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Abstract 

 

The power transformer needs fast protection as well as continuous monitoring since it is an important electrical 

equipment as well as essential element for power system to perform effectively. For the protection of the power 

transformer various methods are available. Percentage differential logic is the most common technique used for 

the protection of the transformer as it can easily provide discrimination between different operating conditions 

and internal fault. But some operating conditions of the power transformer significantly affect the differential 

logic behavior and hence the power system stability. In this study it has been proposed the development of an 

algorithm to improve the protection performance by using fuzzy logic and dq0 transform. By the use of MATLAB 

software, an electrical power system was modelled to obtain the operational conditions and fault situations needed 

to test the algorithm. 

 
 

Keywords: Differential Protection, dq0 transform, Energization, CT saturation, Fuzzy logic. 
 

1*Professor, Department of Electronics and Telecommunication Engineering, Vishwakarma Institute of 

Information Technology, Pune 
2Professor, Department of Electronics and Telecommunication Engineering, Vishwakarma Institute of 

Information Technology, Pune 
3Assistant Professor, Department of Electronics and Telecommunication Engineering, Vishwakarma Institute of 

Information Technology, Pune 
4Assistant Professor, Department of Electronics and Telecommunication Engineering, Vishwakarma Institute of 

Information Technology, Pune 
5Assistant Professor, Department of Electronics and Telecommunication Engineering, Vishwakarma Institute of 

Information Technology, Pune 
6Assistant Professor, Department of Electronics and Telecommunication Engineering, Vishwakarma Institute of 

Information Technology, Pune 

 

Email: 1*rajendra.talware@viit.ac.in 

 

DOI: 10.31838/ecb/2023.12.s3.367 

mailto:rajendra.talware@viit.ac.in


Transformer Protection Improvement Using Fuzzy Logic Section A-Research paper 

Eur. Chem. Bull. 2023, 12 (S3), 2991 – 3004 2992 

 

 

1. Introduction 

 
In electrical power system, power transformers are 

expensive as well as one of the most critical 

equipment. The failure of such an equipment will 

have a severe negative impact on the power supply. 

This may even lead to high maintenance costs and 

even massive power blackouts. So to maintain the 

reliability of power transformers should be 

considered as priority in the electrical power system. 

Different suitable methods for the protection and to 

detect fault, must be ensured for stable as well as 

reliable energy delivery [1], [21]. 

The percentage differential logic is the common 

protection technique used for transformer protection 

as shown in Fig. 1. This protection technique can 

distinguish between normal operating condition, an 

external fault and internal fault. But, simply to detect 

a differential current will not be sufficient to 

differentiate between internal faults from other 

similar situations which can produce such currents. 

Few of the situa-tions may appear when transformer 

energization (inrush currents) take place, over 

excitation, among others, these can result in wrong 

tripping. For modern protection of the power 

transformer, fast and correct distinction of internal 

faults from the other similar situations mentioned is 

a great challenge. Different algorithms developed 

re-cently to differentiate between internal fault 

current and other similar situations which can 

produce similar current should be understood so 

effective maintenance of transformer will be 

possible [2], [21]. 

 

 

Figure 1. Differential relay connection diagram. 
 

Different methods have been developed to improve 

the differential protection [3]- [14], used for power 

transformer. Some have implemented the same [4]- 

[6], by using of wavelet transform and other various 

transform [8], [9]. Few have used hybrid systems 

and restraint method [3], [2]. For correct operation 

of differential protection, distinction between the 

magnetizing inrush current and the internal faults in 

trans-former is necessary [14]- [16], as the reliability 

enhances are discussed. Various methods are 

available for avoiding [33], [38], detecting [32], 

[37], [39], correction/ compensation [34]- [36] of 

CT saturation. 

Here in this paper a different power transformer 

differential protection is proposed. This method uses 

dq0 transform along with the fuzzy logic for the 

protection purpose. Along with the energization and 

over excitation, which are abnormal condition which 

leads to mis-operation of differential relay, CT 

saturation detection is also considered. 

2. Method Proposed 

 
A. Flowchart of Relay 

The implementation of proposed algorithm was 

done in MATLAB Simulink and it is illustrated in 

Fig. 2. The current signals values are acquired from 

transformer by the use of current measurement 

blocks. After collecting the current data, the 

differential currents are calculated by processing 

using Clarke’s transformation. These differential 

currents obtained are sent to the fuzzy system. The 

threshold value of 0.5 is set for the fuzzy system. If 

fuzzy output is higher than threshold value, i.e. 0.5, 

the relay will send signal to trip the circuit breaker. 

Simultaneously CT saturation will be detected. If the 

same is present it will be displayed, which shall be 

rectified for the next operation. 
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Figure 2. Basic relay algorithm 

The values computed of the differential d-q-0 

Each block is described in the following section: 

B. Data acquisition 

For the proposed method, data acquisition is done 

for currents from the secondary of the CTs 

connected on primary side and even secondary side 

of power transformer, which is required for 

differential protection. Currents data is obtained 

from current measurement block. 

C. Pre-processing: dq0 transform 

As the data has been acquired, a preprocessing will 

be executed, to obtain the desired signals for the 

fuzzy logic system. The signal will be acquired by 

applying dq0 transform to the 3-phase currents in 

secondary winding current of the CT in both 

transformer ends. 

The dq0 transform can be used to both phasor as well 

as instantaneous values. The main concept of using 

dq0 transform is to discriminate normal operation, 

internal faults, energization, over-excitation and CT 

saturation. The differential d-q-0 components of the 

current are used. 

∆dph = |∑N   [Id(k) + id(k)]| (1) 

∆qph = |∑N   [Iq(k) + iq(k)]| (2) 

 
∆0ph = |∑N 0[I0(k) + i0(k)]| (3) 

where Id(k), Iq(k), I0(k), id(k), iq(k) and i0(k) are 

d-q-0 current components of the primary current and 

secondary current acquired by a power transformer 

and N is the number of samples used to get the 

values. 

components of the phase currents approaches zero 

during a normal operation and for different specific 

situations fluctuation is observed in differential 

current values. Hence, various phenomena of pow-er 

transformer could be distinguished. With input of the 

differential d-q-0 components of the current, fuzzy 

system is used so the fault condition can be 

determined accurately compared to the conventional 

methods, which has predefined rules to discriminate 

between steady state and fault conditions. 

D. Design of fuzzy system 

To point out the fault condition by considering all 

data and accurately the fuzzy logic system is used. 

Steps used for the fuzzy logic are: 

1) Fuzzification: In proposed method three fuzzy 

inputs for the fuzzy system: 1) Δd; 2) Δq and 3) Δ0. 

These are obtained from equations (1) -(3). Figure 

4(a)-(c) shows the inputs membership functions. For 

fuzzification of input variable from equation (1), a 

range is between -60000 to 120000 and the 

membership value range from 0 to 1, but for 

simplicity figure shows the range of -200 to 200. The 

remaining two variables from equation (2) and (3), 

are having range -10000 to 11000 and -9000 to 4000, 

respectively and the figure displays the range of -250 

to 250 and -100 to 100, respectively. The range of 

fuzzy inputs were amplified for better analysis. 

Figure 4(d) shows the output variable for two 

membership functions that determine block or trip 

signals. The range for membership functions are 

obtained by considering most of the fault that can 
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occur in the power transformer. The range are 

mentioned above. 
 

(a) 
 

(b) 
 

(c) 
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(d) (e) 

Figure. 4. Membership functions of Fuzzy. (a) Δd, (b) Δq, c) Δ0, (d) Output fuzzy for fault detection, (e) Output 

fuzzy for CT saturation detection 
 

2) Inference method: Here proposed method will use 

19 rules to distinguish between steady state and 

internal faults conditions with CT saturation, if 

present, Mamdani method was chosen [17], to 

perform the mathematical operation. Table 1 gives 

the rules used in proposed relay and Table 2 gives the 

specification of the proposed relay. 
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N 

 

 
Table 1. Summary of Fuzzy Rules 

 

Table 2. Specification of the proposed relay 

 
 

3) Defuzzification: Here the method requires a crisp 

value for the control purposes. The technique used 

is centroid according to [18] 

µF(yj) is membership value at every point. 

3. The Simulated Power System 
The MATLAB software was used to simulate the 

∑N 

Output =   j=0 ∑ 
yjμF(yj) 
μF(yj) (4) electrical system. Fig. 5 shows the simulated power 

j=0 

 
Where yj is the value of every point on a domain of 

final output fuzzy set 

system to generate data for the fuzzy system 
developed. It is a complete differential protection 

scheme for a power transformer. The composition of 

electrical system is given in Table 3. The power 



Transformer Protection Improvement Using Fuzzy Logic Section A-Research paper 

Eur. Chem. Bull. 2023, 12 (S3), 2991 – 3004 2997 

 

 

transformer has a delta connection in the primary 

winding and a star connection in the secondary 

winding. In accordance with the winding CTs 

connected for protection are star in primary side and 

delta in secondary side. 

 

 
 

 

Figure. 5. Line diagram of power system considered 

Table 3. Electrical system composition 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Results 

 

In this section, different results are presented for few 

conditions that can occur in the power transformer 

during its operation. 

Figure 6(a) shows the primary current when an 

unloaded transformer (secondary winding open) is 

energized at zero crossing. For the same no trip 

signal was obtained, Figure 6(b) from the proposed 

method. The conventional method used to give false 

tripping during energization, so different algorithms 

[14], [15] were developed only to avoid 

energization. 

CT 

Power 

Transformer 
CT

 

Source Equivalent 
Yg 

Load 

Relay 
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(a) (b) 

Figure. 6. Energization at zero crossing of unloaded transformer 

(a) Primary current (b) Final Trip 

detected as early as 0.0277 second, Figure 7 (c). 

When LG fault occurs in primary phase A of the 

power transformer, the primary as well as the 

secondary current waveforms are shown in Figure 7. 

The fault is created at 0.02 second and the fault is 

Figure 7 (d) shows no CT saturation was detected 

due to its absence in this fault. The fault is detected 

within one cycle itself, which is considerably fast. 
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(a) (b) 

 

(c) (d) 

Figure. 7. LG fault in phase A on primary of Transformer 

(a) Primary current (b) Secondary current (c) Final Trip (d) CT saturation detection 
 

Figure 8. shows the primary as well as secondary 

currents respectively, when LLG fault, phase A and 

phase B, occurs on the secondary of the power 

transformer. The fault was again developed at 0.02 
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second and the fault is detected at 0.02415 second, 

Figure 8 (c). Again no CT saturation is detected as 

shown in Figure 8 (d), again due to the absence of 

the same during the fault. Fault is again detected 

within one cycle of fault occurrence. 

 
(a) (b) 

 
(c) (d) 

Figure. 8. LLG fault on Secondary of Transformer 
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(a)Primary current (b) Secondary current (c) Final 

Trip (d) CT saturation detection 

Figure 9, shows the trip signal for the above fault, 

LLG fault in phase A and phase B, but along the CT 

saturation which is developed by adding decaying 

DC component along with the fault. The fault was 

developed at 0.02 second, which was detected along 

with CT saturation at 0.09095 second. During this 

fault along with CT saturation, as can be observed, 

takes couples of cycles to detect, which is mostly 

undetected in the conventional differential 

protection of the transformer. 

 

 
 

 

 

 

 

 
4. Conclusion 

(a) (b) 

Figure. 9. LLG fault on Secondary of Transformer 

(a) Final Trip (b) CT saturation detection 

 

Transformers Based on Minimizing the 

Maintenance Cost”, IEEE Access, vol. 8, 

The paper presents a different method for power 

transformer protection. The protection is done by a- 

b-c to d-q-0 transformation and fuzzy logic. The d-q- 

0 components were helpful for discrimination 

between different faults from other operating 

conditions like energization, overexcitation along 

with CT saturation detection. During energization 

and overexcitation the presented method was able to 

avoid the trip and was efficiently able to detect the 

various faults within the protected region and even 

detect CT saturation, if present. By observing the 

results for different faults it can also be concluded 

that most of the faults were detected within half cycle 

of fault development, which is considerably fast. But 

the CT saturation detection was detected within few 

cycles, which is not at all detected in conventional 

protection method. 

The algorithm is also advantageous as it does not use 

the harmonic components as the basis of relay 

decision as in most of the algorithm for energization 

detection and it is a simple method which can be 

easily understood. 

 
5. References 

 

1. Ming-Jong Lin, Liang-Bi Chen, Chao- 

Tang Yu,” A Methodology for Diagnosing 

Faults in Oil-Immersed Power 

pp. 209570 – 209578, Nov. 2020. 

2. D. Barbosa, D.V. Coury and M. 

Oleskovicz, “New approach for power 

transformer protection based on intelligent 

hybrid systems” IET Generation, 

Transmission and Distribution, vol. 6, no. 

10, pp. 1003-1018, 2012. 

3. A. G. Phadke and J. S. Thorp, “A new 

computer-based flux-restrained current- 

differential relay for power transformer 

protection,” IEEE Trans. Power App. Syst., 

vol. PAS-102, no. 11, pp. 3624–3629, Nov. 

1983. 

4. Rodrigo Prado Medeiros and Flavio 

Bezerra Costa,” A Wavelet-Based 

Transformer Differential Protection: 

Internal Fault Detection During Inrush 

Conditions,” IEEE Transactions on Power 

Delivery, vol. 33, no. 6, pp. 2965 – 2977, 

Dec 2018. 

5. Rodrigo Prado Medeiros and Flavio 

Bezerra Costa,” A Wavelet-Based 

Transformer Differential Protection with 

Differential Current Transformer 

Saturation and Cross-Country Fault 

Detection”, IEEE Transactions on Power 

Delivery, vol. 33, no. 6, pp. 789 – 799, 

April 2018. 

6. R. P. Medeiros;F. B. Costa;K. M. Silva,” 

Power Transformer Differential Protection 



Transformer Protection Improvement Using Fuzzy Logic Section A-Research paper 

Eur. Chem. Bull. 2023, 12 (S3), 2991 – 3004 3002 

 

 

Using the Boundary Discrete Wavelet 

Transform”, IEEE Transactions on Power 

Delivery, vol. 31, no. 5, pp. 2083 – 2095, 

October 2016. 

7. Senthil Kumar Murugan, Sishaj Pulikottil 

Simon, Panugothu Srinivasa Rao Nayak, 

Kinattingal Sundareswaran, Narayana 

Prasad Padhy,” Power transformer 

protection using chirplet transform”, IET 

Generation, Transmission & Distribution, 

vol. 10, no. 10, pp. 2520 – 2530, July 2016. 

8. A. Ashrafian, Behrooz Vahidi, Mojtaba 

Mirsalim,” Time–time-transform 

application to fault diagnosis of power 

transformers”, IET Generation, 

Transmission & Distribution, Vol. 8, no. 6, 

pp. 1156 – 1167, 2014. 

9. Tammam Hayder, Ulrich Schaerli, Kurt 

Feser and Ludwig Schiel,” Universal 

Adaptive Differential Protection for 

Regulating Transformers”, IEEE 

Transactions On Power Delivery, vol. 23, 

no. 2, pp. 568-575, April 2008. 

10. Ernesto Vázquez, Iván I. Mijares, Oscar L. 

Chacón, and Arturo Conde,” Transformer 

Differential Protection Using Principal 

Component Analysis”, IEEE Transactions 

On Power Delivery, vol. 23, no. 1, pp. 67- 

72, January 2008. 

11. Manoj Tripathy, Rudra Prakash 

Maheshwari and H. K. Verma,” Power 

Transformer Differential Protection Based 

On Optimal Probabilistic Neural 

Network”, IEEE Transactions On Power 

Delivery, vol. 25, no. 1, pp. 102-112, 

January 2010. 

12. Farzad Zhalefar and Majid Sanaye- 

Pasand,” A New Fuzzy-logic-based 

Extended Blocking Scheme for 

Differential Protection of Power 

Transformers”, Electric Power 

Components and Systems, vol. 38, pp. 

675–694, 2010. 

13. Manoj Tripathy, R. P. Maheshwari and H. 

K. Verma,” Neuro-fuzzy Technique for 

Power Transformer Protection”, Electric 

Power Components and Systems, vol. 36, 

pp. 299–316, 2008. 

14. Adel Ali Amar Etumi & Fatih Jamel 

Anayi,” Current signal processing-based 

methods to discriminate internal faults 

from magnetizing inrush current”, 

Electrical Engineering, vol. 103, pp. 743– 

751, 2021. 

15. Haidar Samet, Teymoor Ghanbari, and 

Mohammad Ahmadi,” An Auto- 

correlation Function Based Technique for 

Discrimination of Internal Fault and 

Magnetizing Inrush Current in Power 

Transformers”, Electric Power 

Components and Systems, vol. 43, no. 4, 

pp. 399–411, 2015. 

16. B. Fani, M. E. Hamedani Golshan, and M. 

Saghaian-Nejad,” Transformer Differential 

Protection Using Geometrical Structure 

Analysis of Waveforms”, Electric Power 

Components and Systems, vol. 39, pp. 

204–224, 2011. 

17. A. Zilouchian and M. Jamshidi, Eds., 

Intelligent Control Systems Using Soft 

Computing Methodologies. Boca Raton, 

FL: CRC, 2000. 

18. Z.Kovacic and S. Bogdan, Fuzzy 

Controller Design. Boca Raton, FL: CRC., 

2005. 

19. Sherif S. M. Ghoneim, Karar Mahmoud, 

Matti Lehtonen, Mohamed M. F. 

Darwish,” Enhancing Diagnostic Accuracy 

of Transformer Faults Using Teaching- 

Learning-Based Optimization”, IEEE 

Access, vol. 9, pp. 30817 – 30832, Feb. 

2021. 

20. Tusongjiang Kari, Wensheng Gao, Dongbo 

Zhao, Kaherjiang Abiderexiti, Wenxiong 

Mo, Yong Wang, Le Luan, “Hybrid feature 

selection approach for power transformer 

fault diagnosis based on support vector 

machine and genetic algorithm”, IET 

Generation, Transmission & Distribution, 

Volume 12, Issue 21, pp. 5672 – 5680, 

November 2018. 

21. Vijay Kumar Sahu, Dr. Yogesh Pahariya, 

“A Review of Various Protection Schemes 

of Power Transformers”, Turkish Journal 

of Computer and Mathematics Education, 

Volume 12, Issue 10, pp. 7533-7541, April, 

2021. 

22. Lintao Zhou, Tao Hu, “Multifactorial 

condition assessment for power 

transformers”, IET Generation, 

Transmission & Distribution, Volume 14, 

Issue 9, pp. 1607 – 1615, May 2020. 

23. Tusongjiang Kari, Wensheng Gao, “Power 

transformer fault diagnosis using FCM and 

improved PCA”, The Journal of 

Engineering, vol. 2017, no. 14, pp. 2605 – 

2608, 2017. 

24. Yonghyun Kim, Taesik Park, Seonghwan 

Kim, Nohong Kwak & Dongjin Kweon,” 

Artificial Intelligent Fault Diagnostic 

Method for Power Transformers using a 

New Classification System of Faults”, 

Journal of Electrical Engineering & 

Technology, vol. 14, pp. 825–831,2 019. 

25. Mehdi Bigdeli, Pierluigi Siano, Hassan 

Haes Alhelou,” Intelligent Classifiers in 

Distinguishing Transformer Faults Using 



Transformer Protection Improvement Using Fuzzy Logic Section A-Research paper 

Eur. Chem. Bull. 2023, 12 (S3), 2991 – 3004 3003 

 

 

Frequency Response Analysis”, IEEE 

Access, vol. 9, pp. 13981 – 13991, 2021. 

26. Gustavo Maciel dos Santos, Ronaldo R. B. 

de Aquino & Milde M. S. Lira,” 

Thermography and artificial intelligence in 

transformer fault detection”, Electrical 

Engineering, vol. 100, pp. 1317–1325, 

2018. 

27. Z. Moravej and A. A. Abdoos,” An 

Improved Fault Detection Scheme for 

Power Transformer Protection”, Electric 

Power Components and Systems, vol. 40, 

pp. 1183–1207, 2012. 

28. Dharmesh Patel, Nilesh Chothani & Khyati 

Mistry,” Discrimination of Inrush, Internal, 

and External Fault in Power Transformer 

Using Phasor Angle Comparison and 

Biased Differential Principle”, Electric 

Power Components and Systems, vol. 46, 

no. 7, pp. 788-801, 2018. 

29. A. Hooshyar, S. Afsharnia, M. Sanaye- 

Pasand, and B. M. Ebrahimi, “A new 

algorithm to identify magnetizing inrush 

conditions based on instantaneous 

frequency of differential power signal,” 

IEEE Trans. Power Del., vol. 25, pp. 2223– 

2233, Oct. 2010. 

30. Hamed Dashti, Majid Sanaye Pasand and 

Mahdi Davarpanah,” Fast and Reliable CT 

Saturation Detection Using a Combined 

Method”, IEEE Transactions On Power 

Delivery, vol. 24, no. 3, pp. 1037-1044, 

July 2009. 

31. Ali Hooshyar, Saeed Afsharnia, Majid 

Sanaye-Pasand and Bashir Mahdi 

Ebrahimi,” A New Algorithm to Identify 

Magnetizing Inrush Conditions Based on 

Instantaneous Frequency of Differential 

Power Signal”, IEEE Transactions On 

Power Delivery, vol. 25, no. 4, pp. 2223- 

2233, October 2010. 

32. Farshid Naseri “Fast Detection and 

Compensation of Current Transformer 

Saturation Using Extended Kalman Filter”, 

IEEE Transactions on Power Delivery, vol. 

34, no. 3, pp. 1087 – 1097, June 2019. 

33. Saeed Sanati, and Yousef Alinejad- 

Beromi,” Avoid Current Transformer 

Saturation Using Adjustable Switched 

Resistor Demagnetization Method”, IEEE 

Transactions on Power Delivery, vol. 36, 

no. 1, pp. 92 – 101, Feb. 2021. 

34. Firouz Badrkhani Ajaei, Majid Sanaye- 

Pasand, Mahdi Davarpanah, Afshin 

Rezaei-Zare, Reza Iravani, 

”Compensation of the Current- 

Transformer Saturation Effects for Digital 

Relays”, IEEE Transactions on Power 

Delivery, vol. 26, no. 4, pp. 2531 – 2540, 

Oct. 2011. 

35. Ehsan Hajipour, Mehdi Vakilian, Majid 

Sanaye-Pasand,” Current Transformer 

Saturation Compensation for Transformer 

Differential Relays”, IEEE Transactions on 

Power Delivery, vol. 30, no. 5, pp. 2293 – 

2302, Oct. 2015. 

36. Mehdi Delzendeh, Hossein Kazemi 

Karegar,” Current Transformer Saturation 

Compensator by Using Negative Voltage 

Feedback”, IEEE Transactions on Power 

Delivery, vol. 35, no. 3, pp. 1200 – 1208, 

June 2020. 

37. Bruno M. Schettino, Carlos A. Duque and 

Paulo M. Silveira,” Current Transformer 

Saturation Detection Using Savitzky- 

Golay Filter”, IEEE Transactions on Power 

Delivery, vol. 31, no. 3, pp. 1400 – 1401, 

June 2016. 

38. Ehsan Hajipour, Mehdi Vakilian, Majid 

Sanaye-Pasand,” Current Transformer 

Saturation Prevention using a Controlled 

Voltage Source Compensator”, IEEE 

Transactions on Power Delivery, vol. 32, 

no. 2, pp. 1039 – 1048, April 2017. 

39. Chi-Shan Yu,” Detection and Correction of 

Saturated Current Transformer 

Measurements Using Decaying DC 

Components”, IEEE Transactions On 

Power Delivery, vol. 25, no. 3, pp. 130- 

1347, July 2010. 

40. Mulani, Altaf O., Makarand M. Jadhav, 

and Mahesh Seth. "Painless Machine 

Learning Approach to Estimate Blood 

Glucose Level with Non-Invasive 

Devices." Artificial Intelligence, Internet 

of Things (IoT) and Smart Materials for 

Energy Applications. CRC Press, 2022. 83- 

100. 

41. Mulani, Altaf O., and P. B. Mane. 

"Watermarking and cryptography based 

image authentication on reconfigurable 

platform." Bulletin of Electrical 

Engineering and Informatics 6.2 (2017): 

181-187. 

42. Mane, P. B., and A. O. Mulani. "High 

speed area efficient FPGA implementation 

of AES algorithm." International Journal of 

Reconfigurable and Embedded 

Systems 7.3 (2018): 157-165. 

43. Ghodake, Mr Rahul Ganpat, and Mr AO 

Mulani. "Sensor based automatic drip 

irrigation   system."   Journal   for 

Research 2.02 (2016). 

44. Pol, Rahul S., et al. "iButton Based 

Physical access Authorization and security 

system."   Journal   of    Algebraic 

Statistics 13.3 (2022): 3822-3829. 



Transformer Protection Improvement Using Fuzzy Logic Section A-Research paper 

Eur. Chem. Bull. 2023, 12 (S3), 2991 – 3004 3004 

 

 

45. Kulkarni, Priyanka, and Altaaf O. Mulani. 

"Robust invisible digital image 

watermarking using discrete wavelet 

transform." International Journal of 

Engineering Research & Technology 

(IJERT) 4.01 (2015): 139-141. 

46. Mandwale, Amruta J., and Altaf O. Mulani. 

"Different Approaches For Implementation 

of Viterbi decoder on reconfigurable 

platform." 2015 International Conference 

on Pervasive Computing (ICPC). IEEE, 

2015. 

47. Kulkarni, Priyanka, and Altaaf O. Mulani. 

"Robust invisible digital image 

watermarking using discrete wavelet 

transform." International Journal of 

Engineering Research & Technology 

(IJERT) 4.01 (2015): 139-141. 

48. Kalyankar, Pratima Amol, et al. "Scalable 

face image retrieval using AESC 

technique." Journal Of Algebraic 

Statistics 13.3 (2022): 173-176. 

49. Swami, Shweta S., and Altaf O. Mulani. 

"An efficient FPGA implementation of 

discrete wavelet transform for image 

compression." 2017 International 

Conference on Energy, Communication, 

Data Analytics and Soft Computing 

(ICECDS). IEEE, 2017. 

50. Kamble, Akshata, and A. O. Mulani. 

"Google Assistant based Device 

Control." Int. J. of Aquatic Science 13.1 

(2022): 550-555. 

51. Maske, Yogita, et al. "Development of 

BIOBOT System to Assist COVID Patient 

and Caretakers." European Journal of 

Molecular & Clinical Medicine 10.01: 

2023. 

52. Godse, A. P., and A. O. Mulani. Embedded 

systems. Technical Publications, 2009. 

53. Mandwale, Amruta, and A. O. Mulani. 

"Implementation of Convolutional 

Encoder & Different Approaches for 

Viterbi Decoder." IEEE International 

Conference on Communications, Signal 

Processing Computing and Information 

technologies. 2014. 


