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Design of laser active illumination optical system
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Abstract; In order to improve detection ability of tracking system for the dim target, a set of automatic laser
active illumination system is designed for actively illuminating the view field of tracking and measurement. The
illumination diameter is always 10 meters at a distance of 0. 2 km to 5 km away from the system. The amount
of focusing group movement at —20 °C and 45 °C is given. The simulation results show that the illumination
nonuniformity is less than 15% . By analyzing the optical aberration effects on the illumination uniformity and
designed dimming group, the theoretical relationship between the dimming group movement and the illumina-
tion distance is gotten. The design result shows that the illumination in different distances will be uniform by
adjusting the dimming group position automatically. The design and analysis results show that laser active illu-
mination system can accomplish uniform illumination for the view field of tracking and measurement by moving
the dimming group, which is beneficial for the dim target detection and measurement.

Key words: laser active illumination ; automation ; uniform illumination

7 H #3:2016-01-18 ; &7 H #3:2016-02-13
EEWE WK & HORPI I K T (863 1141) Bt B 5 H (No. 2014AA7031082A)
Supported by National High-tech R&D Program of China( No.2014AA7031082A)



53] XA, A oL RS IR RGBT 343
PRTTRAATGE . ASCEEILRBOCESIIR

1 3] = MR GERDL R GBI IR SRy B &% e oy
Hraiior

B HOEEAR R BRI F LR H &
IR D' P R 0 A e M N B R
SRR o X TR B RE L E A A /N
FAR , LG shill it i A% 2 4t BV (8] w1 2 B
POEHM AR LR JG 3% $2 4 A2 96 ) X HE 45 70 B
o ERFPURIR BIES I RERAR S, S0H 1757
TR, A HBE ST IO BRI
B ARSI A bR

BEINOE B I R U AR R Il (5 S e
WA BT B A IBOGIY @5 B s I 1) M
BRI /N IR AR R R AT IR
5, DL IR 1655 A BE i, SR FH IR 28 1B e F AR AT
R il Je 17 FBCA 4 1 SR A O AR A )
I AR Y R 23 BE, %) bGP 5, 52 BB R 4R T 2
e

ENTNERPINSREES & KRR & s L
AR R GEN T S PR AR, 4042 K Albedos
il Elviss #OEEShG R G5 o [, E5 A5
XHEOE T2 3 IR B BOR (ST 32 2R vh 7 s ok i
PR TAR 78 25 AT, AR RS AN [7) A 1 B g Ak
SR 8 B 1 — S S K Sk iy Il gt A 43, it
MHRTHOC ES R RGO A7 H AR EE A
18] J B SIS BBl ot R g

ARSCAE A TRE PR 2, B X BRER I 2R 52
JIr 6 FH A8 AR BILAF 7 3 285 9 1Bl /N B2 R 8RR )
A BOR PR A0 3 BRIVDE A R GEXT R ER
B0 AT £ S A B IR AR, HLSC B0, 2 ~
5 km A [R] BE R 9 FEL Y, MR OB XA O AR O
10 mm Y EIE X3, Ho &0t E3h N R 50 B 3)
SEEXEAN [ HE B ) S DXl e B A S 4 5
—H,

FH O T 3l BT AR G804 K SO G A [ £
S PHE R AL i, AN TR 3 AR DX R
SRR G R BE LR R R A R A B AN [
MBI R G0 45 6 KRR DL BE 43 BT A S OGN IR 2R
G, ALET XA ] B RRER B e BRI B i, AT O
xR S A LRI B BE A X 44 2] — 25, R

2 RFER%IEH

2.1 igitistR

WOt ARG WA 1 PR, B EE R K
Tl SREOGES AL IR 2E R 5 )
JEIBE ZR 5 AR UL S BT A B s il 1 S LAL AR

K1 SOt TSR R GR B

Fig. 1  Schematic diagram of laser active imaging sys-

tem
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Tab.1 Relation between illumination

distance and aperture angle

RRHTEE RS /km BB R B EE 6/mrad  fLAEFH 6,/ mrad
5 2 0
3 1073 4/3
1 10 8
0.5 20 18
0.2 50 48
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Fig.2  Structure of laser active illumination system
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Tab.2 Illumination distribution at different distances

FREIFE RS /km 10 m NEEONR/W S5 EA/m B5) KT BRI TR/ (W - m ™) MBI S/ %
5.0 48.65 9.8 0.64 8.0
1.0 50. 00 7.6 0.78 13.4
0.2 48.4 9.7 0.65 9.5
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Tab.3 Temperature focusing at different distances
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Tab.4 Contrast results of the dimming group

theoretical movement and CODE V simulation

MRS, MR FEAVR, WZE/
km mm mm mm
5 0 0.010 36 0.010 36
4 0.2254 0.2356 0.010 2
3 0.601 1 0.599 0 -0.002 1
2 1.352 6 1.3512 -0.001 4
1 3.606 9 3.602 0 -0.004 9
0.2 21.741 1 21.744 4 0.003 3

MO Sl A 22 (N T AL — 2P K
T ZE(EAE S km IR S LightTools i HL4%
ZIRZ(E S S km A XS IR AR 02 1%
AP, i 2 R PR 0 R 1) 8 5 e % B2 — Sk
2R, % BEIE it 26 RE 6 S AR J0O6 I
ARG EE d A ShERIECH B SR, H
i A Xk R S R R

5000
— g%
4000 i ECH
3000t
E I
20001
1000
0
0 4 8 12 16 20

x/mm

K4 JEoed gl 5 IR R oG R 2k
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movement and illumination distances

3.2 RERBGESRAHIEHN

H T IR RGP R 2Z B 1E, HARIR
JEr A 2 M BN 2  BRGR , B 28 S8 1) B2 5 10
o PRI MR B SR TR PR

FE RN F I H 3 J7 ARAE (RMS i) %R
£ R R X AR 48 RMS {H AN S B

e
S

0.11} e

Wave aberration RMS

I
i

5000 4000 3000 2000 1000 200
d/m

KIS 2 MBS I R L5 22 RMS {5

Fig.5 Wave aberration RMS at different illumination

distances

18] 3 815 k3% 3 Ll FE TR B~ is 3
A, DG RGN BE 2 RMS {H < 1/54,
oA =808 nmo RGP R RMS R (E H 2L
TERRWIBE RN 0.5 ~ 1 km FRFT I, 107 2 FF 28 25 1R
W B B KRNI SN 14,7 % AT Tk A SR N 4 2R
GRS SR R 2R . BRI BE RSO 0. 78 km
i, MR HAE R ANIE] 6 fros , HIR A 53T
22K B I AR N 7.5 m,

_ 1e-006
4000 £ / \

0e+000[

Y/mm
o
Irradiance/(W - m

—4000

1e-006
—4000 0 4000 —4000 0 4000
X/mm Position/mm

K6 MEWIRERE SN 0.78 km Ab B 7 A i O
Fig. 6

Ilumination distribution with the illumination

distance of 0. 78 km

3.3 RERNESM

it CODE V XF RGN A Z AT 38T, 434
824 CODE V BRINE, 15 240 1& 7 Frm 2
ZEor s R . T RN B RS MTF
T 0. 89 AU ZE KT 90% |, K I % 2 4 i 2 52
Pron TAEpEsR . 454 CODE V pfr 5 R G058
B T 54 H A8 71, 13 th 2B i J5 R 50 0 B AR I 4
2% RMS {2 /NF 1/50 (A =632. 8 nm) , Hofibt



434

X, Aot g

e R g it 347

R ZE JREE IR AR 22 DA 1 RS 2l
SR EIAMENGHE , MRS RISk K
2> 22 BAREER FU ™ %, (ES SR 16 BRAT i T A
FABARTEE A o

632.8
Tolerance Analysis

F1: 10.00 c/mm, tan
F2: 10.0¢

Position 4 28-Jan-16

100

80

60

40

Cumulative probability /%

20

0
1.000 0.973 0.947 0.920 0.894 0.867
Modulation on transfer function

K7 i fr s 220 Jm MTF 22 4E i i
Fig.7 MTF change of test position after tolerance anal-

ysis

SEPRBEIRI 5 6] AR P 632.8 nm [+
WAGHEAT SR, 87 8 6 B 1 19 A2 (IRDIE
BB E N 0.6 mm) Kl Y RGEBAR 22 5/ M
PN B, BOMARENL, SR G o it
TSI A 2 S S PR R F AL, R
REREREAR 1 P S BRBE IR R 22 100 5 | B ) R BE AN 4 2
ATl

Sk

PRI

AR
H8 RS

Fig.8 Mechanical structure of illumination system
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