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Abstract- The article deals with the solution of the problems of automation placement and orientation of the solar panels and 
hubs both on the ground and on the spacecraft. The purpose of research - to evaluate the mutual shading of solar panels, both 
among themselves and with other objects (such as a space station). This problem is considered as an optimization problem of 
mathematical programming, aimed at maximizing the use of these high-power sources in outer space stations and space 
colonies. Decision method - the geometric modeling of the space station and solar panels with a certain orientation. As a 
method of modeling the receptor used geometric models, samples the space accommodate both the battery and the space 
station itself. 
 
Index terms- design automation, solar power, solar panels, spacecraft, heliostat, orientation, shading, geometric models of 
the receptor. 
 
I. INTRODUCTION 
 
In this paper we consider the automation of solar 
panels placed on the spacecraft and solar 
concentrators during the colonization of the planets 
and their satellites (Figure 1a). The same problem 
arises in the design of helio-power plants on the 
ground (Figure 1 b). In the latter case, the solar panels 
are called heliostats. The relevance of this study is 
due to the fact that on the ground solar power is a 
clean source of energy, and in space - are often the 
only source of livelihood extraterrestrial settlements 
and the inhabited space stations [1 - 3]. Outset that 
this is a field concentrators and solar aircraft, which 
do not provide tracking of changes in the sun's 
position. 
 

 
Figure 1 -In Space Solar cells (a)and on the ground (b) 

 
Development of CAD systems require the creation of 
an appropriate algorithmic and software. Since this 
problem is solved the problem of locating objects, it 
is essentially a geometric challenge. Therefore, the 
methods of its solution should be sought in the 
geometric modeling of placing on the spacecraft (SC) 
solar panels or solar concentrators. 
The complexity of geometric modeling hubs placing 
that solution of this problem requires an 
interconnected solution of two problems: 

• calculation of the effective area of the solar 
spacecraft or extra-terrestrial settlement in any 
particular orientation of the spacecraft with respect to 
the solar energy flow or static solar panels (heliostats) 
to extraterrestrial settlements; 

• the development of the machine to 
optimize the number and geometry (ie, the specific 
size and shape) located on the spacecraft or a specific 
area of extraterrestrial settlements heliostats. 
The first problem stems from the fact that the 
movement on his path sun in each specific point of 
the trajectory of the sun's energy output is different. 
The ability to remove the same incident at any given 
moment is determined by the orientation of the solar 
energy solar concentrator relative position of the Sun 
(see Figure 2). From this it can be seen that when the 
sun is most effective position 1 30 ° tilt of solar 
panels, while the 2 - 75˚ 
 

 
Figure 2 - effective solar orientation with respect to the position 

of the Sun. 
 
The second problem relates to the fact that solar 
panels are arranged in groups (at SС) or golf (on the 
extraterrestrial settlements) and thus partially shield 
each other. On the spacecraft, they will also be 
further screened by the space object. Therefore, if a 
particular object of solar cells will be small, and the 
removal of solar energy will be small, but if too much 
- they will not be effective, shading each other. 
 
II. THE PHYSICAL SETTING OF THE STUDY 
 
In just three days the sun sends to Earth as much 
energy as it is found in all of proven reserves of fossil 
fuels, and for 1 sec - 170 billion for both economic 
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and environmental reasons, the world's increasing 
focus on renewable energy sources, among which the 
first place is occupied by solar energy. Potential 
energy, based on the use of direct solar radiation, are 
extremely high. The role of solar energy in space 
increases dramatically as it does not require for the 
delivery of large masses of hydrocarbon fuel and 
oxygen for its combustion. 
 
The process of obtaining energy (primarily 
electricity) from solar radiation is based on a direct 
conversion of solar energy into electrical energy by 
the semiconductor (as it is done on space stations and 
satellites) or power generation by heat engines (such 
a scheme is often used on the ground). In any case, 
the use of solar energy in space more effectively than 
on the ground, as there is no loss of energy in the 
atmosphere and deposition of dust on the panels, 
reducing energy production to 40%. 
 
In our computational model, we assume that the 
spacecraft with solar panels with total area S with a 
direction W decreases the flow of solar energy 
(Figure 3 a). Then the part of the solar energy flux 
(direction W) spacecraft will be seen as a kind of a 
perspective view (Figure 3b). It is obvious that visible 
from this direction solar S´ area will be less than their 
real area S, then S´ area will be in this case, namely 
that the "working" or effective area, i e, of the area of 
photovoltaics, which is perpendicular to the flow of 
energy. Obviously, we want solar panels to work as 
efficiently as possible, so our objective function S´ → 
max. 
 

 
Figure 3 - The position of the spacecraft relative to the Sun (a) 

and the type of spacecraft by solar energy flux (b) 
 
III. THE MATHEMATICAL  FORMULATION  
OF THE RESEARCH PROBLEM 
 
From a mathematical point of view, we reduce the 
problem of optimization of solar spacecraft or 
stationary placement of the heliostats to the problem 
of mathematical programming. Suppose that we have 
a space of placing solar panels (or heliostats) Ω, in 
which we must place and orient the n solar cells (or 
heliostats). The resulting solution (one of the possible 
variants) denoted X. Given established this solution X 
specific geometry of spacecraft solar cells and their 
position relative to the most spacecraft from the area 
of feasible solutions Ω and orientation of most 
spacecraft relative to the energy flux W (at each time 
t, each of the n solar cells will have an effective 

energy absorption area si (t ), and all together at any 

given time –S= ).(
1

t
n

i
is



  Our goal - to get to this 

point (ie, for a given orientation of the spacecraft), 
the maximum energy of the sun, determines the 
maximum effective area of solar cells that can be 
written in the form of expression 
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From this expression it follows that the maximum 
energy to be obtained with additional restrictions - X 
version heliostats accommodation in the area of 
feasible solutions Ω and minimize energy losses Px 
due to mutual shading of solar cells as the solar 
panels as well as by the SC. It is obvious that the 
requirement X region of feasible solutions accessories 
Ω contains within itself has a number of additional 
restrictions - both general (to minimize the footprint) 
and the specific constraints imposed by, for example, 
non-planar panels of solar cells, the area occupied by 
the additional force elements to them, not involved in 
electric power generation, etc.). 
 
It is obvious that the maximum energy generated by 
solar panels when they do not obscure the housing 
space station and did not shade each other. If they are 
structurally made turning, they should be oriented 
perpendicular to the direction of sunlight. 
 
In the case of placing solar panels on satellites, 
manned our mathematical description can be even 
more complicated by the additional requirement - to 
provide the maximum energy does not at any given 
moment, and for the time being in the sun within its 
heliostat visibility and obtain maximum Max P∑ 
energy flow in certain time t0. This written expression 




X  )( for 
0
min
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This "specific" demand may be due to the need to 
demand the highest possible amount of energy for the 
whole day on the ground stations or the time of the 
Sun appear to the spacecraft. Construction of 
geometric and optimization models that take into 
account all these factors, and are the subject of this 
study.                
 
IV. APPROACHES TO SOLVING THE 
PROBLEM 
 
Currently used methods insolation all calculations can 
be divided into two groups - the geometric and 
energy. Using geometric methods can determine the 
duration of sun exposure or shaded areas, a room or a 
separate point, the nature of movement of sunlight, 
etc. [4, 5]. Energy is directed to methods for direct 
calculation of the solar radiation (solar energy) and 
can determine the amount of heat and light energy of 
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sunlight at each time in the area with a particular 
geographic location [6, 7]. 
Methods of the first group are based on the unit of 
descriptive geometry, as the sun's rays propagate 
straight. The initial data for such tasks is the direction 
of the sun's rays towards the object under study. The 
direction of the beam, in turn, is determined by the 
position of the sun in the earth's surface is uniquely 
defined by three parameters - latitude location, date 
and time (Figure 4). At about the same trajectory of 
the sun and moves in space colonies. 
Outset that in our study, it is a statically arranged 
heliostats, originally located at the optimal angle 
relative to the ground, taking into account the 
geographical location coordinates. 
Heliostats with a tracking system of roads, unreliable 
and do consume a significant portion of the energy 
produced by them. 
 

 
Figure 4 - The path of the sun depending on the time of year 

and the geographical position of the heliostat accommodation. 
 
V. METHODS FOR SOLVING THE PROBLEM 
AND ASSUMPTIONS MADE 
 
However, these methods do not work in the 
conditions of our specific task - determining the 
effective area of the spacecraft solar panels. 
Therefore, to solve it, we apply a relatively rarely 
used method of geometric modeling - the sampling 
method of the space, or receptor geometric model. 
The basis of the method of the receptor (also known 
as "matrix", "binary", "transfer of elements of the 
space", etc.) is necessary approximate representation 
of a geometric object in the field or the receptor. For 
the planar case receptor field is co-featured bout 
uniform rectangular m×n network, where each cell is 
treated as a single receptor that can have two states - 
"0" or "1". Mathematically receptor geometric model 
described by the set A =аi,j, where 

i ja ,

,





1  если рецептор возбужден,
0, если рецептор не возбужден 

 
The receptor is considered to be unexcited, if it does 
not pass through the border of the object, and it does 
not belong to the inner region (Figure 5).      

 
Figure 5 - Receptor Model 2D-object 

 
Three-dimensional objects are described by a three-
dimensional matrix А=аi,,j,k dimension m×n×p 
(Figure 6). 
 
The advantage of geometric models of receptor is the 
ease of solving many problems of positional 
geometry (for example, the definition of conditions of 
mutual non-intersection objects described receptor 
models), disadvantages - the need to transform the 
feature described by means of constructive geometry 
in the technical documentation, in the form of the 
receptor and the inverse transformation. Questions of 
computer realization of receptor models that were a 
stumbling block in the initial stage of development of 
computer technology, when the receptor model and 
proposed A.D.Zozulevichem (mid 60 of the last 
century) [8, 9], has now successfully overcome the 
development of hardware and software computer 
technology. 
 

 
Figure 6 - 3D-Receptor model body 

 
VI. USED STUDY METHODS AND 
ALGORITHMS 
 
So, transfer the geometric description of the 
spacecraft (including solar panels) in the form of the 
receptor. In this case we use a little trick - place it in 
the receptor matrix, so that the direction of the light 
source W coincides with the direction of the faces of 
the receptor matrix, and the spacecraft was in the 
receptor matrix under certain angles with respect to 
the faces corresponding to its orientation in space 
with respect to the vector W. 
The peculiarity of our approach - the receptor matrix 
is multi-valued. Specifically, it will be three-digit - 
"0" - space, "1" - the space occupied by the space 
station, "2" - the space occupied by solar panels 
(Figure 7 a). In this case, the spacecraft will be 
presented in the receptor matrix as shown in Figure 
8b. 
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Using the geometric model of the receptor allows to 
make the following operations on it. By setting the 
position of the field of receptors in the form of a cut-
off of the receptor matrix (as shown in Figure 7 b) for 
each position we obtain a slice image of the 
spacecraft, an exemplary form of which is shown in 
Figure 8 a. 
 

 
Figure 7 - Representation of the spacecraft multivalued matrix 

receptor 
 

 
Figure 8 - The image of the spacecraft on a section of the 

receptor matrix (a) and a fragment of the receptor matrix in 
Zone A (b) 

 
As a result, we are projecting section of each matrix 
on a plane of projection P´ obtain the total image of 
the aggregate of certain units - 0, 1 or  2. It will be 
similar to the graphic image, shown in Fig. 9. This 
flat receptor matrix in which "0" - the projection 
space, "1" - body space projection station at a given 
orientation, and its "2" - the projection of solar cells. 
 
One of the positive properties of the receptor 
geometric models - the ability to quickly calculate 
amounts receptor values. With a matrix of type 2 we 
can calculate the total value of the "twos" and thus, 
the effective area of solar cells with a certain set of 
design parameters X. Through this calculation for the 
set X and the totality of values, and calculating each 
such combination S´ value we can build graphics, an 
exemplary form of which is shown in Figure 9. in this 
graph, we can identify the most successful 
combination of solar design and layout options to 
consider this data in the process of designing the SC 

and the SC calculating power capacity at its different 
orientations relative to the sun. 
 

 
Figure 9 - Example of the final elements geometric image 

projection angle on the plane projections P´ 
 
Results of the study 
Based on the model proposed software package has 
been created, implemented in C #, which allows to 
simulate the effective area of solar concentrators. At 
the same time it developed graphical front end that 
allows you to see the numerical value of the results. 
 
The work program set is as follows. After entering 
the information on the geometrical dimensions of the 
station and solar panels (in parametric form) begins 
layering scanning sections (Figure 10). Thus from 3D 
matrix in which all of our submerged object (SC) is 
formed in each layer 2D matrix form which has been 
previously shown in Figure 9. In this case, in each 
section (slice) receptor matrix computed sectional 
area of the current solar cells, an effective 
(cumulative) area sections of solar cells and the 
accumulated cross-sectional area housing space 
station (although this option has no practical 
significance for us). Figure 10 and shows that the 
cutting plane has not yet reached the spacecraft 
model, so all square cross sections are equal to zero. 
 

 
Figure 10 - Scan 3D models of spacecraft  for calculating the 

basal area solar panels and spacecraft body 
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ANALYSIS OF THE RESULTS 
 
Carrying described calculation for a given geometry 
of the original spacecraft and its orientation relative 
to the Sun allows us to construct a graph of the 
effective areas for distance scanning sections. A 
typical form of such a graph is shown in Figure 11. 
All of its area and has an effective area of the solar 
panels of spacecraft with its particular design concept 
and a specific orientation relative to the sun. 
Comparing these graphs can optimize the layout of 
solar panels on the spacecraft. 
 

 
Figure 13 - Diagram of the total effective area of the spacecraft 

solar panels, depending on the allowable design solutions X 
 
CONCLUSION AND RECOMMENDATIONS 
 
A method that allows the receptor based on a 
geometric model to calculate the spacecraft effective 
area of the solar cell (SC) for the totality of its 
different design parameters (geometric shapes) and 
orientation relative to the direction of energy flow. 
The mathematical model and a program complex in C 
#, allowing to make such calculations and visualize 
the results. As a result of this software for any given 
geometry of the SC and any of its orientation relative 
to the sun's rays can calculate the total effective area 
of solar cells based on their mutual shading and 
shadowing spacecraft body. As a further area of 
research is the development of practical interest block 
solutions to the schedule on the basis of the total area 

to form specific recommendations for changing the 
design parameter. 
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