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Modeling and simulation analysis of laser echo characteristic of
cat-eye target under the influence of aperture

XIE Tianpeng'* , WANG Chunxiao' , JIANG Chenghao' , JIANG Yan', ZHU Jingguo'*
(1. Institute of Microelectronics of the Chinese Academy of Sciences, Beijing 100029, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; Based on the application of laser active detection using the cat-eye effect, the model errors introduced in existing research due to the
neglect of aperture obstruction was addressed. The laser echo efficiency under the influence of the aperture was modeled and simulated under no
defocus, positive defocus, and negative defocus conditions. Numerical simulations were performed using Zemax to validate the model and simulation
results. The results show that the maximum incident angle of the cat-eye effect decreases with increasing focal length and slightly increases with
greater defocus. The echo efficiency decreases linearly with the increasing incident angle, and the rate of decrease accelerates as the focal length
increases. When the objective lens radius and reticle diameter are both 25 mm, the focal length is 100 mm, the incident angle is 7. 125°, and
there is no defocus, the prediction errors in echo efficiency for the existing and proposed models are 152.653% and 1.213% , respectively. The
findings enhance the existing theoretical model of laser active detection and provide valuable insights for optimizing detection system performance.
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Fig. 1 Internal structure of cat-eye target
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Fig.2 The "4f model" of cat-eye target

1.2 [EEEREX
DG bR 2% F R R AR 1835 R R e L

e

_Em( (1
U—E )

0
in

LB, BT B W B O R R B
Z 1 PR YR 3 55— U4 AR S I, I
R O I BOCRE R, E,, =E, - 71~ p - 7T,
b r WWIBEE LR, p RIS R 7, N

B i R (B B el A OG RE 15 S AT
IBOCRERZ L) -

N T BRFEE RS PR 3R AR B A RO B RE R
LA, 70 IR S S At R b, AN
W s ek M o R Al S S SR SO RE RO 2
A% 7 =p =1, FF B AR B ARY) B2 A B i g A
SHEOCRER I 210 o
1.3 [EENEREE

PR AR 35 2 AR F ARG SE R GRS R R A



- 96 (FE TR SR S AN S

547 %

6], 73 Bl o B £ I B AR A B AR 00, BE X
%ﬁﬁ‘ﬁﬁé%‘}ﬁﬁs [R]85 T AR DA RO R P RO G g

BISEMRTEAT A BT, I 2 BRI SHE 14 25 8 F A R
EWE{%&K&&"O
1.3.1 RBEEATHREXEHER

TEREIR Bt R LB LB 0L , i
FEF- 1 5 oy RIAR AL OB B E 3 R
B3 v, ry il f B AR, d SRR
HZ, o MEIEAS A (BSOS B 5 Ok
ZIAIA) o

R

K3 TR OLT O i
Fig.3 Laser transmission process without defocus
D) HROeF1r ASTIS , ASHROEA %2 e i i
i, IR AR g FE , [l k5 0 100% .

Zf) A ( arctan( 2f) NEEWS

7S MRS 1 e R AN ) AE 5 2 ST AL

ek 2= L O R AE B A DE RS A 00 T, 3
L O3 1 R X I, SR 156 R 2 R0 (]
PBRAILELL O S R0 IR DX o BB [ 957
TEAR N PTS539 20025 Sy 4 ] 5 5 114 TG R
KL O AR LIEIEAZ . B o ZHE R,
] 2l D NTTR AT el AN 5 S e 2 A8

3)Y o> t( : f) i, ASHEOE5E 486

1B, [TRCR O, ik = A A HR A o
AR R I3, e 2 2CHE T Al M, FE A AR H
PRt RGO AT BT, [l kR ek

2)%40 <a<arctan(

K (2) iR,
1 a=0
2
2r2arccos( ﬂ) -m |- (ﬂ)
0 2r, 0 2 0 <a<aret
= <as
7 r asarctan| 2f)
0 o >arctan( 2f)
(2)

A, m RELGEE 00", KRB
m =2ftanc (3)
1.3.2 EFEKILT =R EAA
AR HARb 7 R IE BRI LT, 20 %)

Bl T A VS 7, IE B £ 6, WO e
RN 4 PR

51 ‘ w02
L LI

Yo f N - /‘\
Pl e i / h‘
‘\ ‘ ll ‘\ ‘ \\\ 2 )
I | \if /

JEp2
(a) ASHEOCHOEH 2 M+, TR B

(a) The incident laser beam is obstructed by aperture 2,

and the echo shape is circular
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(b) The incident laser beam is obstructed by aperture 2,

and the echo shape is the intersection of two circles
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(¢) The incident laser beam is obstructed by aperture 1,

and the echo has a special shape
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Fig.4 Laser transmission process with positive defocus
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(b) The incident laser beam is obstructed by aperture 2, and

the echo shape is the intersection of two circles
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(£8E 100 mm, N5t 7.125°)
Tab.4 Model prediction error of the echo efficiency without
defocus (100 mm focal length, incident angle is 7. 125°)

%
B BRI R TIN5 2
A AR 100 152.653
A SCHERY 39.100 1.213
Zemax 255 39.580

GYHTEE 4 ATAL FEBEE A IE T, BUA BERL
DR 250 152, 653% , T AR BF 5% 8 7 B4 455 760 50300
WREUH 1.213%

3.2 EEEBATHLBRIESHH

FEIEES A 1 mm AEHE 100 mm § 5504 7, R
) A S A 07 N 8 P % [ T AR R S A A 4
AP 10 PR

(a) ARG H 3

(a) Simulation optical path diagram for

different incident angles

. 0.000° i : 0.1420 i : 7.055°

(b) RIEAGS T M BT ARAT H 4G
(b) Simulation results of echo shape for

different incident angles

K 10 Zemax BU{EAEILLE

Fig. 10 Zemax numerical simulation results

Zemax L5 5 BB SR X AR S, B
AL AEBOE R A PF (IE B4R 1 mm, £ 100 mm,
AS A 7.055°) &, BUA BRI R 2k
139. 641% , iAW FT HE 7 AR R 6. 854%

x5 BEXARNG AT ERLERHTAIRE
Tab.5 Model prediction errors of echo efficiency for

different incident angles

%
o A5t

0° 0.142° 7.055°
Zemax 25 96.314  96.314 41.729
A PE 100 100 100
B mimiRz 3.827 3.827  139.641
A BRI 96.117  96.117 38. 869
BB s 0.205 0.205 6. 854
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