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Product research, development and manufacturing as well as experimental work in laboratories rely on data acquisition solutions for system monitoring, control and instrument characterization. A complete data solution usually consists of sensing, signal conditioning, data acquisition and processing, analyzing, visualization, report generation and actuating, as shown in figure 1.
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Fig.1 The generic structure of virtual instrumentation

The direct link to an evolutionary process is accomplished by the sensors which deliver for each parameter an electric signal (normally analog). After conditioning (amplified, filtered, smoothed, formation, etc.) the signal will be acquired by a DAQ (Data Acquisition Card), converted by a A/D (Analog to Digital Converter) and transmitted to the main computer. With an appropriate software, the signal will be analyzed and processed. To create complete and optimum data acquisition  solution  within a minimum time, dedicated hardware and software tools are needed such that not the development time is reduced but also the complex functionality required for carrying out all data acquisition tasks concurrently is available.

Most important is now to find a suitable software to drive the process. Until recently, to visualize process parameter and to connect system component, software based on the standard text programming languages was used. 

However, on account of these language complexity, such programs require computer specialists which normally do not have sufficient knowledge about process automation. System monitoring and control has today new, more complex, requirements resulting from the need for integrating numerous instruments, tele-monitoring and tele-operation, fast and complex signal processing and signal analyzing, fusing signals from various instruments etc. The fulfillment of these new requirements is greatly facilitated by the availability of cheaper and more versatile computing facilities. Monitoring and control is an integral part of computerized production and follows the trend towards tighter system integration, increased productivity and cost reduction. Hardware evolution from minicomputers to PC (Personal Computers), embedded micro-controllers and computer networks as well as programming evolution from assembly languages, high-level languages, visual programming to graphical programming languages enabled new computerized instrumentation solutions. 

A major change occurred, with the appearance of virtual instrumentation which replaced part of signal acquisition, processing and display, in traditional instruments, by personal computer based counterparts. As a result of graphical programming based solutions, the computer monitor was turned into a replacement of the front panel of the traditional instruments and, in fact, with enhanced features. Plug-in data acquisition boards transform personal computers into digital device capable to collect signals from sensors and to send commands to actuators. 

Virtual instrumentation supports a variety of computer based monitoring and control systems which, besides plug-in Data Acquisition boards (DAQ) include General Purpose Instrument Bus (GPIB) and VXI mainframes. 

The presentation of this application covers the fundamental knowledge needed for interfacing sensors with a PC using the new framework of virtual instrumentation. 

This application focuses on the knowledge needed to a non specialist in computers to develop a modern monitoring system i.e. to connect sensors to a PC (or a Laptop), condition their signals when required as well as to store and process the data using digital signal processing subroutines available in commercial virtual instrumentation packages.

The principal features of this application are: a) Using the HP VEE and LabVIEW, the two most important virtual programming language, to control the instruments, to acquire the signals and to process them; b) Signal acquisition based on DAQ Card; c) Execution of signal acquisition from various sensors. The applications contains numerous programming and numerical examples how to measure the temperature, angular and linear displacement and vibrations and are organized in the following modules:

Module 1 PCM-DAS16D/12DAQ Card-Pulse and DC Voltage Response

[image: image24.emf]
Fig.2 Experimental set-up for obtaining DAQ Card pulse and DC voltage response

In figure 3 is shown the DAQ Card response signals for the inputs signals 1KHz and 100KHz, and in figure 4 the DC voltage response of the DAQ Card.
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The Work area of the Das2.vee program for card DC voltage response, presented in figure 5, contains the virtual front panel of the instruments, the dialog boxes, the visualizing charts, the file name and data numeric display.

Fig.3 Card Pulse Calibration                      Fig.4 Card DC Voltage Response
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Fig.5 Work area of the Das2.vee program for card DC voltage response.

Module 2 Signal Acquisition from Various Sensors
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2.1 Angular Potentiometer
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Fig.6  The measurement block diagram                       Fig.7 The Voltage response vs. Angle

This potentiometer type used as a sensor, converts angular displacement into voltage.

The block diagram presented in figure 6, contains the measurement scheme of the Angular Potentiometer whose angular displacement [image: image4.wmf]a

 is a result of turning manually its wiper. 

The Power Supply control is achieved by the INES-GPIB Card.

2.2 Inductive Sensor

The inductive sensor uses variable magnetic interaction to convert motion into time varying voltage. The block diagram presented in figure 8 contains the measurement scheme of an inductive sensor excited by a vibrating membrane. 
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Fig.8 The block diagram                                          Fig.9 The response signal and the pulse

excitation signal

The Function Generator control is achieved by the INES-GPIB Card. The inductive sensor response is measured with the GPIB Digital Sampling Oscilloscope. The vibrating membrane excitation signal from the Function Generator is measured by the DAQ Card.

2.3 Thermocouple

The thermocouple convert temperature variations into a voltage signal. In figure 10 is shown the block diagram to measure the temperature variations of a Heat Source with a thermocouple.
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Fig.10 The block diagram

The HP VEE Work Area shown in figure 11, contains the virtual instruments. The top part shows the dialog boxes which permit the selection of the acquisition and analyzing parameters of the DAQ Card. The bottom part shows the graph of the thermocouple output signal in an unspecified units, the file name, data collector and numerical display.
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Fig.11 HP VEE work area for temperature measurement with a thermocouple
Module 3 Measuring Control for HF Components Characterization

3.1 HF Passive Components: Low-Pass Filter

An ideal Low-Pass Filter is a passive electric network that allow to pass without attenuation input signals below a desired frequency value, called cut-off frequency. The signals with the frequencies greater than the cut-off frequency are attenuated.
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Fig.12 The block diagram                   Fig.13 Transmission signal vs. frequency

INES-GPIB Card is used in this measurement and control scheme (figure 12) for the instrument control of the Sweep Oscillator and for the data acquisition with the Power Meter. 

Only transmission is measured with and without filter. In the figure 14 is presented the HP VEE Work Area with the virtual instruments. The top parts shows the dialog box of the instrument control of the Sweep Generator for the frequency range from 4 to 10 GHz in steps of 20 MHz. The bottom part shows the dialog box of the Power Meter with input from Power sensor. The right hand side of the figure contains the data collectors, numerical and graphical display.

[image: image13.emf]0 0.5 1 1.5 2

-0.4

-0.2

0

0.2

0.4

a)Response signal to Pulse excitation f(Rep)=100Hz; Duty factor=5%

Amplitude [V]

Sensor Response Signal

0 0.5 1 1.5 2

-0.5

0

0.5

1

Time [ms]

Amplitude [V]

Pulse Excitation Signal


Fig.14 The HPVEE Work Area with the virtual instruments

3.2 HF Active Components: VCO  (Voltage Controlled Oscillator)

VCO produce signals of variable frequency, due to a non-linear component (for example a varactor diode) whose capacitance is modified by an input voltage. Consequently, the VCO frequency is modified in a desired range.

[image: image14.emf]
Fig.15 The block diagram to measure the characteristics of a VCO

INES-GPIB Card is used in this measurement and control scheme, shown in figure 15 for the instrument control of the DC Power Supply and for the data acquisition and analysis with the Power Meter, Frequency Meter and Spectrum Analyzer.

The process under measurement and control is a VCO supplied by a constant 10V DC Power Supply an a variable from 1 to 18V GPIB controlled DC Power Supply. The test consists in the measurement of VCO power and frequency output versus variable input voltage.   
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Fig.16 The HP VEE Work Area                      Fig.17 The VCO Power & Frequency vs. voltage

The HP VEE Work Area (figure 16) contains the display of the results of the Spectrum Analyzer, Power Meter and Frequency Meter as well as a control block, For Range, for variable voltage DC Power Supply from 1 to 18V in steps of 10 mV.

Module 4 Signal Processing

4.1 Signal Generation–Ramp Pattern

[image: image17.emf][image: image18.emf]
Fig.18 Front Panel                                                  Fig.19 The Block Diagram

The LabVIEW Front Panel (figure 18) for the Ramp Pattern program Ramp.vi contains controls for Samples, End and Start as well as an indicator for displaying graphically the Ramp Pattern. The block diagram (figure 19) is centered around the Ramp Pattern.vi Virtual Instrument and the corresponding icons for the controls and indicators.

4.2 Mathematical Operation of Signals – Differentiation & Integration of a function
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Fig.20 The Front Panel                                        Fig.21 The Block Diagram

The Front Panel (figure 20) shows the graphical results of the differentiation and integration of a function given in Formula for the values between Start=0 to End=10 with Number of points=40. The block diagram (figure 21) is centered around Differentiation.vi and Integration.vi Virtual Instruments and contains the icons corresponding to the controls and indicators from the Front Panel.

4.3 Filtering – Smoothing

[image: image21.emf]
Fig.22 The HP VEE Work Area of the smooth.vee program

Another example of Signal Processing is a smooth.vee program for filtering the noisy output of the previously presented angular potentiometer signal.

The Work Area (figure 22) contains the From File block with data address, the mean Smooth block of the Filter (with the sliding windows of 50 samples) and two Strip Charts to represents the noisy and filtered signals.

The application is specifically addressed to senior undergraduate students in engineering and science as well as for practicing engineers and researchers with interest in using computer based instrumentation. This application is an introduction by illustrative examples to the use of Virtual Instrumentation based on HP VEE and LabVIEW.

A complete presentation of HPVEE and LabVIEW can be found in the  references [1-5].
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