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AbstractÐIncreasing penetration of Smart Inverters (SIs) will
shift the voltage control functionalities to the grid edge. With
the advanced control mechanism and capabilities of SIs to
dynamically adjust Volt-Watt and Volt-VAr droops, better and
granular voltage regulation can be achieved on distribution
feeders. In this context, this paper discusses the application of
Neural Networks (NNs) through which effective setting of SIs’
droops could be obtained leading to better voltage regulation on
distribution feeders. Case studies on the IEEE 123-node feeder
shows effective voltage regulation from SIs with droop settings
obtained from the NNs.

Index TermsÐNeural Networks, Photovoltaics, Smart Invert-
ers, Voltage Control, Volt-VAr

I. INTRODUCTION

The advancements of control technologies at distribution

level has opened new opportunities for Distribution System

Operators (DSOs) for better managing and operating active

distribution networks [1]. The global adoption of distributed

energy resources (DERs) is accelerating, providing benefits

such as enhanced flexibility in grid operations. The photo-

voltaic (PV) is the most rapidly expanding energy source

which had the most prominent growth at the distribution level

over the past decade. However, distribution grid posses limited

capacity to accommodate DERs. The substantial increase in

the generation of the PV power may lead to adverse effects,

including backward flow of power and voltage issues. Control

of voltage in distribution grid is a crucial task handled through

distribution management system (DMS) that is designed to

maintain local service voltages within the limit specified by

American National Standards Institute (ANSI). The updated

IEEE-1547 standard permits DERs to assist with voltage

regulation by utilizing droop based control for active and

reactive power at the point of common coupling (PCC).

IEEE-1547 plays a crucial role in the standardizing of the

operational capabilities of the modern DERs, facilitating their

integration into the power grid as valuable assets. Unlike

conventional inverters, Smart Inverters (SIs) possess advanced

self-governing features, allowing them to operate seamlessly

across a broad range of frequency and voltage disturbances

without disconnection during overvoltage incidents. Volt-VAr

Optimization (VVO) based on Distribution Grid Optimal

Power Flow (DOPF) can deliver viable solutions across the

entire network by taking into account the complete topology

of the network, time-based recordings, and the Volt-VAr droop

characteristics of SIs, as well as reducing the effects of the

variability in PV generation [1]. The control mechanism can

also autonomously regulate the reactive power output of SI

within an established voltage range, in accordance with the

droop functions defined in IEEE 1547 [2]. Specifically, the

utilization of the SI local droop in VVO functionality provides

feasible solutions to mitigate voltage issues and maximize the

hosting capacity of PV, especially with significant penetration

of PV resources in the distribution grid.

In recent days, Neural Network (NN) based approaches has

been widely used in development of voltage control models

and Volt-VAr control in distribution grid. The application of

NN in such control models relies on accurate information

of grid parameters, which can be challenging to obtain in

real-life scenarios. NN, especially Long Short-Term Memory

(LSTM), appears promising for predicting the system states

in the distribution networks [3]. Forehand knowledge of the

voltage at distribution grid network can help the utility service

providers to mitigate the overvoltage condition and ensure the

reliable operations of the grid. This study outlines to show

the performance of LSTM in predicting the droop settings

of SIs in the distribution network. The dynamically adjusted

droop can help in managing the voltage of the power grid

more effectively.

The remainder of the paper is organized as follows. Section

II outlines the math modeling of Q(V), Section III provides

background information, Section IV discusses the method-

ology, and Section V presents the Case Study and Results.

Finally, Section VI summarizes the conclusion and future

work.

II. MATH MODELING

A. Photovoltaic (PV) Inverter Control

PV system is comprised of solar panels which absorbs

sunlight and converts it into a direct current (dc), which is then

transformed into an alternating current (ac) using an inverter.

The term SI in this study refers to a PV-based inverter that

is connected to the grid at the PCC. This inverter operates in

two quadrants, allowing it to both provide and absorb reactive

power as needed. The PV system operates with a power factor

that is leading and behaves like a capacitive generator in the

injection mode. It behaves like an inductive generator, drawing

the reactive power from the grid with a power factor that is

lagging during the absorption mode, as depicted in Fig. 1.

The reactive power the SI can supply is determined by its

apparent power rating, which can be expressed mathematically

as follows:
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load shapes and solar irradiation. The predicted droop setting

of volt-VAr seems to maintain the voltage most of the time

except some instances as shown by Vmax (max voltage limit)

in Fig. 9. An example output volt-VAr droop value predicted

from the proposed NN is shown in Fig. 10. The predicted

droop setting obtained from NN confirms the droop setting

recommended in the IEEE 1547.

Fig. 8: Voltage vs. time plot with predicted Droop Setpoints at bus-
13.

Fig. 9: Voltage vs. time plot with predicted Droop Setpoints at bus-
101.

It can be observed from Fig. 11 and Fig. 12, the µ distribu-

tion of voltage measurement at bus-13 and bus-101 lies around

1.02 p.u which can be interpreted as in the normal range.

This underlying data distribution also indicates that dynamic

droop setting mechanics is effective in maintaining the system

voltage on varying grid conditions.

Fig. 13 shows the progress of the RMSE loss against

the epoch number for NN model. Figure shows that RMSE

loss decreases for training and validation data set with final

RMSE loss value of 0.0141 and 0.0077, respectively. This

performance of the RMSE loss on training and validation data

ascertains that LSTM NN is good in predicting the droops

of SIs. Furthermore, the accuracy of the model was validated

using the RMSE as the metric for the first 2 hours of predicted

voltage data at bus-13 and bus-101 against the actual voltage

data, and was found to have RMSE of 0.024677 and 0.02497,

respectively. This low value of RMSE shows our approach of

using NN for droop prediction for effective voltage regulation

of active distribution network.

Fig. 10: A Typical Volt-VAr curve obtained with droop values
predicted by NN.

Fig. 11: Distribution of voltage at bus-13.

VI. CONCLUSIONS AND FUTURE WORK

Accurate and dynamic droop settings enable effective volt-

age regulation and reactive power support in the power grid.

The SIs plays a critical role for supporting and enhancing

grid capability as well as enabling the integration of higher

level of DER in the grid. The prediction of the set point

of the Volt-VAr curve has been observed in this work using

the LSTM Network through the use of historical time series

voltage measurements. Two observation has been presented,



Fig. 12: Distribution of voltage at bus-101.

Fig. 13: RMSE Loss vs. the epoch number.

proving the efficacy of the predicted droop values using the

NN. From the observed voltage, a normal distribution curve

is presented which gives underlying voltage data distribution

based on the location of the bus in the test feeder when the

Volt-VAr droop setting is dynamically varied. This paper has

laid the foundation for the application of the prediction of

the droop control, to ensure effective voltage and reactive

power control on distribution feeders. However, other various

features such as optimal droop settings that follow IEEE 1547

guidelines without any undervoltage or overvoltage issue needs

to be carried out in the future studies.
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