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Abstract 

In order to accurately calculate the optical characteristics of the space target, a 
calculation model for the optical characteristics of the space target is established based 
on the method of domain decomposition and meshing. Based on the relevant theories of 
wave optics, this paper uses MATLAB's own high-speed computing power and powerful 
image rendering capabilities to program common interference and diffraction 
phenomena in a computer, and realizes the simulation of some wave optics experiments. 
For different satellite targets, the optical characteristics are calculated, and the 
calculation results are compared with the analytical method calculation results and the 
experimental measurement results. The results show that the calculation accuracy of the 
surface element gridding is better than that of the analytical method, and is compared 
with the experimental results. Compared with the calculation deviation, it is less than 
one visual magnitude, which meets the requirements of engineering applications. 
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1. Introduction 

The optical characteristic data of space targets plays a vital role in the construction of national defense 

technology and weapon equipment. It is an important and basic resource in military information. It 
can be used in the field of space situation awareness such as state estimation, auxiliary recognition 

and early discovery of space targets. Provide valuable early warning time to win the initiative of war. 

The optical characteristic data of space targets includes luminosity data and optical image data under 

a phase angle sequence composed of different light sources and detection angles, etc., and can detect 

elevation through the elevation angle and azimuth angle of the light source. Different sequence 

combinations of 4 angles of angle and azimuth to obtain information such as photometric data and 

optical image files at full angles. In order to meet the needs of data storage and retrieval for testing, 

simulation, and experimentation of spatial target characteristics, databases are usually used for space 

Target characteristic data is managed [1]. Therefore, building a database of optical properties of space 

objects that meets the requirements has gradually become a research hotspot. In view of the main 
problems that currently affect the optical properties of space objects, an improved Sun model is 

selected to describe the reflection properties of materials in terms of material reflection properties, 

and the reflection properties of real materials are used The measured data fit the material property 

parameters in the model. In terms of geometric structure modeling, the target is first decomposed into 

several areas that are easy to be described mathematically, and the decomposed area is meshed, and 

the grid surface element occlusion judgment is performed, and the effective surface element is 
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combined with the two-way reflection distribution of the surface material of the surface element. The 

function calculates the optical characteristics, and sums the effective surface elements to obtain the 

overall reflection optical characteristics of the target. The actual measurement of the scaled model 

was carried out using the built-up space target scaled model measurement platform. The measurement 

data verifies the accuracy of the calculation model established in this paper. 

2. Surface element gridding calculation method 

2.1 Principle of calculation method 

The optical characteristics of the space target can be equivalent to the superposition of the optical 

characteristics of the surface elements of the discretization of the target. Figure 1 shows the map of 

the space target [2]. By calculating the reflection characteristics of each surface element and 

performing the overall superposition, the overall space target can be obtained Optical characteristics. 

 

Fig. 1 Schematic diagram of spatial target bin meshing 

When light propagates in space, the intensity of its vibration points is superimposed, and the intensity 

does not necessarily increase. But we can get the result of its synthesis according to the law of its 

operation [3]. As shown in Figure 2 below, we separately study the intersection of one light wave 1E  

and another light wave 2E  at point p in space. 

 

Fig.2 The superposition of two light waves in space 

We assume that the equations of the two series of light waves are respectively 

 011011 cos   rktEE


                        (1) 
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 022022 cos   rktEE


                             (2) 

According to the principle of wave superposition, the light vibration at point P is 

21 EEE


                                         (3) 

Then the light intensity of point P is 

 coscos2 2121

2 IIIIEI                       (4) 

In the above formula, I  represents the intensity of light at point p,   represents the angle formed 

by the two columns of light at point p, and  represents the phase difference produced when the two 

columns of light meet at point p. In addition, 1I  represents the intensity of a beam of light at point p, 

and 2I represents the intensity of another beam of light at point p. It can be clearly seen from the above 

formula (2-4) that when light is superimposed at point p, it is not a simple numerical superposition, 

but because of the existence of the phase difference and the amplitude angle, the actual intensity 

difference is close to  coscos2 21II  . The phase difference is closely related to the position of 

the point p at the intersection of the two beams, and cos  can be a positive value or a negative value. 

When 0cos  , 21 III  ; When 0cos  , 21 III  . To put it simply: the superposition of 

light waves in space causes the intensity to be redistributed. This phenomenon is called wave 

interference. The generation of light wave interference requires three necessary conditions: (1) the 

frequency must be the same; (2) the direction of vibration must be parallel; (3) there must be a 

constant phase difference. 

When parallel light enters the convex lens perpendicularly and is reflected by the air film, interference 

will occur [4]. After the interference, the light intensity will change to a certain extent. The light 

intensity change calculation formula is as follows: 

2
2

0 0I 2I 2I
r

sin ( )I
R




                                      (5) 

In the formula, 0I  represents the initial light intensity, and   represents the incident wavelength. 

2.2 Data Hybrid Storage Strategy 

In order to realize the efficient storage of the optical characteristic data of the space target and provide 

effective data services for related tests and experiments, the data hybrid storage strategy mainly 
includes traditional RDBMS, NoSQL databases and cache databases. The specific plans are as 

follows: (1) For space The metadata of the target optical property data is managed by the MySQL 

database in the RDBMS, and a field corresponding to the optical property data is added to each 

metadata to complete the mapping of the data relationship; (2) Simplified optical property data 

structure The data structure in the form of JavaScript Object Notation (JSON) is very similar, so the 

NoSQL database that stores unstructured data in the form of JavaScript Object Notation (BSON) in 

binary format (BSON) can be used to simplify the storage of optical characteristic data. MongoDB is 

A NoSQL database based on document storage has better performance in many aspects than RDBMS, 

and is suitable for solving massive large data access and storage efficiency problems. In MongoDB, 

each spatial target constitutes a separate database collection. In order to facilitate data storage and 

retrieval, This paper uses the elevation angle of the light source to segment the optical characteristic 
data set, and each piece of data obtained is composed of a separate document and stored in the set of 

the corresponding target [5]. The data structure in each document is shown in Figure 3. 
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Fig. 3 Data reduction and retrieval strategy 

3. Experimental setup 

The experimental device is shown in Figure 4, which is mainly composed of laser, beam monitoring 
system (including energy meter and beam quality analyzer), optical system (including beam expander 

system and telephoto system), target (custom model) and monitoring system (CMOS camera) (And 

computer) consists of five parts, BS1, BS2 are beam splitters. 

 

Fig. 4 The experimental device diagram of the target laser reflection cross section 

The output wavelength of the continuous wave LD-pumped solid-state laser is 1.319μm, TEM00 

single-mode output, single-mode output power is greater than or equal to 3W, multimode 10W, 

single-mode far-field divergence angle is less than 1.5 times the diffraction limit, and the spot 

diameter is 1mm. The emitting optical system is a 50-fold beam expander with Galileo structure, and 

the exit spot diameter is 50mm. The detector uses a common infrared CMOS structure infrared camera 

with a spectral response range of 0.4-1.7 μm. The receiving optical system has an aperture of F1.4, a 

diameter of 26mm, and a field of view of 25°. The beam quality meter (LBA) monitors the light spot, 

and the power meter monitors the laser output power change. The targets are flat plates, cones and 
cylinders, and their surface characteristics are changed by spraying different paints. During the 

experiment, the receiving system and the transmitting optical system are as close as possible to ensure 

that they are coaxial, and the target distance is 60 cm. In order to minimize the interference of 

background light, the experiment is carried out at night. 
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4. Calculation results and analysis 

In order to assess and verify the accuracy of the calculation of optical properties based on the surface 

element meshing, the following methods are used for analysis and verification: 1) The surface element 

meshing method is compared with the calculation results of the standard geometry analytical method. 

The calculation is based on the quadric standard geometry As a result, the meshing scale parameters 

that meet the calculation convergence conditions of the meshing method are determined; the 

calculation accuracy of the meshing method is verified through the calculation results of the whole 

satellite; 2) the surface element meshing method and the scaled model (satellite body, whole Star 
model) test results are compared to further verify the calculation accuracy of the gridding method and 

the feasibility of practical application. 

4.1 Grid scale parameter determination 

The calculation condition adopts that the observation direction and the illumination direction are both 
selected as the -x direction of the geometric body, and the observation distance is set to 15km. The 

calculation result is shown in Fig. 5, and it can be seen from Fig. The distortion of the surface shape 

of the structure (the curved surface element is equivalent to the planar surface element), which makes 

the calculation results of the surface element meshing method and the analytical method (true value) 

have a certain error, but with the density of the surface element meshing With the increase of, the 

error approaches 0. Table 1 shows the standard geometry meshing scale parameters that meet the 

calculation convergence conditions (calculation accuracy). 

 

Fig.5 Comparison results of optical characteristics of standard geometric objects 

 

Table 1 Meshing scale of the structure under the condition of convergence 

Geometry type Size parameter/m The number of grids that meet the convergence condition 

Cube 1×1×1 ≥1 

Cylinder 1×1 1600 

Cone 1×1 20000 

Sphere 1 6400 

4.2 Comparison of test results 

The ground optical characteristics of the satellite body and the entire satellite scale model in the 

satellite configuration were tested and measured, and the test results were compared with the surface 

element grid calculation results (Figure 6). The results showed that the surface element grid 

calculation method was calculated. The deviation between the result and the test measurement result 
is less than one visual magnitude, which can meet the requirements of the optical load system's ground 

digital simulation and hardware-in-the-loop simulation for the calculation accuracy of the target 

characteristics. 
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Fig. 6 Comparison of the calculated results of the bin meshing method with the measured data 

5. Conclusion 

In this paper, a calculation model for the optical properties of the target is established. The model first 

decomposes the geometric structure of the space object, decomposes the complex structure into areas 

that can be described by planes or quadric surfaces, meshes the decomposed area, and shows that it 

can be illuminated by the light source. In addition, the judging criterion of the effective surface 

element detected by the detector is combined with the bidirectional reflection distribution function of 

the surface material to construct the optical characteristic calculation model of the surface element, 

and the overall optical characteristics of the target can be obtained by superposing and summing the 

effective surface elements. In order to verify the accuracy of the built model, a measurement platform 
based on the scaled model was designed and built. The error between the measured data and the 

theoretical calculation results within 10% indicates the correctness of the model built. 
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