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Příloha II: Hlavní blokový diagram aplikace pro off-line vyhodnocení 



 

 

Příloha III: Rozšířený abstrakt v anglickém jazyce 

 

Extended abstract 
The main aim of the thesis was to design a rapid voltage changes monitor implemented according 

to international standards. For the development of this thesis was necessary to study problematics 

about measuring and evaluating of rapid voltage changes, study existing standards, measuring 

chain design, selection of appropriate hardware, software design and development of motioring 

application and application for off-line evaluation. Also was necessary verification and evaluation 

of application functionality and used technology. 

 

Rapid voltage changes are for example defined in the IEC 61000-4-30. In section A.4 of this 

standard is the rapid change defined as "a quick transition the RMS voltage between two steady 

states.“ The rapid voltage change is a change the voltage within the range ± 10% of nominal 

voltage, which is also allowable tolerance range of voltage in the distribution network. During the 

rapid voltage changes, voltage shouldn’t exceed a threshold voltage of short-term voltage decrease 

and / or short-term voltage increase, otherwise it could be considered as a voltage dip or short-term 

voltage decerase / increase. 

 

Rapid voltage changes  usually don’t affect the reliability of control and computer systems but 

their negative effect is the phenomenon known as flicker. This phenomenon symptoms are visual 

perception changes under artificial lighting such as light bulb. This change in visual perception is 

caused by changes in the luminous flux versus time due to rapid voltage changes. Flicker is 

perceived by human as disturbing. 

 

Until relase of IEC61000-4-15 Ed.2 there were about evaluating the rapid voltage changes in 

energy quality standards only fragmented references. Rapid voltage changes are mentioned in these  

standards: IEC 61000-4-30, PPDS (Rules for the operation of the distribution network), PNE 33 

3430-7 and IEC 61000-3-3. Noteworthy is the frequency of rapid voltage changes under normal 

operating conditions in PPDS and in standard IEC 61000-3-3 the requirement to evaluate the 

parameter t(d (t)> 3.3%). Parameter t(d (t)> 3.3%) is duration of rapid voltage change deviation exceeding 

3.3%. This duration shouldn’t exceed 500 ms. 

 

In the IEC 61000-4-15 Ed.2 is closely described the condition of steady state voltage and 

methods of measurement and evaluation of rapid voltage changes. This standard is based on 

evaluation of rapid voltage changes from effective half period voltages between successive zero-

crossings of the fundamental harmonic frequency. IEC 61000-4-15 standard is unifying, specifies 

in detail all required issues and is a key basis for development of rapid voltage changes monitor. 

 

Steady-state condition according to IEC 61000-4-15 Ed.2 is that every single half period RMS 

voltage Uhp remains within the tolerance range Uhp_avg ± 0.2%, where Uhp_avg is sliding 1 second 

average value of Uhp values. If the condition of the formula isn’t passed, it isn‘t present steady state 



 

and is expected event which is the subject of the evaluation of rapid voltage changes monitor. If the 

voltage later again fulfills the condition of the formula, is appointed new steady-state and thus the 

level of the new steady state voltage. 

 

Rapid voltage changes monitor according to IEC 61000-4-15 Ed.2 evaluates the duration of 

rapid voltage changes, dc parameter and dmax parameter. The dc parameter is the difference between 

two consecutive steady-state values, expressed as a percentage of nominal voltage. If the voltage 

decreases, the dc value will be positive. If the voltage increases, the dc value will be negative. The 

dmax parameter is the absolute maximum difference between the last steady-state and effective half 

period voltages during the rapid voltage change, expressed as a percentage of nominal voltage. 

Furthermore, according to IEC 61000-3-3 is investigated t(d (t)> 3.3%) parameter. The frequency of 

rapid voltage changes can be evaluated after measurement by using an application for post-

processing. 

 

Development environment for rapid voltage changes monitor and post-processing 

application is chosen National Instruments LabView 2010. LabView is a software for experiment 

control, data acquisition from measurement cards, cameras, etc., and processing of data in real 

time. Applications functionality was tested by using the measuring card National Instruments PCI-

6221, which is available in the university laboratory. The measurement card has 16 analog inputs 

with 16 bit resolution and maximum sampling frequency of 250 kS/s. The maximum analog input 

voltage range is ± 10 V. The card was connected with the signal generator, in case measuring on 

distribution network would be necessary to use suitable matching circuits. 

 

In LabVIEW development environment were created two applications. First one is 

monitoring rapid voltage changes, shows their parameters on the screen and storing data on disk. 

Second application is an off-line evaluation,  which stored data reads from the disk and evaluates. 

Displays the frequency of rapid voltage changes and plots graphs. 

 

Main block diagram of the rapid voltage changes monitor runs in an endless While loop, in 

which is placed the sequence. Sequence calls in succesive steps various sub blocks. The sequence 

is used because the collisions occurs while calling same sub blocks which process the signal on the 

input in the same time. Time interval for loop is determined by reading inputs, in the case of a 

simulated input is interval determined by constant value. The first part of the sequence reads signal 

segment from the analog inputs of measurement card or a simulator for analyze. In other parts are 

pre processed first, second and third phase of the signal. The last part displays the results and saves 

them to disk. 

 

Input is designed as a switchable between the simulator and the input of the measuring card. 

In both cases, the segment of the processed signal is the waveform data type, length 200 ms and 10 

periods for 50 Hz signal. Rapid voltage changes application can handle any sample rate within 

usual range. As sampling rate of measuring card and the simulator is selected 9.6 kHz, which is 

also recommended minimum sampling frequency. 

 



 

The most important part of the rapid voltage changes monitor application is signal 

processing and evaluation. Processing and evaluation of signal phases runs sequentially, to avoid 

sub procedures colliding with each other. The earliest is processed the first phase, then second 

phase and finally the third phase. Method of processing and evaluation of all three phases are 

identical and independent, it’s the same block. 

 

Within the signal processing and evaluation block signal goes first through the DC 

compensation block, then enters a block of zero-crossing detection of signal fundamental frequency 

and obtained information is used by block that segment of the processed signal shifts to the zero 

phase for better workability. Signal segment shifted to zero phase goes again through the zero-

crossing detection block and retrieved information uses a block for measuring RMS voltages of 

each half period. The block output for 50 Hz signal segment is array of 20 half period RMS 

voltages. The block output is also a array of time data, which relate to each half period RMS 

voltage. Time values are related to the zero-crossings. 

 

Array of half period RMS voltages then enters the blocks, which evaluates their amplitude. 

The first of these blocks is testing the presence of steady state voltage. This information is used by 

next two interdependent blocks, which eventually operates with the rapid voltage change. The first 

of these two blocks keeps the last rapid voltage change half period RMS voltages and its output is 

an array of these values. The second block is responsible for analyzing rapid voltage changes and 

determines the required parameters. 

 

The last part of the sequence provides displaying the results of the evaluation and stores 

these results on disk. Recent rapid voltage change processed data of all phases are inserted into a 

single data array. This array  is formated into user viewable table and in the case of new rapid 

voltage change block writes new data to disk. It‘s possible to store the parameters of rapid voltage 

changes and their characteristics if enabled. 

 

The second created application is for off-line evaluation of rapid voltage changes. The 

application code is divided into two parts. First part retrieves data stored in files from disk and the 

second part evaluates these data. Evaluated data are displayed on the screen as tables and graphs. 

The application assumes data files storing  into the DATA folder, which is placed in a folder with 

source files. 

 

Generated file names are derived from IEEE Std C37.232-2007, which specifies the 

recommended time sequence data file naming. The file names are defined as follows: Date, Time, 

Time Zone, ID of measuring equipment, measurement name, data type .csv. The date is in 

YYMMDD format, time is in HHMMSS format, time zone UTC +1 h is used for the Czech 

Republic, ID of the measuring device is always RVCH_Monitor, measurement name chooses user 

and the data type for the parameters of rapid voltage changes is ParOut or CharOut for 

characteristics. If the measurement data file records number exceeded the limit one or more times, 

new files retain the same name structure. 

 



 

File format is CSV (comma-separated values). This format was chosen as a suitable 

compromise between readability in standard text editor, and difficulty in subsequent processing. 

Application used CSV format separates events data by a new line in the file, each event parameter 

(column) is separated by a semicolon. The possibility of using quotation marks weren’t used. 

 

Structure of file with parameters of rapid voltage changes is different from file with their 

characteristics. In both cases files are easy openable in spreadsheets such as Microsoft Excel or 

OpenOffice.org Calc. 

 

In the parameters files is always the first line a header, which indicates describes each 

column. Under the heading line, they are then entered parameters of the events as they arrived in 

time. Parameters are the event number, start time and date of the event, phase, duration of 

the event, dc parameter, dmax parameter, td(t)>3.3% parameter and status text. 

 

In the characteristics files isn’t any file header recorded. Each event starts with a line that 

indicates the event number. The second line is starting time and date of event. The third and fourth 

line is event characteristics. The third line contains the time values of the x-axis in seconds, the 

fourth line contains y-axis half period RMS voltages. Individual events are separated by blank 

lines. 

 

Verification of the application functionality was proceeded by generating a simulated 

signal supplied to the input, later in the school classroom was verified the accuracy of the signal 

evaluation from the generator connected to the measuring card. The application worked correctly as 

expected. Possible problems could be detected only after extended testing in real application in 

practice. 

 

For the application development was necessary to keep the clarity of code and ensure that 

isn’t running any redundant calculations. Because the application performs an evaluation in real-

time, poorly designed project would have problems with processing of signal from the 

measurement card input. 

 

The main contribution of this thesis is processing of rapid voltage changes problematics 

according relatively new standard IEC 61000-4-15 Ed.2. Developed applications for the evaluation 

of rapid voltage changes may be a significant inspiration for new power quality software 

development. 

 


