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Abstract: This study proposes a prototype of harmonic analyzer that can be synchromzed with Android. The
prototype is used to measure and monitor harmonics in the power systems as well as micro grid system. The
prototype of Android based Low Cost Harmonic Analyzer (ALCHA) is constructed by using current sensor,
microprocessor, data base and Android Software. The advantage of ALCHA 1s very cheap comparing to
commonly harmonic analyzer in the market. ALCHA utilizes available components on the market with affordable
price and also, utilizes open source software. In this study, the observation is focus on harmonic 3rd, 5th, 7th
and 9th and Total Harmonic Distortion (THD) that referring to TEEE 519 standard. Based on experiment results
can be proof that ALCHA has capability for detecting harmonics that occur both in the power system and in
the micro grid system. Standard deviation of ALCHA compared to laboratory scale harmonic analyzer 1s around
1.4%.
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INTRODUCTION 2015; Shi et al., 2017). The power converter, Lian and

Syaiin (2014) is widely known as a source of harmonics

The development of mformation technology has
opened the opportunity to apply the concept of science
either based on numerical (Lian and Syaun, 2014,
Syaiin et al., 2012, 201 3a-c) and artificial intelligent based
(Syar'in and Soeprijanto, 2010; Syaun and Soepryjanto,
2010, Syar'm et al, 2012, 2014, Adhitya et al, 2016,
Putra et al., 2016; Rinanto et al, 2016) for solving
engineering problems. At present, electricity sources are
begmning to shift from fuel-based electricity sources to
renewable energy-based electricity sources, the use of
renewable energy-based electricity sources cannot be
separated from the existence of converters. Using
renewable energy-based electricity sources as power
plant there 1s a lot of conversion of power from DC to AC
and vice versa.

In general, the development of converter technology
is intended to improve efficiency of it (Duckett, 1962;
Cottinet et al., 2011; Cho et al., 2014, Mohebbi et al.,

and many researcher developed technology to reduce
the harmonics (Zhang et al., 2008; Taipradidtham and
Inban, 2009, Agarwal and Singh, 2014; Isozaki et af.,
2016). Although, many researchers are trying to do
research to reduce harmonics but until now the tool to
monitor harmonics is still expensive. As an example of a
harmonic analyzer used on (Goh et al., 2017).

Due to the high cost of harmonic analyzer in the case
of harmonics that occur in the systems are tending to be
ignored by people. Tt may result in damage for electronic
appliance that utilizing the electricity as a source. On the
other hand, the development of smartphones is also
increasing both in terms of data processing speed and
data storage capacity. This has influenced the behavior of
people who want all activities to be carried out using a
smartphone including monitoring systems.

In this study, we will propose a method to construct
Android Low Cost Harmonic Analyzer (ALCHA) which
utilizes sensors and microprocessors that commonly
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available in the marlet with affordable price. The general
process of constructing ALCHA 1s measuring current by
using current sensor. The data from the sensor processes
by microprocessor to calculate the harmonic distortion,
then the data send to firebase and display to Android
systems. The mam process in microprocessor 1s
conversion time domain to frequency domain by using
Discrete Fourier Transformation (DFT) (Hostetter, 1980).
In this study, prototype of ALCHA is focusing on
harmoenics the 3rd, 5th, 7th and 9th that occurs either 1in
the power systems or micro grid systems with referring to
IEEE 519 standard (Chang et al., 2014).

MATERIALS AND METHODS

The stages m constructing ALCHA can be explamned
as follows:

Preparing hardware component: The general components
used to construct ALCHA are DT sense current sensor
Intel Galileo microprocessor, SD card for stored data,
Firebase and smartphone that compatible with Android
systems. The prototype of ALCHA can be seen in Fig. 1.

Technics of signal measurement and signal conversion:
The general process of signal measurement and signal
conversion are shown in Fig. 2 and 3.

From Fig. 2 it can be seen that there are seven main
parts of the ALCHA prototype design. For detecting
harmonics until harmonics 9th (450 Hz), ALCHA at least
required data sampling of 3000 data per second stored in
memory. The data packets per second are then process in
microprocessor by using DFT to transform data in time
domain to frequency domain. The equation used for
processing data transformation from time domain to
frequency domain using DFT as in Eq. 1 and 2:

Fig. 1: Prototype of ALCHA
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with, N = Number of sampling data (N = ¢-2(1¥N. The
transformation process from time domain to frequency
domain (Baird and Arrilaga, 1980) is employing CH+ as
software.

Online monitoring: For online monitoring purposes, the
data in frequency domain send to Wi-Fi module. Tt should

Fire base

Fig. 2: General process of signal measurement and signal

COMVErsion

Fig. 3: Design of ALCHA Android view
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be noted that the Wi-Fi module must be compatible with
Intel Galileo and Firebase. Wi-Fi sends data to a data base
system (firebase), so that, data can be accessed using
both Android and the web. The design of Android layout
can be seen in Fig. 3.

RESULTS AND DISCUSSION

Experiment and data analysis: Tn this study, ALCHA
performance in three
experimental cases in each case an electrical signal from
the power system (Indonesian Electric Company/PLN)
will be tested as well as a signal from micro grid
systems:

verification 18 carried out

The first case: Experiment conduct by using light
bulb as load and it connected to the power source
from PLN and comparing to power source from
microgrid.

The second case: Experiment conduct by using cellphone
charging process as load and it connected to the power
source from PLN and comparing to power source from
microgrid.

conduct

The third case: FExperiment by using

cellphone charging process and fan that are operated

0.7

simultaneously as load and they connected to the power
source from PLN and comparing to power source from
microgrid.

The observations of three cases mention earlier are
focused on cwrent harmonics on range frequency
50-450 Hz (Fundamental to Harmonics 9th) with 220 V
Voltage level.

Case 1: The experiment in this case aims to identify the
level of harmonics in the power source light bulb as load
and 1t connected to the power source from PLN and
comparing to power source from microgrid. The results of
the experiment can be seen n Fig. 4 and 5.

Figure 4 shown the signal of power source from PLN
has frequency 50 Hz and there is no harmonics distortion
detected m this experiment.

Figure 5 shown the signal of power source resulting
from micro grid with the light bulb load. From the figure
can be seen that there are harmoemnics distortion, 1.e. The
3rd tharmonics, the 5th harmonics and the 7th harmonics.
Total Harmonic Distortion (THD) of the signal 1s 32%.
According to TEEE-519 standard, the signal is alreday out
of the limit.

Case 2: Experiments in this case aim to identify the level
of harmomics caused by cellphone charging. Cellphone
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Fig. 4: The signal of power source from PLN with light bulb as load (Hormonic spectrum)
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Fig. 5: The signal of power source from microgrid with light bulb as load (Hormonic spectrum)
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Fig. 6: The signal of power source from PLN with charging cellphone as load (Hormonic spectrum)

charging process is the most frequent activity in the Figure 6 shown the signal of cellphone charging
modern life. The results of this experiment can be seenin  process measured by ALCHA with power source from
Fig. 6and 7. PLN. From the figure can be seen that there 1s harmonic
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Fig. 7: The signal of power source from car’s with charging cellphone as load (Hormonic spectrum)
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Fig. 8 The signal of power source from PLN with charging cellphone as load was operated simultaneusly with pure
resistor (Hormonic spectrum)

distortion in the signal, i.e., harmonics 3rd., 5th, 7th and Figure 7 and 8 shown the signal of cellphone
Sth. The Total Harmonic Distortion (THD) is 3.99%. charging process measured by ALCHA with power
According to the IEEE-519 standard this signal 1s source from micro grid. From the figure can be seen that
categories as good signal. there 1s harmomic distortion in the signal, 1.e., harmonics
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Fig. 9: The signal of power source from car’s inverter power source with charging cellphone as load (Hormonic spectrum)

3rd., 5th, 7th and 9th. The Total Harmonic Distortion
(THD) 18 37%. According to the [EEE-519 standard this
signal is also categories as over the limit.

Case 3: This third case is aimed to measure harmonic
distortion of charging process of cellphone was
conducted simultaneously with fan using power source
from PLN and comparing to power source from microgrid.
The results of this experiment can be seen in Fig. 8
and 9.

Figure 8 shown the signal of cellphone charging
process operated simultaneously with fan measured by
ALCHA with power source from PLN. From the figure
can be seen that there is harmonic, 1.e., harmonies 3rd.,
5th, 7th and 9th. The Total Harmonic Distortion (THD) is
8%. According to the IEEE-519 standard, thus signal is
also categories as over the limit.

Figure 9 shown the signal of cellphone charging
process operated simultaneously with fan measured by
ALCHA with power source from microgrid. From the
figure can be seen that there 1s harmonic distortion n the
signal, i.e., harmonics 3rd., 5th, 7th and 9th. And using
(Goh et al., 2017) the Total Harmomc Distortion (THD) 1s
39%. According to the TEEE-519 standard, this signal is
also categories as over the limit.

From the three cases experiments were conducted, all
of the result also verify with harmomc analyzer

laboratorium scale (Goh et al, 2017). And the average
result of OHMC’sI and Harmonics Analyzer standard
industri 1s around 1.42%.

CONCLUSION

Based experimental results, it can be concluded that
ALCHA has good performance in momtoring harmonics
either harmonics resulted by power system or microgrid
systems. Compared with harmomnic analyzer laboratory
scale, ALCHA has a standard deviation of 1.42%
indicating that ALCHA has a great chance of being mass
produced. And from the experiment results also shown
than the power quality resulted by PLN is fulfill the
requiremnent of IEEE-519 standard.
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