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Abstract—This paper presents the analysis of harmonic reduction in an induction furnace using wavelet 
transform technique. Some of the significant evaluation parameters considered includes total harmonic 
distortion, percentage of reduction in peak amplitude, mean square error, signal to noise ratio and 
wavelet energy coefficients. Fuzzy based expert system is formulated to analyse the accuracy rate of the 
existing wavelet technique. 
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I. INTRODUCTION 
Power Quality (PQ) has become one of the major concerns for utilities, equipment manufacturers and 

customer. PQ problem defined as “any power problem manifested in voltage, current, or frequency 
deviations that results in failure or mal-operation of equipment” [1]. Due to the increase of non-linear loads 
like computers, variable speed drives, induction furnaces, etc., there occurs flow of non-sinusoidal current 
in power system. This causes the voltage to distort and generate harmonics, which interferes and damage 
other electrical devices. Practically, induction furnaces are one of major prominent harmonic producers 
because of the effect of lumped capacitance at point of common coupling (PCC). It creates harmonics by 
drawing current in abrupt pulses rather than smooth sinusoidal manner. Such a scenario necessitates the 
inductive load design to be compatible with electrical system [1]. 

The different mitigation methods that are available for resolving harmonics in induction furnaces 
include use of balanced reactors, surge suppressors, voltage regulators, superconducting magnetic energy 
storage (SMES), increased line insulation, harmonic filters etc. In the previous work [2] the Simulink model 
of induction furnace was developed using MATLAB to obtain the possible implementation of passive filters 
and exhibit reduction of harmonics. Wavelet transform technique was also implemented to mitigate the 
harmonics that provided effective analysis for different resolution levels. Implementation of wavelet 
transform technique was found to be more advanced and effective than the passive filtering approach. 

 In this work, implementation of wavelet transform technique is analysed using Daubechies wavelets 
with reference to five major parameters viz., Total harmonic distortion (THD), Percentage of reduction in 
peak amplitude (RPA), Mean square error (MSE), Signal to noise ratio (SNR) and Wavelet energy 
coefficients. The most suitable wavelet is selected based on the optimum values of these five parameters 
using Fuzzy Expert System. 

II. WAVELET TRANSFORM TECHNIQUE 
A wavelet is a wave-like oscillation with amplitude that begins at zero, increases and then decreases 

back to zero. These wavelets are used as basic functions to represent other functions. Such a wavelet basis 
is chosen by fixing a wavelet function ψ(x), as given in Eq.1, also called the mother wavelet and forming 
translations and dilations of that function. 

                

                                                                                        (1) 
The parameter ‘a’ is the scaling parameter that measures the degree of compression and ‘b’ is the 

translation parameter which determines the time location of the wavelet. Wavelet transform can be 
performed on continuous and discrete functions respectively referred as the continuous wavelet transform 
(CWT) and discrete wavelet transforms (DWT). DWT is computed using the concept of filter banks. Filters 
of different cut-off frequencies analyze the signal at different scales. Resolution is changed by filtering and 
scale is changed by up-sampling and down-sampling the given signal. Mathematically, DWT is represented 
by Eq.2. 

                                                    (2) 
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The general wavelet-based de-noising method proceeds in three steps: decomposing the distorted signal, 
thresholding the wavelet coefficients, and reconstructing the filtered signal [3]. 

 

III. EVALUATION PARAMETERS 
The unique deviation of each PQ disturbances from original signal is difficult to identify and it is an 

important aspect in monitoring and identification of the fault instances to extract the prominent features. 
The terms THD, RPA, MSE, SNR and energy coefficient of a signal are used as five distinctive parameters 
for feature extraction and analysis of the database for harmonic mitigation. 

A. Total Harmonic Distortion (THD) 

THD is defined as the ratio of the RMS amplitude of a set of higher harmonic frequencies to the RMS 
amplitude of the first harmonic or fundamental frequency. The current total harmonic distortion THD (I) of 
individual orders of In is expressed as given in Eq.3. 

                                                  (3)                                             

B.   Percentage  Reduction of Peak Amplitude (RPA) 

The percentage reduction in amplitude of a signal before and after applying wavelet transform technique 
is referred to as reduction in percentage amplitude (RPA) as given by Eq.4. 

 

 

                             (4) 
 

C. Mean Square Error (MSE) 

MSE refers to the mean of the squared difference between the predicted parameter and the observed 
parameter. It measures the average of the square of the error with the error being the amount by which the 
estimator differs from the quantity to be estimated. Equation to estimate MSE is given as in Eq.5. 

                                                       (5) 

D. Signal-to-Noise Ratio (SNR) 

SNR is defined as the power ratio between original signal and the noisy signal, where both signal and 
noise power should be measured at the same or equivalent points of the system and within the same system 
bandwidth. SNRs are often expressed using the logarithmic decibel scale. Mathematically, SNR is 
expressed as given in Eq.6, where X(i) is the distorted signal (data as taken from the analyzer), Y(i) is the 
signal obtained after the removal of harmonics (data obtained after applying wavelet filter) and N is the 
number of pulses. 

                                                         

(6) 
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E. Wavelet Energy Co-efficient                                                                                

The energy of the signal is calculated using Parseval’s theorem which states that, If S(t) is the voltage 
across the resistor or current through the resistor then the energy dissipated is given by the Eq.7. 

                                                                      (7) 
In wavelet domain, the signal is decomposed into the approximate and detailed coefficients, hence the 

energy dissipated by the signal in terms of approximate and detail coefficients is given by Eq. 8. 

                                                 (8) 
 

Where, f(n) is time domain signal under analysis, N is total number of samples of the signal,  j is 

number of levels and n is number of input samples,  is the total energy of the signal f(n), 

is the total energy concentrated in the level ‘j’ of the approximated version  of  the signal f(n) 

and is the total energy concentrated in the detailed version of the signal, from levels ‘1’ to ‘j’ 
of the signal f(n). 

IV. PROPOSED WAVELET BASED ALGORITHM 
The harmonic analysis of induction furnace was carried out based on wavelet algorithm as shown in 

Fig.1. The distorted signal to be analyzed was captured using Power Quality Analyzer (PQA) and fed to the 
wavelet filters [3]. The signal was decomposed using multi resolution analysis (MRA) for different scales 
and positions depending upon the type of mother wavelets db1 to db45. Suitable mother wavelets were 
selected based on appropriate values of THD, RPA, MSE, SNR and Energy Coefficients of the filtered 
signal. 

 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.1 Flowchart of Proposed Wavelet Based Algorithm 

START 

Select the harmonic signal to be analysed. 

Build a program for a suitable wavelet using MATLAB tool. 

Signals decomposed into different scales and positions depending upon the 
type of wavelet. 

Identify and select the filtered signal based on THD, RPA, MSE, SNR and 
Energy Coefficients. 

 

Filtered signal 

Data collection using PQA at the installation at GENERAL 
FOUNDRIES (P) LTD, Electronics City. 

END 

Perform the wavelet analysis, calculate approximate and detailed wavelet 
coefficients and decompose signals using MRA. 
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V. FUZZY EVALUATOR MODEL 
Fuzzy logic system (FLS) is an universal function approximation. It yields a set of outputs for given 

inputs of a non-linear system, without using mathematical model, but using only linguistic rules. Fuzzy 
logic rule based expert system emerged as a powerful categorization tool for PQ detectors that is 
computationally simple and reasonably accurate [4]. 

A. Membership Function 

The membership function of a fuzzy set is a generalization of the characteristic function in classical sets 
and it represents the degree of truth as an extension of valuation. A membership function has a value 
between 0 and 1 and it indicates the degree of belongingness of a quantity to a fuzzy set. There are different 
shapes of membership functions, viz., triangular, trapezoidal, piecewise-linear, Gaussian, bell-shaped, etc.  

B. Fuzzy Expert System 

A fuzzy expert system is an expert system that uses a collection of fuzzy membership functions and 
rules, instead of Boolean logic to reason about data. The rules in a fuzzy expert system are usually of a form 
similar to: If x is low and y is high then z is medium, where x & y are input variables, z is an output variable. 
The set of rules in a fuzzy expert system are known as the rule base or knowledge base. The general 
inference process consisting of four steps is as shown in the block diagram Fig.2. The fuzzifier performs 
measurement of the input variables that are crisp input quantities, transformed into fuzzy quantities and 
input signals are scaled accordingly.  

 
Fig.2 Internal Structure of Fuzzy Logic System 

 

C. Structure Of Proposed Fuzzy Controller 

The structure of proposed fuzzy controller is as shown in Fig.3. The original signal (with harmonics) is 
applied to the wavelet transform technique. The given harmonic signal can be decomposed at different 
levels using multi resolution analysis.  Effectiveness of proposed technique can be measured based on the 
performance of parameters such as THD, RPA, MSE, SNR and Energy coefficient. A relative data base is 
prepared with specified five parameters as input to the fuzzy expert system in order to achieve better 
accuracy rates. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3 Wavelet based Fuzzy Controller 

VI. RESULTS AND DISCUSSIONS 
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A. Daubechies wavelet analysis 

     The proposed algorithm as shown in Fig.1 was executed for Daubechies wavelet and the performance 
of the given system was analyzed for significant parameters like THD, RPA, MSE, SNR and Energy 
coefficients as tabulated in Table I. 

TABLE I.  
PERFORMANCE OF DIFFERENT DB WAVELETS 

 

Type of 

wavelet 
THD RPA MSE SNR ENERGY 

db2 11.41% -0.14078 0.092586 37.50 E6=93.23 

db7 0.602 % -0.02446 0.092544 37.51 E6=96.03 

db11 0.385 % -0.00709 0.092987 37.46 E6=95.52 

db12 0.617 % 0.02269 0.091842 37.58 E6=94.94 

db15 0.517 % 0.002482 0.093716 37.38 E6=95.23 

 
Harmonic analysis was carried out for different order of Daubechies, from db1 to db45. The lowest 

THD was recorded with db11. The THD of current at supply side of the Induction furnace was reduced 
from 15.23% to 0.385557 % with net reduction of 97.46% and the peak amplitude of filtered signal 
provided percentage reduction in peak amplitude of -0.7092%. 

The original and filtered signals are shown in Fig.4. Signal was partially filtered in case of db2, but 
successfully filtered signal is obtained by using db11 mother wavelet & MRA. 

 
Original Signal 

 
Filtered Signal using dB2 

 
Filtered Signal using dB11 

 
Fig.4 Waveforms of Original and Filtered Signals 

 

B. Fuzzy Evaluator Model Analysis 
     With reference to the Wavelet based Fuzzy evaluator model shown in Fig.3, FIS Editor consisting of 

5 input variables, THD, RPA, MSE, SNR and Energy coefficient as shown in Fig.5.  
The output of these features given as the input to Mamdani type inference block , where each of these 

parameters are predefined with accuracy rates like THD is defined as ‘BEST’ if it lies between 0% to 1%, 
‘GOOD’ for 1% to 5% and ‘BAD’ for 5% to 15%. Similarly, accuracy rates are defined for all the five 
input parameters using standard membership functions available in MATLAB which includes the most 
commonly used triangular shaped membership function. 
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Energy 
   

Fig.5 FIS Editor with Five Significant Input Parameters 
 

Since the appropriate fuzzy operators are not predefined, fuzzy logic makes use of ‘IF-THEN’ rules. 
These rules are usually expressed in the form, ‘IF variable IS property THEN action’. Example: ‘IF THD is 
best and RPA is better and MSE is best and SNR is best and ENERGY is best THEN output is best’.  

 
Fig.6 Output view of rule base 

The output view of rule base that provides easy interpretation of the entire fuzzy inference process in 
single window with more accurate results is as shown in Fig. 6. From the rule base, db11 is found to 
provide highest degree of accuracy with 95% of efficiency while db2 provides comparatively lesser 
efficiency of 50%. 

 
Fig.7 Surface plot of THD and RPA 

The surface view of output for the proposed FIS editor, where the surface view is plotted for THD and 
RPA is as shown in Fig. 7, here output depends on the two inputs. The THD lies in the range of 0 % to 5% 
and RPA lies in the range of +5% or -5%, correspondingly the output obtained is with higher efficiency of 
95%. The THD range from 5 to 15 % gives less efficiency where the output on the surface plot is of lower 
area. Similarly, the other combinations include THD-MSE, THD-SNR and THD-ENERGY can also be 
analyzed. Thus, the surface view provides higher levels of clarity in the performance evaluation of the 
system. 
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VII. CONCLUSION 
Harmonic analysis was carried out using Wavelet Transform technique. Significant reduction in THD 

was observed using Daubechies wavelet. Further, Fuzzy logic tool was used to evaluate the performance of 
wavelet transform based on the parameters THD, RPA, SNR, MSE and Energy Coefficients. Analysis was 
carried out for Daubechies wavelets dB1 to dB45. It was observed that, FIS editor provides better accuracy 
rates for dB11 than compared to that of dB2. By comparing the test results, the proposed method is the 
optimal one which can accurately quantify the harmonic frequencies, amplitudes and phases. Basically the 
proposed approach can be considered to be accurate in analyzing harmonics in power system waveform. 
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