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ABSTRACT 

This work considers the replacement of Proportional Integral (PI) controllers with Proportional Resonant (PR) 

controllers in the single phase grid-connected inverter and the associated control technique which is always used in the 

photovoltaic power conditioning. The proportional integral controller, which had been the conventional control technique 

in current controlling system, is identified to function with drawbacks such as: operational losses, harmonics and 

distortions of output wave patterns, inability to track sinusoidal current in the reference frame and poor disturbance 

rejection capability. Hence, the employment of the Proportional Resonant controller to replace the PI controls technique 

and method. When compared with the PI controller, PR controller introduces an infinite gain at the resonant or 

fundamental frequency thereby achieving zero steady state error, reduced distortions and improved sinusoidal shaped 

output AC wave. An analysis of the PI controller and PR controller is theoretically presented and verified using MATLAB 

simulation. Also, pseudo-synchronous d-q and α-β conversions are differently utilized in the current control scheme and 

an all pass filter based single phase digital phase-locked loop (PLL) is introduced to identify the phase of the grid voltage, 

after which an optimization technique is applied for the enhancement of the current output waveforms. Based on this 

theoretical analysis, the control system is implemented and was tested in a 100KW model. Simulation and experimental 

verifications proved the high performance and better implementation of the PR controller when compared with the PI 

controller current control system. 

 

Keywords: Multilevel Inverter, Photovoltaic, Proportional Integral (PI) Controller, Proportional  

                   Resonance (PR) Controller. 

 
1.0 INTRODUCTION 

In today’s modern society, power electronic engineers have picked interest in control of the output current of the cascaded 

multilevel inverter system. Notably, the voltage and current control schemes are possibly implementable as the current 

control technique is generally preferable owing to their inherent excellent distinctive dynamism and over-current 

drawback capabilities. Currently, many ideas and approaches have been suggested in the literature for the control of such 

inverters [1 - 4]. On the predictive control, it will depend on the definite predicted accuracy of both the system model with 

the suggestion current [1 - 3]. About the hysteresis control, they are uncomplicated and robust. It exists with some 

challenges like the variable switching rates, current error that is twice the hysteresis band; and higher frequency limited 

cycle operations [4]. Moreover, there is unsolved particular problems of steady-state error in the current control strategies 

as ealier mentioned above. 

 

Figure 1 presents the conventional design of the Proportional-Integral (PI) controller in current control system [4]. In 

order to achieve improvements on the drawbacks of the PI controllers, the Proportional-Resonant (PR) controller-founded 

current control process is introduced take care of two well-known drawbacks of the PI control technique: the inability to 

track a sinusoidal reference current with zero steady-state error and the limited disturbance rejection capability. Worthy of 

note is that with the PR controller, there is infinite gain at the fundamental or resonant frequency where the PR achieves 

high gain in both the sinusoidal reference tracking and the disturbance rejection. 
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Figure 1: Block Diagram of single-Phase Grid Connected PV Inverter. 

 

2.0 CURRENT CONTROL SCHEME FOR MULTILEVEL INVERTER 

Eqn. (1) proves the ideal resonant controller which mathematically can be derived transforming synchronous frame of PI 

controller to the stationary frame formation so as to achieve infinite gain at the resonant AC frequency of 𝜔𝑜 as presented 

in figure 2(a). This is to ensure that the steady-state voltage error is forced to zero; and ensuring there is no phase shift or 

phase gain at the other frequencies. On the part of the proportional gain, 𝐾𝑝, it is handled or tuned in the same manner as 

done for a PI controller. This ideal PR controller unfortunately acts like a network with an infinite quality factor owing to 

the residual infinite gain, and these results to PR being difficult to implement in reality. At first, there is as a result, an 

infinite quality factor which cannot be achieved in either analog or digital system owing to the introduced infinite gain by 

the PR controller. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Frequency of (a) Ideal PR controller; and (b) Non-ideal PR Controller 

with 𝐾𝑝 = 1,  𝐾1 = 100, 𝜔𝑐𝑢𝑡 = 10 (
𝑟𝑎𝑑

𝑠
). 
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Secondly, there is a high reduction in the gain of the PR controller at the frequencies and it is not favorable to eliminate or 

do away with harmonic influence caused by grid voltage. Because of this, an equivalent ideal (non-ideal) PR controller is 

suggested and as given by Eqn. (2), employing a high-gain low pass filter for problems as stated above [5 - 7]. 

𝐺𝑠(𝑠) = 𝐾𝑝 +
2𝐾𝑖𝑆

𝑆2+𝜔𝑜
2                                                                                            (1) 

𝐺𝑠(𝑠) = 𝐾𝑝 +
2𝐾𝑖𝜔𝑐𝑢𝑡

𝑠

𝑆2+2𝜔𝑐𝑢𝑡
𝑠 𝜔𝑜

2                                                                                    (2) 

Where 𝐾𝑖, 𝐾𝑝 are gain constants;  𝜔0(= 2𝜋60
𝑟𝑎𝑑

𝑠
) is the grid frequency and 𝜔𝑐𝑢𝑡 is cutoff frequency. 

The Frequency response of Eqn. (2) is shown in figure 2(b), where the resonant peak possesses an infinite gain of 40𝑑𝑏 

which appears impressively high enough for the elimination of voltage tracking error. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Frequency Responses of non-ideal PR when: (a) 𝐾𝑖 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 (b) 𝜔𝑐  𝑐ℎ𝑎𝑛𝑔𝑒𝑠 and 

 (c) 𝐾𝑝 𝑐ℎ𝑎𝑛𝑔𝑒𝑠. 
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Adding up to the frequency responses of the non-ideal PR controller, a wider bandwidth is observed around the resonant 

frequency which tends to reduce the minor frequency changes of the grid. The response of the non-ideal PR controller is 

comparable with that of the ideal PR controller at other harmonic frequencies. 

From Eqn. (2), it is observed that PR controller exists with three parameters which are: the 𝐾𝑝, the 𝐾𝑖 and 𝜔𝑐𝑢𝑡. Analyzing 

these parameters in easiest term, any of the two amongst the parameters must be assumed to be constant so as to enable 

some easy observable changes in the third parameter. An instance of this is to we assume  𝐾𝑝= 0, and 𝜔𝑐𝑢𝑡 =1; then any 

change of 𝐾𝑖 will not have an effect on the bandwidth, but will have an effect on the controller gain as displayed in figure 

3(a). The increment in the magnitude of PR occurs while 𝐾𝑖 is added. If it is assumed that  𝐾𝑝= 0 and  𝐾𝑖 =1; then there 

will be changes in both the magnitude and the phase of the controller as is displayed in figure 3(b). Both magnitude and 

phase increment occurs when 𝜔𝑐𝑢𝑡 is increased; though with the adjustment of 𝜔𝑐𝑢𝑡 at the resonant frequency of the PR 

controller, the same gain can be achieved. Conclusively, as presented in figure 3(c), when  𝐾𝑝 is added, the PR regulator 

experiences increase in magnitude but at resonant frequency, it has a peak value when  𝐾𝑝  is added and the phase 

magnitude decreases. This implies that the harmonic impedance increases when  𝐾𝑝 increases, hence the higher  𝐾𝑝 can 

result or lead to relatively low harmonic component.  

In order to achieve high performance in the sinusoidal reference tracking as well as improved disturbance rejection in the 

system, the value of  𝐾𝑝 has to be chosen. Depending on the analytic thrones as placed in this paper, the PR controller gain 

was decided as  𝐾𝑝 = 15, 𝐾𝑖= 200 and 𝜔𝑐𝑢𝑡 =15(rad/s). Since these values are self decided for the balance of the system, 

they can still be varied by choosing any desirable value that aid to stabilize the system. Figure 4 displays the block 

diagram of current control scheme in a single phase power conditioning system [4]. Since L-filter achieves low 

attenuation of the switching components in the single phase system, a capacitor is needed to further dampen the switching 

frequency components. There should be proper choice of the shunt component so as to produce a low reactance at the 

switching frequency. Despite the actuality that within the control frequency range, this element must present high 

magnitude impedance. A very high capacitance may not be suitably recommended since the system may be faced with 

inrush current; or high current fed on capacitor at the resonant frequency; and fundamental phenomenon at the grid side of 

the inverter [8]. The LCL filter can provide a better decoupling between the filter and the grid impedance so as to offer a 

better attenuation or damp. There is a lower ripple distortion observed across the grid-side inductor since there is reduced 

current ripple by the capacitor. 

LCL filter at small L and C value can still provide a good attenuation ratio. However, LCL filter designs as three-order 

filter need to consider various constraints, such as the resonance phenomenon, current ripple through inductors, the total 

impedance of the filter, the current harmonics attenuation at switching frequency and the reactive power absorbed by the 

capacitor.  
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Figure 4: Current Control Scheme for the Single Phase Inverter System. 

The relationship between input and output of the current control loop is: 

𝐼𝑔=𝐻𝑎(𝑠)𝐼𝑔 + 𝐻𝑏(𝑠)𝑉𝑔                                                                                  (3) 

𝐻𝑎(𝑠) =
𝐼𝑔

𝐼𝑔∗
=

𝐺𝑐(𝑠)𝐺𝑖(𝑠)𝐺𝑓(𝑠)

𝐼+𝐺𝑐(𝑠)𝐺𝑖(𝑠)𝐺𝑓(𝑠)
                                                                       (4) 

𝐻𝑎(𝑠) =
𝐼𝑔

𝑉𝑔
=

𝐺𝑓(𝑠)

𝐼+𝐺𝐶(𝑠)𝐺𝑖(𝑠)𝐺𝑓(𝑠)
                                                                       (5) 

Where 𝐺𝑐(𝑠) is defined as the transfer function of the controller. 𝐺𝑐(𝑠) is as shown in Eqn. (2) in the case of PR controller 

and 𝐺𝐶(𝑠) = 𝐾𝑃 +
𝐾𝑖

𝑆
 in the case of PI controller; 𝐺𝑠(𝑠) = 𝐾 is the transfer function of the inverter. Assuming that the 

switching frequency is high enough to trigger the inverter dynamics, the PWM inverter can be represented by a gain to 

make the analysis simple (owing to high switching frequency). 

𝐺𝑓(𝑠) =
𝑅𝑑𝐶𝑓𝑆+1

𝐿𝑖𝐿𝑔𝐶𝑓𝑆3+(𝐿𝑖+𝐿𝑔)𝑅𝑑𝐶𝑓𝑆2+(𝐿𝑖+𝐿𝑔)𝑆
                                                        (6) 

Transfer function of the LCL filter with damping resistor and resonant frequency can be calculated as 

𝜔𝑟𝑒𝑠 = √
𝐿𝑖+𝐿𝑔

𝐿𝑖𝐿𝑔𝐶𝑓
      [9]. 

From Eqn. (3) where it is shown that the output current depends on the grid voltage and reference current in steady state, 

the PI controller has a finite gain at the fundamental frequency. Then the second term of Eqn. (3) cannot be neglected. 

However, the PR controller introduces an infinite gain, hence the first term approaches the reference current of the 

inverter and the second term approaches zero. Therefore, this proof states the strength of the PR controller to achieve the 

zero steady-state error of the controlled inductor current. As shown in figure 5, the closed loop transfer function is given 

by Eqn. (7) in the case of the PI controller and in Eqn. (8) for the case of the PR controller. 

𝐻𝑑(𝑠) =
𝐾[𝑅𝑑𝐶𝑓𝐾𝑃𝑆2+(𝐾𝑃+𝐾𝑖𝑅𝑑𝐶𝑓)𝑆+𝐾𝑖]

𝐿𝑖𝐿𝑔𝐶𝑓𝑆4+(𝐿𝑖+𝐿𝑔)𝐶𝑓𝑅𝑑𝑆3+(𝐿𝑖+𝐿𝑔+𝐾𝑃𝐾𝐶𝑓𝑅𝑑)𝑆2+(𝐾𝑃+𝐾𝑖𝑅𝑑𝐶𝑓)𝐾𝑠𝐾𝐾𝑙
                                         (7) 

http://www.ijiets.coou.edu.ng/


INTERNATIONAL JOURNAL OF INNOVATIVE ENGINEERING, TECHNOLOGY AND SCIENCE    ISSN:  2533-7365   Vol. -4, No.-1, March – 2021 

A Publication of Faculty of Engineering Chukwuemeka Odumegwu Ojukwu University Uli - Nigeria. 

Website: www.ijiets.coou.edu.ng                Email: ijiets@coou.edu.ng  Page 96 

𝐻𝑎(𝑆) =
𝐾{𝐾𝑝𝑅𝑑𝐶𝑓𝑆3+[𝐾𝑝+2(𝐾𝑃+𝐾𝑖)𝜔𝑐𝑢𝑡𝑅𝐶𝑓]𝑆2+[2(𝐾𝑃+𝐾𝑖)𝜔𝑐𝑢𝑡+𝐾𝑃𝑅𝑑𝐶𝑓𝜔0

2]𝑆2+𝐾𝑝𝜔0
2} 

𝐷5𝑆5+𝐷4𝑆4+𝐷3𝑆3+𝐷2𝑆2+𝐷1𝑆+𝐷0
                          (8) 

Where, 

𝐷5 = 𝐿𝑖𝐿𝑔𝑓                                                                                                             (9) 

𝐷4 = (𝐿𝑖 + 𝐿𝑔)𝐶𝑓𝑅𝑑 + 2𝐿𝑖𝐿𝑔𝐶𝑓𝜔𝑐                                                                      (10) 

𝐷3 = (𝐿𝑖 + 𝐿𝑔)(1 + 2𝜔𝑐𝐶𝑓𝑅𝑑) + 𝐿𝑖𝐿𝑔𝐶𝑓𝜔0
2 + 𝐾𝐾𝑃𝐶𝑓𝑅𝑑                                  (11) 

𝐷2 = (𝐿𝑖 + 𝐿𝑔)(2𝜔𝑐 + 𝐶𝑓𝑅𝑑𝜔𝑜
2) + 𝐾𝐾𝑝 + 2(𝐾𝑖 + 𝐾𝑝)𝐾𝐶𝑓𝑅𝑑𝜔𝑐                     (12) 

𝐷1 = (𝐿𝑖 + 𝐿𝑔)𝜔0
2 + 𝐾𝐾𝑃𝐶𝑓𝜔0

2 + 2(𝐾𝑖 + 𝐾𝑃)𝐾𝜔𝑐                                             (13) 

𝐷0 = 𝐾𝐾𝑝𝜔0
2                                                                                                         (14) 

In the figure 6 as presented, there is a bode diagram of the closed-loop system in both PI and PR controller cases. As 

displayed in figure 6, it is observed that the PR controller can introduce an infinite gain at the fundamental or resonant 

frequency.  

 

 

 

  

 

 

 

 

 

 

Figure 5:  Bode diagram of closed-loop transfer function using   

PI (𝐾𝑃 = 20, 𝐾𝑖 = 50 𝑎𝑛𝑑 𝐾𝑃 = 20, 𝐾𝑖 = 200, 𝜔𝑐𝑢𝑡 = 15) controllers. 

 

 

On the course of implementing the PR controller in the fixed-point digital signal processor, substitute 

𝑆 =
2

𝑇𝑠

1−2−1

1+2−1  into Eqn. (2), the discrete transfer of the PR controller and is given as:                                                                                            
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𝐺𝑠(𝑧) =
𝑛0+𝑛1𝑧−1+𝑛2𝑧−2

1+𝑑1𝑧−1+𝑑2𝑧−2                                                                           (15) 

Where 𝑇𝑠 is the sampling time and 

𝑛0 =
(4+4𝑇𝑠𝜔𝑐𝑢𝑡+𝜔0

2𝑇𝑠
2)𝐾𝑃+4𝐾𝑖𝑇𝑠𝜔𝑐𝑢𝑡

4+4𝑇𝑠𝜔𝑐𝑢𝑡+𝜔0
2𝑇𝑠

2                                                          (16) 

𝑛1 =
(2𝜔0

2𝑇𝑠
2−8)𝐾𝑝

4+4𝑇𝑠𝜔𝑐𝑢𝑡+𝜔0
2𝑇2

𝑠
                                                                              (17) 

𝑛2 =
(4−4𝑇𝑠𝜔𝑐𝑢𝑡+𝜔0

2𝑇𝑠
2)𝐾𝑝−4𝐾𝑖𝑇𝑠𝜔𝑐𝑢𝑡

4+4𝑇𝑠𝜔𝑐𝑢𝑡+𝜔0
2𝑇𝑠

                                                          (18) 

𝑑1 =
2𝜔0

2𝑇𝑠
2−8

4+4𝑇𝑠𝜔𝑐𝑢𝑡+𝜔0
2𝑇𝑠

2                                                                               (19) 

𝑑2 =
4−4𝑇𝑠𝜔𝑐𝑢𝑡+𝜔0

2𝑇𝑠
2

4+4𝑇𝑠𝜔𝑐𝑢𝑡+𝜔0
2𝑇𝑠

                                                                               (20) 

It can therefore be stated that 𝐺𝑠(𝑧) can be implemented with 32 bit fixed point TMC320LF2407A. The discrete equation 

is presented as:  

𝑦(𝑘) = 𝑛0𝑈(𝑘) + 𝑛1𝑈(𝑘 − 1) + 𝑛2𝑈(𝐾 − 2) − 𝑑1𝑌(𝐾 − 1) − 𝑑2𝑌(𝑘 − 2)          (21) 

Where 𝑦(𝑘)is the output of the PR controller and 𝑈(𝑘) is the current error input. 

 

Figure 6: The Block diagram of three phase grid-connected multilevel inverter 

in Matlab/simulink environment. 

3.0. SIMULATION RESULT 

As shown in table 1, the two controllers are implemented under similar conditions and the parameters used for the 

generation of results are listed. The performance of DPLL using high gain, low pass filter is depicted as in figure 7 where 

the grid component becomes 𝛼 − 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑎𝑛𝑑 𝑡ℎ𝑒 𝛽 − 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 is generated through making a virtual voltage, 

which is delayed by varying degrees of 45° 𝑡𝑜 90° from the measured grid components. 

Table 1: Parameters of the Inverter System 

http://www.ijiets.coou.edu.ng/


INTERNATIONAL JOURNAL OF INNOVATIVE ENGINEERING, TECHNOLOGY AND SCIENCE    ISSN:  2533-7365   Vol. -4, No.-1, March – 2021 

A Publication of Faculty of Engineering Chukwuemeka Odumegwu Ojukwu University Uli - Nigeria. 

Website: www.ijiets.coou.edu.ng                Email: ijiets@coou.edu.ng  Page 98 

 

 

 

Figure 7: Grid current under normal condition 

Figure 8: Grid 

current under abnormal condition 

 
Figure 9: Current waveform enhanced with PSO 
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50Hz 

DC Bus Voltage 700V 

Inverter Side Filter Inductor, L 3mH 

Filter Capacitor 𝐶𝑓 5𝜇𝑓 

Grid Side filter Inductor, Lg 0.90mH 

Filter Damping Resistor 3Ω 

Switching Frequency 10KHz 

Dead beat Time 1𝜇𝑠 

Power factor 0.999 
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 Figure 10: PI controlled line current under normal grid condition. 

 

 
Figure 11: PI controlled current under abnormal grid condition. 

 
Figure 12: PI controlled current when enhanced with PSO. 

 

The simulation responses of the control system are shown in figures 7 and 12 using the PR and PI controller enhanced 

with PSO technique. From the results it is shown that PR controller bears the efficacy and capability to track the 

sinusoidal reference and mitigates harmonic better than the PI controller. 

 

CONCLUSION 

A current based control system and technique for three phase grid tied inverter system with proportional resonant 

controller and proportional integral have been presented. The simulated results of the control strategy and adjustment of 

pulses using MATLAB/Simulink was also presented. The results results show that the PR controller can overcome the 

drawbacks of  PI controller, that is the inability to track sinusoidal reference with zero steady state error and poor rejection 

capability. This work can also be implemented by using the digital signal processor - TMS 320LF2407A and the analysis 

is verifiable on a 100KW experimental prototype for the proof of the designs high performance as done in the Simulink 

environment. 
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