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Nonlinear Controller Design for Noise Reduction and State Estimation in the
Photovoltaic Power Generation System
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ABSTRACT

Due to the measurement noise or system noise, the performance of photovoltaic power generation system can
be degraded. If this noise is contained in the solar array voltage measurement signal, the correct operation of
the maximum power point tracker can not be guaranteed. The application of the extended Kalman filter to the
photovoltaic system can obtain enhanced states estimation result. The Kalman filter provides a recursive
solution to optimally estimate from random noise signals. Additionally, as a consequence of Kalman filter, the
unmeasurable state such as inductor current can be estimated without current sensor. The methods for system
modeling and extended Kalman filter design are presented and the experimental results verify the validity of
the proposed system.

Key Words : Photovoltaic system, Maximum power point tracker, Kalman filter, Extended Kalman filter
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Fig. 1 Solar cell/array electrically equivalent circuit
(a) single cell circuit
(b) solar array circuit (Ns-series, Np-parallel)
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Fig. 6 Solar array simulator
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Table 1 Parameters for simulation and experiment

Solar array Parameter | Circuit Parameter
Rs 0.1 [w] Cf 1000 [uF]
Rsh 200 [W] Lf 1.2 [mH]
Np 1 RL 0.5 [W]
Ns 60 B 12 [V]
Iph 2.5 [A] Ts 500 [us]
T 295 [K] Sv 1
Vimp 39.0 [V] Sw 1
Voc 48.0 [V] vk randn(n)*
Imp 2.0 [A]
Isc 2.2 [A]
Pmp 78.0 [W]

*randn(n) : normally distributed random noise level from n [V] to +n [V].
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