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ABSTRACT: The DC-DC buck converter is a low cost and efficient device but it suffers from problem of voltage
regulation and high ripples in output. Further, due to disturbance in the input and load side of buck converter it goes
under the unstable state some times and transient performance decreases drastically. So there is need of design of
controller. This article deals with the design of PID controller whose tuning is done by conventional Ziegler-Nichols,
LQR and LQG method. The Conventional Ziegler-Nichols method is simple but transient performance obtained are not
up to the mark. The LQR (Linear Quadratic Regulator) controller is based on optimal control theory. Then LQG
(Linear Quadratic Gaussian) controller is designed which is nothing but combi- nation of LQR and Kalman filter. The
LQG controller provides better performance at the time of load disturbance. Transient performance is measured in
terms of rise time, settling time, peak overshoot and steady state error. The MATLAB simulation study has been
carried out to demonstrate the effectiveness of the proposed PID tuning methods.

KEYWORDS: PV cell, PID controller, DC-DC converter, Renewable Energy.

LINTRODUCTION

A DC-DC converter is used to convert one level of de voltage to another. A linear DC-DC converter is uses resistive
voltage drop to regulate output voltage but this method is not efficient due to large power loss. To avoid this switch
mode DC-DC converters are used. Switch mode DC-DC converter uses power electronics devices and energy storing
element which gives regulated de output voltage and higher efficiency [1]. The DC-DC converter is having low cost,
small size and high efficiency but it contains large ripple in output and output voltage regulation is poor as compare to
linear power supply. Thus a good con- troller is required to improve these performance parameters. PID (proportional-
integral-derivative controller) controller can be used to improve output voltage regulation and ripple in output.
MATLAB Simulink model of buck converter is shown below in Fig. 1
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Fig. 1. Simulink Model of DC-DC Buck Converter

In general Trial and Error, Ziegler-Nichols, Tyreus-Luyben, Damped oscillation, C-H-R, Cohen- coon and internal
mode control (IMC) methods are used for tunning of PID controller. This methods of tunning does not gives the
optimal operation of PID controller. For optimization of PID controller Linear Quadratic Regulator (LQR) method is
used for tunning of PID controller. LQR controller estimate kp, ki and kd to minimize cost function.
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I1. PID CONTROLLER DESIGN FOR BUCK CONVERTER

The PID controller generate a signal which is given to pulse width modulator. Pulse width modulator adjust the width
of switching pulse such that the desired output voltage is achieved. PID controller performs proportional, integral and
derivative action on error signal to get desired response. PID controllers are widely used in the industrial control
applications. Error signal ia basically a difference between the real value and desired value [9]. By changing the
proportional gain kp, integral gain ki and derivative gain kd the controller tries to minimize the error. The PID
controller sometimes called three term control. These terms are Proportional (Present time dependency), Integral (Past
error accumulation), Derivative (Future value prediction from present value). The block diagram of system with of PID
controller is shown in Fig. 2.
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Fig. 2 Block Diagram of a System with PID Controller

For optimization of PID controller Linear Quadratic Regulator (LQR) method is used for tunning of PID controller.
LQR controller estimate kp, ki and kd to minimize cost function [12]. LQR controller adjust weight matrices to get
desired performance parameters. The weight matrices can be determined using trial and error method, algebraic
solution method and genetic algorithm etc. That means LQR tunning method tune PID controller to minimize ripple in
output and to improve output voltage regulation with minimum cost function. The LQR method also suppress the
disturbance occurring in the system with better performance parameters.

We can also use Linear Quadratic Gaussian (LQG) method to tune PID controller. LQG con- troller is combination of
LQR controller together with linear quadratic Estimator (LQE) for good voltage regulation in output, for the rejection
of small disturbances and for the elimination of noise. In this method output measurements are assumed to be disturbed
by Gaussian noise.

III. RESULT AND DISCUSSION

The tuning of PID controller was proposed in the previous sections. The conventional approach of designing a PID
controller (Zeigler-Nichols) has been implemented but controller was not able to provide better transient performance
and not able to compensate the change in input voltage and load. The LQR controller provided better transient
performance and able to compensate the change in input voltage and load. The LQR weight matrices were obtained by
trial error method, algebraic approach and genetic algorithm. To provide better performance with load disturbance LQG
controller is proposed. The LQG uses LQR controller with kalman filter. Table 1 shows comparison of transient
parameters obtain by different PID tuning methods.

IJAREEIE © 2024 | AnISO 9001:2008 Certified Journal | 549


http://www.ijareeie.com/

International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering (IJAREEIE)

| e-ISSN: 2278 — 8875, p-ISSN: 2320 — 3765| www.ijareeie.com | Impact Factor: 8.317|| A Monthly Peer Reviewed & Referred Journal |

o] [[Volume 13, Issue 3, March 2024||

— 0

[DOI:10.15662/1JAREEIE.2024.1303020 |

TABLE 1: COMPARISON OF TRANSIENT PERFORMANCE OBTAINED EMPLOYING

DIFFERENT METHODS
S.No. | Controller Rise Time Settling Time Peak Overshoot Steady State Error
(Micro Sec) (Micro Sec) (%) V)
1 Z-N 160.969 0.018 26.52 0.02
2 LQR-TE 3.747 0.0025 26 0
3 LQR-AA 3.225 0.00030 22.72 0.08
4 LQR-GA 3.869 0.00034 26 0.09
5 LQG-TE 3.274 0.003 26 0
6 LQG-AA 26.39 0.024 25 -0.05
7 LQG-GA 3.281 0.00028 8 0

Figure 3 shows the comparison of rise time for different PID tuning method. It is clear that LQR-AA provides

minimum rise time.

Rise Time (pus)

I
& & e

Z-M LaQR-TE LOR-AA LQR-GA LGG-TE LOG-AA LOG-GA

Fig. 3. Comparison of rise time obtain by different PID tuning methods

Figure 4 shows the comparison of settling time for different PID tuning method. It is clear that LQG-GA provides

minimum settling time.

Settling Time
(us)
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Fig. 4. Comparison of settling time obtain by different PID tuning methods
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Figure 5 shows the comparison of peak overshoot for different PID tuning method. It is clear that LQG-GA

provides minimum rise time.
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Fig. 5 Comparison of peak overshoot obtain by different PID tuning methods

Figure 6 shows the comparison of steady state error for different PID tuning method. It is clear that LQR-TE,
LQG-TE and LQR-GA provides zero steady state error.

Rise Time (us)

2-N LQR-TE LOR-AA LQR-GA LQG-AA  LQG-GA

Fig. 6 Comparison of steady state error obtain by different PID tuning methods

If we compare result obtain by different methods it is found that LQG-GA provides best transient performance as

compare to other methods.

IV.CONCLUSION

In this research article, Zeigler-Nichols, LQR and LQG methods of tuning PID controller was introduced. The LQR
and LQG methods provides optimal design of PID controller. These tuning methods have been successful to provide
improved transient parameter like rise time, settling time, peak overshoot and steady state error. The designed PID
controller is capable of compensating the effect of change in input voltage and load disturbances. The state space
modelling is also presented in this article The DC-DC buck converter is a non-linear system. The LQR and LQG
methods are not applicable to non-linear system so linearized model of DC-DC buck converter is presented. The weight
matrices Q and R were selected such that the cost function J becomes minimum. To select Q and R trial and error
method, algebraic approach and genetic algorithm is used. LQG controller is designed by just adding a kalman filter
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before LQR controller and system is provided white Gaussian noise. The result were satisfactory as the designed PID
controller improves the transient performance and compensate any change in input voltage and load.
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