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Abstract. This paper is about the design of a power quality 

monitoring system based on LabVIEW for factory power quality 

defined in the IEEE Standard 1459-2010 [1] for single-phase, 

three phase three-wire and three-phase four-wire power systems 

[1] and [2]. With LabVIEW as development platform, composed 

by some functional modules such as data acquisition, data 

processing, data storage, and data report, etc. defined in 

International standards concerning electrical power quality 

Standard EN 50160 [3] and [4]. This system has advantages of 

better analyzed affection and low cost, and can be extended 

easily. 
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1. Introduction 

Due to the intensive use of power converters and other 

nonlinear loads in industry and by consumers in general, it 

can be observed an increasing deterioration of the power 

systems voltage and current waveforms, the presence of 

harmonics in lines, interference problems in 

communication systems and, sometimes, in operation 

failures of electronic equipments.  

Because of these and other problems, the issue of the 

power quality delivered to the end consumers is, more than 

ever, an object of great concern. International standards 

concerning electrical power quality (EN 50160, IEEE 

Standard 1459-2010 among others) impose that electrical 

equipments and facilities should not produce harmonic 

contents greater than specified values, and also specify 

distortion limits to the supply voltage [3] and [4].  

The paper is organized as follows. Section 2.  describes 

the two International standards concerning electrical power 

quality related to this work. Section 3. gives the 

description of the hardware used Section 4. describes 

briefly the programming environment used for creating the 

measurement system: data acquisition method, the 

effective values of the voltage and current, fundamental 

wave of the three-phase voltage and current, etc. In 

Section 5. results of experiments. Conclusions are given in 

Section 6. 

 

 

2. Standard  

A. Standard EN 50160.  

In standard EN 50160 several voltage parameters are 

defined [3] and [4]. The most important are: 

Harmonic voltage a sinusoidal voltage with a 

frequency equal to an integer multiple of the fundamental 

frequency of the supply voltage. Harmonic voltages can 

be evaluated: individually, globally.  
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B. IEEE Standard Definitions 1459-2010 

The standard defines the power measurement when 

the voltage and current are not sinusoidal, when the load 

is unbalanced or voltage is asymmetric and when the 

energy dissipated. The key concept of standard for power 

resolution is the separation fundamental component of 

voltage and current from all of harmonics component [1] 

and [2]. This improves the quality of measurement of 

instrument and traditional power monitor system. In this 

paper, we focus on three phase sinusoidal and non 

sinusoidal system. The most important definitions are 

summarized in Table 1. 

 
Table 1. Lists the three basic powers: apparent, active, and non-

active. The last three rows give the following indices: harmonic 

pollution factor and load unbalance factor. 
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The basic power component definitions

phase system we use are: 
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The apparent power is defined as  
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The current distortion power, voltage distortion power, and 

harmonic apparent power are as follows: 

eH1e1e IV3D =                      

1eeHeV IV3D =     

eHeHeH IV3S =    

2
eH

2
eHeH PSD −=    

The load unbalance can be evaluated using the following 

fundamental unbalanced power: 
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That plays the same significant role that the fundamental 

power factor has in nonsinusoidal single-phase systems.

The Power factor is 

eS

P
PF =     

 

3. Description of the hardware 

 The developed power quality monitor measurement 

system uses three voltage transformers (38

Hall-effect current sensors (LEM LA 55-

mA) [5]. The sensors are connected to data acquisition NI 

USB 6211 from National Instruments through of circuit 

conditioning. Its main characteristics are: 

(16-bit, 250 kS/s), 2 analog outputs (16-

basic power component definitions [1] for three 
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  (4) 
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  (9) 

  (10) 

The current distortion power, voltage distortion power, and   
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The load unbalance can be evaluated using the following 
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That plays the same significant role that the fundamental 

phase systems. 

  (20) 

The developed power quality monitor measurement 

(380V- 6V) and 3 

-P/SP1, 50A – 25 

The sensors are connected to data acquisition NI 

USB 6211 from National Instruments through of circuit 

Its main characteristics are: 16 analog inputs 

-bit, 250 kS/s); 4 

digital inputs;  4 digital  outputs; 2 

[7].  

A standard desktop personal computer (PC)

the Windows 7 operating system, was used as the system 

processing unity. Fig. 1 shows a block diagram of the 

developed power quality monitoring system.

The signals of voltage and current

the signals applicable for the data

through voltage and current transformers,

the signal conditioner, these signals are

sent to the data acquisition card by were subsequently 

analyzed. 

Fig. 1. Shown block diagram of developed instrument.

 

4. Software. 

This section describes briefly the programming 

environment used for creating the measurement system. 

LabVIEW is a platform and development environment 

for a visual programming language from National 

Instruments. It is a graphical language designed for 

engineers and scientists and quite unique in the method 

by which code is constructed and saved

The LabView environment contains pre

drivers for a variety of measurement devices. The 

configuration of devices is in most cases done without 

user help.  

In this software user is able to choose and 

synchronize used hardware and create measurement 

tasks. A task is a predefined configuration setting for a 

specific device. The settings can also be passed to the 

device directly from a VI.  In o

up a task. Fig. 3. illustrates a basic LabVIEW structure 

used to implement continuous acquisition

 

Fig. 2. Process task settings

 

Fig. 3. The Flowchart of Continuous Acquisition.

outputs; 2  32 - bit  counters [6] - 

desktop personal computer (PC), running 

operating system, was used as the system 

Fig. 1 shows a block diagram of the 

developed power quality monitoring system. 

he signals of voltage and current are converted to 

the signals applicable for the data acquisition card 

age and current transformers, then, through 

the signal conditioner, these signals are conditioned to be 

acquisition card by were subsequently 

 
Shown block diagram of developed instrument. 

describes briefly the programming 

environment used for creating the measurement system. 

LabVIEW is a platform and development environment 

for a visual programming language from National 

Instruments. It is a graphical language designed for 

entists and quite unique in the method 

by which code is constructed and saved [8].  

The LabView environment contains pre-installed 

drivers for a variety of measurement devices. The 

configuration of devices is in most cases done without 

software user is able to choose and 

synchronize used hardware and create measurement 

tasks. A task is a predefined configuration setting for a 

specific device. The settings can also be passed to the 

In our case we preferred to set 

illustrates a basic LabVIEW structure 

used to implement continuous acquisition [9]. 

 
Process task settings. 

 
The Flowchart of Continuous Acquisition. 
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Fig. 4. Block diagram of a continuous buffered acquisition

(1) This “VI DAQmx Timing” configures the sample 

timing and buffer size (samples per channel) of the task. 

Select the Sample Clock instance from the pull

use the internal clock on the DAQ device.

DAQmx starts” the measurement task. (3) 

Read” Reads a certain number of samples from the circular 

buffer (it is inside a While cycle, which ends only when the 

program is terminated). (5) The Wait Until Next ms Multiple 

function on the block diagram. This function causes the loop 

to execute every 100 ms. (6) Place a While Loop on the block 

diagram. The While Loop repeats the subdiagram inside it 

until the conditional terminal receives a particular Boolean 

value. (8) This “VI stops” the measurement task.

be started again (9) In the event of an 

displays a dialog box  with  information regarding

and its  location [9]. 

 

Fig. 5. Fundamental Vector.VI: Calculates the fundamental 

vector of a voltage or current signal for 

Fig. 6. Corresponding block diagram for the voltage and current

RMS and Fundamental vector

 

Fig. 7. Spectrum of the distorted using FFT

 
Block diagram of a continuous buffered acquisition. 

configures the sample 

timing and buffer size (samples per channel) of the task. 

Select the Sample Clock instance from the pull-down menu to 

use the internal clock on the DAQ device. (2) This “VI 

 This VI “DAQmx 

Reads a certain number of samples from the circular 

buffer (it is inside a While cycle, which ends only when the 

The Wait Until Next ms Multiple 

function causes the loop 

Place a While Loop on the block 

diagram. The While Loop repeats the subdiagram inside it 

until the conditional terminal receives a particular Boolean 

the measurement task. The task can 

 ”error”, this VI 

information regarding  the  error 

 
Calculates the fundamental 

or current signal for N channels. 

 
Corresponding block diagram for the voltage and current 

RMS and Fundamental vector. 

 
Spectrum of the distorted using FFT. 

 

FFT spectra VI: Computes the FFT spectra of input 

waveforms. This VI returns FFT spectra as complex 

spectra of voltage and/or current, up to a specified 

maximum harmonic order with a frequency resolution 

around 5 Hz, which is the fundamental frequency divided 

by 10 or 12. 

Fig. 8.  Determination of electric powers.

Power VI: Calculates power values from voltage 

and current spectra. This VI returns apparent power, 

active power, reactive power, and the power factor.

Storage of measurement data

in different ways, as for example in a database or in a 

dedicated file. Creation of a dedicated database would be 

time consuming and was not a part of specifications for 

the thesis. It was therefore decided to 

of files, according to the aggregation times.

Measurement File Express VI

5. Experimental Results

The virtual instrument developed through the front 

panel, graphical user interface (GUI) provides analysis 

functions according to the standard EN 50160: Magnitude of 

the supply voltage and Current, frequency, the phasor

diagrams for voltage and current

harmonics, voltage unbalance. And other analysis conforms 

to the IEEE Standard 1459-2010: real and reactive power, 

energy use, power factor and frequency etc

The system was tested and calibrated in laboratory 

provides continuous monitoring of a three

with resistive, inductive and capacitive loads.

Figs. 9, 10, 15, 19 shows the front panel the experimental 

results, in case of a sinusoidal, 

three-phase system with fundamental line

380 V.  The rms effective voltage (Ve), the fundamental 

voltage (Ve1) the nonfundamental VeH and the rms 

effective current (Ie), the fundamental current (Ie1) the 

nonfundamental (IeH). The current

voltage distortion power (DeV), the total harmonic 

distortions (THDeV, THDeI). The phasors diagrams for 

voltage and current, the fundamental frequency

angle between the phasors, and the cosine and sine.

9. shows the result of the test with unbalanced resistive

inductive load. The Fig. 10. shows the result of the test with 

distorted and balanced resistive load.  Where we note that 

the harmonic factor is very high due to the great value of 

THDeI in the load current.

representing the harmonic current DC.

Figs. 15 and 19 presents the results in case of a 

sinusoidal and balanced three

fundamental line-to-line voltage of 380 V

connected to three phase transformer a load without

19. inductive load.  

Figs. 11, 12, 16, 20 Shown the results the developing 

Harmonic Power Analyzer based on IEEE 1459

Standard for three phases power system

Computes the FFT spectra of input 

waveforms. This VI returns FFT spectra as complex 

spectra of voltage and/or current, up to a specified 

maximum harmonic order with a frequency resolution 

around 5 Hz, which is the fundamental frequency divided 

 
Determination of electric powers. 

Power VI: Calculates power values from voltage 

and current spectra. This VI returns apparent power, 

active power, reactive power, and the power factor. 

Storage of measurement data, the data can be stored 

in different ways, as for example in a database or in a 

dedicated file. Creation of a dedicated database would be 

time consuming and was not a part of specifications for 

It was therefore decided to store data in a set 

iles, according to the aggregation times. Write To 

Measurement File Express VI. 

. Experimental Results 

The virtual instrument developed through the front 

panel, graphical user interface (GUI) provides analysis 

functions according to the standard EN 50160: Magnitude of 

the supply voltage and Current, frequency, the phasors 

diagrams for voltage and current [10], Voltage and Current 

harmonics, voltage unbalance. And other analysis conforms 

2010: real and reactive power, 

energy use, power factor and frequency etc [1] and [2].  

The system was tested and calibrated in laboratory 

continuous monitoring of a three-phase system, 

with resistive, inductive and capacitive loads. 

shows the front panel the experimental 

lts, in case of a sinusoidal, balanced and unbalanced 

phase system with fundamental line-to-line voltage of 

The rms effective voltage (Ve), the fundamental 

voltage (Ve1) the nonfundamental VeH and the rms 

effective current (Ie), the fundamental current (Ie1) the 

nonfundamental (IeH). The current distortion power (DeI), 

voltage distortion power (DeV), the total harmonic 

distortions (THDeV, THDeI). The phasors diagrams for 

voltage and current, the fundamental frequency. The phase 

angle between the phasors, and the cosine and sine. The Fig 

the result of the test with unbalanced resistive-

. shows the result of the test with 

distorted and balanced resistive load.  Where we note that 

the harmonic factor is very high due to the great value of 

THDeI in the load current. And the presence of 0 

representing the harmonic current DC. (Figs. 13 and 14).  

presents the results in case of a 

sinusoidal and balanced three-phase system with 

line voltage of 380 V, where Fig. 15. is 

nsformer a load without and Fig. 

Shown the results the developing 

Harmonic Power Analyzer based on IEEE 1459-2010 

Standard for three phases power system [1].
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Fig. 9. Experimental test under a sinusoidal

Fig. 10. Experimental test under a sinusoidal and balanced three

Fig. 11. . Experimental test under a sinusoidal and balanced three

phase system with unbalanced resistive inductive load

tal test under a sinusoidal three-phase system with unbalanced resistive

. Experimental test under a sinusoidal and balanced three-phase system with distorted and balanced 

 
Experimental test under a sinusoidal and balanced three-

inductive load (Fig. 9). 
Fig. 12. Experimental test under a sinusoidal and balanced, 

system with distorted and balanced resistive load (

 
phase system with unbalanced resistive inductive load. 

 
phase system with distorted and balanced resistive load.

 
under a sinusoidal and balanced,  three-  

ed and balanced resistive load (Fig. 10). 
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Fig. 13. FFT result  for inputs the figure 10. 

 

 
Fig. 14. Spectral harmonics analysis for inputs current the Fig. 10. 

 

 
Fig. 15. Experimental test under a sinusoidal and balanced three-

phase system connected to three phase transformer a load without. 

 

 
Fig. 16. Experimental test under a sinusoidal and balanced three-

phase system connected to three phase transformer a load without, 

for inputs the Fig. 15. 

 
Fig. 17. FFT result for inputs current the figure 15. 

 

 
Fig. 18. Spectral harmonics analysis for inputs current of  

the Fig. 15. 

 

 
Fig 19. Three phases measurement window display inductive 

load. 

 

 
Fig. 20. Experimental test under a sinusoidal and balanced 

three-phase system with inductive balanced load,   

for inputs on Fig. 19. 
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Fig. 21. FFT result  for inputs voltage the Fig. 19. 

 

 
Fig. 22. FFT result  for inputs current the figure 19. 

 

 
Fig. 23. Harmonic calculation for inputs fundamental voltage and 

current the Fig. 19. 

 

6. Conclusion  

A. Summary of findings 

This paper describes a developed system that can be very 

useful for power management and power quality monitoring, 

suitable for industrial or commercial facilities, or even for 

research purposes.  To accomplish that, transformers de voltage 

and hall effect sensors current, the National Instruments USB-

6211 is a bus-powered USB M Series multifunction data 

acquisition (DAQ), a LabView environment, as it provides a 

programming language with possibilities of easy control of 

external hardware and of being used in many hardware and 

software platforms, as FPGA, PDA (personal digital assistant) 

and PC (personal computers) with a variety of operating systems. 

The system has been used to perform measurements at tension, 

current, frequency, to calculate powers, harmonics according to 

the EN 50160 and IEEE Standard 1459-2010, which is 

documented by section 5. 

The developed monitoring system is flexible, presents 

a user-friendly interface and a large data storage capacity, 

since it uses the PC hard disk for that purpose. It 

generates HTML reports that can be accessed through 

Internet, and can also generate data for other applications 

running in the Windows environment. 

 

B. Implications for the future.  

 

The further development of the created system, by: 

Addition of modules responsible for control of current or 

voltage overload. Adding a possibility of storing data in a 

data base, adding a possibility of controlling the 

communicating with the system over the Internet, using 

CompactRIO. 
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