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Abstract 
Laboratory exercises are a very important part of the education of every modern study of electrical 
engineering. During laboratory exercises, electrical engineering students measure electrical signals on 
real electrical systems. The signals that occur in such systems are often time-varying, so 
oscilloscopes are usually used to observe and record electrical signals. Standard oscilloscopes allow 
observations of up to 4 electrical signals and record a relatively small number of samples of the 
observed signals. In order to gain a better understanding of the behavior of electrical systems, 
students sometimes need to observe and record more than 4 electrical signals for a long time. In such 
cases, instead of an oscilloscope, it is more convenient to use Data Acquisition instruments. Data 
Acquisition instruments allow for observations of a large number of electrical signals, have high-
resolution analog to digital converters, and record a relatively large number of electrical signal 
samples in the memory space of a personal computer. 

The article demonstrates the use of the DATAQ DI-730 Series Data Acquisition instrument to display 
and record samples of 8 analog signals from the electrical system. Samples of analog signals are 
recorded on the personal computer's hard disk. Reading and processing of recorded signals is done 
using free open source Scilab software, within which a special Scilab function for reading and 
graphically displaying signals is created. By using the described Data Acquisition instrument and the 
special function created within the Scilab software, students gain a better understanding of the 
phenomena within the observed electrical systems. 
Keywords: Laboratory exercises, electrical engineering, education, data acquisition, Scilab function. 

1 INTRODUCTION 
An important part of education for an electrical engineer consists of laboratory exercises during which 
students make electrical measurements on various electrical systems. To understand the operation of 
observed systems, it is often necessary to measure more than 4 electrical signals. Therefore, rather 
than using standard four-channel oscilloscopes, it is convenient to use data acquisition instruments to 
measure a large number of time-varying signals. Also, the resolution of a standard oscilloscope is only 
8 bit, which is much lower than the resolution provided by data acquisition instruments.  

After the introduction, the second section will show an example of an electrical system where 8 
electrical signals need to be measured. The third section will describe the commercial acquisition 
instrument DI-730-USB and its associated software that allows 8 high-voltage signals to be measured 
and recorded simultaneously. The first part of Section 4 will briefly describe the capabilities of free 
open source Scilab software, and the rest of the same section will present a special function that 
allows Scilab to read and display data recorded with a DI-730-USB instrument. Section 5 describes 
the signal measurement process for the system described in the second section and displays the 
images of the measured signals drawn by a special Scilab function. Section six provides conclusions. 

2 ELECTRICAL SYSTEM 
One electrical system that can appear in electrical engineering education is shown in Fig. 1. The 
system consists of a three-phase induction electric motor and a DC generator whose shafts are 
mechanically coupled. A DC tachogenerator is connected to the DC generator, which supplies a 
voltage U8 proportional to the shaft speed. The label U7 represents the voltage at the output of the DC 
generator. The power supply of the system is realized from a three-phase electrical network (L1, L2, 
L3, N) using a variable autotransformer Tr. Low resistance resistors R are connected between the 
autotransformer and the AC motor.   
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Figure 1. Electrical system diagram 

Due to the simultaneous measurement of eight voltages of the system (U1 to U8), it is convenient to 
use an acquisition instrument. In the next section, we will describe one such commercial data 
acquisition instrument. 

3 DATAQ DI-730 SERIES DATA ACQUISITION INSTRUMENTS 
The DI-730 Series data acquisition instruments are primarily designed for a wide range of industrial 
and research measurements and can replace racks of isolation amplifiers, voltage amplifiers, and pen-
on-paper chart recorders ([1], [2]). Common examples of use include measurements during the 
monitoring, maintenance, and troubleshooting of electric motor drives, generators, or other electrical 
systems. Three models of the DI-730 Series instruments are available, depending on the 
communication interface for connecting to a personal computer. The personal computer stores, on the 
hard disk, samples of the signals measured by the acquisition instrument. The DI-730-P instrument, 
which only has a printer port interface, is not recommended for new applications. Newer DI-730-USB 
and DI-730-E models are recommended because they support USB or Ethernet communication in 
addition to parallel port communication. In this paper, we will use a DI-730-USB instrument and USB 
communication with a personal computer.  

3.1 DI-730-USB hardware 
Fig. 2. shows 8 isolated high-voltage differential analog input channels on the front panel of the DI-
730-USB instrument. The measured voltage of each input channel is converted to a digital number 
using a 14-bit A/D converter. 

    
Figure 2. DI-730-USB Data Acquisition instrument front panel 

The DI-730-USB offers an additional 16 non-isolated general-purpose inputs (± 10V full scale) 
available on the EXPANSION port on the back of the instrument [3]. These inputs are not used in this 
paper. Isolated high-voltage input channels have ±1000V input-output and channel-to-channel 
isolation. The measurement range can be independently selected for every high-voltage channel, from 
±10mV to ±800VDC (or peak AC). Input measurement ranges of ±10mV, ±100mV, ±1V, ±10V, ±100V 
and ±1000V are available. The ±1000V range is only usable up to ±800VDC or peak AC. The input 
measurement range is programmable using WinDaq software [4]. 

3.2 WinDaq software 
WinDaq software is available in a free or paid version, and in addition to the programmable setting of 
the measuring range, it can record signals brought to the input channels of the data acquisition 
instrument [5]. Free WinDaq/Lite version works with a maximum signal sample throughput rate of 240 
Hz, but paid WinDaq/Pro or WinDaq/Pro+ versions allow recording speed of the DI-730-USB 
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instrument up to 150 kHz [1]. Signal samples are recorded to the hard drive of the personal computer 
into a windaq.Document file with the .wdq extension. After recording, the free WinDaq Waveform 
Browser (WWB) software can be used to view and copy the desired piece of data to a new file of a 
different storage format [6]. In this article, we used version 2.81 of WinDaq/Pro+ and version 2.27 of 
WWB software on the Windows 7 operating system. WWB software will be used to convert a .wdq file 
to a .csv file, which is much easier to read with many standard data processing programs. Fig. 3. 
shows the beginning of one such .csv file with recorded signal data opened in Excel. 

 
Figure 3. Signal information and measured samples converted to .csv file 

The first row of the .csv file contains information on the number of signal samples recorded by the DI-
730-USB instrument in one second, while the second and third row of the file contain comments, if the 
user has entered them in the Spreadsheet Comments window of the WWB software. At the beginning 
of the fourth row, there is a Time label indicating that the first column of the file will contain the 
acquisition time of each recorded sample. After the Time label, the fourth row contains the labels of 
each channel, if the user has entered them in the Channel Annotation window of the WWB software 
[6]. The beginning of the fifth row contains a sec label indicating that the sampling time is written in 
seconds. After the sec label, the fifth row contains the labels of the measuring units of the recorded 
signals. The sixth row, and all the remaining rows of the .csv file, begin with the sample time, and 
continue with the signal sample values at that time, in the order from the first to the eighth acquisition 
instrument input channel.  

Although the WinDaq software mentioned earlier allows some processing and display of signals 
recorded during laboratory exercises, it is advisable to give students the opportunity to process the 
signals in well-known free and open-source software used in education. One such software is Scilab.  

4 SCILAB SOFTWARE AND SIGNAL DISPLAY FUNCTION 
In this section, we will briefly describe the Scilab software and a special function we wrote in Scilab's 
high-level programming language. This function enables you to read and display measured signal data 
from .csv files created by WWB software. 

4.1 Scilab software 
Scilab is software for solving engineering and scientific problems. It contains a high-level programming 
language, a powerful numerical computing environment and includes hundreds of mathematical 
functions. Scilab offers a number of functions for mathematics, statistics, optimization, data analysis, 
2-D and 3-D visualisation, control system analysis and signal processing [7]. It is free and open-source 
software, released as open-source under the GPL license [8]. Due to its free and open license and its 
large number of powerful data processing and display functions, it is suitable for use in electrical 
engineering education along with commercial data acquisition instruments, such as the DI-730-USB. 
Unfortunately, there is no existing Scilab function to read and display data from a file recorded with a 
DI-730-USB instrument. To simplify the display of the signals from a .csv file containing data recorded 
with a DI-730-USB instrument, a special plot_di730csv Scilab’s function was written. Below we will 
show and describe this function. 
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4.2 Signal display function 
Scilab's plot_di730csv function reads the recorded signal data from a .csv file created by WWB 
software and draws images that display those signals. Graphically displayed signals can be further 
processed in other ways using many built-in Scilab functions. The plot_di730csv function shown below 
can be roughly divided into three basic parts. The first part of the function, shown in Fig. 4, tries to 
open the file and read all its data. 

 
Figure 4. The first part of the plot_di730csv function 

If the .csv file is successfully opened in the third line of the function, in line seven information 
describing the recorded signals is read, and in the ninth line that information is recorded in a file with 
the extension .csv_info. The resulting file contains the first five rows of the file shown in Fig. 3. In the 
twelfth line of the function, all the remaining rows of the source .csv file are read. As described in the 
previous chapter, each of these rows begins with a record of the time when the signal sample was 
taken, and further contains the values of the signal samples from the first to the eighth channel. The 
14th line of the function writes this information to a new file with the extension .csv_values. In the 
sixteenth and seventeenth line, the readings of the sample values are converted to double format, and 
in the nineteenth line, the sampling time is set aside. The twenty-first and twenty-third line create a 
voltage matrix U. In the second part of the function shown in Fig. 5, the read values of the recorded 
signal samples will be copied to that matrix. 
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Figure 5. The second part of the plot_di730csv function 

The second part of the plot_di730csv function draws figures of all signals recorded in the source .csv 
file. This part of the function contains a for loop that executes as many times as there are recorded 
signals in the file. In the twenty-sixth line of the function, the sample values of all signals are copied 
into the voltage matrix U. The twenty-eighth line opens a plot window and draws a signal, and then the 
background color of the figure and the font size of figure text are defined from the thirty to the thirty-
third line. Creating and printing a title of the figure that captures information about the sample time and 
comment related to the drawn signal is made from the thirty-fifth to the forty-first line. From the forty-
third to the forty-fifth line, a signal legend is created and printed on the figure. The denotation of the x 
and y axes of the drawing is done in the forty-seventh and forty-eighth line.  

The third part of the plot_di730csv function, shown in Fig. 6, closes access to the source .csv file and 
deletes all the variables created by the function from the Scilab workspace.  

 
Figure 6. The third part of the plot_di730csv function 

In the event of an unsuccessful attempt to open the .csv file, line fifty-three prints an error message. If 
the user wishes to delete the created .csv_info or .csv_values files from the computer's hard drive, the 
comment markers // in line fifty-six or fifty-seven must be deleted. Deleting all variables created in the 
Scilab workspace is done from the fifty-eighth to the sixty-first line. 
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In the next section, we will show how the plot_di730csv function can be used to draw electrical signals 
measured and recorded using a DI-730-USB instrument.  

5 SIGNAL MEASUREMENTS AND DISPLAY 
Signal measurements are made on the electrical system described in the second section. The left side 
of Fig. 7. shows an electrical system, and the right side shows the DI-730-USB instrument next to the 
computer on which measured data is recorded. All measured signals, labelled from U1 to U8 in Fig. 1, 
are connected to the high-voltage inputs of the DI-730-USB data acquisition instrument. 

 
Figure 7. Signal measurements 

WinDaq/Pro+ software is used to set the measurement time and initiate signal recording. Conversion 
of saved data to a .csv file is done using WWB software. The described plot_di730csv function is used 
to draw and display signal images shown in Fig. 8.  
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Figure 8. Measured signals drawn using plot_di730csv function 

6 CONCLUSIONS 
In order to overcome the limitation of measurement by standard oscilloscopes having up to four 
channels, this paper presents the use of an acquisition instrument to simultaneously measure and 
record many (in this case eight) time-varying electrical signals. In addition to multiple channels, a good 
feature of acquisition instruments are the much higher resolutions than the 8-bit resolution of standard 
oscilloscopes.  

The signal measurement and recording described in this paper were implemented using a DI-730-
USB instrument that has 8 high-voltage 14-bit input channels. This simultaneous measurement of 
many signals gives electrical engineering students a better insight into the behavior of the observed 
system.  

It is convenient to use the well-known free open source Scilab software to process signals recorded 
with data acquisition instruments. In order to facilitate the processing of such data within the Scilab 
development environment, the special plot_di730csv function was created and tested. This function 
gives students the ability to quickly and accurately display signals recorded with the DI-730-USB 
acquisition instrument. 

The described function can be modified and expanded to allow additional analysis and display of 
recorded signals. 
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