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Modeling of Heliostat Sun Tracking Error Using
Multilayered Neural Network Trained by the Extended Kalman Filter
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Abstract: Heliostat, as a concentrator reflecting the incident solar energy to the receiver located at the tower, is the most
important system in the tower-type solar thermal power plant, since it determines the efficiency and performance of solar
thermal plower plant. Thus, a good sun tracking ability as well as its good optical property are required. In this paper, we
propose a method to compensate the heliostat sun tracking error. We first model the sun tracking error, which could be
measured using BCS (Beam Characterization System), by multilayered neural network. Then the extended Kalman filter was
employed to train the neural network. Finally the model is used to compensate the sun tracking errors. Simulated result shows
that the method proposed in this paper improve the heliostat sun tracking performance dramatically. It also shows that the
training of neural network by the extended Kalman filter provides faster convergence property, more accurate estimation and
higher measurement noise rejection ability compared with the other training methods like gradient descent method.
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Table 1. Initial values used in training the neural network.

Variable GD EKF Type
Target RMS error 0.02~0.05 | 0.02~0.05 | Fix
Learning rate (7) 0.3 . Fix
Time-lag horizon 1 1 Fix
Network structure 8552 | 9-6-6-3 Fix
Limit 7}, . 30XN,,;, | Fix
Initial connection weight +0.5 +0.5 |Random
Initial bias —1.0~0.0 Random
Initial error covariance (£%) . +0.3  |Random
Measurement noise +0.05 +0.05 |Random
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Table 2. Normalization of training data for sun tracking error

modeling.

Variable Range | Unit N"gra‘glgfed 10
Sun azimuth A 0 ~ 360 deg +1.0 in
Sun elevation « 0~90 deg +1.0 in
Target x pos. e, | —25~+25| m 0.0~1.0 in
Target z pos. z, | 90.5~95.5 m 0.0~1.0 in

x-axis Az —25~+25| m +1.0 out
z-axis Az —25~+25| m +1.0 out
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Fig. 10. Sun tracking error of heliostat No. 100(March 20, 2009).
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Table 3. RMS error(m) of sun tracking error model when the
random noise is included in the training data.

Heliostat No. 100 Heliostat No. 14
Noiseless | Included | Noiseless | Included
GD 0.0295 0.0529 0.0209 0.0228
EKF 0.0480 0.0343 0.0262 0.0215
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Table 4. RMS error(m) of sun tracking error model depending on
the number of training data.

Number of Data Pattern used in Training
Method
143 72 25 13
GD 0.0268 0.0315 0.0409 0.0387
EKF 0.0263 0.0297 0.0230 0.0253
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Table 5. Comparison of performance of models obtained using
independent and accumulated data.

Month
1 2 3 4 5 6
GD | 0.134 | 0.108 | 0.063 | 0.214 | 0.179 | 0.134
EKF| 0.086 | 0.162 | 0.146 | 0.193 | 0.157 | 0.190
GD | 0.134 [ 0.111 | 0.181 | 0.154 | 0.173 | 0.111
EKF| 0.086 | 0.108 | 0.095 | 0.144 | 0.105 | 0.099
Month
Method 7 3 9 10 T B Mean
GD | 0.244 | 0.238 | 0.167 | 0.132 | 0.141 | 0.160 | 0.168
EKF| 0.170 | 0.155 | 0.516 | 0.246 | 0.161 | 0.209 | 0.199
GD | 0.118 | 0.098 | 0.096 | 0.076 | 0.088 | 0.106 | 0.121
EKF| 0.105 | 0.098 | 0.083 | 0.087 | 0.091 | 0.097 | 0.100
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Fig. 14. Sun tracking error of heliostat No. 51 before and after the

error compensation.
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Table 6.

2] 2 2~E}E No. 519] Bl 4F4 2% (m).
Sun tracking error(m) of heliostat No. 51 before and after

the error compensation.

RMS Sun Tracking Error (m)
Date Compensated
No Comp. i
GD EKF
Mar 30, 2009 1.351 0.127 0.093
Jun 21, 2009 1.333 0.184 0.141
Sep 23, 2009 1.352 0.119 0.136
Dec 22, 2009 1.368 0.112 0.107
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