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THE INVESTIGATION OF EQUATION AND ALGORITHM OF THE 
MIRROR CONCENTRATING SYSTEM MOVEMENT 

 
Abstract. For optimal control of the mirror concentrating system the automated control system of heliostat 

identified for its possible errors. The equations of motion are considered tracking object, taking into account the 
geographical coordinates of the mirror concentrating system, the real situation of axes of rotation and accuracy is 
characteristics of the rotary support.  

There are analyzed equations of mirror concentrating system motion on the basis of which it was concluded that 
motion algorithm must necessarily take into account the mirror concentrating system non vertical (the exact vertical 
position of bearing) azimuth (stationary) axis of rotation or  and  angles describing the angle of the axis of 

rotation relative to the vertical space. 
Keywords: automatic system, mirror concentrating systems, vector, coordinate system, heliostat, rotation. 
 
Introduction. Most of the objects tracking can be divided into two types: the first type are 

objects that are moving relative to the Earth (airplanes, spacecraft, earth, moon) in its field of 
attraction; the second type are objects on the celestial sphere, apparent motion (Sun, stars). The 
difference between them is that the first types of movement are determined by the characteristics 
of the object itself, the second movement types defined by the law of motion of the Earth around 
its axis, the movement of the Earth around the Sun and the Sun in outer space. Great distance 
from the Earth to the stars, cause that tracking of the Sun or other stars should in principle is 
carried out according to the motion of the Earth around its axis. The equations of motion of the 
Earth are quite complicated, due to precession, and nutation of the Earth's axis of rotation.  

There are known different approximation equations of motion of the Earth, by tabular in 
astronomy and approximate analytic equations [1-6]. 

Approximate analytical equations define the daily law of motion of the Earth (it is assumed 
that the decline permanently) or the apparent movement of the Sun around the Earth. These 
equations are simply transferred to the local geographic coordinate system (CS) (one of the axes 
is directed along the vertical space). To determine the feasibility of the algorithm for motion 
program control of mirror concentrating systems (MCS), it is necessary to assess its probable 
error. The automated management system heliostats (AMSH) may include the following errors: - 
error of determining the base (label) - N (independent error includes the pointing of the reflected 
beam on the receiver - NO, the error of the angle sensor EDI- NУ), error of the gear - P and 
manufacturing errors and placing the axes of rotation MCS - O and errors of law of motion of 
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Figure 1 shows that there are two main systems of coordinates – equatorial (CSE), which 
determines the “visible” position and movement of the Sun in space depending on the location of 
installation of the hub on the Earth's surface – latitude  and longitude   0  (if the reference of the 

longitude is relative to the local meridian it is obvious  = 0) and local coordinate system (CSM), 
which determines the orientation angles of the Sun, hub, and the reflected beam on the ground. 

Because of the distance to the Sun, it is believed that the centers of these coordinate systems 
coincide. There are considered the equations of motion of MCS taking into account factors such 
as the inaccuracy of placing the axes of rotation. There are practically not considered the problem 
of the influence on the movement MCS inaccuracies of the position in space of the azimuthal and 
zenithal axes of rotation of MCS. Taking into account the method proposed in [8] - application of 
the matrix of rotations in general case of the problem is considered. 

To describe the vectors c, b, n the following coordinate system (CS) are presented: 

“equatorial” - CSE, with the direction of the axes OE - to the South, ОE - on East and О Е  
- along the axis of rotation of the Earth (Figure 2); 

"local" – CSL, with the direction of the axes O to the South, O - East, and O - vertical 
space (figure 2); 

"initial" – CSI, the coordinate system that defines the initial position of the axes of rotation 
relative to the CSL, with the directions of the axes OZ - stationary or azimuthal rotation axis, OY 
is movable along the "zenithal" of the axis of rotation and OX so directed that it forms with the 
axes OY and OZ right coordinate system; 

"connected" – CSC associated with the hub or its central normal n, the axis directions OXH – 
normal hub (heliostat), and OYH and OZH form OXH right cartesian CS. 

In the initial moment of time, CSH and CSI are the same. These two CS, in general, is 
sufficient for the analysis of the kinematics of the hub and in the general case, when there is an 
"inclination" of the horizontal axis of rotation at an angle of . Thus, even with the  formally, 
we can apply the same sequence of transitions between the CS, or 

 

  ,,,  
 CSE  CSLCSI  CSH  (4) 
 
Where , , , , ,  - the angles of crossing between the CS (Figure 2). It is noted that in 

contrast to [9-12], corners , , do not characterize the directional inclination of the vertical axis, 
and the inaccuracy of its position with respect to the vertical. 

As can be seen in contrast to (1) the need to consider the more general case, account for the 
angular inclinations of the horizontal axis of rotation about a vertical axis of rotation of the hub 
(heliostat). In this scheme, the transition between CSH and CSI, which includes the angular 
deviation of the horizontal axis of rotation is advantageously carried out in the form of a single 
rotation of the horizontal axis of the MCS at a constant angle . 

For the algorithm of the movement of mirror concentrating systems, in principle there is no 
need in detailing the schemes of transition or angle of crossing between the CS, however in 
practice it matters because you need to snap these angles to possible bases of reference and to 
take into account the native playback capabilities of the corners, large 900. There is assumed that 
a positive reference angle is clockwise, the other samples will be discussed. In view of the 
general schemes, transitions CSE CSLCSI will remain unchanged. Thus, the subject taken in 
[5,8,9] of the rules of rotations, transitions between CS are of the form (Figure 2). 
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On the other hand, from the CSH, we know that in CSH components n is equal to: 1, 0, 0, or 
turning them into CSI with matrices the next equations are obtained: 

 nX
* = cos*cos 

 nY
* = - sin*cos  (14)   

 nZ
*= cos*sin 

Since it is one and the same vector, the left parts of (13) and (14) are equal to 

 nХ = nX
* 

 nY = nY
*  (15) 

 nZ = nZ
* 

whence, it follows that the right parts (13) and (14)must be equal, or get a system of three 
equations: 

   *0*cos*cos nnnnX   (16) 

   nnnnnY ***cos*sin 
 

 (17) 

   nnnnZ  **sin*cos   (18) 

Given that the angle of  horizontal axis relative to vertical is constant, from (17) the 
expression for the angle of rotation of the MCS around the horizontal axis  is obtained, 

 

 )cos/arcsin(  Zn  (19) 
 

and for the "azimuth" angle MCS around the vertical axis of rotation  
 

   5.02)cos/(1/(arcsin  ZY nn    (20) 
 
In the particular case when  = 0, at the expression is obtained as (1) equation. 
Conclusion.  
Thus, from the analysis of the obtained equations of motion of MCS it can conclude that the 

algorithms of the movement MCS to consider nevertheless (the exact vertical location of the 
support) azimuthal (fixed) rotation axis, or the angles  and  characterizing the angle of 
inclination of the axis of rotation relative to the vertical. Also,it was noted that the influence of 
the angle of inclination of the horizontal (zenithal) axis of rotation on the equations of motion is 
negligible and may be ignored. In general, from the analysis of the equations of motion of MCS, 
it follows that the equations of motion of all stellar bodies (except satellites) will be the same and 
in fact are determined by the equation of motion of the Earth. This means that software control of 
the orientation of the MCS at the Sun or any other star will be the same. 
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АЙНА ШОҒЫРЛАНДЫРУШЫ ЖҮЙЕНІҢ ҚОЗҒАЛЫС  

ТЕҢДЕУІ МЕН АЛГОРИТМІН ЗЕРТТЕУ 
 

Аннотация. Айна шоғырландырушы жүйені оңтайлы басқару үшін оның мүмкіндік қателіктері 
автоматтандырылған гелиостатты басқару жүйесінде анықталды. Айна шоғырландырушы жүйесінің 
геграфиялық координатты ескере отырып, нысананың ізіне түсу қозғалыс теңдеуі, айналу білігінің айқын 
орналасуы жəне тірек-бұрылыс құрылғының дəлдік сипаттамалары қарастырылды. 

Айна шоғырландырушы жүйенің алынған қозғалыс теңдеулері оның қорытындысы негізінде жасалғаны 
талдалған. Айна шоғырландырушы жүйенің қозғалыс алгоритмінде келесі аталғандарды міндетті түрде 
есепке алу керек: тіктік еместік (оның тіктік тіректің орналасуы), азимутттық (қозғалыссыз) айналу білігі 
немесе жəне бұрыштар біркелкі тік орнына айналу білігінің көлбеу бұрышын сипаттаушы. 

Түйін сөздер: автоматты жүйе, айна шоғырландырушы жүйе, вектор, біріктіру жүйесі, гелиостат, 
айналу. 
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ИССЛЕДОВАНИЕ УРАВНЕНИЯ И АЛГАРИТМА ДВИЖЕНИЯ ЗЕРКАЛЬНОЙ 

КОНЦЕНТРИРУЮЩЕЙ СИСТЕМЫ 
 
Аннотация. В автоматизированной системе управления гелиостатом для оптимального управления 

зеркальной концентрирующей системой определены её возможные погрешности. Рассмотрены уравнения 
движения объекта слежения с учетом географических координат зеркальной концентрирующей системы, 
реального положения осей вращения и точностными характеристиками опорно-поворотного устройства. 

Проанализированы полученные уравнения движения зеркальной концентрирующей системы, на основе 
которого сделан вывод. В алгоритмах движения зеркальной концентрирующей системы необходимо 
обязательно учитывать следующее: не вертикальность (точное вертикальное расположение опоры) 
азимутальной (неподвижной) оси вращения или углы и, характеризующие угол наклона оси вращения 
относительно вертикали места. 

Ключевые слова: автоматическая система, зеркальная концентрирующая система, вектор, 
координирующая система, гелиостат, вращение. 
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