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Abstract:  This work presents optimization of microgrid lower-level control using single phase PV with the help of advanced 

maximum power point tracking technique. Microgrid is the renewable distribution network which is connected to the main 

utility grid. It consists group of loads and distributed generators that collectively operate as a single system. Traditional 

maximum power point tracking method is slow and face lots of dynamics but the new developed maximum power point 

tracking method is faster than traditional method and have faster response to the dynamics and take reference value quickly 

and the proposed maximum power point tracking algorithm not only easy to implement but also provide faster response and 

improves dynamic performance of PV system. 

 

Index Terms – Photovoltaic (PV), Hill Climbing (HC), Incremental Conductance (IC), Perturb and Observe (PO), 

Maximum Power Point Tracking (MPPT). 

I. INTRODUCTION  

Microgrid is one of the best alternatives to traditional energy generation and distribution [1]. Microgrid is a power system that 

consists of loads, distributed generation, energy storage and various control systems that can be operated as an isolated sys tems or 

connected to the main grid [2]. To the utility a microgrid can be considered as a controlled cell of entire power system. PV is 

widely used because of its operational and maintenance cost is low and due to the public attention to the green energy sources [4]. 

The main objective of the PV system is to absorb the energy from the sun and convert into electricity via DC-to-AC power 

electronic converter. Such process is conducted by an inverter control named maximum power point tracking [MPPT] algorithm.  

Maximum power point tracking tracks the maximum power even in load change or under changing weather conditions. Perturb 

and Observe [PO] method provides errors around the maximum power point and cannot lock the controller in maximum power 

point. In comparison PO and Hill Climbing [HC] [5][6], Incremental Conductance [IC] algorithm is more complicated and in some 

cases. Its slow. Yet it can track the maximum power precisely without any error providing more efficiency. Therefore, any solution 

to improve the IC MPPT performance and its simplicity is highly in demand [8].  

In the microgrid lower-level control. Microgrid composed of many DERs has power electronic converter with general control 

functions. For example, PV converter transfer the maximum generated power into the system. Lower-level control is dedicated to 

general control functionality of each DERs. Thus, for lower-level control the new proposed maximum power point tracking 

algorithm is developed for single phase PV system for providing faster responses and for improved performance of PV system [7]. 

 

II. RESEARCH SIGNIFICANCE 

This study suggests that single phase PV operations can be improved if a new design methodology can improve the performance 

of MPPT controllers. IC MPPT algorithm provides abundant merits compared to PO and HC MPPT algorithms. However, practical 

implementation of IC MPPT was limited due to the complicated design procedure. Moreover, a voltage deviation term (dV/dt) in 

the denominator of the error signal makes the output of the controller to be infinity if dV/dt = 0. This study will introduce a novel 

algorithm to remove the dV/dt from the denominator of the error signal without changing the results. Furthermore, the design 

procedure in this study will be simplified which enables the practical application of IC MPPT algorithms in single phase PV 

penetration [9]. 

 

III. RESEARCH METHODOLOGY 

The MPPT is the major part in the photovoltaic systems which can ensure the maximum power is captured from the PV array. It 

continuously tunes the system regardless of weather or load conditions change such as: irradiance change, ambient temperature, or 

wind, which can affect the PV array output. Conventional MPPT algorithms use dP/dV = 0 to ensure the maximum power harvest.  
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There are two methods used in MPPT: 

1. Traditional IC Method 

2. Modified IC-PI MPPT Method 

 

1) Traditional IC Method 

The incremental conductance technique has been implemented here which directly focuses on power variations. It means the 

power slope of the PV is zero at MPP (dP/dV =0), positive on the left-hand side of MPP and negative on the right. The output 

current and voltage of the PV panel are used to calculate the conductance and incremental conductance. The basic approach is to 

compare the conductance (I/V) with the incremental conductance (dI/dV) and then decide when to increase or decrease the PV 

voltage. To reach the maximum power point, the derivative of the power (dP/dV) should be always zero. Considering  

 

P= V.I  

dP/dV = d (V.I)/dV =I+V dI/dV =0 

dI/dV = -I/V 

 

which means when the conductance is opposite of the incremental conductance, the maximum power is guaranteed. The discrete 

real-time traditional IC MPPT model is shown in Fig. 1. The conductance will be added to the incremental conductance to generate 

an error signal. The objective of the PI controller is to make the error signal zero. For real-time simulations of IC, the output of the 

MPPT is directly sent to the current controller loop to take advantage of the fast response of the current controller loop. Here the 

output of the MPPT block will be added to a constant (PV power divided by the grid voltage RMS) to form the magnitude of 

reference current value. This current reference will be used in the current control to adjust the grid current by means of a PR 

controller.  

 
Figure.1. The MPPT structure for a single-phase PV in RT-Lab. 

 

A dead band controller is used. If dV becomes zero, the error will be infinity and the proposed MPPT algorithm will not work 

properly. The traditional dead-band controller in Fig. 1. shows that if dV is zero, a very small value (1e-6) is considered to avoid 

the error to be infinity. The problem with traditional dead-band controller is that even when dV is set to a small value, large spikes 

in the output of MPPT will appear, especially when dV is oscillating around zero. This is not acceptable for the controller. Fig.2. 

shows a sample V-I characteristic of a PV. Assume that the operating point is at point 1 where the error is greater than zero.  

According to the MPPT in Fig. 1., the output of the PI unit will increase, which in turn decreases the AC current reference. The 

grid voltage is constant. In addition, the current control response is much faster than MPPT and the current is synchronized with the 

grid voltage through PLL. Therefore, reduction in AC current leads to the reduction in active power at the AC side. Ignoring the 

switching losses, the average power at the DC side should be the same of that at the AC side.  

Consequently, at the DC side of the converter, if we assume that the DC voltage VPV is kept the same, then the DC current IPV 

will reduce due to the reduction in the AC current magnitude. Reduction in IPV will increase VPV and PPV (refer to P-V curve). 

Until the error reaches zero, the PI control will keep adjusting the AC current reference. Similarly, when the PV system is at point 3 

where the error is less than zero, the AC Error signal current reference will increase, 

 

 
Figure.2. Error signal description based on I-V characteristic of PV.  

 
which in turn leads to an increase in IPV and a reduction in VPV. The combination leads to an increase in PPV. It is possible to 

have oscillations in power if the gains of the PI controller are large. This can lead to an increase in the AC current refere nce and 

IPV. Therefore, the error signal becomes greater than zero. The AC current reference then will reduce and this process repeats till 

the error approaches zero.  

 
2) Modified IC-PI MPPT Method 

For traditional IC-PI MPPT, when dV reaches to zero, the error signal will go to infinity and the output of the MPPT will have a 

spike. To solve this problem, the proposed algorithm suggests that the dV should be removed from the denominator of the error 

signal. Modified error signal can be considered as: V. dI+I .dV , which can be viewed as the previous error signal ( dI /dV + I/ V ) 

multiplied by V. dV.  
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In this case, dV is no longer in the denominator and it will not cause any spikes in MPPT output even when dV is zero. However, 

the error signal should provide the same implication of operation point position as the previous error signal. Modification i s 

presented as follows. Analysis of the error signal used in traditional IC is presented as follows. 

 
Equation shows that if the traditional error is positive, the sign of the proposed new error will depend on the sign of dV. If dV is 

positive, the defined new error will be positive, same as the traditional error; but if dV is negative, the proposed new error will be 

negative, which is a contradiction. Same thing happens when the error is negative: 

 
As a result, an effective alternative is required to ensure the modified error signal has the same implication as the traditional error 

signal. The new error is now multiplied by the sign of dV. The sign of the new error will always match with the sign of the 

traditional error. The proposed error is very small in comparison with traditional error signal, which justifies a large gain (K=1000) 

before applying this error to a discrete PI controller. The improved MPPT algorithm is illustrated in Fig. 3. As it displayed in the 

figure, the error signal will be magnified by a gain, then the output will be sent to the PI controller.   

 

 
Figure.3. Improved IC MPPT for PV systems. 

 

IV. RESULT 

This section presents the real-time simulation results, which have been conducted in real-time digital simulator RT-LAB. A real 

PV model named as SunPower SPR 305 WHT is considered to verify the proposed algorithm for IC-PI MPPT method. Parameters 

of the single-phase PV model are listed in Table 4.1. 

 

Table 4.1. Parameters of single-phase PV for Sun power panel 

Total capacity 2.4 kW 

Nominal voltage 440 V 

Open circuit voltage per cell  64.2 V 

Short circuit current per cell 5.96 A 

kp ,kr of PR Controller 100,500 

ω 377 rad/sec 

kp, ki of MPPT Controller 5,20 

kp, ki of PLL 180,3200 

Lb, La of AC Filter 20,10 mH 

C of AC filter 1 μF 

Frequency 60Hz 

 

The PV model is composed of 96 cells combined in 8 series PV strings. For this type of PV panels, Iph equals to 5.96 A, Rp = 

900Ω and Rs = 0038Ω. The V - I and P - V curves for different irradiance values are illustrated in Fig.4. Various irradiance values 

will provide different V - I curves. For 1 kW/m2, the maximum power will be around 2.45 kW when the voltage is 440 V. For the 

dynamic event, a step change in irradiance is applied at t = 21 sec from 1 kW/m2 to 0.75 kW/m2, illustrated in Fig.5.  

The input error for MPPT controller for both algorithms has also been shown in Fig.5. It shows that the traditional method is 

negatively affected by high number of spikes during the simulation because the error is oscillating around zero, forcing the dead-

band controller to act. In contrast, the proposed algorithm provides no spikes. The AC current magnitude reference |Iref| is plotted 

in Fig.6. for both traditional MPPT and proposed MPPT. It can be observed that the proposed MPPT results in a much smoother 

|Iref|. 
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 Figure.4. V-I and P-V curves for different irradiance values of SunPower PV panel.  

 

 
Figure.5. Irradiance step change and the MPPT input error 

 

 
Figure.6. The AC current magnitude reference. 

 

Simulation results of the PV output power and current following the applied irradiance change are illustrated in Fig.7. and Fig.8. 

After the sudden irradiance change, the traditional IC-PI method will face a lot of dynamics and it takes longer time for the active 

power to reach to the new steady state value. In contrast, the proposed IC method can respond to the sudden dynamic event ver y 

fast and it will track the new reference value quickly.  
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Figure.7. PV output power and DC current for traditional MPPT  

 

 
Figure.8. PV output power and DC current for the proposed MPPT 

 

The DC voltage is shown in Fig.9. As the irradiance is changed at 21 sec, the maximum power is then set to the new value and 

referring to the V I characteristic presented in Fig.4., the output voltage will be set to the new value (425 V), which is less than the 

previous value. Compared to the traditional method, the proposed method can fix the voltage to the new set-point very fast and 

without much dynamics. Results of operating point change have shown a great improvement in the MPPT algorithm.  

 

V. CONCLUSION 

 This traditional method algorithm for single phase PV system has its own limitation. Then the traditional MPPT algorithm as 

much more complicated and dynamic performance of these traditional method as not so good. But the new improved IC -PI MPPT 

algorithm is easy to implement but also provides faster response and improves dynamic performa nce of PV system. 
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