Validation of HelioscharPlus Performed on a Commercial
Heliostat at Medium Range
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Abstract: In this study, the initial validation results of the HelioscharPlus characterization system performed on a commercial heliostat
located at a medium range of 600 meters. Measurements were taken under real operating conditions prior to the canting process,
establishing a baseline for the heliostat's optical surface.

HelioscharPlus is a system composed of two independent complementary

Subsystems:

 Photodetectors array: Capture the reflected solar beam flux profile

« Camera array: Capture heliostat images to surface characterization based on
surface normals vectors calculation

Photodetectors measurements
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Fig. 5: Heliostat reflected beam a) on a Lambertian target, b) measured by HelioscharPlus detectors

Figure 5.b presents the results obtained by the photodetectors after applying the beam
reconstruction method. While these results are currently pending detectors calibration, they
already show strong agreement with the image captured by the camera target method (Fig

. Furthermore, the reconstruction reveals that the reflected solar beam extends beyond
what IS visible to the naked eye in the camera target images (Fig 5.a)
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Time: 2026-07-22 12:30:51 local
Heliostat Orientation:
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The methodology of the HelioscharPlus system relies on scanning the beam reflected by a stationary
heliostat, leveraging the natural movement of the sun to sweep the reflection across the target [l].
During this process, photodetectors record the beam's intensity over time while cameras capture the
reflected sections of the heliostat, enabling the calculation of the surface normal at each point using
Snell's law of reflection [2].
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[MA. Pena et al.,, “Novel scanner-based methodology for a fast and complete high quality characterization of all solar field heliostats, their facets, and
corresponding reflected beams,” p. 3, 2023, doi: 10.1117/12.2677246.

[2]K. I. A. Etxamendi, et al,, “"Enhanced On-Site Characterization of Heliostat Sur- face via Direct Calculation of Reflected Beam ' s Nor- mal Vectors,”
2024.

. T
w

Angle between ideal and calculated normals(mrad)

Data Acquisition Conditions
Time: 2026-07-22 12:46:30 local
Heliostat Orientation:

Azimuth 161.71°
Elevation 33.14 °
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The meaasurements were performed at CENERs test field in Tudela. Figure 3, illustrates
the location of the Lambertian target and the HelioscharPlus system positioned 10
meters to the east. Data was collected using TEWER's PhotonEVO heliostat, located
600 meters north of the system.
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Fig. 6: Angle between ideal and calculated normals of heliostat facets. a) Measurement 1. b) Measurement 2

—— LA : Figure 6 shows the angular deviation between the calculated surface normals and the ideal
' | normal vector of the heliostat, captured across two measurements taken on the morning of
the same day.

While the lower facets show a low error rate (below 2 mrad), the upper-right facet exhibits a
significantly larger error across its entire surface. This widespread increase in error is
primarily due to the environmental conditions during test: on the one hand, the dust
accumulation on the uncleaned surface, which scatters the reflected beam at each

Fig. 4: Characterized Heliostat
PhotonEVO.

Fig. 3: Experimental set-up: Lambertian target
(left) and HelioscharPlus measuring system on the point, and on the other, wind gusts that vibrated the system, introducing instability and

right (red arrow) measurement imprecision.

The HelioscharPlus system successfully characterized long-range flux and optical measurements at 600 m, with photodetector and camera-target techniques showing strong
agreement in 2D beam profiles. Crucially, camera-based surface normal measurements identified that Facets 1 and 2 require canting adjustments. To overcome the environmental
noise observed during testing-specifically dust scattering and wind-induced vibrations-ongoing efforts focus on further experimental campaigns featuring camera mast reinforcement,
cleaned heliostats, and strict alignment protocols to isolate external factors from intrinsic surface errors.
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