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[Abstract] The concept of virtual instruments and the advantages of virtual mstrument with
elaborate multi-parameter measurement of the child design process.
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1. Introduction

Instrumentation for a long time 1n scientific experiments occupy a very important role, 1s also the instrument of
our physical education, physics experiment to carry out an important foundation. The development of computer
technology and applications to the instrument in the field has brought profound changes, in particular the
emergence of virtual machines and applications can be said to be a revolution 1n the field of equipment, but for a
long time, whether they are in our physical education activities, Still dominated by traditional instruments,
computers and measuring instruments are basically still in the 1solated state, which will greatly affect our
understanding of-the-art equipment and hands, so learning some basic knowledge of the virtual instrument 1s quite

necessary.

The virtual instrument panel has a virtual personal computer equipment. It 1s common personal computer-based
simulation software function and control of hardware components. Operators through friendly graphical interface
and graphical programming language to control the operation of equipment, complete testing by the volume of the
collection, analysis, judge, show that the data generated and stored. Virtual machines have the following

characteristics.

1) Virtual instruments to make full use of computer hardware and software resources to break through the
traditional instruments 1n data processing, storage and expression, and other restrictions, have made traditional

instruments unparalleled.

2) Software is the core of the virtual instrument. In general computer platform to configure the appropriate

modular hardware, the next great deal of work 1s the preparation of the software.

3) Virtual instrument structure flexible, easy to upgrade, virtual instrument hardware structure is relatively fixed,
and the software does have a great deal of flexibility to upgrade the operating system or software, virtual machines

can be updated replacement.

Virtual machines for its outstanding merits, have shown strong vitality, and the emergence of widely used test

equipment will have a very profound impact.

2 .the composition and apparatus operating principle

With the completion of a number of parameters of the equipment has been tested 1n the field of measuring a real

problem with traditional instruments often very difficult to achieve. The most common 1s by increasing the types



of equipment to multi-parameter measurements, but this only increased the cost of measurement, but also reduces

the reliability.

The use of virtual instrument design, can easily achieve a number of parameters of measurement, the instruments
to test the temperature, force, pressure, displacement, mechanical vibration parameters 5, a total of 6-channel, the
channel testing with the exchange, At the same time can be measured one or more of the parameters. We use
temperature, force, pressure, displacement, vibration sensor signal conditioning devices with the completion of the
acquisition and signal amplification; the use of data acquisition cards to complete A / D conversion by the
computer to complete the final data analysis, to deal with. Hardware equipment 1s mainly responsible for signal
conditioning and analog-to-digital conversion, through the bus and PC computers to exchange data. Users to use
the mouse or keyboard directly 1n the virtual panel on the operation can be easily completed the parameters of the

test, analysis, printing and other functions.
3. the instrument hardware design

Virtual hardware equipment, including computer hardware and equipment hardware consists of two parts, of

which only equipment needed 1s the hardware design. The

The hardware equipment from the main sensors, signal the same token, data acquisition cards and four computer
parts. To cover a larger range and meet certain measurement accuracy, the choice of different parameters
measuring range of more than sensors. For example, force measurement in the range of 0-1KN, precision
measuring 0.3% (FS), should be measured by the upper limit of the four sensors IKN.3KN.5SKN.10KN assistance
to cover their range. NI signal conditioning devices selected companies ( "Nationnal Instruments”, National
Instruments, 1s a virtual production equipment components well-known company) produced a SCX1-1122
multiplexer, SCX1 a 1122 maximum 16-channel, Strain gauge conditioning, thermistor, RTD, thermocouple

voltage signal and communication, process control switch the type of signal conditioning.

In accordance with the use of the computer 1s a laptop or desktop, choose different data acquisition board. In
order to facilitate the portability of this equipment 1s used 1n portable computers. NI data acquisition card 1s a A1
Corporation DAQCard a 16XE a 50 for 16-bit A / D converter sampling rate for single-200K, multi-channel at
20K. The measurement accuracy of this instrument to 0.3 percent. 16 of the A / D fully meet this requirement; 20K
sampling rate by conservative method can also be reached SkHZ bandwidth, in line with the general body
vibration parameters of the dynamic testing requirements of the rest of the temperature, force, pressure and

displacement are Static parameters of the equipment not too high frequency bandwidth
4.software design

Virtual instrument software 1s the core of the software design quality has a direct impact on the performance of
virtual machines. We will of the entire software design for the open structure of the users according to their actual
requirements for software modification or addition. The main istrument of this software from data acquisition
card driver module, the virtual panel modules, each module measuring parameters, calibration and error correction

module composed of four parts.

Virtual panel user intertace that 1s user devices to exchange information with the bridge. The instrument panel
layout of the reasonable and easy to operate, highly interactive, user every step of the operation can be prompt and

immediate response, and provide on-line help.

DAQ driver into the preparation of dynamic-link library (DLL) form and to provide source documents. Have the

ability to develop the company's customers do not understand the acquisition card interface circuit and principles



of the instrument can be modified or expanded features.

Measuring the parameters of modular software structure, 1s a reasonable division of the measurement modules,
and enhance the use of common parts of the general, and to provide the parameters of the complex graphics and

tables output.

Calibration and error correction module, not only on the sensor can be calibrated to amend the source of error, but
also the use of the average, and so on the relevant calculation of inhibition and to reduce interference and improve

the measurement accuracy and increase the reliability of measurement.

The apparatus of the software used NI's Lab Windons software development platform for the preparation of the

procedures 1n running under the Windons98.

5. Conclusion

Using virtual instrument multi-parameter measurements simplifying the hardware can greatly reduce the cost of
equipment and increase the reliability of the test. Virtual machines on the traditional instruments of the concept of
a major breakthrough 1n its flexible structure, the operation simple and intuitive, easy to upgrade and many other
advantages, has become a complex apparatus and instrument of choice for multi-functional design. With the
computer 1n China to further universal, virtual instrument 1s bound to be more widely used, 1t 1s bound to make

physical education a greater contribution.
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Virtual Digital Oscilloscope Design and
Implementation

Yang Leping Lv Yingjun

[Abstract] The combination of a virtual digital oscilloscope design and development, introduced the basic

components of virtual machines, and focuses on the graphical programming language based on LabVIEW virtual

instrument programming methods and technology.

| Key words| Virtual instruments; digital oscilloscope; LabVIEW;

With the development of computer technology and traditional instruments to the computerized direction. Virtual
instrument 1s the new 90's concept. Virtual instrument technology with the development of automatic test marks
the twenty-first century and electronic measuring instruments in the field of technological development an
important direction. The so-called virtual instruments, that 1s, in general-purpose computer platform definition and

design of testing apparatus, the computer user, as 1s the use of a specially designed electronic device.

Traditional desktop machines by the equipment manufacturers to design and good function of the definition of
an enclosed structure, it has a fixed input / output interface and equipment operation panels, each instrument to
achieve a particular type of measurement functions, and to determine the way to the users. Equipment from the
general design model of view, 1s nothing more than an instrument of data collection, analysis, processing,
human-computer interaction and display parts and other components of the overall function modules. Theretore,
we can 1magine that, 1f necessary, the data acquisition hardware and general computer support, software design
through the realization of the full functionality of equipment, which 1s the core of virtual instrument design.
Compared with traditional instruments, virtual instruments in addition to performance, ease of use, users can
customize and so has many advantages, 1n engineering applications and socio-economic benefits are also an
outstanding advantage. On the one hand, China's high-end desktop machines such as digital oscilloscope, spectrum
analyzer, logic analyzer and others rely mainly on imports, these machines processing complex, requiring high
levels of manufacturing, production breakthroughs have difficulty using virtual instrument technology can only

procurement of the necessary general data acquisition hardware to design their own equipment system; on the



other hand, the user can be some of the advanced digital signal processing algorithms used 1n the design of virtual
instrument to provide the traditional desktop machines do not have the function, but also can be configured by
software the realization of multi-functional integrated instrument design. Therefore, it can be said of virtual

instrument measuring instruments on behalf of the future direction of design development.

Virtual instrument technology 1s developing rapidly in foreign countries, the United States National Instruments
(NI company) to represent a group of vendors are already available 1in the market based on virtual instrument
technology commercialization instruments designed products. Digital Oscilloscope 1n scientific research and
engineering design of a widely used general-purpose equipment. The following combination of a virtual digital
oscilloscope design and development of virtual instrument details the basic composition and based on the

LabVIEW graphical programming language of the virtual instrument programming methods and technology.
1 Virtual Oscilloscope structure and composition of

The virtual digital oscilloscope PCI bus by a multi-function data acquisition card and the corresponding software.
They are installed on a PC running the Windows95/98/NT machine (recommended configuration in PENTIUM |l

/ 233 and above), which constitute a powertul digital oscilloscope can be stored.
1.1 Data Acquisition Card

PCI bus transfer rate of high-data throughput large future data acquisition board design mainstream. The design
uses the PCI-1200 data acquisition card 1s a better value for money products, support DM A mode and dual-buffer
mode, ensuring the uninterrupted real-time signal acquisition and storage. It supports a unipolar and bipolar analog
signal input, signal input 1n the range of -5 ~ +5 V and 0 ~ 10V. Provide 16 single-ended / 8 differential analog
input channels, 2 independent DA output channels, 24-line TTL digital 1 / O, 3 16-bit timer counters, such as
multiple functions. These features allow us not only can use the card design virtual oscilloscope, but also can
design a virtual function generator or virtual counter, to achieve a multi-purpose card. Of course, limited to
funding conditions, we chose the PCI-1200 card sampling rate can only be reached 100kS / s, the actual
Oscilloscopes, this much can not meet the signal bandwidth requirements. Currently on the market sampling rate
up to 200MS / s of PCI data acquisition card has been a mature product, the technical realization of
high-bandwidth virtual oscilloscope problem does not exist. When the actual measurement input signal through the

BNC connector from the input data acquisition card to enter the collection.
1.2 Instrument Function

The wvirtual digital oscilloscope design reference to HP's desktop dual-channel digital storage oscilloscope
HP54603B functions, and instrumental analysis and processing functions have expanded. Instrument main features
include: dual-channel signal input, trigger control, access control, time-base control, wavetorm display, parameter
automatic measurement, spectrum analysis, waveform, such as storage and playback. The wvirtual digital
oscilloscope also provides network interface, allowing the adoption of TCP / IP protocol network sharing or

remote control apparatus. Table 1 1s the virtual digital oscilloscope with HP54603B function table.

In addition to financial reasons make the selected sampling rate data acquisition card HP54603B below, this

virtual oscilloscope display, measurement, analysis, storage and external connections so as not less than even

higher than HP54603B
2 Software Design and Implementation

2.1 Software Development Environment



Virtual Digital Oscilloscope software design using advanced graphical programming language LabVIEW 5.1 for
Windows98/NT. The main features of LabVIEW programming 1s divided into a number of virtual instruments
basic function modules (equivalent to hardware design of integrated circuits), the representative pin module input /
output 1nterface. Programmers through interactive means, the use of graphical block diagram design method to

complete the virtual instrument measurement and analysis of the logic and functional design.

LabVIEW program design process and design equipment people very close to the thinking process, the program
block diagram on the realization of the program code function, to avoid a general 1dea of program design from the
diagram to the process by cutting red tape. Another advantage of LabVIEW programming 1s the software interface
design and functional design to an independent open, modify interactive interface to the entire process without
debugging, which 1s designed as instruments of such a complicated operation panel 1n terms of man-machine
interface 1s very convenient. LabVIEW also provides a function for users to expand functionality, the use of
LabVIEW i1n the Code Interface Node (CIN), can call using the traditional C programming language to write code;
the use of LabVIEW 1n the Call Library Function can call the standard dynamic link library (. DLL). In short,
LabVIEW as a graphical programming language environment for the development of virtual instrument provides a

fast, convenient and powerful software tools.
2.2 The main function modules

Generally speaking, virtual oscilloscope software control by the completion of signal acquisition, processing and
display. System software in general, including data acquisition, waveform display, parameter measurement,

spectrum analysis and wavetorm storage and playback, such as the five modules.
2.2.1 Data Acquisition Module

Data acquisition module to complete the major data acquisition control, including trigger control, channel

selection control, time-base control. Of which:
e trigger control, including the trigger mode, trigger slope, trigger level control;
* Select the main control channel or dual-channel single-channel measurement;

 Time-based control of the main control acquisition card scanning rate, each channel scanning frequency

(sampling number).
2.2.2 Waveform Display Module
Software provides three types of wavetorm display modes:

* AB A & B mode: by displaying channel selection button and Cong, can show a channel or two-channel input

signal waveform;

XY mode: When the two channels are 1n a gated state, use this mode to display Lissajous (Lissajous) graphics,

phase or frequency measurement;

« A + B AB model: When the two channels are 1n a gated state, use this mode to display two-channel signal

algebraic sum, after the subtraction of the wavetorm.
2.2.3 Parameter Measurement Module

Parameter measurement module HP54603B the parameters of the main analog measurement functions, including

Vrms, such as the completion of 12 voltage and frequency parameters, cycle time parameter 7 measurement and



display its results.
2.2.4 Spectrum Analyzer Module

Spectrum analysis module fast FFT algorithm, the completion of the frequency domain signal analysis. The

spectrum analyzer can be controlled include:
 Windows choice, provided the nine kinds of spectral analysis window;
* Log / Linear choice, provided the coordinates of two kinds of display mode;
* Display Unit choice, provided the eight kinds of units.

2.2.5 data storage and playback module

Krupp magnetic button controls for data storage L.iao Krupp  button control from the data file to read data.
Main panel provides two file name mput box, the former a signal wavetorm data file name mput box, after a
sampling period for the file name 1nput box, these two documents from the write function and load sharing
functions. From the tloppy or hard disk to read the data with real-time acquisition of data, can automatically and
display waveform parameter measurement and retaimned 1n the display window (display mode can be set to any of

the three models a), may also need to set up 1n accordance with spectral analysis.
2.3 The main control structure
2.3.1 Measurement and Control Structure

Through logical button "measuring" control whether or not to conduct measurement; through the logic key

"channel" control channel selection.

2.3.2 automatically adjust the scan rate of control structure

mnn

By the logic of key group "Automatic", "manual” to control the scan rate 1s automatically adjusted or manually

adjust the scan rate.
2.3.3 display, memory display control structure

Logical drive from a dual function keys "normal / memory" control, the default for the normal show. In a normal
state, can only show that A, B two-channel input signal waveform 2; in memory state, the maximum memory
display A, B two-channel input signal 17 waveform (A memory channel can display 16 Group signal data,
B-channel memory can only show 1 signal data). In practice, memory display the main signal used to measure

jitter or a comparative analysis of two or more of the signal wavetorm.

This article describes a virtual digital oscilloscope desktop not only has the general function of digital storage
oscilloscope, and give full play to a powerful computer and software design flexibility, the main technical

characteristics of the performance in the following:

(1) the use of LabVIEW graphical programming language and object-oriented programming techniques,

software development, high efficiency, good operability and maintainability;

(2) digital storage oscilloscope for an increase of frequency domain analysis functions;

(3) make tull use of the computer storage and peripherals connected to the ability to measure results and

waveforms can be directly or through printouts network sharing;



(4) hardware with the open, to allow the adoption of upgrading hardware to improve its performance;

(5) hardware 1n the same conditions, may amend or add software modules to form a new device features.

Virtual instrument design has become a test and instrument technology as an important direction of development.
With high-speed A / D chip and further integrated circuit, could be envisaged in the near future, a virtual
instrument software installed on a standard PC into a multifunctional measuring 1nstrument station, fundamentally
changing the current development of special equipment and production, has broad application prospects and huge

potential economic benefits.
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