =60°,g HL 9. 8 m/s* -7 & (1 fx KA gh il i
0.04 m/s KEHIEEITEIEMN 1 s, 0 @, = 0.04 m/s* 5@
WAL NBUCE 2 250, =2, Rt in #28 h BT 22 5 AR 4 2
BEMAIWIAE, ZnSe HBEN 5.27 g/em’, 5 HEE 1 &
BEAIE L4243 50 3 A1 33 mm, AT {144 F,,, =0.893 N,
A BN R/ VAR, 3 > BRI AEAN AR AR i i I e 2 A
N

A= (1-v))(4F L)/(E b’N) (5)

BB R 52.5 o, FRES R R Hop oy
ARSI E, i (LR 3) | i e B K (
EA NG5 A R s F i X R G BE) L =
8 mm, FEE b =10 mm,JEE 1 =1 mm,N Jy#EIHH,
FH O AT AR A S T T D 4 A 8 % 10 ™ mm, S A
S e PR IR B N )

S, = 6F  L/(bi’N) (6)

A1 20 (6) TR 25l 1 772 1. 428 8 MPa, it
INTERMA RN IRGR FE I —2 27 MPa, B35 2L,

B BT IV TR A0 SR L TP 5 A S T, DU 20
BEARUE S 5 A B 1 10 B — 35, 5 G R 4R
SRS I HE, 1 SR /N e AR SRy SR fh
KRR BRI AE 5 K A= i AT R
3.3 AEBERAREEFERETE

XX DMD 72 R LT AN B B s A 4L 1 e R 2 WL Tk
JEHHR T AR B AR, K I e P i AR AL Y
H RFMIRLIE =400 K, v 1 il A i A0 1) e KRR

TRE =600 K, MK A AT I N -
M(T) =&-c A7 [exp(e,/AT) =1]7dA Wem™

(7)
M, Ry AL Ah i B A S R, T o 2R R
EA SRR (AL m), e HRIKFEFLE, ¢, N
3.741 5x107° W - m*,¢, 51.438 8 x10 > m - K,

i I R I RE R AUFE B R AETE 4 43 . DMD |
G B SOT T RS . AR T A w42 g DMD
HORSHL, /T AT DMD A8 A [ i R B R T 3228
0.598 7 7E KWL N R RE = A FH# 0.457 1, 6% 5C
R R85 A 488 375 Mo sl 1 S S 3 B M S S 3R 4 L 0. 98
H T I AARADL R A S RE S A 2 €30 M 0.358 7, 11
PRER AR £y 7 0.474 6,

2806 FR GG IR N R S e S Dy

Mpmj,,w\\m( T) = flm\mMe( T) =
4.8x10°° s Cz -1
gMWIRCI‘S‘J;leOﬁ/\ [eXp(/\—T)— 1] dA,
M, wwin (1)

‘/’pmj,lvm IR ( T) = % ( 8 )
26 R GGG N SRS Sy
Mp.uj,LWlR( T) = fL\nRMe( T) =

12x10° C -
gL\\lRCIé‘J‘gXlO%/\ S[EXP(ﬁ)_ 1] dA,
Moy 1 (T)
‘/’pmj,me ( T) = % (9 )

(8 FN(9) o () J3 51 0 BT L AE AL I 28082
GiJa i AP 5 B A LT AN B S
MILCERR L, 1&1 9 PR 205 8 ~ 12 pum K i¢.3.7 ~
4.8 il SRR R AR AL Sy #4243 B 200 ~ 1200 K
i, M MATLAB B (is B 9 28065 R G0 )n P B
508 R S 5 e £ A e B TR AR S5 S 0 B BT 56 AR
P (T) 2

. —— Kot
— RS AR ——= AR A A
03se  HBIXR -~ <10¢
g —~
g Is &
= e
= 2000 o=
= ! e
= / =)
= J B
= /| B
= 1000} A sz
= g &
i & £
el o o
RS 0 7 0 Z‘E
0 ': = L L
200 400 600 800 1000 R 200 400 600 800 1000

B R IE/K

BIERIE/K

(a) Kigarsh

(a) Long-wave-infrared



3000 & I £ ¥

38 %

ARG AR LU DC R

0.101 o x10*

g
0.09} £ 2
il B s
‘ : =
8 0.06 g ﬁ
D005t & =
Soo0a} X &
EXY i -
003} Iz %
0.02f g a
001} 1 £
R :

0 L 1 0
200 400 600 800 1000
W R

Z3
S

2

)< S S T—
200 400 600 800 1000
IR EE/K
(b) Hrige Lt
(b) Medium-wave-infrared
B9 o Bl A2 e 26

Fig.9 Curves of ¢ change with temperature

MBS T U BEHR T, ¢ () i 4R EC
WA LA T 1) 8 35 D5 1) % ), B 9K 56 Tl AR R Y RE 40
FEILAL R AN, (EAE 45 2 35 B A B L5 R AT & — >k
TRAEE T AELME R T IR R R FULLE 2
SR TERFRE D B P BRSSP 5 S 8 SR AA A ], 26
BB AR A 55 3 RSO 0 1 Y AR R 3l i A if
MATLAB 35345 5 il 00, 4 35 R ) 28 0 8 AR it 38 V7 3
A& T=550 K, [ SE Bl KRR =400 K, %5 [& I AH 5
SR A E R L. ST = 825 K i I R 4
FRAIREE N R T=700 K, 15T =1 050 K, (il A
Jor PR R A IRLRE B BRI FH%E

4 EEMNLSXZ/ERSH

i F FLIR-655SC A K i #4% {% #1 FLIR-6750SC %l
AR P A e Bt AT PERE I K 3t B 32
SRR, 2 g R AR TR S 800 K, i i WL B A
635 K, IAFIFRHREOR , R PR IIEE D 850 K i, fiz i
FMALE g 412 KR FIHEPRESR

Bl 10 () 7R v AR A JR AR B2 2 800 K i
RIRAR LAY B LRI B 23 K BE R B A, A T
G 3t I A DL A5 A A 9 P A X 45 T A 4 PR 5 O A6
fUREST, {1 T Vega Prime B By & 57 (9 1 10197 5%,
P 10 (b) ez S K B AR A E AR S 800 K I R
AR

-

(a) PRI

(a) Mid-wave thermal imager

(b) KB ABAX

(b) Long-wave thermal imager

K10 PR a5

Fig. 10 Received test images of thermal imager

R 1L R, i MATLAB R0 35 0P [ i 4k B
BB R B LA S, 32 DX ) 3 o R I A 4,
P G b B R 25 Ry IR BEAEL N 1, fe e 19 QLR A T
OrIRBEAE A 252, A% I PRI AR v de 52 B0 03 K S (L 238,
B 0 (Y K BEAEL S 17, U AT R AE 3% AR AR E T v 3
P50 L JBE T B O 250+ 1, 37 T 450 BE JEE 3 UL A
140 1 SRS S T PR L, < U8 TR 4R a5 W0 70 K JE
BRI BN, (H R R X BE BERE o — 20 R B, i
EEXT 7 i 1 5T LB i PR AR A 5 TR AR
R R 5 | 3 e 3 % TOCHR S5 582 W) B UL A 2 B, 6401 28
DMD S EIEAT 1 Jr i il v, 7E — 2 AR B B 1A
LN S

250
200 F
B
2 150
o
=
X 100f
50F
IS e ¥ L ® L 1
0 50 100 150 200 250 300 350
AR R
(a) P8 MG A A
(a) Grayscale of mid-wave image
250
200
el
2150
o
L
K100f, -
S50F
0 10 I 20 I30 40I 50 I60 76 80 I 90 l(I)O
M S 3y
(b) KGR e
(b) Grayscale of long wave image
BLE P A ) I fRR SR 45
Fig. 11  Grayscale collection of test images



55 12 3

i B SE W DMD ZLAN GBI SR A L LA H B

3001

5 & i

ARSCBETT T i X DMD 21 KU R 58 B0 RGE
LemIE RGN LR A HiRE VA A INC | E AR G e = |
JERGEE (JE D4R R R LT AR/ K SR e
DG | S GAA SR HIART Sy J28. 006 % L 52 BRI DMID ST, ey
WA ARBTG5 B L D T8, RA
iz gl 22 7 A A A R, T T I A
B e/ NI A i e B G Al R A AR PO I
BTy TR A R R AR et A B, M MATLAB
B 2007 R G0 5 I BURR AT Hh 5 5 21 AM
B R AR S BER LE5C 2R ¢ (T) IR, ISR At SR
TR EE LG B e 1050 Ko f e R R,
e AR BRI P SRR BE 23531 g 800 A1 850 K I, 3K
B o e FOVLIRLE R 5 vh P IRTAR B XS LG BE RE I 3 250: 1,
KPR RIS L BEREIR B 142 1, 3 I 2050 b/ KB4
LIRS EOE St/ Ly = R1EF o N N D VA E S AW N 1) 4
Bt G 2R e S 4
553
(1] Wil , AR, X3 28 28 G O LD A AR ] 3 0%
BRI Ot 54058,2013,43(9) :1036-1039.
LI L J, BAI X D, LIU K. Analysis of the key technolo-
gies for dual color IR imaging guidance of air-to-air mis-
sile[ J]. Laser & Infrared, 2013, 43(9) . 1036-1039.
FI, A, A R0 S ks s Oy FL LT ]
[ A1 HL - R ,2011,30(12) :69-71.

LV SH, WANG J ZH, ZHONG W J. Trajectory simula-
tion for guided rocket[ J .
ment Technology, 2011, 30(12); 69-71.

SR RBNAR  BRAR AL, A5 S H bR DDA 2 1 &R
SERYBERILT]. i IR ,2013,36 (1) :60-63.

SHI Y, DENG X D, CHEN CH H, et al. Design of mul-
tiple target source simulator control system[ J]. Electron-
ic Measurement Technology, 2013, 36(1) : 86-90.

JOE L, GREG F, TOM D. Thermal resolution specifica-

tion in infrared scene projectors [ C]. Infrared Imaging

(2]

Foreign Electronic Measure-

(3]

[4]

Systems: Design, Analysis, Modeling & Testing XXVI,
2015, 9452, 323-337.

HU H, LIU J, FAN Z. Interaction of pupil offset and
fifth-order nodal aberration field properties in rotationally

[J]. 2013,

[5]

symmetric telescopes
21(15) : 17986-17998.
HU L L, ZUO B J, CHEN SH Q, et al . Multitarget
compounding technique based on dimpled mirror [ J ].
Optics Engineering, 2012, 51(11) . 3001.

SRAESE, SR, TR0 4, 45 R0 LU R /R I LL AL

Optics  Express,

(6]

(7]

(8]

(9]

[10]

(1]

(12]

[13]

[14]

[15]

BB AR GOE vt K s ge [ V], 20405
o TAE,2013,42(11) :2895-2890.

ZHANG J ZH, GUO B H, TAN X Q, et al. Designed
testing of high contrast ratio MW/LW infrared dual-bands
scene simulation system [ J |. Infrared and Laser Engi-
neering, 2013, 42(11) : 2895-2890.

TR, E A Ve LA B B G B A AT IR 5 B
WYEEBT[) ] Ot ,2013,33(5) :216-221.
ZHANG Y, WANG W SH. Design of cooled Infrared du-
al-band common path refractive-diffractive telephoto ob-
jective[ J]. Acta Optica Sinica, 2013, 33(5) :216-221.
KA, B, PR ZLAN U B AU Ot oL
FRGE[1]. 6% K TR ,2015,23(2) :396-401.
ZHANG B, CUI EN K, HONG Y F. Infrared MWIR/
LWIR dual-FOV Common-path optical system[ J]. Optics
and Precision Engineering, 2015, 23(2) : 396-401.
QIAO Y, XU X P, PAN Y, et al. Research on DMD in-
frared scene projector with a high contrast ratio infrared
prism design [ J]. Optik-International Journal for Light
and Electron Optics , 2014, 125(22) ; 6855-6859.
PRSI, U FEBLBCR B SR A M B [ ] AR AR
4% ,2014,35(6) :87-90.

CHENG ZH F. Mechanical design of support structure of
reflector in aerial camera[ J]. Chinese Journal of Scien-
tific Instrument, 2014, 35(6) ; 87-90.

WA s AR ] OGRS BT SR [T ] X4
I F24 41,2014 ,35(6) :107-110.

Al H. Structure design and test of aviation zoom visible
lens[ J]. Chinese Journal of Scientific Instrument, 2014,
35(6): 107-110.

W AR ERE, Fo . 8 ~ 12 pm ZLAM S S B AL 2
JEHLEE A Bt [T ] AR A 3 27 4l , 2015, 36 (8) -
1854-1859.

PAN Y, XU X P, QIAO Y. Opto-mechanical structural
design for 8-12 pm infrared dynamic thermal image simu-
lator [ J].
2015, 36(8) :1854-1859.

PN B, 5K B K, R HR, A R ok B R READL %
WL Bt [T ] AR A K 2 4, 2011, 32 (9)
2121-2126.

SUN X Y, ZHANG G Y, WANG D Y, et al. Opto-me-

chanical structure design of large-scale and high precision

Chinese Journal of Scientific Instrument,

Chinese Journal of Scientific Instru-
ment, 2011, 32(9) . 2121-2126.

Ak, Z Bk DR LA RGO — IR BT ]
I EANFeF 4% ,2013,34(2) :387-393.

SHAO SH. Integrated design of optical-mechanism and

star simulator [ J ].

heat for shared aperture infrared system with multi-spec-



3002

oA & 2

38 %

trum band[ J]. Chinese Journal of Scientific Instrument,
2013, 34(2) . 387-393.

AL, TR IE SO, BRI, S B PO R R 2SO
TR IAE R G | BRI LY ] ALAR A R 2 41, 2013,
34(12) :44-47.

LIY W, ZHANG H W, CHENG ZH F, et al. Applica-

tion of insulation material in thermal control system of al-

[16]

titude optical sensor[ J]. Chinese Journal of Scientific In-
strument, 2013, 34(12) . 44-47.

EE &I

A CEIREE ), 20 1E 2012 4 A
2017 AR FRAF M TR 3R A3 2 2 A A
T2, O K AHF L L RPN, EZER
J5 Tl R L 2R GE Y A B AR B LA # 15
ite
E-mail ; jilinpy@ 163. com

Pan Yue ( Corresponding author) received his B.Sc. and
Ph. D. degrees both from Changchun University of Science and
Technology in 2012 and 2017. Now he is a lecturer in Changchun
University of Science and Technology. His main research interests
include overall technology of electro-optical system and opto-me-
chanical structural design.

TRERTF, 07 1993 4FEF1 1999 4EF K
LA B S e AR A 2 2 LA L
A, 2004 A TR BT R 24 AR A 2
A, BT BE TR 204, W55 18]
JCHSIN B AT R o
E-mail ; xxp@ cust. edu. cn
Xu lelng received his B. Sc. and M. Sc.
Fine Mechanics in 1993 and

degrees both from
Changchun Institute of Optics,
1999,
chun University of Science and Technology in 2004. Now he is a

respectively, and received his Ph. D. degree from Chang-

professor in Changchun University of Science and Technology.
His main research interests include opto-electronic test technology

and quality control.



