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Abstract
Aiming at the localization of data acquisition method of the complex testing system, an excellent 
performance of power quality data acquisition system of high precision based on LabVIEW is designed 
and implemented. The network protocol and the design principles of its hardware and software 
are also illuminated. In the construction of hardware and software for power quality monitoring 
system various coordination and optimization methods are synthetically explored, and taking the 
establishment of a real-time power network harmonic analysis system for example the application 
research is conducted. The high speed, high quality and the high reliability of the acquisition circuit 
are certified by simulating, analyzing and applying it, and the results showed that the data acquisition 
system can satisfy the demand of power quality analysis system.
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1. Introduction
In the field of power quality monitoring, the key 

technology is to collect the real time data. How to 
run a variety of complex analysis algorithms without 
affecting the accuracy and continuity of the sampling 
in the case of high speed continuous sampling is the 
direction of the research in the field. A power virtual 
instrument with excellent performance and stable op-
eration must be based on the data acquisition module 
with multi channels and high quality. The data ac-
quisition module should have good anti-interference 
ability. The traditional integration testing method is 
more and more unable to meet the needs of complex 
test tasks. Therefore, the appearance of network in-
strument becomes inevitable. Virtual instrument is 
using the latest computer technology to achieve and 
expand the function of traditional instruments, which 
can use the internet to transmit data to achieve remote 
measurement and calculation analysis [1].

In the past monitoring circuit, the data acquisition 
module/technology which used single chip circuit 
has many shortcomings, such as it is difficult to make 

full use of the software resource and data acquisition 
speed is greatly limited by the data transmission bot-
tleneck, especially when the frequency of the acquisi-
tion rate is higher. At this time the circuit has lost its 
use. Therefore, the circuit based PC or DSP (Digital 
Signal Processor) will replace the original single chip 
microcomputer system. PCI (Peripheral Component 
Interconnect) local bus speed, bandwidth and support 
DMA (Direct Memory Access), so the PCI local bus 
based virtual instrument has been widely developed 
[2].

Starting from designing cost and technical require-
ments, a high performance multi data acquisition sys-
tem of power virtual instrument which can meet the 
requirements is designed. Compared to various opti-
mization schemes, a soft real time system is designed 
based on the virtual instrument technology which is 
optimized for a specific power system. 

2 NI-LabVIEW development platform 
LabVIEW is a virtual instrument software devel-

opment tool which is based on G language (graphical 
programming language). It mainly used in the devel-
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opment of data detection, data acquisition system, in-
dustrial automation control system and data analysis 
system. LabVIEW is similar with C, Basic, Pascal 
and other traditional programming languages, but 
their biggest difference is that the traditional program-
ming language with the text language programming, 
and LabVIEW using the graphical programming lan-
guage, the program is the form of block diagram with 
the interface very intuitive image [3].

The program of LabVIEW is called VI (Virtual 
Instruments), each VI has three main parts: the front 
panel, block diagram program, icon/connection port. 
The front panel is used to simulate the front face of 
the real instrument. The program language is used to 
control the control object on the front panel. The icon/
connection port is used to define the LabVIEW pro-
gram as a subroutine, which can be implemented in 
a modular programming. The LabVIEW features are 
attributed to the following aspects:

a) Graphical programming approach, the use of 
intuitive image of the data flow pattern of language 
writing program source code;

b) Provides a wealth of data acquisition, analysis 
and storage of the library functions;

c) Provides program debugging functions, such as 
setting a breakpoint or probe, single step execution, 
syntax checking, etc;

d) 32bit compiler to generate a 32 bit compiler, to 
ensure that the user data collection, testing and meas-

urement program of the high-speed implementation;
e) Provides the mechanism of a large number of 

external code or software to connect, such as DLLs 
(Dynamic Link Libraries), DDE (shared libraries), 
ActiveX, CIN, etc;

f) Including all kinds of instrument communi-
cation bus standard of all functions, such as DAQ, 
GPIB, PXI, VXI, RS-232/485, so that the designer 
can drive different bus standard interface devices and 
instruments;

g) Powerful internet function, support the devel-
opment of common network protocol, remote meas-
urement and control instrument.

2.1 System hardware
The hardware structure of the virtual instrument is 

shown in Figure 1.
Following are voltage sampling conditioning and 

current sampling and conditioning circuit, the reali-
zation of the operational amplifier which is OP07 se-
ries op amps, the power supply is +12V, at the end of 
each conditioning channel parallel a transient voltage 
suppressor TVS tube, to protect the subsequent cir-
cuit card. R1, R4 and R8 are equipped with adjusta-
ble resistance in specific implementation circuit, and 
then the value of the measured signal can be adjusted 
by changing the value of these resistors. The poten-
tial signal conditioning circuit is shown in Figure 2. 
The current signal conditioning circuit [4] is shown 
in Figure 3.

Figure 1.  Flow diagram of the hardware

Figure 2.  Potential signal conditioning circuit

Figure 3.  Current signal conditioning circuit
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The system of data acquisition card using the 

DAQ-2010 multi function data acquisition card. It is 
a card based on PCI bus of plug-in data acquisition, 
with the same size of computer card, directly into the 
computer PCI slot can constitute a test system. DAQ-
2010 has high performance and reliable data acqui-
sition function, it can meet the requirements of data 
acquisition in a wide range [5]. It has 14 bit resolu-
tion of four bit resolution synchronous analog input 

channel, the highest real-time sampling rate can reach 
2MS/s, with analog and digital trigger function; two 
analog output channels of 12 bit, two 40MHz count-
er/timer of 24 bit and 24 digital I/O channel. The prin-
ciple diagram is shown in Figure 4.

3. Software platform of the system
3.1 Program design
The block diagram of the multi - channel data ac-

quisition program is shown in figure 5.

Figure 4.  Schematic diagram of DAQ-2010 multi function data acquisition card

Figure 5.  Waveform and diagram after acquisition procedures

3.2 Signal analysis
The real-time acquisition of voltage distortion 

waveforms is shown in Figure 6 and the change curve 
of voltage THD is shown in Figure 7.

The result to measure and analyze the voltage of 
one phase is shown in Figure 8.The basic parame-
ters set includes sampling frequency, sampling point 
setting, FFT analysis is based on the selection of the 
Hanning window, which can choose to measure the 
voltage or current, take A phase voltage measurement 
for example [6].The frequency, effective value, and 
deviation of the measured voltage (current) are shown 

in figures and data. The display is the real-time wave-
form of voltage U2, due to the presence of harmonics, 
the signal has obvious distortion, FFT transform of 
the voltage, the corresponding FFT spectrum display 
which contains three times, five times, 7 times and 
9 times harmonic, and The total harmonic distortion 
THD reached 15.3%. The bus general statistical is 
shown in table1.
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Figure 6. Chart of voltage RMS variation trend Figure 7. Change curve of voltage THD

A phase voltage statistics result

Name Unit Maximum value Minimum value Mean value 95% probability value Limit value Limit number

THD % 12.53 11.98 12.29 12.34 4 0

B phase voltage statistics result

Name Unit Maximum value Minimum value Mean value 95% probability value Limit value Limit number

THD % 11.83 11.22 11.57 11.66 4 0

C phase voltage statistics result

Name Unit Maximum value Minimum value Mean value 95% probability value Limit value Limit number

THD % 12.32 11.77 12.09 12.17 4 0

Table 1. Bus general statistical table

From the results of statistical report, the line A 
voltage 95% probability value is 12.34%, the line B 
voltage 95% probability value is 11.66%, and the line 
C voltage 95% probability value is 12.17%,which has 
greatly exceeded the national standard limit value of 
4%. 

From the view of the voltage and harmonics, the 5, 
7, 11, 13, 17 and 19 times of the channel line voltage 
exceed the standard value, the 95% probability value 
has exceeded the national standard by the minimum 
short-circuit capacity calculated from the limit value. 
Specific values is shown in table 2.

channel

Harmonic number

5 7 11 13 17 19

CH1 13.260 8.660 9.730 8.390 8.210 6.310

CH2 11.990 8.550 8.710 8.830 6.930 7.370

CH3 12.620 8.550 9.310 8.600 7.640 6.930

Table 2. Specific values of voltage harmonics

The lower part can also display frequency and am-
plitude of a harmonic [7]. Using the powerful func-
tion of LabVIEW, the spectrum of the harmonic anal-
ysis is derived from the data file, and the amplitude of 
the harmonics is displayed.

3.3 Signal storage and reproduction
Save function is to get the time domain or frequen-

cy domain data, according to the need to convert into 
unique waveform file or excel file, text file format in 

LabVIEW express to store in the computer's disk. Re-
production function is that at the end of the real-time 
data collection and analysis of data, the users can 
also reobservation and in-depth data acquisition and 
processing. The function of repetition of the signal 
acquisition is that once the data stored in the located 
file is selected the whole process can be continuous 
played back [8].
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Figure 8.  Interface of harmonics analysis

4. Conclusions
The general data acquisition system based on Lab-

VIEW has the functions of data acquisition, display, 
FFT analysis, time domain, frequency domain perfor-
mance calculation, data storage, etc. Compared with 
the traditional data acquisition system, it has obvious 
technical advantages in the aspects of intelligence, 
data processing, data analysis, operability and so on. 
This paper has designed a data acquisition circuit, 
which is based on the basic requirements of high 
voltage electric quantity collection and harmonic 
analysis. The effect of input output isolation, approx-
imate linear filtering, multiplexing, high-speed data 
acquisition, reliable and fast data transmission has 
been achieved. The scheme is based on the principle 
of minimizing hardware cost, which has good pop-
ularization value. Data acquisition system based on 
general computer and data acquisition system has the 
characteristics of a computer, user defined function 
and convenient maintenance, which represents the 
development direction of the instrument in the future.
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