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Abstract 

This article deals with determination of accuracy in tracking software systems, and advantages of the heliostat 
automatic control system that utilizes measuring informational and control systems comprising wireless 
measuring instruments and information-processing equipment. The heliostat automatic control system 
covered in the article is one of the types of measuring informational and control systems. As distinct from 
other measuring informational systems, the described heliostat control system operates only when tracking 
parameters deviate towards the maximum permitted values. 

Use of wireless communication between detectors, transducers and industrial logical controllers in modern 
optical SPS heliostat control systems is more advantageous than laying hundreds meters of cable. 

To provide power supply, it is proposed to equip each heliostat with a self-contained power supply, since 
heliostat operates when concentrated solar radiation in the receiver is sufficient for steam generation, while 
the rest of the time it is in the standby mode. That is why use of a solar battery-powered self-contained power 
supply is more advantageous than use of centralized power supply from the industrial network. 
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1 Introduction 

The objective of accuracy determination in tracking 

software systems (TSS), just as in optical tracking systems 

(OTS), is to determine the misalignment angle between the 

Sun and the optical axis in concentrators or the set direction 

of reflection in heliostats. 
In OTS, this angle is directly recorded by an optical 

detector (OD) that sends the signal for misalignment angle 
handling, with OTS also performing drive errors and 
rotational axes positions compensation due to available 
feedback. That is, when tracking using OTS, there are 
practically no requirements for drive errors and rotational 
axes positions. TSS operates as follows. The control 
program calculates the Sun's angular position in a 
coordinate system associated with a concentrator (or 
heliostat) — the Sun's angular coordinates are determined, 
based on which the software determines the angles of 
heliostat turning (the angles of concentrator turning are 
equal to the Sun's angular coordinates in one CS), the drives 
receive a signal for handling of these angles. That is, TSS 
cannot “see” the Sun, and thus there is no compensation of 
drive errors and rotational axes and, accordingly, control 
algorithm errors. But here we also obviously need control of 
concentrator turning angles, i.e. feedback is required as well. 
This task was considered and solved in the course of 

development of the Big Solar Furnace (BSF) heliostat 
software control system; the azimuthal and zenithal drive 
reducers were equipped with angular sensors at a pitch of 
about 36 arcsec. These sensors controlled the angles of 
heliostat turning in terms of azimuth and zenith. Field 
research of the sensors operation was performed. The 
experimental design was as follows: heliostat was put into 
the tracking mode using an optical sensor, while turning 
angles were determined by an angular sensor and further 
compared in time with the designed angles of turning. 
Assessment of actual angle deviations of heliostat turning 
angles in terms of azimuth and zenith against their designed 
values was carried out on the basis of the data obtained. It 
was established that difference between the angles does not 
exceed 1-2 arcmin, and the conclusion was made that it 
proves accuracy of the software tracking. It was also stated, 
that the BSF heliostat tracking systems operate practically 
in the on-off mode: “start-stop-start”. It should be noted that 
characteristics of the misalignment angle sensor itself 
(angular value of dead spot) were not investigated. 

2 Theory and calculations 

As is known, solar cell concentrators (heliostats) must turn 

(keep track) of the Sun with a certain level of accuracy due 

to its apparent movement. 

At that, along with concentrator’s accuracy 
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characteristics, tracking accuracy is one of the factors 

influencing the solar radiation concentration, i.e. irradiance 

variation in the focus and mean concentrations at the 

receiver. Tracking accuracy, as was determined above, is 

clearly defined by a defocusing angle  or by an angular 

deviation of axial solar beams from either optical axis of the 

concentrator (the concentrator mode) or predetermined 

direction of solar beam reflection from the heliostat (the 

heliostat mode). At the initial approximation, the defocusing 

leads to a shift of a concentrated spot at the receiver. The 

methodical task setting (concepts of static and dynamic 

defocusing modes), as well as experimental and calculation 

studies of the influence of defocusing, virtually the only 

ones to the present day, were conducted in [2-5]. In these 

studies, allowed values for defocusing angles  were 

identified for energy concentrators. It was found that  must 

not exceed 16 arcmin at the acceptable flow reduction at the 

receiver by 10% for concentrators of solar power plants. The 

issue of permissible defocusing angles also becomes 

relevant due to problems of development of software 

systems for concentrators (heliostats) to keep track of the 

Sun. Acceptable values of defocusing angles obtained in [2-

5] generally allow to make the conclusion on possible 

requirements for the tracking accuracy, although during the 

design of tracking systems it is still assumed that the 

tracking accuracy must not exceed 1 arcmin. 

Flow densities at the receiver’s surface elements and 

subsequently flows will be determined using the model 

suggested by Grilikhes V.A. [1]. This model assumes that 

even if beams are reflected from a non-precise concentrator, 

the angular dimension of the reflected solar cone will not 

change; and that concentrator inaccuracies are distributed 

according to some randomly set rule with the standard 

angular deviation  of normals in relation to normals of a 

precise concentrator. In practice, this integral is defined 

numerically and actually is replaced by a sum of the 

following type. For example, when determining the flow on 

the area SR of the receiver, it will be as follows: 

ЕА  = dS  В(а) (nM a )( nA a)d, (1) 

          SR      SC 

where В(а) is the brightness of the reflected solar beam from 

the M point (the surface element of the concentrator in the 

direction of A point of the receiver (the unit vector а); nM 

and nA are М and А area normals; d is the elementary solid 

angle with a vertex in the A point; SR, SC are surface areas of 

the receiver and the concentrator. 

As stated in [2], the surface area of the concentrator SC 

and its geometry, specular reflection factor (Rz), coordinates 

of M and A points, orientation of normal nA in the center of 

the receiver’s surface element dSA, and incident irradiation 

parameters (for the Sun, it is usually a vector direction of the 

axial solar beam с, its angular radius 0 and the angular 

distribution of brightness f(,0) across the solar disk) shall 

be set in order to determine components of the irradiance 

integral. Based on these formulas, we developed an 

algorithm as well as software in C++ for calculation of both 

the irradiance and the flow from a paraboloid concentrator 

based on a flat receiver surface, taking into account the 

possibility to set the concentrator inaccuracies and the 

defocusing angle in the software. 

The following sun spot radius rP of the precise 

paraboloid will be used as the size scale, as well as for the 

purpose of results summarization [3]: 

rP = p*0/[(1+ cosU0)* cosU0], (2) 

where p is the focal paraboloid parameter (p = 2f,  f is focal 

length); 0 is the angular radius of the solar disk; U0 is 

concentrator’s opening angle valid for a circular 

concentrator and effective for other shapes [4]. 

Overall influence of the defocusing angle  on irradiance 

distribution in the focal plane of a precise paraboloid 

concentrator ( = 0) on a concentrated spot is shown in Fig. 

1, where for comparison you may also see irradiance 

distribution for a non-precise concentrator ( = 8 arcmin) 

for the case of  = 0. As we can see, assumptions in [1, 10] 

were confirmed, as sufficiently large defocusing angles 

mainly resulted in the shifting of spot leaving the irradiance 

curve’s shape unchanged. 

Fig. 1 shows that due to the uneven distribution of a 

concentrated spot, the influence of defocusing may vary for 

receivers of different radii (different average concentration). 
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FIGURE 1 Irradiance distribution in the focal plane of a precise parabolic 

concentrator in the cross-section y=0.05rP (rP = 31 mm) at different 

defocusing angles . 

Thus, the following typical dimensions of the spot radii 
may be identified for the given concentrator with U0 = 58.70 
for the area radius r in fractions of the image spot radius of 
the precise concentrator rP: I – the focal up to r/rP  0.05, 
where C  42,324 (at  = 0) and C  18,800 (at  = 8); II – 
the area of high mean concentration, up to r/rP  0.25 where 
C  40,440 ( = 0) and C  18,100 ( = 8); III – the border of 
sharp drop of the irradiance curve, up to r/rP  0.35 where C 
 38,600 at  = 0, while for the non-precise concentrator, it is 
up to r/rP  0.7 where C  12,200 ( = 8); IV – the border of 
a sloping part and the irradiance curve, the radius of which for 
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a precise concentrator is equal to r/rP  0.65 and C  20,500 
( = 0), while for a non-precise concentrator it is r/rP  1 and 
C  8000 ( = 8) . That is, even in the case of the non-precise 
paraboloid concentrator, the average concentrations are quite 
high within the spot. Moreover, which is important in practice, 
for the non-precise concentrator the main flow falls into the 
spot area of the precise concentrator, i.e. in the area of r/rP 1.  

For the same concentrator Fig. 1 illustrates flow changes 

at these areas depending on the angle of defocusing  for 

both precise ( = 0) and non-precise ( = 8') concentrators. 

To sum up the results, F flows at the receiver are shown in 

a relative form, as the fractions of flow incident on this area 

in the absence of defocusing F=0, i.e. when =0. To allow 

determination of the F=0 flow fraction in the total flow, 

there are also F=0 values given in fractions of the total flow 

FP [5] reflected from the concentrator. 

Due to the fact that the flow change depending on  is 

quite minor, requirements for tracking inaccuracy С and its 

impact on reduction of flow F/F=0 = (1-F/F=0)*100% 

for the practical case — the non-precise concentrator with  

= 8' — are presented in a tabular form (Table 1). Here we 

may clearly see the actual difference between the defocusing 

angle and tracking inaccuracies or the misalignment angle. 

Thus, in fact, to ensure the required defocusing angle, it is 

necessary that actuation angles a and h or projections of 

misalignment angle  at a = h in the sensor planes were: 

a = h = 0.7.. (3) 

TABLE 1 Flow reduction (F/ F=0, %) at the receiver of r/rP radius, 

depending on the misalignment angle С and tracking 

inaccuracy a = h for a non-precise concentrator ( = 8'). 

С = , 

arcmin 

a = h , 

arcmin 

area radius, r/rP 

0.05 0.25 0.7 1.0 

F/ F=0 = (1-F/F=0)*100% 

0 0 0 0 0 0 

1 0.7 0 -0.1 -0.1 -0.03 

2 1.4 0.6 0.1 0.1 0.08 

3 2.1 0.6 0.7 0.6 0.3 

4 2.8 0.8 1.5 1.2 0.8 

5 3.5 1.4 2.7 2.2 1.3 

6 4.2 2.8 4.2 3.4 1.9 

7 4.9 4.6 5.9 4.8 2.8 

8 5.6 7 8.0 6.5 3.7 

9 6.3 8.8 10.0 8.3 4.8 

10 7 12 13 10,4 6.0 

 

As Table 1 shows, in the case of tracking inaccuracy С 

= 2' (a = h = 1.4'), almost no reduction of flow and, 

consequently, concentration C occurs, and reduction of 

about 1% only occurs when С = 4' (a = h = 2.8'). Thus, 

tracking accuracy may be at the level of 4' (a = h = 2.8') 

for solar furnaces, while for solar power plants tracking 

inaccuracy may be up to 7' (a = h = 4.9') for the cases 

where the receiver radii (r/rP) are at the level of 0.7-1 with 

acceptable flow reduction of 3%. 

Having determined the software tracking accuracy in the 

Lab View virtual environment, we considered the model of 

application of a wireless communication device and self-

contained power supply in heliostat units with centralized 

monitoring and control system [7, 11, 12]. 

 
FIGURE 2 Creates a window of the diagram in Lab View 

 
FIGURE 3 Meteorological parameters in LabView format opened with 

graphics editor National Instruments LabView 

3 Experimental materials and methods 

Currently, three types of heliostat automation systems are 
used, i.e.: 

 the individual automatic control system; 
 the centralized monitoring and control system; 
 the combined monitoring and control system. 
The operation concept of the individual automatic 

control system is that each heliostat operates individually, 
independently of each other, and each of them is equipped 
with tracking, positioning and orientation devices. 

The centralized automation system monitors and controls the 
whole heliostat field from the operator's room. 

The combined automation control system includes both 
of the above control systems [3, 17]. 

Let us consider the centralized control system for solar 
power station (SPS) automation. In addition to individual 
heliostat control system devices, the centralized control 
system includes centralized control devices with functions 
of feedback and control of each heliostat's orientation. 
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When controlling the SPS heliostat field, the control 
commands (certain codes of analog or digital signals) are 
sequentially transferred in a group or separately to each 
heliostat individually: start of operation, movement, stop, 
end of operation and reset. Control commands (electric 
signals) are transferred to heliostats via signal cables while 
power is transferred via power cables. The precise control 
of a corresponding heliostat is achieved by introduction of a 
specific system of signal coding and receiver addressing. 

Accuracy of heliostat control will be mainly determined by 
accuracy of automatic control system operation. 

Figure 4 presents a block diagram of a centralized 
automatic monitoring and control system, which performs 
control from the primary system by means of continuous 
signals or impulses sent at specific time intervals according 
to the Sun's position on the dome of the sky. At that, the 
control commands must be generated (formed) in the 
primary control system. 

 
FIGURE 4 Centralized monitoring and control system 

In case of use of the above automated control system 
(ACS) scheme with optical SPSs, each heliostat must be 
equipped with two electric drives with appropriate reduction 
gears to ensure zenithal and azimuthal turning and with four 
position sensors for precise pointing (on each heliostat) [1,8]. 

The considered automatic heliostat control system is one 
of types of measuring informational and control systems, 
which are complexes of measuring instruments and 
information-processing equipment. Their characteristic 
feature is that they are designed to obtain information on 
operating parameters values, which are characterized by the 
“pointed” or “misaligned” states, directly from the 
controlled (monitored) object. That is why such control 
systems must be functionally linked with the controlled 
object and must receive information directly from the object 
(from heliostat groups). 

The matter of remote information transmission, i.e. 
communication channels, is of special importance for 
automated control systems on optical SPSs with a great 
number of heliostats. 

The automatic control unit for all heliostats of an optical 
SPS system deals with signals transmitting information over 
a distance via wires (communication channels) [11, 14]. 
Their main, objectives are communication effectiveness and 
reliability, i.e. transmission of the greatest volume of 
information using the most economical way with the least 

distortion caused by various disturbances introduced by the 
communication channels themselves or due to other reasons. 

For sequential control of turning of separate heliostat 
groups, the control signals must be transmitted via the 
communication channel in a specific sequence. This function 
may be performed by a multichannel system with time 
distribution of the channels. When building multichannel 
systems, the values of controlled variables are usually 
represented by a uniform parameter, such as DC voltage, 
resistance, etc. To transmit values via a communication 
channel, the uniform parameter is converted to an 
intermediate parameter, which ensures the least errors caused 
by instability of communication channel parameters or 
disturbances. At the receiving point, the intermediate 
parameter is converted to direct current or other signals 
allowing to register the values of controlled variables or 
reproduce them. 

4 Results and analysis 

Thus, analysis of design, technical parameters of heliostats 
on operating tower-type SPSs, as well as analysis of the 
composition, functions and operation of automation systems 
allow us to make the following conclusions [5, 9, 15]: 

 land area utilization efficiency is not high, as 
heliostats are bulky and, accordingly, the area 



COMPUTER MODELLING & NEW TECHNOLOGIES 2017 21(1) 13-19 Satybaldiyeva F A, Beyer D, Sarybaev A S 

17 
Information and Computer Technologies 

occupied by a heliostat field is very large; 
 the cost of a heliostat with the reflective surface area 

of 50 m2, a tower with height of 80 m or more, 
equipped with a tracking system, position sensors, 
electronic positioning and orientation devices is 
relatively high; 

 large overall dimensions and weight of heliostats 
complicate their control in terms of accuracy of sun rays 
pointing to a receiver (free play, deformation, etc.); 

 due to the weight of mirrors, frame, rotary support 
mechanisms (RSM) and pillar of heliostat with 
reflective surface area of 50 m2, the power 
consumption increases to 200 W/h; 

 periodic switching on and off of motors of rotary 
support mechanisms is carried out by powerful, large, 
noncontact and contact electronic and electric power 
elements; 

 electrical communication, signal transmission and 
exchange with heliostat's electronic devices and the 
automation system are carried out in the analog form, 
using a signal cable network; 

 coordination of the industrial computer with 
controlled objects requires a great amount of DAC 
and ADC inputs and outputs; 

 high power consumption by automation devices and 
the monitoring and control system. 

In an optical system of tower-type SPS, the 
communication with the upper level of the automation 
system is carried out via a signal cable network. Heliostat 
power supply is arranged via a power cable network. Power 
and signal cables are laid in special ducts, trays and trenches. 
Currently, costs of cables and their laying are rather high, 
and they comprise 10% of the SPS's total cost. 

With development of network and telecommunications 
technologies, wireless communication between detectors, 
transducers and industrial logical controllers is widely used 
in modern SCADAs. These devices are small and may be 
embedded directly into primary automation facilities. These 
devices are cheap and their application is more 
advantageous than laying hundreds meters of cable. That is 
why, to reduce costs and expenses on purchase and laying 
of signal cables, we propose to use cheap but effective 
wireless devices. Figure 5 below presents a schematic 
diagram of a receiver-transmitter developed by 
MikroElektronika on the basis of nRF24L01P microcircuit. 
As we can see, the diagram is simple, the additional 
elements connected to the microcircuit are required only for 
setting of its operating parameters. 

 
FIGURE 5 Schematic diagram of wireless device 
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This device can transmit both analog and discrete signals 
over a distance of up to two kilometers. The transmit and 
receive speed is 10 Mbit/s, the transmitter's operating 
frequency is 2.8 mHz, power supply is 5 V. The heliostat is 
equipped with RSM, electronic RSU motor control unit and 
wireless receiver and transmitter. To provide them with DC 
power, we propose to equip every heliostat with a self-
contained power supply [11, 12, 15]. 

 
FIGURE 6 Block diagram of self-contained DC power supply 

composition 

This power source (PS) consists of the following units 
presented in Figure 6. 

This PS is cheap and small-sized. The solar panel is 
installed directly on the heliostat's reflecting surface. 
Heliostat operates only in weather when concentrated solar 
radiation in the receiver is sufficient for steam generation, 
while the rest of the time it is in the standby mode [15]. That 
is why use of a solar battery-powered self-contained power 
supply in our opinion is more advantageous than use of 
centralized power supply from the industrial network. It 
should be noted that this self-contained PS is designed to 
supply several adjacent small-sized heliostats, see Figure 7.  

 
FIGURE 7 Heliostat field 

For the purpose of saving the energy generated by the 
self-contained PS, control of n-group of heliostats and i-th 
heliostat in the n-group is carried out sequentially. For 
example, a self-contained PS provides power to five 
heliostats (Figure 7.). All the electronic control devices of 
the five heliostats are connected to the self-contained PS, but 
all RSM motors are disconnected from PS, and each RSM 
motor ni sequentially connects to PS when performing 
functions of pointing, manual control, reset after 
maintenance or repair, setting to the next morning position 
and specific positioning in the period of extreme weather 
conditions. Thus, the monitoring and control methods 
fundamentally change when using a self-contained PS. 

5 Conclusions 

Tracking inaccuracy calculations and available conclusions 
given us the 15% efficiency factor based on the defined 
general relation between the defocusing angle  and 
misalignment angle  in measuring planes of the optical 
tracking sensor. [19] It was shown that for cases of both 
concentrator and heliostat modes of tracking,  is always 
equal to , although the nature of their changing as well as 
their projections may vary, and that in practice the actual 
tracking inaccuracy in the sensor planes must not exceed a 
= h  0.7 [16]. 

Common link between the defocusing angle  and 
misalignment angle  in measuring planes of the tracking 
optic sensor has been determined, we demonstrated that  = 
 always, both in the concentrator and in the heliostat 
tracking mode, though the nature of their variation and their 
projections may differ, and in practice the actual tracking 
inaccuracy in sensor planes must not exceed a = h  0.7.  

As distinct from other measuring informational systems, 
the described heliostat control system operates only when 
tracking parameters deviate towards the maximum 
permitted values. Thus, the considered diagram provides a 
much simpler way of comparing the obtained parameters 
against the preset parameters. 
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