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Abstract— Because of aged, unhealthy and non-linear loads 

harmonic currents and voltages are generated in the 

distributed system which further affects the life of the linear 

loads and decrease overall efficiency of the industry. Because 

of the incremental use of nonlinear loads current harmonics 

intend to generated in power line and it increase the heat of 

the wire which further increase the harmonics and this 

process continues which makes a heavy degradation in 

efficiency and average power factor of the industry goes 

down which makes consumer to pay more amount of money 

in term of penalty from the utility company. The current 

harmonics flow in the distribution system which generates 

voltage harmonics which results into power harmonics. This 

paper explains the various methods and their obtained results 

to find individual harmonics and total harmonics distortions. 

Measurement of individual harmonics is necessary as it 

specifies the type of nonlinear load which is disturbing the 

transmission line and further finding root cause the 

distortions can be reduced to a certain level. Proper wiring, 

Sufficient grounding can reduce the harmonics effect on the 

power distribution system. This paper describes comparison 

of measurement and analysis of individual harmonics of the 

power system. 
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I. INTRODUCTION 

The electrical engineering industry has increased the research 

and development in the field of power quality improvement 

by the past decade. Stable power generation and delivery is 

one of the primary goals of the utility industry. Power quality 

can be defined as the degree of which nonlinearity presents in 

the sinusoidal waveforms of voltage and current. The more 

non-linearity in sinusoidal wave the worse is the power 

quality. Incremental use of nonlinear devices harmonics now 

a days has become a serious issue for electrical engineers 

following the wide use of electronic appliances.  

 
Fig. 1: Three phase power supply connection between 

Source Load and Meter 

The quality of power in installation is decreasing 

gradually. In addition to external disturbances, such as 

outages, sags, swells and spikes due to switching and 

atmospheric phenomena, there are inherent, internal causes 

specific to buildings that result from the combined use of 

linear and non-linear loads [3]. Many countries make the 

national standard about the power quality in the power 

system. So this means waveforms and harmonics distortions 

is important. So it is very important for industries to use the 

instrument which measures harmonics.[1] 

Typical connection of three phase power supply 

with three phase load is shown in figure 1. Voltage 

connection of the three phase are taken parallel with load 

which passes through the current transformer inside the 

meter.  

II. HARMONIC DISTORTIONS 

High quality power supply has a perfect sinusoidal signal 

with constant frequency and amplitude. On the other hand, 

the use of nonlinear devices and the time varying loads in the 

electric power system is widespread and is growing with even 

bigger pace. Such devices and loads are consuming distorted 

current from the power system grid. To preserve high power 

quality, the most important indices, such as harmonics, sags, 

swells, short interruptions, imbalances, and flickers, ideally 

have to be eliminated.[2] The current harmonics flow in the 

distribution system which generates voltage harmonics which 

results into power harmonics. 

 
Fig. 2: Pure Sinusoidal wave 

Figure 2 shows a perfect sinusoidal voltage wave 

that of 0% harmonics present. This is generated by the signal 

generator which is ideal voltage source[5]. 

 
Fig. 3: Distorted voltage waveform 

Figure 3 shows the distorted waveform of realistic 

wave which is present in utility connected to motor without 

load. Motor without load is nonlinear device and generates 

harmonics in power system. 
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Fig. 4: Motor and meter connection with three phase power 

supply 

This is sampled at 4096 Samples/second and 

digitized in 24 bit sigma delta analog to digital converter of 

Texas Instruments MSP430F6779A micro-controller running 

at25MHz. Hence samples per voltage cycle will be 82samples 

as 50Hz frequency according to Indian standards. 

III. GORTZEL ALGORITHM 

Gortzel has made algorithm to determine the harmonics in 

power system by Discrete Fourier Transform. The DFT can 

be formulated in terms of a convolution 

𝑦[𝑛] = ∑𝑥[𝑛]𝑒−
𝑗2𝜋𝑛𝑘

𝑁

𝑁

𝑛=0

 

Where  

K = 0.5 + (N * Target Freq/sample rate) 

In our case the target frequency would be 50, 

Sampling rate is 4096 samples per second and N is number of 

FFT points = 21 
ω = (2 ∗ π/N) ∗ k 

cosine = cos(ω) 
sine = sin(ω) 

coeff = 2 ∗ cosine 

The square of 3rd voltage harmonic waveform at 150 

kHz according to calculation of Gortzel should be looking 

like figure below 

 
Fig. 5: 150 kHz Sinusoidal waveform squared voltage 

harmonics 

Squared value of harmonic at 150 kHz should have 

four crossover which can be seen in graph. Same is for 250 

kHz sinusoidal waveform should look alike. Which has eight 

crossovers shown below. 

 
Fig. 6: Harmonic at 250 kHz 

IV. FAST FOURIER TRANSFORM 

Harmonics from FFT can be determined by digital signal 

processor [6]. While if using a microcontroller it will become 

difficult process to do so. 

 
Fig. 7: 3 stage Butterfly filter for 8 point FFT 

Finding an 8 point FFT we can only have harmonics 

upto 5th and also it would require so much multiplications and 

additions. Also making only 8 point FFT means we are losing 

too much data points with respect to 82 samples. 

𝑋[𝐾] = ∑𝑥[𝑛]𝑒−
𝑗2𝜋𝑛𝑘

𝑁

𝑁

𝑛=0

 

In our case every 10th sample we have got is been 

placed at x[i] as per fig5 so we’ve lost 90% of data to go 

through this method. Instead if we try to compute 128 point 

FFT inside of microcontroller it will take it most of the time 

finding harmonic. 

V. DISCRETE FOURIER TRANSFORM 

The DFT X[k] of the sampled signal x[n] is defined as: 

𝑋[𝐾] = ∑𝑥[𝑛]𝑒−
𝑗2𝜋𝑛𝑘

𝑁

𝑁

𝑛=0

 

In The recursive algorithm of the DFT can be easily 

represented by following equations. 

𝑎𝑖[𝑛] = 𝑎𝑖[𝑛 − 1] +
2

𝑁
(𝑥[𝑛] − 𝑥[𝑛 − 𝑁])cos(

2𝜋𝑛𝑖

𝑁
) 

𝑏𝑖[𝑛] = 𝑏𝑖[𝑛 − 1] +
2

𝑁
(𝑥[𝑛] − 𝑥[𝑛 − 𝑁]) cos (

2𝜋𝑛𝑖

𝑁
) 

Bv and Cv are the odd and the even components of 

the harmonics present in the system. 

For 3rd, 5th, 7th and 9th harmonic the graphs of the 

individual harmonic can be obtained as shown in figure. 

 
Fig. 8: Fundamental Even and Odd components 
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Fig. 9: 3rd Harmonic Even and Odd components 

Transistors, electrical motors, and the non-ideal 

transformer are the source of 3rd Harmonic 

 
Fig. 10 5th Harmonic Even and Odd components 

Hysteresis and Eddy currents are the sources of 5th 

Harmonic. The 5th harmonic causes a CEMF (counter 

electromotive force) in large motors  

 
Fig. 11: 7th Harmonic Odd and Even Harmonic 

3rd harmonic of power supply has effect of 

1.365790841% to the overall harmonic distortion. While 5th, 

7th and 9th has in decreasing order of 0.35823361%, 

0.04552145%, 0.01535389%, 0.0095089%. Furthermore 

harmonics have much lesser effect on our supply and hence 

no need of calculation. 

 
Fig. 12: 9th Harmonic Odd and Even components 

VI. CONCLUSION 

In this paper we’ve compared various the methods to find 

harmonics analysis to remove the power quality problem The 

DFT is the most used method that gives accurate information 

about the steady state harmonics. Fast Fourier transform can 

be a choice but it will require a separate digital signal 

processor in addition to computation. Gortzel’s Algorithm 

also will be required much more computing in order to go 

upto 9th individual harmonics. So in order to determine 

individual harmonic the better method would be online 

harmonic analysis.   
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