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Abstract. An aiming strategy is developed for a circular aperture receiver at the PROTEAS 
field in Cyprus. To reduce thermal stress, a uniform flux distribution is searched by minimiz-
ing the coefficient of variation and the spillage losses. The combination of 𝑘𝑘=0.9 and 
damp=0.85 produces the optimal flux distribution, at the expense of increasing the spillage 
losses by 21.8 percentage points. To validate the model, heliostat images were utilized to 
synthetically generate experimental flux maps, both for single and optimized aiming. As a 
result, the peak flux concentration is decreased from 1090 (single-point aiming) to 367 suns 
with the uniform distribution. 
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1. Introduction 

Solar central receivers have limitations in thermal stress and fatigue. Single aiming (all helio-
stats aim at a single point) leads to a large peak flux and sharp gradients, which may perma-
nently damage the receiver. Uniform flux distributions are required to reduce the thermal 
stresses [1]. 

Aiming strategies must be developed and implemented to avoid such issues. On one 
hand, metaheuristic methods have been applied for flat plate [2] and cavity [3] receivers. On 
the other hand, specific algorithms have been proposed, such as the image size priority [4] 
and the aiming factor approach [5], which are respectively implemented in SolarPILOT [6] 
and FluxSPT [7]. 

These aiming strategies must be developed also for circular aperture receivers. The aim-
ing factor approach has been recently adapted for circular receivers, this implementation has 
been called Blossaim [8]. This paper presents the implementation and the validation of the 
Blossaim strategy on the PROTEAS facility [9,10]. 

2. Experimental campaign at PROTEAS  

The Platform for Research, Observation and Technological Applications in Solar Energy 
(PROTEAS) is the most complete research and development facility in Cyprus [10]. The so-
lar tower plant (Fig. 1, left) consists of a field of 50 heliostats and an 18-meter-tall tower. The 
solar receiver, named iSTORE, has a circular aperture of 0.8 m in diameter. On the tower,  
2.45 m above the receiver, a 2x2 m2 white diffusive (Lambertian) target is utilized by the 
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beam characterization system. Both receiver and target are tilted 10º with respect to the ver-
tical plane. The beam characterization system consists of a digital CCD camera with appro-
priate filters, that takes a grayscale picture of the Lambertian target and so determines the 
flux image by the image processing technique described in Section 3. 

Heliostats consists of a single 5 m2 square mirror and follow spinning-elevation tracking. 
The heliostat field is arranged in 5 rows labeled from A to E, as shown in the layout in Fig. 1 
(right). In each row, heliostats are subsequently numbered, with “1” being the most western 
one. Row A consists of 9 heliostats, 8 in last row E, while rows B, C and D contain 11 helio-
stats each. In total, the PROTEAS field encompasses 50 heliostats. Except for a couple of 
exceptions, the focal length of the mirrors is 25 m in the first two rows, 33 m in rows C and D 
and 45 m in the last row. 

  
Figure 1. View of PROTEAS heliostat field and central tower with iSTORE receiver (left), and 

field layout with heliostats identified by symbol and color (right). 

At the moment of the experimental campaign, the moving cooled target in front of the 
iSTORE was not ready. Therefore, experimental flux maps with all the heliostats simultane-
ously aiming at the receiver could not be taken. Alternatively, the image of every single helio-
stat on the Lambertian target was acquired in a short enough period. By superimposing the 
heliostat images by each heliostat, synthetically generated experimental flux maps can be 
generated, as described in Section 5. 

The image acquisition was performed on the 27th of January 2022. Between 14:15 and 
15:45, local time, one after another each heliostat was subsequently aimed at the target and 
its image was recorded. Four heliostats (B8, C1, C7 and D1) were not operational on the day 
of the acquisition, so that the image of their next heliostat (B9, C2, C8 and D2) was utilized. 

3. Image processing 

The acquired heliostat images provide relative irradiance levels, which are converted into a 
normalized ratio (from 0 to 1) by dividing each pixel level by the maximum one. The resulting 
images are equivalent to the normalized concentration ratio of flux density (CN), that is the 
ratio between the local flux density (F) and the maximum one (Fmax), 

CN= F
Fmax

 .      (1) 
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Using a flux mapping model, additional experimental data can be estimated for each helio-
stat: the mirror slope error and the (absolute) concentration ratio of flux density. 

3.1. Slope error 

According to the manufacturer, the surface slope error (SSE) of the heliostats might be in the 
range between 0.7 and 2.5 mrad. For the mirrors currently installed at PROTEAS, there is no 
measurement of the slope error. This parameter can be estimated by comparison with the 
flux maps generated by a model. In this instance, FluxSPT has been utilized, which takes 
advantage of the convolution-projection model [7]. 

A fitting process is performed so that the slope error is varied in the model. The optimal 
SSE is found when the cross-correlation coefficient (CCC) between the experimental and the 
model is maximum. For heliostats B10 and D2, Figure 2 shows the contours of normalized 
concentration ratio both experimentally (dashed contours) and modeled (solid). On the back-
ground the grayscale experimental image is also shown. 

Figure 2. Experimental (grayscale and dotted lines) vs. model fitting the surface slope error 
(solid lines) for heliostats B10 (left) and D2 (right).  

Contours of normalized concentration ratio at the Lambertian target. 

This fitting process is performed for all the heliostats in the PROTEAS field, reaching an av-
erage CCC of 94%. The lowest CCCs, around 80%, correspond to the heliostats in the first 
row, with larger astigmatism. The resulting SSE are displayed in Table 1, which range be-
tween 1.0 and 4.0 mrad. These results are in agreement with the manufacturer specifications 
that stated that the mirrors with shorter focal lengths have larger slope errors. 

Table 1. Fitted surface slope errors (SSE) for PROTEAS heliostats. 

Hel. 
Row A 

𝑺𝑺𝑺𝑺𝑺𝑺 
[mrad] 

Hel. 
Row B 

𝑺𝑺𝑺𝑺𝑺𝑺 
[mrad] 

Hel. 
Row C 

𝑺𝑺𝑺𝑺𝑺𝑺 
[mrad] 

Hel. 
Row D 

𝑺𝑺𝑺𝑺𝑺𝑺 
[mrad] 

Hel. 
Row E 

𝑺𝑺𝑺𝑺𝑺𝑺 
[mrad] 

A1 3.2 B1 1.0 C1 as C2 D1 as D2 E1 1.5 
A2 2.3 B2 3.1 C2 1.3 D2 1.0 E2 1.3 
A3 2.1 B3 1.9 C3 2.2 D3 2.1 E3 1.7 
A4 3.6 B4 1.9 C4 2.5 D4 1.1 E4 1.7 
A5 3.5 B5 2.4 C5 2.1 D5 1.5 E5 1.3 
A6 1.5 B6 1.7 C6 2.5 D6 1.7 E6 1.4 
A7 3.9 B7 2.8 C7 as C8 D7 1.7 E7 1.3 
A8 4.0 B8 as B9 C8 2.5 D8 1.7 E8 1.6 
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A9 2.6 B9 2.1 C9 2.3 D9 1.5   
  B10 1.8 C10 1.8 D10 1.7   
  B11 2.8 C11 1.6 D11 1.6   

3.2. Scaled concentration maps 

Once the slope errors have been estimated, the concentration ratio of flux density (CF) of 
each heliostat is quantified. This concentration is the ratio between the incident flux density 
and the instantaneous direct normal irradiation (DNI); Eq. (2). Thus, CF is interpreted as the 
number of “suns” impinging on each point of the target, 

CF= F
DNI

 .          (2) 

To scale the original experimental images from normalized to absolute concentration ratio, 
the model is again utilized. The flux maps of absolute concentration are generated by the 
model, considering the optical losses: cosine, mirror reflectivity (94%), and atmospheric at-
tenuation (Leary and Hankins correlation). 

The total energy intercepted by the 2x2 m2 target must be the same as that simulated by 
the model. On the basis of this assumption, the experimental normalized image is trans-
formed into absolute concentration ratios as affected by a scaling factor; Eq. (3). Such a scal-
ing factor (SCL) is computed with Eq. (4), where dA is the area of each pixel, 

CF,exp=SCL·CN,exp ,     (3) 

SCL=
∑ (CF·dA)mod
∑ (CN·dA)exp

 .     (4) 

  
Figure 3. Concentration ratio of flux density for heliostats C2 and E8. Experimental (solid) vs. 

model (dotted) contours. 

For heliostats C2 and E8, Figure 3 shows the flux maps of concentration ratio both from the 
model (dotted) and experimental measurements (solid contours). The experimental contours 
have been transformed to absolute concentration ratios of flux density using the resulting 
SCL factors. 
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4. Uniform aiming 

Uniform flux distributions on the receiver minimize the thermal stresses and fatigue. This sec-
tion presents first the aiming strategy for circular aperture receivers and, secondly, the opti-
mization carried out for PROTEAS. 

4.1 Aiming strategy 

The so-called Blossaim strategy relies on the principle of aiming each heliostat so that the 
beam is tangent to the receiver aperture edge. Let rapp and rbeam respectively be the radius of 
the aperture and the beam, the aim point is positioned at a distance rapp - rbeam from the cen-
ter and at an angular position θaim, as shown in Fig. 4 (left). The beam radius is determined 
as a function of the aiming factor k, according to Eq. (5), where D stands for the heliostat-to-
target distance and 𝜎𝜎e is the effective error computed with Eq. (6); with ω being the heliostat 
incidence angle and the sun image is σsun=2.09 mrad: 

rbeam=k·D·σe ,     (5) 

σe=�σsun
2 +2(1+ cos2 ω)SSE2 .    (6) 

  
Figure 4. Aim point positioning in the Blossaim strategy (left). Aim points for k = 1 and  

SSE = 2 mrad in all heliostats (right). 

For the angular positioning, the following deterministic procedure was selected for the PRO-
TEAS field. The first and fourth rows (A and D) aim at the upper half and the second and 
third (B and C) at the bottom, while last E row aim at the center. Thus, the procedure as-
sumes that all heliostats are aiming at the receiver, neglecting events like heliostats going 
offline. 

For k=1 and assuming a constant SSE=2 mrad, Figure 4 (right) shows the aim points, 
where each heliostat is identified according to the markers in the Fig. 1 layout (right). As can 
be inspected from Fig. 4 (right), the heliostats in a row are alternatively aimed at the left 
(East) and right (West) sides of the receiver. This way, fairly symmetric flux maps are ob-
tained throughout the day, without significatively altering the position of the aim points. To 
avoid larger peaks in the horizontal axis of the receiver, the Blossaim implementation intro-
duced a damping factor (smaller than 1), to bias θaim towards the vertical axis. Further detail 
on the damping factor, and the Blossaim strategy, can be found in Ref. [8]. 
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In summary, the aiming strategy for a circular aperture receiver is controlled by two pa-
rameters: k and damping. The central symmetry is regulated with the damping factor, while 
the k factor affects to the concentration and spillage. For a constant damp=0.8, Fig. 5 shows 
the aim points (top) and flux distributions (bottom) for k factors of 2.0, 1.5, 1.0 and 0.5 in 
PROTEAS. The smaller the k is, the lower the peak becomes, at the expense of increasing 
the spillage losses. For proper comparison the color axis of concentration ratio is kept con-
stant in Fig. 5. 

    

    
Figure 5. Maps of aim points (top) and flux concentration (bottom) for decreasing values of k 

aiming factor: 2.0, 1.5, 1.0 and 0.5 (damp = 0.8). 

4.2 Optimization 

The ideal combination of k and damping factor leading to the most uniform flux distribution is 
explored in this subsection. To quantify the flux homogeneity, two objective functions are 
used: the coefficient of variation and the spillage loss. 

The coefficient of variation (CV) is a measure of the non-uniformity of the flux distribu-
tion, as previously utilized by Wang et al. [3]. It is the ratio of the standard deviation to the 
mean. For the concentration ratio of flux density (CF) in a mesh with Nel elements (or pixels) 
the CV is computed with Eq. (7). The CV can be expressed as a percentage, so that values 
towards 0% reveal high uniformity:  

CV=
�∑ �CF,i-CF�����

2Nel
i=1

Nel-1
�

CF����
 .     (7) 

However, a fully flat distribution may only be achievable without using the heliostats (null in-
terception). To trade off with the CV, the spillage loss (SPL) must be controlled too. Accord-
ing to Eq. (8), SPL is a percentage so that 0% means no spillage loss. The intercept factor 
(fint) is computed by FluxSPT: 

SPL=1-fint .     (8) 

The goal of the optimization is to minimize both the CV and the SPL. For PROTEAS, an ex-
haustive search has been performed with k factors ranging from 0.5 to 2.0 in 0.1 steps and 
damping factors ranging from 0.5 to 1.0 in 0.05 steps. For all these combinations, Fig. 6 
shows the resulting coefficients of variation (horizontal axis) and spillage losses (vertical). As 
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expected, the smaller the k factor is, the lower the CV but the higher the SPL becomes, and 
the other way round. The damping factor does not significantly affect the SPL and the small-
est CV is obtained with a damping factor of around 0.85. The Pareto optimal solution is the 
one closest to CV=0 and SPL=0. 

 

Figure 6. Search space. Representation of the coefficient of variation (CV) and the spillage 
loss (SPL) for the different pairs of k and damping factors.  

From the optimization, the most uniform flux distribution is expected with an aiming factor 
equal to 0.9 and a damping factor of 0.85 (marked with a star symbol in Fig. 6). With these 
parameters, the resulting aim points are shown in Fig. 7 (left). Using these aim points, the 
map of flux density concentration ratio on the aperture is shown in Fig. 7 (right), where a flat 
region emerges in the center (slightly biased to bottom-left). 

  
Figure 7. Aim points for each heliostat (symbols and color according to Fig. 1, right) for the 

optimum aiming: k=0.9 and damp=0.85 (left). Flux distribution by the model (right). 

5. Experimental validation 

The aiming strategy is validated by comparing the modeled and the experimental flux distri-
butions. The scaled experimental maps obtained in subsection 3.2 are superimposed using 
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the optimum aim points found in the previous section. Thereby, the synthetic flux map shown 
in Fig. 8 (left) is generated, again with a flat central region. 

The contour plot in Fig. 8 (right) represents both the synthetic (solid lines) and the mod-
eled (dashed) flux maps. As displayed on the top, the cross-correlation coefficient between 
both distributions is as high as 96.3%. The peak concentration ratio is overestimated by the 
model (411.8) in comparison with the experimental image (366.5). This may be attributed to 
the non-constant slope error of the heliostats as well as their astigmatic aberrations, not al-
ready accounted for by the model. However, the uniformity of both distributions is fairly simi-
lar, with coefficient of variation of 20.5% and 22.8%, respectively for the model and experi-
mental measurements. 

  
Figure 8. Experimental synthetic flux distribution (left) and comparison with the model (right) 

for the optimized uniform aiming. 

The improvement of optimized aiming is shown by contrasting the results with single point 
aiming. As displayed in Table 2, the peak concentration ratio is reduced from 1090 (single 
aiming) to 366.5. Similarly, the non-uniformity (CV) is decreased from 70% to 22.8%, so that 
the thermal stresses in the receiver can be correspondingly reduced. This benefit is obtained 
by increasing the spillage losses by 21.8 percentage points (from 4.7% to 26.5%), according 
to the model’s results. 

Table 2. Performance indicators for single and optimized aiming, both by the model and the 
experiments. 

Aiming  𝐂𝐂𝐅𝐅,𝐦𝐦𝐦𝐦𝐦𝐦 [-] 𝐂𝐂𝐅𝐅,𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 [-] 𝐂𝐂𝐂𝐂 [%] 𝐒𝐒𝐒𝐒𝐒𝐒 [%] 
Optimized 
(k=0.9, damp=0.85) 

Model 411.8 343.4 20.49 26.53 
Exp. 366.5 281.0 22.82  

Single Model 1453.4 676.4 72.28 4.71 
Exp. 1090.2 517.5 69.97  

6. Conclusions 

An experimental campaign has been carried out at the PROTEAS field to develop and vali-
date an aiming strategy. Experimental images have been taken for the 50 heliostats, and 
their slope errors have been estimated by means of a fitting process using the FluxSPT con-
volution-projection model. The experimental images have been rescaled to provide flux maps 
of the concentration ratio. 
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The Blossaim aiming strategy has been applied to the PROTEAS field with a circular ap-
erture receiver. This deterministic strategy relies on aiming the heliostats so that their beams 
are tangent to the aperture edge. To control the distribution of aim points, two parameters 
are utilized: an aiming factor (k) and a damping factor. 

A uniform flux distribution has been searched with the aiming strategy. This has been 
achieved by minimizing both the coefficient of variation and the spillage losses. As a result, 
the combination of k=0.9 and damp=0.85 has led to the most homogeneous distribution, so 
as to reduce receiver thermal stresses and fatigue. 

With the resulting aim points, the flux maps of concentration ratio have been generated 
both by the model and synthetically with the experimental images. The cross-correlation be-
tween them is as high as 96%, showing the validity of the modeling, even though the model 
slightly overestimates the local concentration ratios. 

Compared to single point aiming, optimized aiming reduces the peak concentration from 
1090 to 367 suns, as well as the non-uniformity coefficient of variation from 72% to 20%, 
according to the synthetic flux maps. On the contrary, the spillage loss necessarily increases 
by 21.8 percentage points according to the model. 

Future actions involve the commissioning of the moving target in front of the receiver ap-
erture. With this cooled target, all heliostats can be aimed simultaneously, eliminating the 
step of synthetic generation of experimental maps. At the same time, the flux meter included 
in the moving target allows to straightforwardly rescale the flux maps. The 3D shape of a 
receiver like iSTORE, as opposed to the flat surface, is another line of research. 
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