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accurately and accurately.

Keywords :Data Measurement, Error, Power Quality, Monitoring, Signal Sampling

1. INTRODUCTION

The high level of harmonic distortion in the electrical power distribution system can result in overheating
of the equipment and the conductors, permanent damage for some sensitive electronic equipment, reduced
equipment lifetime and cause reading errors up to 17.2% on kWh meters [1]. Apart from the load used by
consumers, harmonics can also come from utilities (electrical resources) themselves.Several methods for
identifying harmonic sources have been found, such asharmonic identification methods based on Thevenin
Theorem, active power method, Norton Theorem method, time-reactive power gradient method, and harmonic and
interharmonic estimation methods [2].

Another reason for the decrement in electrical power quality is the occurrence of voltage dip or a momentary
voltage interruption. The occurrence of voltagedip for 0.5-3 seconds [3] or more can cause the computer to shut
down, loss of data memory, loss of motor as load, trip conditions on variable speed drives, causing disruption to
industrial machine operations and losses due to failure of the production process [4]. Flicker in the European
standard EN 50160 is defined as a visible change in brightness of a lamp due to rapid fluctuations in the voltage
of the power supply.

Provision of good and constant quality electricity can be done by controlling the following parameter:
voltage, current, frequency, phase angle, power and harmonic order. Controlling electrical power quality can be
done if the value of the existing electrical parameter is measureable continuously and compared with the standard
value. While the data value change is fast and the latest data is strongly required, it is necessary to carry out
continuous monitoring with a good data acquisition system.

Monitoring the quality of electric power using conventional measuring devices can only obtain limited data
[5]- Monitoring the quality of electric power is used as the basis for reconfiguring neural networks in the three-
phase system [6]. In the monitoring system must pay attention to good time and frequency resolution, in order to
obtain optimal electrical power quality monitoring data [7]. Monitoring is used in the smart grid system to inform
in real time about the use of electrical energy and costs to be paid by users [8]. Voltage monitoring using a Neural
Network on a distribution system in a remote area is carried out using only signals from the utility substation [9].

In controlling electrical power quality system, the necessity for data collection and processing becomes
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very important.The obtained measurement data must be up-to-date and measured in real time with good time
resolution and low error. The measured data is in the current and voltage waveform with varying forms and with
very rapid changes in value due to various disturbances, such as harmonics, voltage dip, flicker and so
on.Therefore, a particular method is needed so that these waveform changes can be read and measured completely
in accordance with the actual conditions (low error). Real time data will serve as a basis for improving the quality
of electrical energy sources.

Numerical methods are used to formulate mathematical problems, so that they can be solved by arithmetic
operations. The result is a value that the approximation of actual value with a level of accuracy as desired.In this
case there will be an error because the resulting value is not exactly the same as the actual value.One type of error
is a truncation error that is related to the number of sampling that is limited to a certain term (n-#4).Truncation
error occurs because it doesn't use all the values in the series, where the number of rows is infinite. This omitted
values produces a cutting error.
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Figure 1. Signal Sampling in Trapezoid
The signal sampling method used in this research is the trapezoidal method, where the signal is copied into

the form of a trapezoid with a certain amount of sampling as shown in Figure 1. The trapezoidal method generates
series as follows:
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With the amount of singnal sampling as:
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2. METHODS

The monitoring system consists of data retrieval programs using LabVIEW software, voltage and current
sensors, analog to digital signal converter circuits (ADC), while a personal computer (PC) are being used for
displaying the data.The objectivesof the monitoring system are collectingmeasurement data, converting data from
analogue into digital signals, displaying and storing data on a PC. Measurement data is processed by LabVIEW
software and displayed in real time. Then, the data are sent to the control system. Data processing based on
ENS50160 standard. While the classification of electrical power quality disturbances is based on the IEEE Power
and Energy Society.

The flow of converting analogue to digital signals through several procedures: sampling, quantization and
coding. The focus of this research is on the signal sampling process that is related to the selection of the signal
sampling method so that the minimum number of sampling is possible with the lowest possible error. The number
of signal samplings is very important in order to make an efficient number of bytes needed in ADC process. In
this case the smallest number of signal clicks is selected. The algorithm for determining the number of signal
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flashes in the ADC process is shown in Figure 2. Firstly, the process of determining the number of signal flashes
is done by knowing the series function of a waveform (current or voltage) called f(x). Secondly is determining the
waveformoperational area that already limited by the magnitude a and b.

As describe above, the measured waveform is close to the sinusoidal shape, therefore this research only
uses trapezoidal form for signal sampling method. To determine the number of signal samplings in trapezoidal
form (n1) we need a second derivative of f(x), called f® which is calculated using equation (2), while ni and n2 are
calculated using equation (3). Then the result of n1 and n2 are compared and selected based on the smallest number
of signal samplings.
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Figure 2. The Algorithm of Optimization Signal Samplings

3. RESULTS AND DISCUSSION
The voltage equation consists of a voltage at fundamental frequency and a voltage at a ripple frequency:

Vio =V + Vg
Vinw = Vip sin @ + V. sin k@ &)

If the voltage in equation (5) is copied n-times with the trapezoidal shape at the boundaries a = 0 and b =, then the
voltage equation is obtained as below:

Vinw = % [(Vm sin By + Virsin ko) + 2 X1 (Vi sin 0; + Vipgsin k6;) + (Vi sin 6,, +
Vinksin k6,)| (6)

the second derivative f(x) with k-odd numbers is:
F -2
f(Z) Viw) = o [Vin + kVpuc] (7

After obtaining the average of second derivative, the voltage signal sampling error can be calculated based on
equation (4):
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And the number of signal samplings (n) for a particular error value is:

) 1/2
n= [— [Vin + kvmk]] ©)
6l eyl

After obtaining the number of signal samples based on equation 9, a graph of the relationship between the
number of sampling signals is made with the measured voltage (Figure 5).In addition, errors also occur as a result
of sampling signals using equation 8 and graphically as illustrated in Figure 6.Data was taken on MDP power
panels for five classes of the Electric Laboratory and four classes of the Politeknik Negeri Jakarta Electrical
Workshop (Figure 3). The waveform as the results of signal samplings is shown in Figure 4, where the waveform
will approach the actual shape if the number of samples is very large.

The measured voltage is less than the reference voltage when sampled with an amount of less than 80.The
value of this voltage increases as the number of signals increases (Figure 5). This affects the error that occurs with
an average voltage error of (-0.02843), where the error decreases as the number of signals increases (Figure 6).

Figure 4. Signal Sampling for Sinusoidal
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Figure 5. Number of signal samplings for measured voltage
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Figure 6. Graphic of error as a result of signal samplings

4. CONCLUSION
Based of result and discussion above, the conclusions of this research are:
a. The voltage equation consists of voltage at the fundamental frequency and voltage at the ripple frequency. If
the voltage is taken as many times as the trapezoidal shape, an error will occur
b. The measured voltage is less than the reference voltage when sampled with an amount of less than 80. The
value of this voltage increases as the number of signals increases
c. The amount of signal sampling affects the error that occurs with an average voltage error of (-0.02843), where
the error decreases as the number of signals increases

5. REFERENCES

[1] Isdawimah, R. Setiabudy, and R. Gunawan (2014). The Effect of High Switching Frequency on Inverter
Against Measurements of kWh-Meter. IPTEK Journal of Proceedings Series, vol. 1, pp. 102-108.

[2] I. Sadinezhad and V. G. Agelidis (2011). Slow Sampling on-line Harmonics/interharmonics Estimation
Technique for Smart Meters. Electric Power Systems Research 81 Elsevier Journal, pp. 1643-1653.

[3] IEEE Power and Energy Society (2015). Electrical Signatures of Power System Failures. IEEE The Institute
of Electrical and Electronic Engineers, Inc

[4] F. Salim, K. M. Nor, D. M. Said (2012). Experience in Online Power Quality Monitoring Through VPN.
International Conference High Quality of Power (ICHQP) 15th, IEEE

[4] Soner Emec, Jorg Kriiger, Giinther Seliger (2016). Online fault-monitoring in machine tools based on energy
consumption analysis and non-invasive data acquisition for improved resource-efficiency. 13th Global

Journal of Engineering Design and Technology 5



LOGIC
Jurnal Rancang Bangun dan Teknologi Vol. 19 No. 1 March 2019

Conference on  Sustainable Manufacturing - Decoupling  Growth  from  Resource  Use,
www.elsevier.com/locate/procedia

[6] Martin Valtierra-Rodriguez et al. (2013). Reconfigurable instrument for neural-network based power-quality
monitoring in 3-phase power systems. [ET Journal Generator Transmission Distribution, 7,Iss. 12, pp. 1498—
1507

[7] Mahdi Hajian, Asghar Akbari Foroud, Ali Akbar Abdoos (2013). New automated power quality recognition
system for online/offline monitoring. Neuro computing Journal, 128, 389-406 journal homepage:
www.elsevier.com/locate/neucom

[8] Bochu Subhash and V.Rajagopal (2014). Overview of Smart Metering System in Smart Grid Scenario. Power
and Energy Systems: Towards Sustainable Energy (PESTSE 2014)

[9] Alex S. Silva, Ricardo C. dos Santosa, Fernando B. Bottura, Mario Oleskovicz (2017). Development and
evaluation of a prototype for remote voltage monitoring based on artificial neural networks. Engineering
Applications of  Artificial  Intelligence  Journal, 57, 50-60.  journal = homepage:
www.elsevier.com/locate/engappai

Journal of Engineering Design and Technology 6



