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Abstract: Laser active detection technology scans and detects large target equipped with optoelectronic equipment by 

transmitting laser beam, converts the received reflected light signal into electrical signal, and obtains target information through 

various signal processing methods to achieve the goal of target detection. The laser beam output from the high power laser 

usually has multi-mode structure and partial coherence, and the optical reconnaissance equipment with complex optical structure 

is an equivalent system with multiple hard edge apertures. In the simulation of the coherent beams transmission through the multi 

aperture complex optical system, large matrix calculations are required in the spatial optical field computation, which consumes 

a lot of computation time. Furthermore, the size of the optical receiving lens is far less than the spot size after a long distance 

transmission, which results in the loss of optical information. To solve the problems, in this article, taking the Gauss Schell model 

(GSM) beam as a partially coherent light model, based on the Complex Gauss decomposition method for the hard edge 

diaphragm and ABCD optical transmission matrix, the recursive formula of the time series of the intensity distribution of the 

coherent GSM beams interference fringe field transmission through a multi aperture complex optical system is derived, and the 

influences of the spatial coherence of the GSM beam. The effects of the spatial coherence of GSM beams, the initial distance 

between coherent beams and the equivalent aperture size of complex optical systems on the time distribution of transmitted light 

intensity are analyzed. According to the results, the influence of the spatial coherence of the GSM beam on the spatial coherence 

of the beam itself is more obviously than that on the formation of two coherent GSM beam interference field. The interference 

fringe field spatial distribution and the aperture size are the main factors affecting the transmission of light time distribution. The 

conclusions obtained in this paper have important reference value for the application of partially coherent optical transmission 

through complex optical systems, and also provide a new idea for the target echo signal processing method of laser active 

detection. 
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1. Introduction 

Laser active detection technology scans and detects large 

target equipped with optoelectronic equipment by transmitting 

laser beam, converts the received reflected light signal into 

electrical signal, and obtains target information through 

various signal processing methods to achieve the goal of target 

detection. Laser active detection technology has many 

advantages, such as good directivity, high measurement 

accuracy, little interference from electromagnetic clutter, far 

higher echo intensity than diffuse echo of passive detection 

such as infrared radiation and scattering of objects, etc. 

Therefore, as a new operational means which can effectively 

detect, identify and precisely locate photoelectric equipment, 
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laser active detection technology is used in photoelectric 

countermeasures. It plays an increasingly important role and 

has attracted more and more research attention. 

The laser output from a high power laser usually has a 

complex multimode structure and partial coherence. The 

Gauss Schell model (GSM) beam is a kind of partially 

coherent light which has attracted much attention in recent 

years [1-3]. The laser beams in the process of production and 

transmission are more or less restricted by the aperture. The 

calculation of the soft edge diaphragm, such as the Gaussian 

aperture, is relatively simple. For hard edge apertures, in 

addition to the existence of analytical solutions (or formal 

analytical solutions) in very few cases, numerical integration is 

usually done directly from the Fresnel diffraction integral or 

Collins formula. However, the high frequency oscillation factor 

in the integral kernel makes the calculation time-consuming, 

and even the calculation in the computer cannot be carried out, 

when the number of hard edges is more. Therefore, the 

simulation of hard edged diffracted beams becomes an 

important research problem in laser optics with many fast 

algorithms have been developed. The typical methods include 

the complex Gauss function expansion method [4, 5], matrix 

representation [6, 7] and mode expansion method [8, 9], which 

have advantages and disadvantages in precision and computing 

time. The model expansion method is only suitable for the 

Fraunhofer diffraction in large light beam truncation, and is a 

simple and fast algorithm for the calculation method; Matrix 

expression can only be applied to circularly symmetric beams 

and axisymmetric optical systems. The accuracy of calculation 

is related to the diffraction divergence of beams, which would 

be increased at the expense of computation time. For a common 

beam, the approximate analytic transmission formula can be 

obtained by using the complex Gauss function expansion 

method, whose accuracy and efficiency of the computation can 

be generally ensured besides the near field near the aperture, 

and its accuracy can be further improved by fitting the window 

function better. 

Scintillation index of electromagnetic GSM beams on 

propagation through atmospheric turbulence is studied in 

Literature [10]. Scattering of GSM beam from a rough surface 

in presence of atmospheric turbulence is studied in Literature 

[11-13]. Generalized tensor ABCD law for an elliptical 

Gaussian beam passing through an astigmatic optical system 

in turbulent atmosphere is studied in Literature [14, 15]. 

However, none of these studies have studied the time 

distribution of partially coherent optical transmission through 

a multi aperture complex optical system. In order to meet the 

needs of some practical applications, laser oscillating mode, 

space toe or shaping, and different shapes of the apertures 

should be used, and multiple apertures are usually configured 

in large and complex optical systems [16-18]. In this paper, 

taking GSM beam as a model of coherent light beam, the 

coherent light transmission through the large complex optical 

system is simulated, and based on the complex Gauss 

decomposition of ABCD optical transmission matrix method 

and the matrix of the optical aperture, the recursive formula of 

the time series of the intensity distribution of the coherent 

GSM beams interference fringe field transmission through a 

multi aperture complex optical system is derived. The 

influences of the spatial coherence of the GSM beam, the 

initial distance between the coherent beams and the size of the 

aperture on the time distribution of the transmission light 

intensity are analyzed. The conclusions obtained in this paper 

have important reference value for the application of partially 

coherent light transmission through the optical system of 

complex structure. 

2. Transmission Model 

The cross spectral density function of two coherent GSM 

beams along the Y axis with the distance d in the z=0 plane 

[19-20] is 
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Where, 0ω  is the initial waist width of the GSM beam; 

0µ  is the spatial correlation length of the GSM beam. 

By using the generalized Huygens-Fresnel diffraction 

integral formula, the cross spectrum density function of the 

coherent GSM beam transmission to the first aperture r1 

aperture can be derived as [21, 22]. 
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Figure 1. Multi aperture ABCD optical system. 

After calculation, the complex amplitude distribution of the 

scanning interference field with the speed yω
 
that reaches 
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the first aperture can be obtained. The multi-aperture complex 

optical system consists of hard edge diaphragm with the half 

width of r1, r2,..., rn, the transformation matrix between the 

adjacent two apertures is 
i i

i i

A B

C D

 
 
 

(i=1,2,3，…，n). 

The expansion of the sum of the complex Gaussian 

functions of the window function of a hard edge diaphragm 

with a half width of r can be expressed as 
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By using the Collins diffraction integral formula [23], the 

transmission matrix of the limited aperture of the half width r1 

is 
1 1
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 , the cross spectral density function of the 

coherent GSM beams passing through the optical system is 
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Equation (4) is the analytical expression formula for the 

cross spectral density function of coherent GSM beams 

passing through a hard edged aperture optical system. The 

relationship between cross spectral density function and hard 

edge aperture parameters, beam parameters and transfer 

matrix elements is given. According to Equation (4), the cross 

spectral density function of the transmission of 

( )1 1 1, ', ;W y y z t  through a limited aperture transmission 
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2 2
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 with a radius of r2 can be derived. 

Analogous, the recursion formula of the cross spectral 

density function of coherent GSM beams transmitting the hard 

edged apertured optical system with the aperture number n

（n≥2）can be deduced as 
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3. Simulation 

By Equation (5), it is indicated that the increase of the 

aperture number will seriously affect the time of simulation. 

Therefore, in the simulation calculation, the two aperture 

optical system is taken as an example, i.e. n=2 in Equation (5). 

The initial condition of numerical simulation is 0ω =1 mm, 

semi divergence angle is θ =1 mrad, laser wavelength is λ
=532 nm, the half aperture of the hard edge diaphragm 1 and 2 

are r1=5 cm、r2=3 cm, respectively, detection distance L=100 

m, the scanning angular velocity of the coherent beams is yω
=0.01 rad/s, detection time t=1s. 

Defining the coherence parameter β  of the GSM beam to 

characterize the spatial coherence of the GSM beam, where 

( ) 1/2
2 2
0 01 /

−
= +β ω µ , it is known from the definition that the 

coherence parameter β  is the physical quantity related to 

0ω  and 0µ , which is determined by the beam parameters of 

the GSM beam. Figure 2 is the time distribution of the 

normalized light intensity of coherent GSM beams passing 

through a two aperture lens system. In the diagram, the 

d=1mm, the coherent parameters are β
 
= 1, 0.6, 0.3, 

respectively. Figure 3 is the time distribution of the 

normalized light intensity of the coherent GSM beams passing 

through a two aperture lens system, where β
 
= 1, d = 3 mm, 5 

mm, 1cm in the diagram. It is known from the definition of β  

that the coherent parameter β  decreases and the spatial 

correlation length 0µ  decreases. Coherent beams 

longitudinal distance of d along the Y axis directly affects the 

size of the fringe field interference fringe spacing of e, the 

simulation results in figure shows that the change of β  has a 

weak influence on the envelope form of the time distribution 

of the normalized light intensity of coherent GSM beams 

passing through the two aperture lens system, and the change 

of d has an obvious influence on the change of the envelope 

shape of the time distribution of transmission light. It is shown 

that the spatial distribution of the interference fringe field is 

the main factor affecting the time distribution of transmission 

light. 

 

Figure 2. The time distribution of normalized light intensity of a coherent 

GSM beam passing through a two aperture lens system (a)
 

β =1, (b) β
=0.6, (c) β =0.3. 

 

Figure 3. The time distribution of normalized light intensity of a coherent 

GSM beam passing through a two aperture lens system (a) d=3 mm, (b) d=5 

mm, (c) d=10 mm. 

Figure 4 is the time distribution of the transmission light of 

the GSM beam, which changes the aperture size of the two 
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aperture, respectively. In figure 4 (a), (b) and (c), r2 are fixed 

values, to make r1 larger than, equal to or less than r2. In figure 

4 (d) and (e), r1 are fixed values, and the size of R2 is changed, 

to make r2 larger than or less than r1. From the figure, we can 

see that the different combinations of r1 and r2 will make the 

time distribution of transmitted light obviously change. The 

intersection of r1 and r2 size determines the coverage of the 

time distribution of transmitted light on the time axis. 

 

Figure 4. The time distribution of normalized light intensity of a coherent 

GSM beam passing through a two aperture lens system (a) r1=0.1, r2=0.03, (b) 

r1=0.03, r2=0.03, (c) r1=0.02, r2=0.03, (d) r1=0.05, r2=0.01, (e) r1=0.05, 

r2=0.08. 

4. Conclusion 

In this paper, taking Gauss Schell model (GSM) beam as a 

partially coherent light model, using the complex Gauss 

decomposition method Collins diffraction integral formula 

and the hard edge aperture, transmitting the GSM beam 

interference fringe field through a multi aperture optical 

system, the complex recursive formula of time series of the 

transmitted light intensity distribution is derived. The 

influences of the spatial coherence of the GSM beam, the 

initial distance between the coherent beam and the size of the 

aperture on the time distribution of the transmission light 

intensity are analyzed. The results show that the spatial 

coherence of the GSM beam has a weak influence on the 

envelope shape of the time distribution of the normalized light 

intensity, while the initial distance between coherent beams 

and aperture size are have an obvious influence on the 

envelope shape of the time distribution of the normalized light 

intensity. In a conclusion, the main factors affecting the time 

distribution of transmitted light are the spatial distribution of 

interference field formed by GSM beam and the equivalent 

aperture size of optical system. 

5. Recommendation 

The next researches will include spatial and temporal 

coherence of coherent beams propagation in atmospheric 

turbulence, the spatial arrangement of coherent beams at the 

transmitting terminal and the reflection characteristics of 

complex optical targets. 
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