©2018 Published in 6t International Symposium on Innovative Technologies in -
Engineering and Science 09-11 November 2018 (ISITES2018 Alanya — Antalya - Turkey) @

ACADEMIC

The Design of Harmonic Simulator based on Hartley Transform PrATTORM

*IFahri Vatansever and 'Nedim Aktan Yalcin
"Faculty of Engineering, Department of Electrical-Electronics Engineering, Uludag University, Turkey

Abstract

Increase in the number of nonlinear loads and devices in energy and power systems have raised
harmonic distortion on voltage and current signals. Harmonics are one of the primary factors in
determining power quality. Therefore, measurement and control of harmonics are crucial. Many
methods have developed for harmonic analysis. In this study, a simulator which uses Hartley transform
for determining harmonics is designed. Harmonic distributions and parameters of loaded/defined
signals can be calculated accurately and effectively and obtained results can be displayed numerically
and graphically with developed systems which have user friendly interface.
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1. Introduction

Harmonics have crucial role in energy and power systems. Measuring and controlling harmonics
are basic elements for power quality. For his purpose, many methods have been developed such
as Fourier transform, Prony method, wavelet transform, Hilbert-Huang transform, Park
transform, chirp-z transform, Kalman filters, artificial neural networks (ANN), phase locked loop
(PLL), enhanced phase locked loop (EPLL), adaptive linear element (ADALINE), autoregressive
moving average (ARMA), evolutionary algorithms, least squares approach, support vector
machines (SVM), Pisarenco harmonic decomposition, (PHD), multiple signal classification
(MUSIC), estimation signal parameters via rotational invariance techniques (ESPRIT), and
adaptive filters. Types of harmonics and basic methods which are used for estimation, calculation
and measurement of harmonics can be classified as shown in Table 1 and Figure 1 [1-2].

Table 1. Harmonic types

Harmonic Frequency Description
DC f=0
: — f:Frequency
Harmonic - f=nfo fo: Main frequency
Inter-harmonic f#nfo n: Positive integer
Sub-harmonic 0<f<fy

Harmonic Estimation Methods
| |
Non-parametric Parametric Hybrid
methods methods methods

Figure 1. Basic grouping of harmonic estimation methods

In this study, calculation of harmonics was realized with Hartley transform. Simulator which has
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user friendly interface and educational functionalities was designed then harmonic analyzes were
carried out with this simulator. As a result of realizations, it was observed that Hartley transform
can be easily used in this area.

2. Hartley Transform

Hartley transform is an integral transform which maps a real-valued time domain function to real-
valued frequency domain function. In this transform, Equation 1 is used for kernel function.

Cas(at) = Cos(wt) + Sin(cwt) (1)

Continuous and discrete Hartley transform of any x(¢) function are given in Table 2-3[3-4]. From
Table 2, it is easily noticed that Fourier transform of any x(r) function is difference of even part
and “;” times odd part of Hartley transformation of this function.

Table 2. Continuous Hartley transform

Continuous Hartley Transform w =27 , H(f)= ‘/ZH ()
Angular (rad/s) frequency [w] Frequency (s) [f]
H(o) = \/;_ﬁ ]ix(t)Cas(wt)dt H(f)= ]jx(t)Cas(27y‘t)dt
x(t) = ﬁ]iH(a))Cas(wt)dt x(t) = ]jH( £)Cas2nft)dt
i‘;e’;' H,(f)=TDHED +2H Ch_ Tx(l)Cos(Z@’t)dt ggg H,(H=HHED _2H(_f ) Tx(t)Sin(Zfzﬁ)dt

Table 3. Discrete Hartley transform

Discrete Hartley Transform

Type Definition Type Definition

y-1 Type-li y-1
Type-I X[n]= Zx[k]Cas[ 2’}’\}"" J X[n]= Zx[k]Cas[ ”k (ZN" L) J

k=0 k=0

vl Type-IV vl
~ 72k +1)n ~ 72k +1)(2n+1)

Type-l X[n]= ; x[k]Cas[—N J X[n]= ; x[k]Cas[—zN J

~+00 +00

X(f)=Flx() = jx(t)e*-/z’-’f’dz _ jx(t)cos(zzzfz)dz— jJ'x(r)SinQ;_zﬁ)dz

H.()) H,(f)

HD+HES)  HU=HES) 175
2 2 2

)
=H ()= JjH,(f)=

H(f)+%ejZH(—f)

Re{X ()} =H (f)=H,(~f) . Im{X(/)}=~H,(f)=—H,(-f)

Similarly, Hartley transform of any x(s) function is difference of imaginary and real parts of
Fourier transform of this function.
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H(f)=H,(f)+H,(f)=Re{X(/)}-Im{X(f)} = %X(f) +%X(—f> 3)

3. Designed Simulator and Its Applications

Harmonic analysis of signals which are uploaded from file or created in program are realized
with simulator which is designed using MATLABJ5] and implements Hartley transform (Table
3) as an alternative to conventional approaches such as fast Fourier transform (FFT).
Distributions of harmonics are showed both numerically and graphically as a result of relative
analyzes. Besides, if X, represents any amplitude elements of harmonics in x(r) signals, effective
value, total harmonic distortion, form factor and crest factor of x(¢) can be calculated as in Table
4[6-8].

Tablo 4. Harmonic parameters which is calculated in simulator

Effective Value (RMS) L. Ha"(‘}“}';;;)]) istortion Form Factor (FF) Crest Factor (CF)
X Xpus = Lats Xpus = max
RMS — -
X Lruss X RMS

Screenshot of first analysis realized with x(r) signal which is given Equation 4 and has f =50Hz
frequency value is presented in Figure 2.

x(2) = 220Sin(wt) + 33Sin(3wt) + 22Sin(7 et ) + 11Sin(15w¢) (4)
"4\ .z The Harmonic Simulator based on Hartley Transform . < ISITES 2018 > o ]
Signal e | Harmonic distribution
Exampie - 1 - = | ANALYSIS ! No Frequency (Hz) Ampltude (Absolute value)
- | P - gogegoaooone [ ! ] ]
Signal 1 i s0 1220.299275044709 |
2 2 100 0.096882038601
I 3 150 33.075884659415 200
. 4 200 0.091931977604
o B 5 250 0.040021984922
/ e & 300 0.016093687396
./ i \ 7 350 2218577892370
Y i 6 400 0.115261531915 _
/ \ 9 =| [4s0 |2 | 0.0695381583%6 |=| B 18
. g N 10 500 0.049747630481 3
\ 1 550 0.035784584785 2
12 600 0.022236231170 ¥
3 13 650 0.003597344359 2
£ o 14 700 0.041076302508 3 i
£ 1 11s 750 11.211718107627 El
= I |18 800 0.117874373047 E
| 17 | |8s0 || | 0.074048253383 %
S e 900 0.058279013259
\ / 19 _|lsso || oosserreossrr
=% A il Effective value 224 1513183621
L s Total harmonic distortion (%): | 157321022480
T v
Form factor 1.0174854369
250 o -
[ 0004 0006 0008 001 0012 0014 0016 0018 003 Crestfactor 0.9431749384 L 2 & & @ 0 2 14 1. 8 20 z
Time (s) Harmank

Figure 2. Screenshot of first simulation

Screenshot of second analysis realized with x(r) signal which is sampled and uploaded from file
(Eq. 5, f=50Hz) is presented in Figure 3.

x(¢) = 0.5 +1.0Sin(wr) + 0.3Sin(5wt) + 0.2Sin(1 1ax) + 0.1Sin(190r) (5)

23



F. VATANSEVER et al./ ISITES2018 Alanya — Antalya - Turkey

As result of these simulations, using Hartley transform, harmonic distribution can be obtained as
high accuracy as Fourier transform. Thus, harmonic analyzes of signals can be calculated
effectively and precisely by using fast Hartley transform algorithms.

4] .z The Harmonic Simulator based on Hartley Transform . < ISITES 2018 > o = o

Signal ey | HATONIC distribution

o _’\ | ANALYSIS No  Frequency [_Hz‘, Ampitude (Absolute VEIEE)
INICCYSEINN (S 5 : ' T

i s0 1.001372009307 1

Signal 1

2 100 0.000466495233
3 150 0.000018842054
4 200 0.000495317573
s 250 0.302150678839
5 300 0.000790112698
7 350 0.000323589261
8

400 0000074824774
&l =|| (450 |=|| [o.000198B83818 (=
10 500 0.000806713477
11 550 0.203111310823
12 600 0.001277454756
13 650 0.000675234597
14 700 0.000444123760
15 750 0.000287969676
16 800 0.000138236964
17 8s0 | | |0.000068072558
13 900 0000576295114
19 | [es0 | |0.102518496920

Ampiituds
Ampituda (Absoluta valua)

Effective value 1.0704261001

‘Total harmonic distortion (%): | 37.7722603295

Form factor 1.0689504777

o
4 0006 0008 001 0012 00W 0006 0m8  0.03| Crestfactor: 17247769668 :
Time (s)

Figure 3. Screenshot of second simulation

4. Conclusions

In this work, graphical interface program based on Hartley transform is designed for harmonic
analysis. Harmonic analysis and related parameters of signals can be calculated with designed
program which implements Hartley transform and can also be used for educational purposes
thanks to its interactive, user friendly interface. In realized study, it is clear that harmonic
distribution of signals can be easily obtained using Hartley transform and this transform can be
used as an alternative method to conventional methods such as Fourier transform.
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