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Abstract:

In this paper, a robust two-axis rotary-linear solar tracking system is designed and built. Adaptive PID controller is used
to determine the optimal performance of the system, determine the controller input, adjust the controller parameters and
the stability of the whole system, and the adaptive PID controller parameters are designed and adjusted using the
reference model by Kalman filter. By adjusting the parameters of the adaptive PID controller based on the Kalman filter,
the disturbances and uncertainty entered into the system during tracking in a short time have been well suppressed and the
system has been stabilized online. Adaptive PID controller based on Kalman filter, has increased the efficiency of
production power in steady-state, single-axis and two-axis, and also reduced the energy consumption of motors. In order
to evaluate the control of the solar tracking system in eliminating natural disturbances, accurate tracking and receiving
maximum power from the environment, a comparison was made between the performance of adaptive PID controller

based on Kalman filter and PID controller based on offline and online optimization algorithms.
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1. Motivation of the work
In general, all online systems have noise and disturbance,

and sometimes they suffer from uncertainty. Solar
trackers are not exempt from this rule, these systems are
subject to uncertainty, natural disturbances, measurement
error of sensors and other disturbances. These
disturbances affect the performance of the system and
sometimes even lead to system instability. Reducing and
eliminating these disturbances is a very important issue in
receiving maximum power from the sun So far, different
methods have been used to control photovoltaic systems
in order to solve these disturbances. In some researches,
they have tried to reduce these disturbances by changing
the system structure, which is very costly. It is very
important to be economically viable and at the same time
to be accurate in tracking. The meaning of accurate
tracking is that the system tracks the sun with high
accuracy and speed without being affected by uncertainty
and external disturbances, and the maximum power is
obtained. One of the methods that are resistant to
uncertainty and disturbance and can be used online is the
Kalman filter. The Kalman filter identifies the system and
accurately designs and adjusts the PID parameters based
on the system in each period. By adjusting control
parameters using the Kalman filter, the speed and
accuracy of tracking a two-axis rotating-linear system can
be improved while reducing overshoot and settling time.

2. Contributions

In this research, the adaptive PID controller based on the
Kalman filter has been applied to the two-axis solar
tracking system using the reference model, and its
performance has been checked in offline and online mode.
In order to accurately control the two-axis solar tracking
system against environmental effects, remove uncertainty
and natural disturbances, and accurately track, a
comparison has been made between the performance of
the adaptive PID controller based on the Kalman filter and
the PID controller based on optimization algorithms in
offline. in online mode. he optimization algorithms of
firefly, cuckoo, particle swarm-genetic optimization
algorithm, Imperialist Competitive algorithm and Kalman
filter have been used to optimize the PID controller
parameters. The simulation show that Kalman filter
system performed better than other optimization
algorithms in offline mode. According to the results
obtained in the online mode and applying disturbances to
the optimal PID controller system based on optimization
algorithms did not perform well and caused system
instability. The disturbance is applied to the output of the
system as a Gaussian noise with mean 0 and variance 1 at
the moment350 <T<360 for 10 seconds. According to the
obtained results, the effect of uncertainty and disturbance
on the output of the system has been removed by the PID
controller based on Kalman Kalman and the tracking has
continued in a stable manner.
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3. Procedures

In order to maintain the stability of the system in
removing uncertainty and removing natural disturbances
while increasing the tracking speed, the adaptive design of
the PID controller based on the Kalman filter using the
reference model is given. An uncertainty of 200 seconds is
applied to the system for 50 seconds. This uncertainty can
be caused by the discrepancy between the model and the
reality of the system. Also, the disturbance is applied to
the output of the system as a Gaussian noise with a mean
of 0 and a variance of 1 at the moment 350 <T<360 for 10
seconds. According to the obtained results, the effect of
uncertainty and disturbance on the output of the system
has been removed by the PID controller based on Kalman
Kalman and the tracking has continued in a stable manner.
Experiments have been carried out during several stages
in consecutive days, for partly cloudy and sunny days. It
shows the power received from the system on a partially
cloudy day. According to the results, the system has
received the maximum power from the environment by
removing the disturbance caused by the cloud During 14
hours of tracking, the energy consumption of the motors is
equal to 3.25 watts per hour. According to 7 hours of
sunlight, the energy consumption of motors in two axis
mode is 1.12(wh), which is very insignificant and
negligible compared to the received power in two axis
mode, which is 226(wh).

4. Findings

Solar tracking systems are exposed to natural disturbances
such as clouds, wind, measurement error and other
environmental factors. These disturbances during tracking
sometimes lead to instability of solar tracking systems. So
far, different methods have been used to control
photovoltaic systems in order to solve these disturbances.
In some researches, they have tried to reduce these
disturbances by changing the system structure, which is
very costly [10] According to the obtained results,
optimization algorithms and many methods have been
used to estimate photovoltaic parameters and adjust PID
controller parameters in offline mode, which have
performed well, but these algorithms become unstable
when disturbances enter the system and cause damage to
the system. The adaptive PID controller based on the
Kalman filter can simultaneously solve the uncertainty
(which can be caused by the modeling error) in a very
short period of time, as well as quickly solve the system
disturbance and make the system stable. Continue with
appropriate speed and accuracy. The removal of
disturbances by the adaptive PID controller based on the
Kalman filter increases the production power in partly
cloudy and sunny weather and reduces the energy
consumption of the engines.
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5. Conclusion
The adaptive PID controller based on the Kalman filter is

applied to the system using the reference model. The
adaptive PID controller of the system has been
investigated in both offline and online modes. In offline
mode, Kalman filter and four algorithms of firefly,
cuckoo, genetic-particle  swarm and  Imperialist
Competitive have been used. According to the obtained
results, Kalman has performed better than other
algorithms in offline mode In online mode and applying
uncertainty and disturbance to the optimized controller
system based on optimization algorithms, it did not
perform well and caused system instability.

In the online mode, by applying uncertainty and
disturbance to the system, the adaptive controller based on
the Kalman filter has been able to remove the uncertainty
and disturbance and bring the system to stability in a very
short period of time. The results of practical tests, tracking
speed of the system, the power produced by the system
and the energy consumed by the motors using the adaptive
PID controller by the Kalman filter during the tests on
partly cloudy and sunny weather days are given. The
adaptive PID controller based on the Kalman filter has
increased the power reception by 37.3% compared to the
stationary state with one moving axis and 49.7% increase
in the energy reception compared to the stationary state
with two moving axes.
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