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 This paper offers a passive islanding detection method that is effective for 

distributed generation. When a distributed generator (DG) keeps a location 

powered even when access to the external electrical grid is lost, this 

circumstance is referred to as islanding. The power distribution system 

currently includes distributed generators (DGs), which provide inexpensive 

electricity and have fewer environmental impacts. Sometimes, these DGs 

continue to supply the nearby loads because of line outages and islands made 

by system separations. As a result, there are scenarios with unacceptable 

power quality. The islanding is identified if the result of the rate of change of 

frequency over reactive power exceeds the threshold value. The MATLAB 

test results from this study demonstrate the effectiveness of the suggested 

approach for different islanding and non-islanding scenarios. 
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1. INTRODUCTION 

Energy production using renewable source techniques is proliferating to fulfill demands on energy 

consumption around the world. At the consumer end (DG), distributed generators are sustainable energy 

systems [1]. The main concern with a DG is islanding. Power system islands are parts of a power grid that are 

electrically isolated but are supplied with power by a nearby DG. Because service people are ignorant of the 

frame's presence, UPS with connected and providing DG nearby, islanding is risky to field workers and 

connected apparatus [2]. The primary effects of this unintentional islanding are grid failures, unintentional 

circuit breaker (CB) openings at the grid, purposefully opened CBs for maintenance, human error, and 

natural disasters [3]. When a DG keeps a location powered even when access to the external electrical grid is 

lost, this circumstance is referred to as islanding. There are two different sorts of islanding scenarios: 

intentional and unintentional. Intentional islanding is defined as planned main grid maintenance, whereas 

unintentional islanding is the emergence of faults or other uncertainty at any moment in the electrical system 

[4]. The most frequent cause of islanding occurrences is a fault in a tie-line between the distribution and 

transmission networks. A power system's islanding has various negative effects, including preventing 

automatic device reconnection. Some workers may be unaware that the system is still functional even after 

the grid supply has been cut off, which could result in fatal accidents [5], [6]. The system may experience a 
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load vs. generation imbalance, and unusual voltage and frequency fluctuations could affect the system [7]. 

As these islanding causes many effects in the power grid, it is important to detect the islands in the grid.  

To detect the islands, we have two different techniques, i.e., local detection and remote detection 

techniques. The measured data from the DG side are used in the local detection techniques, while the remote 

detection techniques are mostly designed according to measured data from the utility side [8]-[10]. The local 

detection technique is further classified into active and passive detection methods. Active approaches can be 

categorized as those that interrupt the system somewhat to discover potential islanding conditions. It is necessary 

to keep track of the adjustments the signal's attributes go through for this voltage, frequency, impedance, and 

others are among these characteristics [11], [12]. When using passive approaches, we try to incorporate a 

parameter that will consider the grid's transient changes and, with the help of that data, identify if the grid has 

failed or not by comparing it to a predetermined threshold value. This method essentially keeps track of how 

various system parameters change. A passive islanding detection technique is used in this study as it is easy to 

find and simple [13]-[15]. The parameter to evaluate the change in the grid is both frequency and reactive power. 

We can take any parameter, such as frequency, voltage, impedance, and power. The rate of change of frequency, 

rate of change of voltage, over under voltage, and over under frequency are a few passive islanding detection 

techniques. Using these methods, there will be some non-detection zone, but the blend of two passive methods 

may lessen the region of the non-detection zone [16]-[20]. Hence, we can detect the islanding condition precisely. 

In order to obtain precise results, we combine the rates of change of frequency and reactive power in this study. 

ROCOFORP is the method utilized in this situation because it provides a smaller non-detection zone and 

correctly classifies non-islanding and islanding cases [21]-[26]. The remaining paper is sectioned as follows. The 

second section discusses the designed system under consideration, section three at the proposed methodology 

procedure, section 4 discusses the outcomes, and conclusions are presented in the fifth section. 
 

 

2. TEST SYSTEM UNDER STUDY 

This research is implemented on a 33-bus system connecting to the various buses at various 

locations. Figure 1 shows the 33-bus system connections with loads and DG systems. A balanced three-phase 

network system with 33 buses and 32 branches is connected. Bus 1 is where the main substation is attached. 

There are 32 loads in the system, with real and reactive loads totaling 3.72 MW and 2.29 Mvar, respectively. 

Meanwhile, Table 1 displays the ratings of the four DGs, which are modelled as synchronous generators 

[6]-[8]. The initial load condition at each bus value of the system is adopted from Table 2 [7]. 

At the point where the electrical supply utility system meets, the microgrid separates from the main 

network, creating an island. Plot the ROCOFORP at the connection point after determining the ROCOFORP. 

Different cases were deliberated in the study to determine the cutoff or threshold value that separates 

islanding cases from cases that are not islands. 

 

 

 
 

Figure 1. 33 bus system single line schematic under investigation 

 

 

Table 1. DG installed nodes with operating conditions 
Node Max active power (kW/pf) Base case rating (kW/pf) 

30 175/1 100/1 

7 175/0.9 100/0.9 

25 300/0.9 100/0.9 
4 193/0.8 50/0.8 

*pf-power factor 
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Table 2. Load values of the 33-bus system 
Line number Receiving bus Sending bus Reactance (Ω) Resistance (Ω) Load at the receiving end bus 

Reactive power (kVA) Active power (kW) 

1 2 1 0.0477 0.0922 60 100 

2 3 2 0.2511 0.493 40 90 

3 4 3 0.1864 0.366 80 120 
4 5 4 0.1941 0.3811 30 60 

5 6 5 0.707 0.819 20 60 

6 7 6 0.6188 0.1872 100 200 
7 8 7 1.2351 1.7114 100 200 

8 9 8 0.74 1.03 20 60 

9 10 9 0.74 1.04 20 60 
10 11 10 0.065 0.1966 30 45 

11 12 11 0.1238 0.3744 35 60 

12 13 12 1.155 1.468 35 60 
13 14 13 0.7129 0.5416 80 120 

14 15 14 0.526 0.591 10 60 

15 16 15 0.545 0.7463 20 60 

16 17 16 1.721 1.289 20 60 

17 18 17 0.574 0.73 40 90 

18 19 2 0.1565 0.164 40 90 
19 20 19 1.3554 1.5042 40 90 

20 21 20 0.4784 0.4095 40 90 
21 22 21 0.9373 0.7089 40 90 

22 23 3 0.3083 0.4512 50 90 

23 24 23 0.7091 0.898 200 420 
24 25 24 0.7011 0.896 200 420 

25 26 6 0.1034 0.203 25 60 

26 27 26 0.1447 0.2842 25 60 
27 28 27 0.9337 1.059 20 60 

28 29 28 0.7006 0.8042 70 120 

29 30 29 0.2585 0.5075 600 200 
30 31 30 0.963 0.9744 70 150 

31 32 31 0.3619 0.3105 100 210 

32 33 32 0.5302 0.341 40 60 

 

 

3. PROPOSED METHOD 

ROCOFORP is the suggested strategy. At the point of coupling, or the intersection of the load and 

generator, we calculate the frequency change rate and the rate of change of reactive power [9] and determine 

the ROCOFORP. The variations in this parameter are compared with the predefined threshold value. If it 

crosses more than the threshold value, the situation is treated as islanding; otherwise, non-islanding.  

The following flow diagram of Figure 2 illustrates the proposed method. At the connection point, 

the rate of change of frequency across reactive power levels is continuously compared with the established 

threshold value, which is 2*10^12. If the rate of change in frequency over reactive power (df/dq) is greater 

than a threshold value, the case is islanding; otherwise, it is not. The system is put through various instances 

to determine the threshold value, and depending on the results from each case, the threshold value is fixed. 
 

 

 
 

Figure 2. Flow diagram of procedure 
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4. RESULTS AND DISCUSSION 

A range of islanding and non-islanding scenarios, including capacitor switching, DG switching, and 

others, are applied to the test system. In this article, we explore the differences between islanding and non-

islanding conditions in the rate of change in frequency over reactive power. 

 

4.1.  Islanding case 

Figure 3 shows the simulation's result for the ratio of reactive power to frequency change. The 

system is linked to the grid prior to t = 0.2 seconds; it is cut off from the mains at t = 0.2 seconds. The 

unexpected disconnection of the load from the main, which is how the graph's variance occurred, is powered 

by DGs. The ROCOFORP value exceeds the cutoff point. 

 

 

 
 

Figure 3. Simulation result of ROCOFORP for the islanding case 

 

 

4.2.  Different faults 

Here, the test system is subjected to different faults such as line-to-line (LL), line-to-ground (LG), 

and double line-to-ground (LLG) [2] as shown in Figure 4(a)-(c). At t = 0.2 seconds, these faults are 

switched, and amplitude variations are seen but are seen from the results. The results indicate that the 

amplitude variations are below the threshold value. Hence, it eliminates the conflict between the islanding 

and non-islanding cases, and the proposed method detects the events accurately for these events. 

 

 

  
(a) (b) 

 

 
(c) 

 

Figure 4. Simulation results of ROCOFORP with (a) LL fault, (b) LG fault, and (c) LLG fault 
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4.3.  Capacitor switching 

A 1.5 Mvar capacitor bank linked to bus 4 is turned on at 0.1 seconds, while in another case, 

islanding is induced at t = 0.2 seconds. Figure 5 shows the effectiveness of the suggested method and the 

associated rate of change of frequency over the reactive power signal at the target DG's (DG-1) end. The 

ROCOFORP value is below the cutoff point. Hence, switching capacitors is treated as a non-islanding 

instance [10]. 
 
 

 
 

Figure 5. Simulation result of ROCOFORP for capacitor switching 
 
 

4.4.  DG switching 

From the islanding state graph at t = 0.3 sec, when switching ON of the DG is complete, we extract 

the variation in the rate of change in frequency over reactive power as shown in Figure 6. The ROCOFORP 

amplitude is less than the cutoff value [10]. All these examples demonstrate that the suggested technique, 

ROCOFORP, easily distinguishes between islanding and non-islanding scenarios by using a threshold value. 

The test findings show that there is a smaller non-detection zone and that islanding and non-islanding cases 

are correctly classified. 

Table 3 shows the comparison of various islanding detection methods. As per the IEEE 1547 

standards, the islanding should be detected in less than 2 seconds. It is found from Table 3, many detection 

methods recognize the islanding events in less than 2 seconds. However, the proposed method detects the 

islanding in less than 2 milliseconds with zero non-detection zone (NDZ).  
 

 

 
 

Figure 6. Simulation result of ROCOFORP for DG switching 
 
 

Table 3. Differentiation of different detection methods 
Technique Detection time Non-detection zone 

Rate of change of frequency over reactive power < 2 ms Zero 
Rate of change of frequency [14] 24 ms Small 

Rate of change of power > 1 cycle Small 

Rate of change of frequency over power [18] 100 ms Small 
Over under-voltage/over under frequency [16] 4 ms to 2 sec Large 

Switching frequency [17] < 40 ms 1.60% 

Rate of change of phase angle difference [19] Within 2 sec Small 
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5. CONCLUSION 

The ROCOFORP is suggested as a new islanding detection method. The comprehensive results 

showed that the method could distinguish between an islanding situation and all non-islanding occurrences, 

such as capacitor switching, DG switching, and short circuit occurrences. Every relay in the network, 

including relays at DG unit buses, feeders, and loads, can detect the islanding case with just one threshold 

value. The proposed passive detection approach does not even have an NDZ when there are no power 

imbalances. When determining the threshold amount, various situations are considered. Because the 

protection relays switch between the two modes of settings, the suggested islanding technique enhances the 

protection performance of the islanded microgrid. 

 

 

FUNDING INFORMATION  

Authors state no funding involved. 

 
 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

B. V. Seshu Kumari ✓ ✓  ✓ ✓ ✓  ✓ ✓    ✓  

Ambati Giri Prasad ✓ ✓  ✓  ✓   ✓ ✓ ✓ ✓   

S. Sai Srilakshmi ✓ ✓    ✓   ✓   ✓  ✓ 

Karri Sairamakrishna 

Buchireddy 

✓  ✓    ✓   ✓ ✓  ✓ ✓ 

Ch. Rami Reddy ✓ ✓   ✓  ✓   ✓  ✓  ✓ 
 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT  

Authors state no conflict of interest. 

 

 

DATA AVAILABILITY  

Data availability is not applicable to this paper as no new data were created or analyzed in this study. 

 

 

REFERENCES 
[1] P. Nayak, A. Avilash, and R. K. Mallick, “Faster islanding detection of microgrid based on multiscale mathematical 

morphology,” International Journal of Renewable Energy Research, vol. 10, no. 2, pp. 1005–1011, 2020, doi: 

10.20508/ijrer.v10i2.10455.g7969. 
[2] C. R. Reddy and K. H. Reddy, “An efficient passive islanding detection method for integrated DG system with zero NDZ,” 

International Journal of Renewable Energy Research, vol. 8, no. 4, pp. 1994–2002, 2018, doi: 10.20508/ijrer.v8i4.8335.g7507. 

[3] G. Bayrak and M. Cebeci, “A communication based islanding detection method for photovoltaic distributed generation systems,” 
International Journal of Photoenergy, vol. 2014, 2014, doi: 10.1155/2014/272497. 

[4] S. Bharadwaj, “A study of various islanding detection methods in microgrids,” International Journal of Engineering Research & 

Technology (IJERT), vol. 7, no. 06, pp. 131–135, 2018. 
[5] M. Mishra, M. Sahani, and P. K. Rout, “An islanding detection method based on wavelet packet transform and extreme learning 

machine,” International Journal of Renewable Energy Research, vol. 6, no. 3, 2016, doi: 10.20508/ijrer.v6i3.3928.g6869. 

[6] A. Khamis, H. Shareef, and A. Mohamed, “Islanding detection and load shedding scheme for radial distribution systems 
integrated with dispersed generations,” IET Generation, Transmission and Distribution, vol. 9, no. 15, pp. 2261–2275, 2015, doi: 

10.1049/iet-gtd.2015.0263. 

[7] M. M. Hamada, M. A. A. Wahab, and N. G. A. Hemdan, “Simple and efficient method for steady-state voltage stability 
assessment of radial distribution systems,” Electric Power Systems Research, vol. 80, no. 2, pp. 152–160, 2010, doi: 

10.1016/j.epsr.2009.08.017. 

[8] A. R. Malekpour, A. R. Seifi, M. R. Hesamzadeh, and N. Hosseinzadeh, “An optimal load shedding approach for distribution 
networks with DGs considering capacity deficiency modelling of bulked power supply,” 2008 Australasian Universities Power 

Engineering Conference, AUPEC 2008, 2008, doi: 10.5539/mas.v3n5p143. 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Islanding detection of integrated DG system using rate of change of … (B. V. Seshu Kumari) 

1643 

[9] C. R. Reddy and K. H. Reddy, “Islanding detection techniques for grid integrated distributed generation-a review,” International 
Journal of Renewable Energy Research , vol. 9, no. 2, pp. 960–977, 2019. 

[10] M. A. Dawoud, D. K. Ibrahim, M. I. Gilany, and A. El’Garably, “A proposed passive islanding detection approach for improving 

protection systems,” International Journal of Renewable Energy Research, vol. 10, no. 4, pp. 1940–1950, 2020, doi: 
10.20508/ijrer.v10i4.11483.g8085. 

[11] R. B. R. Prakash, P. S. Varma, C. R. Reddy, M. D. Kumar, A. G. Prasad, and E. S. Prasad, “Maximum power point tracking for 

permanent magnet synchronous generator based wind park application,” International Journal of Renewable Energy Research, 
vol. 12, no. 2, pp. 846–862, 2022, doi: 10.20508/ijrer.v12i2.12872.g8469. 

[12] F. Aslani and S. Li, “Islanding detection methods and challenges for distribution generation: a technological review,” IEEE 

Access, 2025, doi: 10.1109/ACCESS.2025.3591392. 
[13] H. Golpira, “A data-driven based approach for islanding detection in large-scale power systems,” IEEE Transactions on Power 

Systems, vol. 40, no. 1, pp. 272–285, 2025, doi: 10.1109/TPWRS.2024.3387368. 

[14] B. Guha, R. J. Haddad, and Y. Kalaani, “A passive islanding detection approach for inverter-based distributed generation using 
rate of change of frequency analysis,” Conference Proceedings - IEEE SOUTHEASTCON, vol. 2015-June, no. June, 2015, doi: 

10.1109/SECON.2015.7133024. 

[15] S. Prajapati, R. Garg, and P. Mahajan, “Passive islanding detection approach for grid integrated SPV system,” 2024 IEEE Region 
10 Symposium, TENSYMP 2024, 2024, doi: 10.1109/TENSYMP61132.2024.10752124. 

[16] H. Liu, G. Liu, W. Wang, and H. Wu, “Research on a novel islanding detection technique,” Proceedings of the World Congress 

on Intelligent Control and Automation (WCICA), vol. 2015-March, no. March, pp. 5448–5452, 2015, doi: 
10.1109/WCICA.2014.7053645. 

[17] G. Bayrak and M. Cebeci, “A communication based islanding detection method for photovoltaic distributed generation systems,” 

International Journal of Photoenergy, vol. 2014, 2014, doi: 10.1155/2014/272497. 
[18] S. H. Lee and J. W. Park, “New islanding detection method for inverter-based distributed generation considering its switching 

frequency,” IEEE Transactions on Industry Applications, vol. 46, no. 5, pp. 2089–2098, 2010, doi: 10.1109/TIA.2010.2049727. 

[19] D. Menon and A. Antony, “Islanding detection technique of distribution generation system,” Proceedings of IEEE International 
Conference on Circuit, Power and Computing Technologies, ICCPCT 2016, 2016, doi: 10.1109/ICCPCT.2016.7530126. 

[20] Z. Lin et al., “Application of wide area measurement systems to islanding detection of bulk power systems,” IEEE Transactions 

on Power Systems, vol. 28, no. 2, pp. 2006–2015, 2013, doi: 10.1109/TPWRS.2013.2250531. 
[21] A. Arif, K. Imran, Q. Cui, and Y. Weng, “Islanding detection for inverter-based distributed generation using unsupervised 

anomaly detection,” IEEE Access, vol. 9, pp. 90947–90963, 2021, doi: 10.1109/ACCESS.2021.3091293. 

[22] S. B. A. Bukhari, K. K. Mehmood, A. Wadood, and H. Park, “Intelligent islanding detection of microgrids using long short-term 
memory networks,” Energies, vol. 14, no. 18, 2021, doi: 10.3390/en14185762. 

[23] S. Karim, P. Valsalan, F. Alsaif, H. Tahir, and F. Mumtaz, “High-speed islanding detection in smart grids using a state observer 

and IoT infrastructure,” IEEE Access, vol. 13, pp. 33496–33508, 2025, doi: 10.1109/ACCESS.2025.3541983. 
[24] K. Kumari, N. K. Swarnkar, and O. P. Mahela, “Current actuated islanding detection method using stockwell transform and 

current change rate,” 2025 5th International Conference on Advances in Electrical, Computing, Communication and Sustainable 

Technologies, ICAECT 2025, 2025, doi: 10.1109/ICAECT63952.2025.10958872. 
[25] C. R. Reddy, J. H. Choi, and B. Pangedaiah, “Absolute positive sequence voltage difference based passive islanding detection in 

micro grids,” IEEE Transactions on Industry Applications, vol. 60, no. 3, pp. 4633–4641, 2024, doi: 10.1109/TIA.2024.3360372. 

[26] C. R. Reddy, O. C. Sekhar, B. Pangedaiah, K. A. Khan, and M. Khalid, “Passive island detection method based on positive 
sequence components for grid-connected solar–wind hybrid distributed generation system,” Electric Power Components and 

Systems, vol. 52, no. 7, pp. 1129–1144, 2024, doi: 10.1080/15325008.2023.2238705. 

 

 

BIOGRAPHIES OF AUTHORS   

 

 

B. V. Seshu Kumari     is an Associate Professor in the Department of Information 

Technology at VNRVJIET, boasts a remarkable academic career marked by dedication to both 

teaching and research. She was awarded a Ph.D. (CSE) and M.Tech. (CSE), and B.Tech. (CS 

and IT) from JNTUH. She has 20 years of teaching experience and 10 years of dedicated 

research experience. She has published 30 papers in esteemed journals like ACM, Elsevier and 

Springer, and Inder Science. She has served in various departmental roles like HOD, M.Tech., 

and various administrative roles, demonstrating her commitment to student development. She 

can be contacted at email: seshukumari_bv@vnrvjiet.in. 

  

 

Ambati Giri Prasad     received a B.Tech. degree in Electrical and Electronics 

Engineering from V.R. Siddhartha Engineering College, Vijayawada, AP, India, in 2000, an 

M.Tech. in power systems from JNT University Hyderabad, AP, India, in 2005, and a Ph.D. 

from JNTUH University Hyderabad, TS, India, in 2019. He has 23 years of teaching 

experience. He has been working as an Assistant Professor in the EEE department, VNR 

VJIET, since 2017. He has published 32 papers in international journals, 15 papers at 

international conferences, and 3 papers in National conference papers. He did a project on a 

Network analyzer from AICTE worth 23 lakhs. He is a member of IEEE and a lifetime 

member of ISTE, MIE, IAENG, and IFERP. His areas of interest are gas-insulated substations, 

power systems, smart grids, electric vehicles, power quality, and electromagnetic fields. He 

can be contacted at email: giriprasad_a@vnrvjiet.in. 
  

mailto:seshukumari_bv@vnrvjiet.in
mailto:giriprasad_a@vnrvjiet.in
https://orcid.org/0000-0001-5424-608X
https://scholar.google.co.in/citations?hl=en&user=k9RJXesAAAAJ&view_op=list_works&sortby=pubdate
https://www.scopus.com/authid/detail.uri?authorId=57204860531
https://orcid.org/0000-0002-1134-0671
https://scholar.google.co.in/citations?hl=en&user=KxYX2rMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57680491000&origin=resultslist
https://www.webofscience.com/wos/author/record/L-6264-2017


                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 3, September 2025: 1637-1644 

1644 

 

S. Sai Srilakshmi     is an Assistant Professor in the Department of Electrical and 

Electronics Engineering at Joginpally B.R. Engineering College, Hyderabad, and boasts a 

remarkable academic career marked by dedication to both teaching and research. She was 

awarded M.Tech. (EEE) and B.Tech. (EEE) from Aditya College of Engineering. She has 4 

years of teaching experience. She can be contacted at email: srilakshmi.jbrec24@gmail.com. 

  

 

Karri Sairamakrishna Buchireddy     earned his Master’s in Information 

Technology from Virginia International University and holds a Bachelor’s in Electrical and 

Communication Engineering from Jawaharlal Nehru Technological University. and brings 

over 13 years of industry experience as a Lead Software Solutions Architect, Data Engineer, 

and API specialist. He excels in designing and implementing scalable, secure, and robust 

architectures across fintech, healthcare, retail, and automobile sectors. His proficiency in Java, 

Python, Go Lang, and cloud-based microservices, combined with his deep understanding of 

the full software development lifecycle, consistently drives innovative, high-impact 

technology solutions. He can be contacted at email: sairamakrishna.karri@gmail.com. 

  

 

Ch. Rami Reddy     received B.Tech., degree in electrical and electronics 

engineering, M.Tech., degree in electrical machines and drives from Jawaharlal Nehru 

Technological University, Kakinada, Andhra Pradesh, in 2011, 2014, respectively, and the 

Ph.D. degree in electrical and electronics engineering from K. L. University, Andhra Pradesh, 

India, in February 2022. He did a post-doctoral fellowship on islanding in DG systems from 

the National Institute of Technology, Srinagar, and Chonnam National University, South 

Korea. He is currently working as an Associate Professor in Electrical and Electronics 

Engineering Department at Joginpally B.R. Engineering College, Hyderabad, India. His 

current research interests include integrated renewable energy systems, distributed generation, 

FACTS devices, power converters, and their applications to energy systems. He can be 

contacted at email: crreddy229@gmail.com. 

 

mailto:srilakshmi.jbrec24@gmail.com
mailto:sairamakrishna.karri@gmail.com
mailto:crreddy229@gmail.com
https://orcid.org/0009-0006-8447-6461
https://orcid.org/0009-0005-6931-7326
https://scholar.google.com/citations?authuser=5&user=g7K72dUAAAAJ
https://orcid.org/0000-0003-1941-0766
https://scholar.google.com/citations?user=dDp46FkAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57203255321
https://www.webofscience.com/wos/author/record/F-4631-2019

