D. Virtual Instrument
Virtual instruments are presenting, after analog and digital instruments, new class of measurement instruments. Digital instruments, sometimes named by system instruments, have digital interface to communicate with computer measurement system. Reading errors in that systems are eliminated and the measuring process is automated. The newest class of measurement instruments presents virtual instruments. In the Virtual Instruments (VI) hardware functions execution is done by the software implemented in personal computer. The main function is control instruments and signal processing algorithm execution, which can be changed by easy way. Virtual Instruments could represent most real instruments from most popular like voltmeters, ohmmeters, oscilloscopes, to more complicated instruments like signal analyzer, signal register, power analyzer or other measurement systems like digital system to tests instrument transformers. The definition of Virtual Instruments might be written as:

Virtual Instrument (VI) it is a kind of intelligent measurement device, which is constructed with combination of new generation hardware, personal computer and friendly for users software. This software must be written so that the functions of real, traditional measurement device were kept [29].

Virtual instruments can be divided into 3 groups:

· type A – graphical panel displayed on monitor imitating and control autonomic real device connected with PC by standard interface – RS232, RS485, IEC-625 or IEEE-488 (GPIB), USB, LAN.
· type B - graphical panel displayed on monitor built with using of data acquisition card.
· Type C - graphical panel displayed on monitor, input data are taken from files or are numerical generated 
The example of measurement system consist on real instruments with interface GPIB is shown in Fig. 10.1.
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Fig. 10.1. Measurement system with GPIB interface instruments 

The GPIB (General Purpose Interface Bus) interface is a parallel interface which allow to connect instruments, but only in limited distance (short length cables). Usually personal computer fulfill of controller function. Advantage of that solution is an easy possibility of spread out instrument functions. 

Fig. 10.2 presents other virtual instrument system - type B. 
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Fig. 10.2. Measurement system with DAQ card

The first part of this system is analog to DAQ input if in the system the standard analog sensors are used. If in a measurement system the smart sensor with digital data output is used, then the analog line is unnecessary. After conversion the analog signal into digital data in A/D converter (located at DAQ board) the signal can be analyzed and processed. As an effect on the monitor the final measure results are presented. 

The generalized measurement virtual instrument system is shown in Fig. 10.3. To VI measurement system can be connected all types of instruments, like autonomous instruments (multimeters, analyzers) connected to directly to measuring object or indirectly by the sensors. Moreover to autonomous measurement devices are numbered among signal generators, power supplies and other specific devices. Specialized industrial measurement systems are built as integrated module instruments with industrial interfaces like VXI (VMEbus eXtensions for Instrumentation) or PXI (PCI eXtensions for Instrumentation [34]). VXI is used in many different applications ranging from test and measurement to data acquisition and analysis in research and industrial solutions. PXI offers a high-performance designing solution for measurement and automation systems. PXI adds mechanical, electrical, and software features that define complete systems for test and measurement, data acquisition, and manufacturing applications [28]. 

[image: image3.emf]Autonomous 

measurement 

devices

Module 

instruments

VXI, PXI

DAQ

Autonomous 

measurement 

device

Conditioners

Sensors 

Measuring 

object

PC

Controller

Data processing

User communication

Measuring 

signals


Fig. 10.3. Generalized VI measurement system structure

To calculate VI uncertainties the knowledge about error components is needed. Uncertainty in VIs depends on three error components:
· error of A/A conversion,
· error of A/D conversion,
· error of D/D conversion.
Parameters characterizes the A/A and A/D conversion error:
· processing resolution,
· zero error of A/D conversion,
· offset
· gain error 
· differential and integral nonlinearity,
· reference signal temperature drift,
· noices,
· jitter.
Error of D/D conversion depends on:
· Uncertainty send data processing algorithms,
· Software implementation method (precision of digital processor),
· Uncertainties of measuring data.
Today are two main methods to calculate VI uncertainties:
· Statistical simulation method (Monte Carlo) to calculate the Statistica packet using ability is needed. It often used to complicated measurement system uncertainty analysis.
· Analytical method (ISO recommendation) – used to calculate uncertainty of basic systems consist on a few instruments.
Signal parameters
Electrical measurement signals are instantaneous values waveforms of ​​changes current or voltage signals. About properties of the signal information determine signal information parameters, which are properly defined quantities, defining characteristic of it qualities. The parameters of periodic signals: Dost-czamy:
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where: X1,X2...., – are RMS or maximum values of individual harmonic
· frequency f  or period T. 
If signals parameters are calculated from collection of samples then algorithms depending on the defined relations, adapted for the discrete quantities. 
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Virtual Instrument properties
Used in Exercise data acquisition board  NI USB-6009 with software have the following measurement functions:
1. Observation and oscilloscope measurements one or two voltage signals
2. Voltage RMS and mean value measurements.

3. Voltage measurements in relative units, in dB

To calculate the ratio of two voltages in decibel scale, is the following definition:

[image: image19.wmf]1

2

log

20

]

[

U

U

dB

K

=


For chosen voltage ratios we have
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4. Frequency measurements
5. Measurements of voltage frequency spectrum.
Exercise program
1. Become familiar with operation of the instrument. Get to know rules for selection of measurement functions, how to change ranges, check whether the indicated locations containing the files .xls or .ods that will be used for future data storage. If not - create it.
2. Measure the parameters of indicated voltage signals. Values from VI compare with digital multimeter indications.
3. Do measurement with combined signal AC+DC. Remember that for real instrument the final result is determined from relation 
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4. Do measurement series for indicated parameters (no of samples, time interval between measurements). Measures do with using VI (Virtual Instrument) and RI (Real Instrument). 
5. Based on readings from the graph of the voltage spectrum determine the THD. THD is defined as follows: 
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THD gets one:
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REPORT
Task 1. Voltage parameters measuring.
Create group katalog on the desktop. Save data on HDD (each file have to have another name).
Table 1. Voltage parameters measuring
	RIs indications
	VI indications
	Signal source

	f
	U
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	H
	f
	U
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	Hz
	V
	V
	%
	Hz
	V
	V
	%
	

	
	
	
	
	
	
	
	
	50Hz filter off 

	
	
	
	
	
	
	
	
	50Hz filter on 

	
	
	
	
	
	
	
	
	Uh1=…..V, (1=.….° Uh2=…..V, (2=…..°

Uh3=…..V, (3=…..°

	
	
	
	
	
	
	
	
	Uh1=…..V, (1=.….° Uh2=…..V, (2=…..°

Uh3=…..V, (3=…..°

DC U=……V


Task 2. Uncertainty determination for VI 

Was taken n=…… samples with time t=…..s, where histogram has been divided into i=…… columns. Confidence level p=……  

Table 2. Uncertainty determination for VI
	No.
	Measure result
	uA
	uB
	uτ
	Up

	
	V
	V
	V
	V
	V

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	


Task 3. Uncertainty determination for RI 

Was taken n=…… samples with time t=…..s. Confidence level p=……  
Table 3. Uncertainty determination for RI
	No.
	Measure result
	uA
	uB
	uτ
	Up

	
	V
	V
	V
	V
	V

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	


Tabela 4. Determination of THD
	No.
	fn
	Un
	hn
	hn
	h

	
	[Hz]
	[dB]
	[dB]
	[%]
	[%]

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	


	6
	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	

	9
	
	
	
	
	

	10
	
	
	
	
	

	11
	
	
	
	
	

	12
	
	
	
	
	

	13
	
	
	
	
	

	14
	
	
	
	
	

	15
	
	
	
	
	

	16
	
	
	
	
	

	17
	
	
	
	
	

	18
	
	
	
	
	

	19
	
	
	
	
	

	20
	
	
	
	
	


Example
Calculate THD factor for sinusoidal input signal.  Measure results are presented in table.
	Measure results
	Calculations

	n
	fn
	Un
	hn
	hn
	h

	–
	Hz
	dB
	dB
	%
	%

	1
	100
	20.2
	–
	–
	0.72

	2
	200
	-25.3
	-45.5
	0.53
	

	3
	300
	-27.7
	-47.9
	0.40
	

	4
	400
	< -40
	< -60
	0
	

	5
	500
	-31.3
	-51.3
	0.27
	

	6
	600
	< -40
	< -60
	0
	


Calculations:

Determination of individual harmonic factors in dB

                         h2[dB] = (U2-U1)[dB]=-25.3-20.2=-45.5 dB

                         h3[dB] = (U3-U1)[dB]=-27.7-20.2=-47.9 dB

Calculation h factors from dB scale to % scale

hn[%] = (
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For n = 2 is: h2[%] = (
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