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Abstract

The objective of this research is to develop a high precision method
for solar center estimation. The method shall be used in a solar tracker
to guide the High Concentrated Photovoltaic (HCPV) electric generation
system accurately pointing to the sun. When sunlight impinges
vertically on to a HCPV unit, it can achieve the highest concentration
effect and obtain the best photovoltaic conversion rate. As such,
aiming HCPV unit to the center of the sun precisely under various
weather conditions with qualified solar intensity is vital to efficiently
generate electricity from the unit. To locate solar center with very high
precision, this study has formulated the image processing procedure
including, acquisition of solar image, transformation of full color image
model, two-value procedure and image isolation, mid-value and target
area filtering, and solar center coordinate computation, and the tracker
can identify the solar center of a simulated case to the lowest error of
0.0007 degrees and a field test case to the error of 0.0012 degrees.
Also, four mathematical formulations were tested and the most suitable
and accurate three-point circle center method was chosen to be the
estimation method for the solar tracker. Comparison of the actual field
tests with the laboratory results indicates that the image processor
developed possesses reliable quality and its precision in various outdoor
situations remains about the same. For the purpose of conveniently and
efficiently analyzing the solar tracking routine, a solar trajectory motion
module and a closed-loop solar center tracker and tracking hardware
were built in the laboratory to simulate the dynamics of the HCPV
system. The tracker and tracking simulation hardware, including solar
tracker, feedback fuzzy logic control module, power and motor drive
module, and mechanism platform module, to emulate the process of the
HCPV solar tracking unit.
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