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Abstract: This paper presents a few aspects of Virtual Instrumentation and Virtual Laboratory. Virtual Laboratory  is a group of devices (measurement instruments, hardware, software) placed in different places, offered to users, placed everywhere, for working with them. Virtual instruments developed with National Instruments software LabVIEW give opportunity to students to have power full instrumentation within the software, while measurement is performed in a laboratory. Virtual instruments even enable students to build their own instruments, using software-simulated signals.
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1. VIRTUAL INSTRUMENTATION  

In the traditional electric and electronic measurements laboratories, the data is collected using traditional analog voltmeters, ohmmeters, wattmeters, digital multimeters, and oscilloscopes. Students spend a large portion of time connecting the standard hardwired instrumentation, which allows them to measure only RMS (root mean square) voltage, RMS current, and real power. 

The quantities not measured, such as reactive power and phase angle, are calculated as part of the lab write-up using the power triangle and trigonometric identities. Since such quantities are calculated after the lab, students cannot observe the effect on these quantities due to changes of other experimental parameters.


The combination of digital acquisition, computer processing and display is referred to as virtual instrumentation (VI). The term virtual refers to the fact that the display and processing of information is controlled by software, and can easily be reconfigured to suit various purposes. With the use of virtual instrumentation, students can see the real time effects of an experimental variable on the real power, reactive power, and phasor quantities and the spectral representation of AC signals. 

It is important to emphasize that  virtual instruments can realize the same functions like the real instruments, with the possibility to change their devices, by the intervention into the software application.
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Figure 1: Real instrument and virtual instrument (front panel) [3].
A virtual instrument is composed by 2 main windows:  the panel  and the diagram. On the panel it is created the virtual instrument which functioning can be visualized. The front panel of the VI is just like the front panel of a standard hardware instrument: it may contain knobs, buttons, and switches for controlling the instrument (fig.3). These controls are used to indicate instrument status while LED’s, meters, graphs, and numeric outputs are used to display the measured data.

The diagram is for the programming of the application corresponding to the virtual instrument. The wiring diagram  shows how the data is collected, processed, and routed (fig.2). 

[image: image2.png]MOSFET_Anal_M.vi Diagram

BEDR

Ploalmor

9t Application Fort

i

=t B>
el e e
iog] ] s v vod  oporaton v
e Gy 1= = (-
et D Arrad

T

o d
000 0

KneZADSpoIE-3/(VG3-VTOIAAZ;
SRR/ CKn<RDAVGS-VTOAX2)-1) AVDSp;

fvooe





Figure 2: Wiring diagram example (for the MOSFET transistor analysis with VI) [7].
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Figure 3: Front Panel example (MOSFET –Characteristic Parameter Measurements) [7].

Controls simulate instrument input devices and supply data to the block diagram of the VI. Indicators simulate instrument output devices and display data the block diagram acquires or generates.

The code is built using graphical representations of functions to control the front panel objects. The block

diagram contains this graphical source code. Front panel objects appear as terminals on the block diagram.

Additionally, the block diagram contains functions and structures from built-in LabVIEW VI libraries. 

Wires connect each of the nodes on the block diagram, including control and indicator terminals, functions, and structures. 

2. DISTANCE LEARNING  AND VIRTUAL INSTRUMENTS

Virtual instruments developed with National Instruments' software LabVIEW give opportunity to students to have power full instrumentation within the software, while measurement is performed in a laboratory. Virtual instruments even enable students to build their own instruments, using software-simulated signals.

From the aspect of distance learning, the most important issue of virtual instruments is the fact that they can be used to simulate physical phenomena – to generate signal that appears as it would appear if it had been acquired by real transducers. The same software is being used for real and virtual phenomena. That way virtual instrument becomes the part of virtual laboratory (fig.4).
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Figure 4: The virtual instrument is part of virtual laboratory.
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Figure 5: Virtual Laboratory – Concept [3].

Virtual Laboratory: is a  group of devices (measurement instruments, hardware, software,...) placed in different places, offered to users, placed everywhere, for working with them (fig.5).
The main advantages of the Virtual Laboratories are [3]:

· To avoid people to travel to the laboratory.

· It permits using schedules when laboratory is closed (night, weekend,..).

· If the laboratory is used for another activities not requiring the instruments used for the virtual laboratory, it can be used remotely.

· Multiply available resources

· Help to traditional laboratories.

Engineering education is faced with lack of new students throughout the world. Unlike other disciplines (social studies, economics, law, etc.), engineering study requires full-time engagement, because of its complexity.

Engineering study consists of lectures, laboratory exercises, earning skills among with fundamental knowledge. All these aspects make engineering study more complex than studying economy, law or foreign languages, which in turn decreases interest for these studying areas.

A need for new engineers is likely to be increased in the near future because of disproportion between the limited time for study (because of the charged daily program) and the rapid growth in technology development. Distance learning could be a good tool to fill this gap. The term Distance learning is often used to denote both education where student and teacher are physically separated, and all forms of flexible education supported by information-communication technology (ICT). ICT is widely used to provide flexibility in terms of time and place.

Traditional way of engineering education, focused on detailed theoretical background, as it is practiced in Romania, is not effective enough since it is not focused enough on practical aspects. A good way to improve it is to follow a product life cycle throughout the educational process. 

Virtual instruments could be used to improve engineering distance learning courses in that sense.

There are many examples where LabVIEW is effectively used in engineering education:

· The College of Engineering and Applied Science at the University of Colorado at Boulder created interdisciplinary program combining computer and instrumentation technology with the fundamental knowledge gained from project-based learning [8].

· Swiss Federal Institute of Technology in Lausanne developed distance learning system for studying motion control using LabVIEW [11]. 

· "CyberLab" developed at the Stanford University [12] is yet another example of distance learning facility – virtual laboratory with pilot course for image acquisition.

· Department of Electrical Engineering at Singapore Polytechnic developed distance learning courses for engineering subjects, such as Programmable logic controlers, Digital electronics and Digital control. Experiments can be conducted over the Internet using LabVIEW and Component Works [13].

· Texas A&M University developed remote experiments via the Internet that demonstrate the mechanics of materials taught to students who do not have access to a laboratory facility [14]. LabVIEW was used to create virtual instruments that access a tension/compression/torsion test frame via the Internet.

3. NI ELVIS 

      
The National Instruments Educational Laboratory Virtual Instrumentation Suite (NI ELVIS) is a LabVIEW-based design and prototyping environment for university science and engineering laboratories. 

     NI ELVIS consists of LabVIEW-based virtual instruments, a multifunction data acquisition device and a

custom-designed bench-top workstation and prototyping board. This combination provides a ready-to-use suite of instruments found in all educational laboratories. 
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Figure 6: NI ELVIS- components [16].

Because it is based on LabVIEW and provides complete data acquisition and prototyping capabilities, the system is ideal for academic coursework from lower-division classes to advanced project-based curriculum.


 The main applications of NI ELVIS are [15]:

· Circuit design and analysis for learning analog and digital electronics;

· Measurements in mechanical, electrical, biomedical, and physics laboratories;

· Teaching data acquisition and signal conditioning;

· The study and simulation of physical, chemical or electrical phenomena;

· Live demonstration of concepts in a lecture hall;

· Communications and control applications for Electrical and Mechanical Engineering;

· Hands-on LabVIEW training. 
The mainl characteristics of NI  ELVIS are:

· Integrated

1. All the functionality needed to develop measurement applications in one single system;

2. Industry standard user interface;

· Open / flexible

1.   Modifiable software rather than stand-alone executables;
2.   Slot for a proto-board or custom signal conditioning PCB;
3.   Adaptable to various experiments and courses;
· Robust

1.   High-voltage and short-circuit protection;

· Easy to use / repair

1. Standard connectivity with banana and 9-pin D Sub (Digital I/O);

2. Smooth transition from manual knob to LabVIEW front panel;

3. Removable proto-board, protection board;

· Low cost

1. Fraction of the cost of a suite of traditional instruments. [16]

Virtual Instrument Set of NI ELVIS

· Signal Analyzers: Oscilloscope, DSA, Bode analyzer, Current-Voltage Analyzers

· DC Measurements: DMM
· Sources: Function Generator, Arbitrary Waveform Generator
· Timing / Digital: Frequency and Interval counters, Digital I/O
· DC Power Supply: Manual and Programmable Control. 
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Figure 7: Example of Virtual Oscilloscope (NI ELVIS) [16].

4. CONCLUSION

Distance learning is an excellent tool to improve engineering education by providing flexibility to students and teachers. That flexibility can be used to overcome the complexity of engineering study contrary to other fields of education. Not all disciplines are easy to be learned at the distance, since some require expensive laboratory equipment.  The virtual instrumentation is could relatively easy to make the object of the distance learning grace to the software systems, which function can be easily learn or test due to the Help Demos. The Demos can be accessed choosing the Help menu of the software and their running permits to improve the understanding a large domain of phenomena (such the mechanical systems behavior, the generation and the evolution of the electrical signals…), by their simulation. The distance learning using the virtual instrumentation software is improved also due to the Tutorials which permit to the users to learn without teacher, step by step the way to create or to modify a (sub)virtual instrument.  

Virtual instruments are excellent solution, since they significantly decrease costs for laboratory equipment. They provide access to expensive laboratories over the LAN or even Internet.
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