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Abstract

With respect to the widely used azimuth-elevation dual axis tracking heliostats, this paper gives the
accurate azimuth-elevation tracking angle formula for a heliostat with a mirror-pivot offset and
other six typical geometric error parameters. A nonlinear least-squares mathematical model is es-
tablished to solve the six typical angular tracking parameters of the azimuth-elevation tracking he-
liostat based on experimental tracking data, and also gives the two practical numerical solution al-
gorithms. We specially designed a heliostat model and with the help of optical test platform of 3D
coordinate measuring machine conducted the indoor laser beam azimuth-elevation tracking expe-
riments. The experimental results validated the general tracking angle formula and the method for
estimating the six typical angle error parameters of an azimuth-elevation tracking heliostat. This
general accurate azimuth-elevation tracking angle formula can effectively compensate the heliostat
pedestal tilt, the initial angle biases of the two rotational axes and the non orthogonal angle error of
the two axes and so on. This tracking angle formula has been successfully applied to the 100 helios-
tats in Badaling 1 MW solar thermal tower power plant (DAHAN solar power plant) in Beijing, China.
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Figure 1. Four typical heliostat dual-axis tracking
modes: (1) spinning-elevation or target-oriented, (2)
azimuth-elevation, (3) pitch-roll, (4) polar
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Figure 2. DAHAN heliostat: (a) Heliostat photo; (b)
Sketch of heliostat structure
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Figure 3. Geometry of the standard spinning-elevation tracking he-
liostat with a mirror-pivot offset: (a) Geometry of spinning-elevation
tracking; (b) Angular relationships of heliostat tracking and the re-
sidual tracking error in the tracking plane |1
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Figure 4. Tracking error range of the standard spinning-elevation tracking formula: (a) Calibration angle of tracking eleva-
tion angle; (b) Angle of residual tracking error
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Figure 5. General azimuth-elevation tracking geometry for a heliostat with a
mirror-pivot offset and other angular error parameters
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Figure 6. Intersection geometry of the reflected mirror-surface-centre ray with the
target plane for a heliostat with a mirror-pivot offset
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Figure 7. Azimuth-elevation laser beam tracking test setup for a
special designed heliostat model on a CMM platform. (a) Geo-
metry of the heliostat model and laser, (b) Size and position of
the target plane
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Figure 9. The residual tracking error curves of two
test heliostats (#12.4 and #-9.1) with different sets of
angular tracking parameters in a day
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