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 The integration of renewable energy sources, particularly grid-tied solar 

photovoltaic (PV) systems, into the modern power grid has become 

increasingly prevalent. However, ensuring the reliable and efficient 

operation of grid-tied PV systems under various grid conditions, including 

fault scenarios, poses a significant challenge. In the event of grid faults or 

disturbances, traditional control methods often fall short in maintaining 

stable and reliable operation. This paper introduces a multi-layer neural 

network (MLNN) based MPPT controller that adapts intelligently to grid 

fault conditions, mitigating the impact on the grid-tied PV system's 

performance and providing low voltage ride through (LVRT). The research 

employs a detailed simulation framework on MATLAB to validate the 

effectiveness of the proposed controller under fault conditions. The LVRT 

capability of the designed system was analyzed and validated according to 

Indian grid code. The proposed controller leverages its capacity to learn and 

make real-time decisions to optimize the active and reactive power outputs 

of the PV system as per the grid code. Simulation results demonstrate that 

the proposed controller not only improves the fault tolerance of grid-tied PV 

systems but also enhances their performance, ensuring a stable and 

continuous power supply in the face of grid disturbances. 

Keywords: 

Active power control 

Grid-tied solar PV system 

Low voltage ride through  

Multi-layer neural network 

Reactive power control 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Mehtab Fatima 

Department of Electrical Engineering, Jamia Millia Islamia 

New Delhi, India  

Email: mehtabfatima@gmail.com 

 

 

1. INTRODUCTION 

The accelerating transition towards sustainable energy sources and the increasing deployment of 

renewable energy systems have transformed the dynamics of modern power grids. Among these renewable 

sources, grid-tied solar photovoltaic (PV) systems have emerged as a pivotal player in reducing carbon 

emissions and advancing energy sustainability. Grid-tied PV systems provide a clean and efficient means of 

electricity generation by harnessing solar energy and injecting it directly into the utility grid. However, their 

seamless integration into the existing power infrastructure comes with its own set of challenges, particularly 

when it comes to maintaining system stability during fault conditions. 

Grid fault scenarios, including voltage sags, voltage swells, and short-circuits, are inevitable in any 

power distribution network. Such disturbances can disrupt the smooth operation of grid-tied PV systems, 

affecting their performance and potentially jeopardizing grid stability. Grid-tied PV systems are required to 

adhere to diverse grid codes to ensure the stability of the system and strengthen its resilience in the event of 

https://creativecommons.org/licenses/by-sa/4.0/
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disturbances [1]. One of the key grid codes is low-voltage ride through (LVRT). The LVRT capability of the 

PV system involves staying connected to the grid despite a decrease in grid voltage magnitude. 

Simultaneously, the PV system should provide regulated reactive power injection to the point of common 

coupling (PCC) to bolster grid voltage support [2], [3]. Prior to the introduction of the LVRT grid code, if the 

voltage sag exceeded the nominal value, PV systems were required to halt power generation. Consequently, 

the simultaneous cessation of multiple PV power generation systems due to substantial voltage sags could 

initiate a cumulative process, ultimately resulting in a system collapse. So, every country has LVRT 

requirement specified in its grid code which require PV system to remain connected and provide dynamic 

support in improving grid voltage in case of fault. India also has its own LVRT requirement in its grid code. 

There has been lot of research in LVRT for three phase grid connected PV system. Afshari et al. [4] proposed 

a control strategy for mitigating double grid frequency oscillations in the active power and dc link voltage of 

two stage three phase grid connected inverter during unbalanced faults. With the current reference generation 

method injected currents are sinusoidal and non-MPPT method contributes to current limitation method that 

restricts injected current to rated value. Paper by Afshari et al. [5] proposes LVRT strategy using current 

reference generation method which can eliminate the oscillations in dc link voltage and active power during 

unbalanced voltage sags. 

Al-Shetwi et al. [6] DC chopper brake controller and current limiter are used to absorb excessive dc 

voltage and limits excessive ac current during voltage dips. The proposed strategy effectively improves the 

capability of ride through fault safely and provide grid support through active and reactive power control at 

different type of faults. A paper by Lin et al. [7] uses intelligent controller based on TSKPFNN-AMF which 

regulates the reactive power to a value that complies with the regulation of LVRT under grid faults. The 

proposed controller is able to eliminate the fluctuation of dc link voltage under grid faults. In work [8], the 

control strategy developed provide ride through fault capability during grid voltage sags and ensures grid 

sinusoidal current at the PCC. The active and reactive power changes as per the voltage sag level.  

Ismail et al. [9] adaptive power control is introduced by auto correction droop control to regulate P and Q in 

accordance with network impedance. Grid operation is thus supported under normal and voltage sag 

conditions by proportionally generating P and Q based on the capacity of the inverters. 

Sonawane and Umarikar [10] proposes synchronverter based PV STATCOM. In partial STATCOM 

mode, proposed controller is able to use the remaining capacity of inverter for reactive power compensation 

while in full STATCOM mode it fully provides reactive power. Also the proposed controller is able to 

regulate the PCC voltage during LVRT by providing reactive power compensation. 

Zahloul et al. [11] a dynamic model is developed for solar PV grid connected system with 

production capacity of 2 MW. The controllers one for DC-DC converter to achieve maximum power point 

(MPP) and other for voltage source converter (VSC) to maintain voltage quality at PCC. With the proposed 

controller system developed is able to regain the stability when the fault is disappeared. 

Chowdhury et al. [12] the controller is designed for LVRT which supplies adequate reactive power 

in the form of quadrature axis current (Iq) to the grid as per grid code. The inverter current increase during 

faults is prevented by adjusting the direct axis current(Id). The inverter current is restriced to 1.5% with the 

designed system during faults. 

The previous research work focusses on LVRT performance of the grid connected solar PV system 

under different faults and how the system can remain connected and support the grid but didn’t adopt any 

intelligent technique for maximum power point tracking (MPPT) along with the controller. In our research 

work our controller is designed to work with neural network based MPPT and to support the grid during 

balanced faults as per the LVRT Indian grid code [13], [14]. The proposed system is able to stabilize the DC 

link voltage as well as the oscillations in the active and reactive power under low voltage conditions. In the 

event of low voltage conditions on the grid side the designed system is able to deliver required amount of 

reactive power to the grid so as to stabilize the voltage level. 

In this research a 100 kW grid connected solar PV system is designed which has double stage 

configuration. In the first stage DC-DC converter is responsible for optimizing power extraction from PV 

panels and in the second stage inverter is there which converts DC to AC in order to fed power to the grid. 

Under normal conditions when power factor is unity maximum power should be fed by the solar PV system 

to grid. For maximum power extraction neural network based MPPT is used that ensures maximum power 

delivery from the solar PV system. But, under fault conditions since the solar PV system is not able to fed 

maximum power to the grid the DC link capacitor voltage will rise that may damage the capacitor thus in 

order to avoid this MPPT is to be disabled. 

Conventional control techniques, which are typically designed for nominal operating conditions, 

often fall short when the grid disturbances occur. In this context, a pressing need exists for intelligent control 

strategies that can adapt dynamically to varying grid conditions, ensuring the reliable operation of grid-tied 

PV systems even during fault events. 
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This research paper addresses this critical need by introducing an innovative approach to enhance 

the active and reactive power control of grid-tied solar PV systems during fault conditions. The core of this 

approach lies in the integration of multi-layer neural network (MLNN) based MPPT with the controller, 

which exhibit the ability to learn and adapt in real-time, thus offering a promising solution for mitigating the 

impact of grid faults on PV system performance. 

The objectives of this research are two-fold. First, we seek to develop and implement a MLNN-

MPPT based controller using a simulation framework that intelligently manages the active and reactive 

power outputs of grid-tied PV systems, effectively responding to different fault conditions. Second, we aim 

to assess the performance of the controller in fault scenario, with a focus on rapid response, fault tolerance, 

and overall system stability. 

This paper is structured as follows: section 2 provides overview of LVRT as described in Indian grid 

code and its importance. Section 3 offers detailed design of the proposed system. Section 4 presents the 

proposed control approach. Section 5 details the neural network based MPPT algorithm and simulation 

results of it. Section 6 gives the controller designed for the proposed system. Section 7 provides simulation 

framework and the detailed results of analysis. It delves into the implications of our findings and potential 

practical applications. Finally, the paper concludes by summarizing the key contributions and pointing to 

future research directions. In a world committed to sustainable energy production and resilient power grids, 

this research strives to make a significant contribution by enhancing the adaptability of grid-tied PV systems 

during both normal and fault conditions. 

 

 

2. LOW VOLTAGE RIDE THROUGH (LVRT) IN INDIAN GRID CODE 

As per the Indian grid code [13] the PV System should remain connected to the grid whenever there 

is voltage sag and should supply reactive power to the grid till the voltage recovers or maximum of 300 ms 

whichever is lower. Figure 1 shows the LVRT requirement in Indian code. As it can be seen inverter must 

remain connected to the grid above red line area while below the red line area it should stop and disconnect 

itself from the grid. 

 

 

 
 

Figure 1. LVRT requirement in Indian grid code [3] 

 

 

During LVRT operation the solar PV system should supply active power in proportion to the 

amplitude of grid voltage. The reactive power injection requirement under different voltage sag level 

according to the Indian grid code is shown in Figure 2. During fault the injection of active and reactive 

current is governed by (1) and (2) respectively [13], [14]. 

− Inject reactive current during LVRT Indian grid code [9]: 

 

   𝐼𝑞 = {

0(𝑑𝑒𝑎𝑑𝑏𝑎𝑛𝑑)    0.85𝑝. 𝑢 ≤ 𝑉𝑔 ≤ 1.1𝑝. 𝑢

𝐾 × (1 − 𝑉𝑔) × 𝐼𝑛      0.50𝑝. 𝑢 ≤ 𝑉𝑔 < 0.85𝑝. 𝑢
𝐼𝑛                          𝑉𝑔 < 0.50

} (1) 

 

− Reference active current during LVRT [9]: 
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𝐼𝑑 = {

𝐼𝑛            0.85 ≤ 𝑉𝑔 ≤ 1.1𝑝. 𝑢

√(𝐼𝑛
2 − 𝐼𝑞

2           0.85 ≤ 𝑉𝑔 ≤ 1.1𝑝𝑢

0                 𝑉𝑔 < 0.50

} (2) 

 

In above equations K is adjustment factor and it is given by: 

 

K = 
𝐼𝑞

𝐼𝑛

𝑉𝑔
≥ 2 (3) 

 

K should be greater than or equal to 2 in order to provide voltage support under grid failures and Vg=grid 

voltage level in p.u, In= rated grid current or rated inverter current. 

 

 

 
 

Figure 2. Reactive current vs voltage dip [3] 

 

 

3. DESIGN OF THE SYSTEM 

The system consists of two stages. First stage comprises of DC-DC boost converter which basically 

controls the power coming from PV source i.e., it ensures maximum power is drawn from solar PV system 

under normal condition and to provide proper control under voltage sag conditions during fault. The second 

stage comprises of a three-phase VSC. The boost converter output is connected to the VSC through a DC link 

capacitor. The VSC output is then connected to the grid at PCC through an LCL Filter. The block diagram of 

the complete system is as shown in Figure 3. For extracting maximum solar power from PV, we have used 

ANN based algorithm because of its robustness and improved accuracy. The grid current has harmonics so in 

order to reduce the same LCL filter is used in the design [15]-[20]. The other parameters that are used in the 

complete design are specified in Tables 1 and 2. The complete schematic of the designed system is as shown 

in Figure 4. 

The design parameters for Boost converter are obtained using by (4) and (5) [11]: 

 

𝐿 =
𝑉𝑖𝑛(𝑉𝑜−𝑉𝑖𝑛)

∆𝐼×𝑓𝑠×𝑉𝑜
 (4) 

 

and, 

 

𝐶 =
𝐼𝑜(𝑉𝑜−𝑉𝑖𝑛)

∆𝑉×𝑓𝑠×𝑉𝑜
  (5) 

 

 

Table 1. Boost converter parameters 
Parameter Value 

Voltage Input Vin 250-350 V 
Voltage Output Vo 600 V 
Rated Power (PMPP) 100 kW 
Switching Frequency fB  5 kHz 
Voltage Ripple(∆V) 1% 
Current Ripple(∆I) 5% 
Boost Converter Inductance Lb 1.25 mH 
Boost Converter Capacitance Cb 4000 ⴎF 
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Table 2. Inverter data 
Parameter Value 

Grid nominal RMS voltage line to line (VgL-L) 415 V 
Grid Nominal Frequency 50 Hz 
Inverter Side Inductance for LCL filter(L1) 500 ⴎH 
Grid Side Inductance for LCL filter(L2) 500 ⴎH 
Capacitance of the LCL Filter (C) 100 ⴎF 
Switching Frequency of Inverter (fSW) 10 kHz 
DC Link Capacitor Cdc 3227 ⴎF 
DC Link Voltage Vdc  600 V 

 

 

 
 

Figure 3. Block diagram of the proposed system 

 

 

 
 

Figure 4. Three-phase grid-connected PV system (GCPS) 

 

 

4. CONTROL APPROACH 

Under low voltage conditions during faults there is mismatch between generated power and 

delivered power from PV system. This difference in generated power and delivered power will cause rise in 

DC link voltage which may damage the capacitor [21]-[23]. Thus, during LVRT condition in our proposed 

control approach MPPT operation is disabled and system will work under non-MPPT mode so as to reduce 

the power generation. Thus, under normal conditions solar PV system will work under MPPT mode and thus 

delivers maximum power but when there is drop in voltage at PCC due to fault then system should switch to 

non-MPPT mode and required reactive and active power should be supplied from the inverter till the voltage 

at PCC recovers. Once the voltage recovers and fault is cleared system should be switched back to MPPT 
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mode. The flowchart in Figure 5 shows the switching of system from MPPT to non-MPPT mode depending 

the grid voltage level. Thus, if grid voltage Vg<0.85 then faulty mode of operation is activated and depending 

on the sag in grid voltage power reduction is done by switching to non-MPPT mode and delivering active and 

reactive power as prescribed by the grid code. This faulty mode of operation is deactivated once the fault is 

cleared and system is switched back to normal mode. 
 

 

 
 

Figure 5. Flow chart of the proposed strategy 

 

 

5. ANN BASED MPPT 

The proposed method utilizes the adaptive learning capabilities of ANNs to accurately track the 

MPP of the PV array under varying environmental conditions. The performance of the ANN-based MPPT is 

assessed via simulation studies [24] and contrasted with conventional MPPT methods like perturb and 

observe (P&O) and incremental conductance (Inc Cond), demonstrating superior efficacy in terms of tracking 

accuracy, response time, and resilience to fluctuating solar irradiance and temperature [25]. In recent years, 

artificial neural networks (ANNs) have garnered significant interest due to their capacity to comprehend 

intricate patterns and provide precise forecasts [26]. Within the domain of MPPT, ANNs present a 

compelling substitute for conventional algorithms, harnessing their adaptive learning prowess to consistently 

fine-tune the operating parameters of the PV system. The architecture of the ANN comprises an input layer, 

one or more hidden layers, and an output layer. The input layer receives environmental parameters such as 

solar irradiance and temperature, while the output layer provides the duty cycle for the DC-DC converter to 

maintain the PV system at its maximum power point. 

 

5.1.  Training of the ANN 

The training data for the neural network is solar temperature and irradiance for which 1000 data one 

for each irradiation and temperature is generated for one set of samples. Output is MPP voltage which is used 

further to generate the duty ratio for the boost converter control. Thus, to train the neural network 1000 data 

is taken i.e temperature range is from (15 °C to 35 °C) and for irradiance range is from (0 W/m2 to 1,000 

W/m2). The activation function of input and output layer is tansig and purelin respectively. The trained ANN 

learns the nonlinear relationship between the environmental variables and the optimal operating point of the 

PV system, enabling it to adapt to varying conditions and track the MPP accurately. Figure 6 shows the 
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different layers for neural network training of MPPT. The training of the neural network is performed after 

determining the Vmpp (Vpv*) value at various irradiance and temperature levels. This Vpv* is compared 

with the instantaneous Vpv, generating an error signal that is fed to the PI controller. The output of the PI 

controller is then supplied to the PWM signal generator to produce the necessary duty cycle. Optimal tuning 

of the PI controller is essential for enhanced performance. 

Figure 7 shows the neural network training in MATLAB. MATLAB provides several training 

algorithms for neural networks, each with its advantages and limitations. Levenberg-Marquardt is chosen for 

neural network training due to its advantages in terms of convergence speed, stability, and generalization 

performance. Once the network architecture and training algorithm are selected, the training process begins. 

During training, the neural network iteratively adjusts its weights and biases to minimize the difference 

between its predicted output and the actual output in the training dataset. The performance is tested using 

mean squared error (MSE). The neural network block generated after training is as shown in Figure 8. The 

trained neural network block is shown in Figure 8(a) with its hidden layers shown in Figure 8(b). 

Figure 9 shows performance of trained neural network, Figure 9(a) shows the regression data and it 

can be clearly seen that all samples are aligned in same line indicating high accuracy in data acquisition and 

confirming their validity. Figure 9(b) shows the admissible MSE is approximately which is 4.3451e-11 

obtained at epoch 1000. The results obtained from trained neural network based MPPT is as shown in Figure 

10. The response curves of PV output power is shown in Figure 10(a), MPPT output power in Figure 10(b) 

and the varying radiations are shown in Figure 10(c) where it can be clearly seen that the MPPT method is 

working properly and is able to track maximum power from the system under all varying weather conditions 

with maximum of 100 kW at 1000 W/m2 radiations. ANN-based MPPT offers significant advantages over 

conventional methods by providing improved accuracy and efficiency in tracking the MPP under varying 

environmental conditions. It features faster response times, reduced oscillations, and robust performance 

even with noise and disturbances. 
 
 

 
 

Figure 6. ANN Structure for MPPT 
 

 

 
 

Figure 7. Neural network training in MATLAB 
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(a) (b) 

 

Figure 8. Neural network block and hidden layers (a) trained neural network block and  

(b) hidden layers inside block 

 

 

 
(a) 

 

 
(b) 

 

Figure 9. Performance of trained neural network (a) targets convergence and (b) best validation performance 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Intelligent active and reactive power control using multi-layer neural network based … (Mehtab Fatima) 

9 

 
(a) 

 
(b) 

 
(c) 

 

Figure 10. Neural network based MPPT results: (a) PV output power (W), (b) MPPT-PV output power (W), 

and (c) irradiance (W/m2) on PV panel 
 

 

6. CONTROL DESIGN 
The control Logic Diagram is as shown in Figure 11. Depending on the grid voltage system switches 

from one mode to the other that is from MPPT to non-MPPT mode. For the DC link voltage control PI 

controller is being used. The values of Kp and Ki is as given in Table 3 [15]. In MPPT mode only the active 

current will be fed to the grid by the inverter while reactive current will be zero. The active current from the 

inverter is its rated current i.e Id=In. In non-MPPT mode the active current and reactive current will be as per 

the level of drop in grid voltage. In case the grid voltage falls and is below 0.85 but greater than 0.5 both 

active current and reactive current will be fed from inverter as per the equations defined in LVRT code. And 

if the grid voltage drop is below 0.5 p.u then only the reactive current will be fed from the inverter i.e Iq=In 

where In is rated current of the inverter. In the current control loop PI controller is used with Kp and Ki as 

defined in Table 4 [15]. The voltage references for the feedforward control are given by (6) and (7). 
 

vd
∗ = vd + Rid + L

did

dt
− ωLiq (6) 

 

vq
∗ = vq + Riq + L

diq

dt
− ωLid  (7) 

 
 

Table 3. Voltage controller parameters for the simulations 
Parameter Symbol Value 

Outer voltage PI controller Kp 

Ki 
0.25 

300 
 

 

Table 4. Current controller parameters for the simulations 
Parameter Symbol Value 

Inner Current PI controller Kp 
Ki 

10 
20 
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Figure 11. Controller design 

 

 

7. SIMULATION RESULTS AND DISCUSSION 

The three-phase system with controller as shown in Figure 11 is implemented in MATLAB 

Simulink. There are two modes of operation for the implemented system depending on the grid voltage 

measured at PCC. First mode is normal mode which is also MPPT mode and the other is faulty mode in 

which the system will be in non-MPPT mode. The two modes are described with their simulation results in 

details in the below sections. 

 

7.1.  Mode 1: MPPT mode 

This is the normal mode of operation i.e when grid voltage is greater than 0.85 p.u i.e Vg>0.85 p.u. 

In this mode system is generating maximum power as per the MPPT algorithm under varying radiations. 

Figure 12 shows the PV power in varying Irradiations. For 1000 W/m2 irradiation power is 100 kW i.e from 0 

to 0.4 sec. Then from 0.4 to 0.8 sec as the irradiations falls to 600 W/m2 power from solar PV panel is 60 kW 

and from 0.8 sec power output is 30 kW for 300 W/m2 irradiations. Figures 13 and 14 shows the active and 

reactive power from the solar PV inverter in the varying radiation conditions. As it can be seen from the 

Figures 13 and 14 only active power is generated while reactive power is zero in normal operation. Figure 15 

shows the variation of DC Link voltage with the varying radiations and it can be clearly seen that DC link 

voltage is maintained constant by the voltage controller. Thus, system under normal mode of operation has 

unity power factor and is able to deliver maximum power to the grid under all varying irradiations. 

 

 

 
 

Figure 12. PV power in varying radiations in normal 

operation 

 
 

Figure 13. Active power from the proposed system in 

normal operation 
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Figure 14. Reactive power from the proposed system 

in normal operation 

 
 

Figure 15. DC Link voltage in normal operation 

 
 

 

7.2.  Mode 2: non-MPPT mode 

The second mode of operation is non-MPPT mode. As per the proposed control logic when the grid 

voltage falls below 0.85 p.u i.e when fault occurs at PCC then system should switch to non-MPPT mode. 

MPPT should be disabled in this case so as to avoid overvoltage across DC link capacitor. In this mode 

system should operate as per the grid code and should supply active and reactive power depending on the 

drop in voltage level on grid side and as per the equations defined in grid code. 

To test the system performance under faulty mode of operation a symmetrical fault is simulated at 

0.2 sec and at 0.7 sec to create voltage sag. The irradiations are kept same as 1000 W/m2.Initially system 

works in normal mode of operation and delivers maximum power as per the irradiations and reactive power 

is zero. When fault occurs at 0.2 sec the grid voltage drops to 180V (line to line) which is less than 0.5 p.u. In 

this case, the system promptly switches from MPPT mode to non-MPPT mode to decrease power generation. 

The drop in power generation depends on the level of voltage sag. More the voltage sag more will 

be the reduction in power generation. As per the grid code defined in (1) and (2) system should inject only 

reactive power. Figure 16 shows the PV Power output during MPPT Mode and non-MPPT mode of 

operation. Figure 16 clearly illustrates the transition from MPPT to non-MPPT mode, with the simulation 

results indicating that the switching is both rapid and stable. 

Thus when grid voltage is found to be less than 0.5 p.u then the system immediately switches to 

non-MPPT mode. The active power should be zero and reactive power as per the defined equation in grid 

code i.e in (1). The simulation results in Figure 17 clearly shows that active power is zero and only reactive 

power from inverter is generated from 0.2 sec. This fault persists for 196 ms. When the fault is cleared then 

system will switch to MPPT mode and only active power will come from inverter. The simulation result of 

Figure 17 clearly shows that when fault is cleared at 0.4 sec system switches back to MPPT mode and only 

active power is coming from the inverter. Since the voltage sag detection unit takes few msec to assess the 

grid conditions, the MPPT and other control units continue to operate in their normal mode instead of taking 

immediate action. As a result, there is slight fluctuation in the grid current during this interval and hence in 

active and reactive power too. Similarly, this behavior is observed when the grid fault is cleared and system 

restores back to normal condition. 

 

 

 
 

Figure 16. PV power 
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Then another voltage sag occurs at 0.7 sec again due to simulated symmetrical fault. During this 

fault grid voltage drops to 270V which is 0.67 p.u i.e greater than 0.5 p.u thus as per grid code inverter 

should supply both active and reactive power in this case as per (1) and (2). From the simulation results of 

Figure 17 it is clearly observed that proposed system switches immediately to non-MPPT mode as desired 

and it is delivering active and reactive power both in this case as per the LVRT grid code. This continues till 

the fault is cleared and system voltage regains back to previous value. 

Once the fault is cleared and voltage sag disappears then system comes back to normal operation 

with MPPT on. Figure 18 shows the DC link voltage variation with faults at different duration. From 

simulation result DC link voltage is found to be stable during fault and also when fault is cleared. Figure 19 

shows the inverter voltage and current are in phase during MPPT operation as system operates at unity power 

factor and there is a phase difference between voltage and current wave during non-MPPT operation due to 

reactive power from solar PV inverter. During fault duration from 0.2 sec to 0.4 sec voltage and current wave 

have 90-degree phase difference while from 0.7 sec to 0.9 sec phase difference is less than 90 degrees. 

 

 

 
 

Figure 17. Active and reactive power from inverter 
 

 

 
 

Figure 18. DC link voltage 
 

 

 
 

Figure 19. Voltage and current waveforms 
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8. CONCLUSION 

The proposed system is able to effectively perform under faulty conditions as per the Indian grid 

code for LVRT. The simulation results clearly show that the PV system operates at unity power factor and 

injects only active power under normal operating conditions. The implemented ANN based MPPT works 

effectively in delivering maximum power under all varying irradiations in the normal mode of operation. 

During faulty condition system switches to non-MPPT mode and injects controlled reactive power as per 

Indian grid code for LVRT. The suggested control approach maintains a consistent and efficient DC Link 

voltage throughout operation. The proposed controller design for solar PV grid integrated system is thus 

effective under symmetrical voltage sags and enhancing the fault ride through capability of system. In the 

future work system can be tested for other type of faults. 
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