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h i g h l i g h t s

� The mathematical model of cat eye target detection distance is built.
� Various parameters constraint detection performance is simulated.
� Appropriate laser parameters can be selected to achieve optimal detection effect.
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a b s t r a c t

The detection effect of laser active detection system is affected by various kinds of factors. In view of the
application requirement of laser active detection, the influence factors for laser active detection are ana-
lyzed. The mathematical model of cat eye target detection distance has been built, influence of the
parameters of laser detection system and the environment on detection range and the detection effi-
ciency are analyzed. Various parameters constraint detection performance is simulated. The results show
that the discovery distance of laser active detection is affected by the laser divergence angle, the incident
angle and the visibility of the atmosphere. For a given detection range, the laser divergence angle and the
detection efficiency are mutually restricted. Therefore, in view of specific application environment, it is
necessary to select appropriate laser detection parameters to achieve optimal detection effect.

� 2016 Elsevier B.V. All rights reserved.

1. Introduction

Optoelectronic countermeasure active reconnaissance can be
carried out by the cat eye effect which comes from the optical sys-
tem of the photoelectric equipment. i.e. the photoelectric equip-
ment reflects the incident laser beam to the direction of laser
emitter. Furthermore, the echo power of cat eye target is usually
102–104 times higher than the power reflected by ordinary diffuse
target. Therefore, the power is available for capturing the optoelec-
tronic devices effectively. However, laser active detection effect is
restricted by various kinds of factors.

The existing research on cat eye echo power is focused on laser
emitter and cat eye reflection, and there is little research on laser
region detection. Zhao and Zhang had analyzed the impact factors
on echo power based on the theory of geometric optics [1,2], the
reflection characteristics of cat eye lens had been studied from
the perspective of physical optics by Ma and Zhao [3,4]. Using
experimental method, the echo power of cat eye target had been

detected by Liu and Zhou [5,6]. With the in-depth study and
expanded application, laser active detection system is updating
to high efficiency and miniaturization. Furthermore, various kinds
of complex application environment demand laser active detection
system upgrading techniques.

In this article, the laser active detection technology based on cat
eye effect is studied, and the echo power formula is deducted.
Meanwhile, echo characteristic of cat eye target compare to the
echo characteristic of diffuse target is analyzed. Also, the discovery
distant of laser active detection system is presented. The hinge
relationships between the divergence angle and the region area
of detection distance are studied. The reasonable parameters of
laser active detection are analyzed deeply, and the relationship
between detection efficiency and laser parameters is summarized.

2. Physical model of laser active detection

The cat eye effect of vast majority of optical devices is available
for the application of active laser detection technology [7–9].
When photoelectric equipment is in the field of view of laser emit-
ter, the strong laser echo signal can be used to distinguish the cat
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eye target from the diffuse background clearly. According to the
detection of the echo power, cat eye target can be found and its
principle is shown in Fig. 1.

The characteristic of cat eye effect is that the light exposed to
the optical window of cat eye system will be reflected to the direc-
tion of laser emitter. Therefore, the laser detector is usually placed
at the laser emitter. That is, after the laser irradiation from A to B in
the range of R, the laser echo signal will be returned to A. However,
Laser echo power is affected by the laser emission system, detec-
tion system, cat eye target system and other parameter such as
atmospheric transmission [10,11].

In order to facilitate the analysis, we assume that laser energy
distributes evenly and the characteristic of atmosphere is isotropy.
The transmission of laser in atmosphere is assumed to conform to
the principle of geometrical propagation. The spot size of the laser
formed at B can be expressed as:

S1 ¼ pðR tanðht=2ÞÞ2 � pR2h2t =4 ð1Þ
where ht describes the laser divergence angle.

The spot size of the retroreflected laser formed at A can be
expressed as:

S2 ¼ pðR tanðh=2ÞÞ2 ð2Þ
where h is the divergence angle of the reflected laser.

Laser power received by optical window at B is given by,

PrB ¼ ðPtsts=S1ÞAsss ð3Þ
Pt denotes the power of laser, and st is the transmittance of laser

emitting system. s is horizontal atmospheric transmittance of
laser. The transmittance of cat eye system is ss, and As is the optical
window area of cat eye system. Laser power reflected by the cat
eye target can be expressed as

PtB ¼ PrBssq ¼ PtAsqstss2s =S1 ð4Þ
where q is the reflectivity of cat eye target.

Due to the reflection of cat eye target, laser echo power can be
expressed as

Pr0 ¼ 16Pt
AsArqstsrs2s s2

p2h2t h
2R4 ð5Þ

where Ar is the optical window area of laser echo receiving system.
sr is the transmittance of detection system [12], and s2 is dual laser
atmospheric transmittance, V denotes the visibility.

s2 ¼ exp �3:912
k

0:55

� ��q

2R=V
� �

ð6Þ

Usually, there is a certain incident angle when the incident light
exposed to cat eye system in the process of active laser reconnais-
sance based on cat eye effect. So, the laser receiving area of cat eye
target is not the real area of optical system [13], and the effective
receiving area of cat eye system can be expressed as,

As ¼ D2

2
arccos

2f tan h
D

� 2f tan h

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
D2

4
� ðf tan hÞ2

s
ð7Þ

When the cat eye optical system assembled perfectly, ht = h. The
echo power received by detection system at A is given as follow,

Pr0 ¼ 16Pt
AsArqstsrs2s s2

p2h4t R
4 cosa ð8Þ

where a describes incident angle.
According to (8), when the active laser detection system is in

operation, laser echo power is affected by laser emission system,
optical system of cat eye target, echo receiving system and atmo-
spheric properties and other factors.

Because of the large field of view is concerned in laser recon-
naissance commonly, and the background is usually considered
as diffuse large target, so the laser echo power of background is
determined by the characteristics of diffuse reflection,

Pr1 ¼ cosa � PtstsrArs2q2=ðpR2Þ ð9Þ
In terms of echo power, the premise on distinguishing cat eye

target and diffuse reflection target is the difference of echo power
reflected by two kinds of targets in the same system parameters

and application environment. That is Pr0=Pr1 ¼ 16Asqs2s
ph4t R

2q2
> 1. There-

fore, the discovery distance of active laser detection system can
be expressed as: the maximum distance that the echo power of
cat eye target is greater than the echo power of background.

3. The simulation of discovery distance

According to the analysis above, the detection ability of laser
active detection system is related to many factors such as laser
divergence angle, incident angle, reflectivity and atmospheric visi-
bility. Parameters for simulation are stetted as follows: The laser
power is 3 � 106 W, the transmission of laser emission system is
0.9, divergence angle of laser is 5 mrad, and wave length is
1.06 lm. The atmospheric visibility is 20 km and q = 1.6. The diam-
eter of cat eye target is 10 cm, the focus is 20 cm, and the transmis-
sion is 0.9, the reflectivity of cat eye system is 0.07. The
transmission of laser detection system is 0.9, and the diameter of
receiving optical window is 10 cm. The diffuse reflectivity is 0.02.

3.1. Effect of detection distance on echo power

The echo power of cat eye target and background vary with the
distance at normal incidence is plotted in Fig. 2.

It can be seen from Fig. 2 that the echo power of optical target
decreases gradually and the power close to the echo power of dif-
fuse reflection target when detection distance increases accord-
ingly. According to the simulated results, we can conclude that

Fig. 1. Echo power model. Fig. 2. Variation of echo power with detection distance.
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