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Abstract - Present-day measurement is oriented to
processing digital signals, that is sequences of quantized
samples of analog signal. Processing is performed by means
of combinations of standard and special numerical
algorithms. Knowledge of the basic signal processing
algorithms is therefore necessary for successful design of
complete algorithm for a given measurement task. The
contribution shows a modern mean of teaching basic signal
processing algorithms used in measurement without forcing
students to come to computer laboratory. Students need only
to have at their disposal a computer provided with a
common web browser. The contribution describes materials
for teaching three basic algorithms (DFT/FFT, digital filters,
and correlation), but the described procedure can be used for
teaching other digital processing algorithms as well. All
what is necessary for using this type of teaching is
MATLAB, the toolbox(es) necessary for the given
application, and the new component of MATLAB, called
MATLAB Web Server, installed on one computer only (the
server). The described method need not of course be used
only by university students.
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1. INTRODUCTION

Present-day measurement is oriented to processing
digital signals, that is sequences of quantized samples of
originally analog signal. Processing of these sequences is
performed by means of combinations of various standard
and special numerical algorithms. Knowledge and
understanding of the basic signal processing algorithms is
therefore the basic condition of successful design of
complete algorithm for solving a concrete measurement
task. The contribution shows a modern way of teaching
some basic signal processing algorithms used frequently in
measurement without forcing students to come to the
computer laboratory. The only channel they need is a
computer connected to Internet, ie. provided with a
common web browser. The content of the contribution
describes the materials to three already developed and tested
selected algorithms (DFT/FFT, digital filters, and
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correlation filtration). The described procedure and
mentioned software can be used for preparing teaching of
other digital processing algorithms using the MATLAB
environment (MATLAB and the suitable toolboxes). The
necessary condition for realization of this procedure is to
install the new component of MATLAB, called MATLAB
Web Server [1]. The advantage of teaching algorithms using
the further described procedure is among others cost savings
for the University. It is not necessary to permanently
upgrade MATLAB software at all the computers used in the
computer laboratory, students (“clients” in the used “server
—client” system) need even not to have MATLAB installed
at their computers.

2. MATLAB WEB SERVER

The MATLAB Web Server enables to create MATLAB
applications that use capabilities of the Internet (especially
World Wide Web) to send data to MATLAB for
computation and to display the results in Web browser. In
the simplest configuration, a Web browser runs on client
workstations, while MATLAB, the MATLAB Web Server,
and the Web server daemon run on another machine —
server. The MATLAB Web Server depends upon TCP/IP
networking for transmission of data between the client
system and MATLAB.
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Fig.1 Using and configuration of the MATLAB Web Server
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To submit input and to receive output from the
MATLAB Web Server, a Web browser must be installed on
client computers. Current version of the MATLAB Web
Server has been tested with Netscape Navigator and
Microsoft Internet Explorer. It is necessary to install Web
server software on the system where MATLAB is running.
There are a lot of suitable programs, for example freely
distributed Apache Web Server or Microsoft Personal Web
Server.  MATLAB Web Server applications are a
combination of M-files (source files for MATLAB),
Hypertext Markup Language (HTML) [2], and graphics.

browser on client computer, so they show what sees the
user.

3. THE BASIC ALGORITHMS TAUGHT USING
MATLAB WEB SERVER

Our system offers teaching of three basic topics of signal
processing applied frequently in digital measurement,
namely DFT/FFT, digital filters, and correlation. In
DFT/FFT part leakage is demonstrated, various windows are
introduced, methods of changing frequency bin width can be
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Fig. 2 Screen appearance of WWW browser for demonstration of the FFT

Fig. 1 shows philosophy and configuration of the MATLAB
Web Server. The application development process requires
three simple steps. Creation the HTML documents for
collection of the input data from users (left part of screen in
Fig. 2) is the first step. Next step is creation of the HTML
document for display output from MATLAB (right part of
screen in Fig. 2). The last step is writing a MATLAB M-file
that receives data entered in the HTML input form, analyzes
the data and generates any requested graphics. All
communication between the user and MATLAB proceeds
therefore only through WWW interface. The user even need
not to know that generated output comes from MATLAB.

In the following parts there are described three examples
of some basic teaching items using the MATLAB Web
Server. Fig. 2 to Fig.4 are copies of screens of WWW
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learned etc. In digital filters part both FIR and IIR filters are
introduced, their frequency and impulse responses can be
investigated and using chosen filter to filtration of various
signals mixed with noise can be tried. In correlation part
both auto- and cross-correlation functions can be computed,
displayed and used for requested tasks.

3.1. Demonstration of discrete Fourier transform

Some characteristic features of the discrete Fourier
transform, e.g. leakage in DFT spectrum, can be studied.
The user can choose one from the offered types of periodic
signals, enter its parameters (signal frequency, amplitude
and sampling frequency), the type of data window, and the
DFT length in the left part of screen (Fig. 2). There they
pass on by means of HTTP server and MATLAB Web
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Fig. 3 Screen appearance of WWW browser for demonstration of design of a digital filter type FIR

Server into MATLAB for calculation. MATLAB returns
signal waveform graph and signal spectrum, both displayed
in right-hand part of window of client WWW browser.
Because all graphs are returned as JPEG figures, it is
impossible to check appropriate details in graphs. We have
therefore provided a zoom, by means of which the user can
choose a region of graph for detailed inspection.

3.2. Demonstration of digital filtering

Next task is focused on design of digital filters, both the
FIR and IIR types. User sets parameters of signal, which
will be filtered, as frequency, amplitude, DC offset,
sampling rate and type of additive noise. As parameters of
filter there can be set the type of filter (lowpass, highpass,
bandpass or bandstop), the cut-off frequencies and the order
of filter (Fig. 3). It is possible to choose the type of window
with FIR type digital filter and to choose the analog model
with IIR type filters. The MATLAB generates required
signals and computes coefficients of the desired filter.
Graphs of input waveform, filtered signal and frequency
response of the designed filter are the tasks’ outputs.

3.3 Demonstration of correlation

Correlation algorithms are demonstrated in this task. The
user can again choose signal characteristics as its frequency,
amplitude, phase, type of additive noise and value of
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sampling rate. He then selects the time length of
measurement (number of samples of the generated signals).
It is possible also to select type of correlation function
(autocorrelation of the first or of the second signal or cross-
correlation of both signals). The results are waveform
graphs of particular signals and the correlation graph (Fig.
4).

4. CONCLUSION

For the creation of a MATLAB Web Server application
it is necessary to have the elementary knowledge of the
HTML and of programming in MATLAB. Creation of
applications or their modification is therefore not too time-
consuming, nevertheless the resulting effect is indisputable.
Our system is currently being introduced into the classwork,
both in Czech and English version. Present experience and
perceptions reflect its advantages: availability by means of
Internet and WWW browser, simple control from WWW
browser environment, high-speed response of MATLAB,
and last but not least also the financial savings in hardware.
You can find the described web server on the URL address
http://merux.feld.cvut.cz. On-line  measurement  of
instantaneous frequency and spectrum analysis of power line
voltage in our laboratory has been lately added to the tasks
described above.


http://merux.feld.cvut.cz/
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Fig. 4 Screen appearance of WWW browser for demonstration of correlation techniques

Preliminary information about this www application in

teaching was presented at the ICPR-16 conference (16" REFERENCES

International Conference on Production Research) which

took place in August 2001 in Prague [3]. [1] The MathWorks, Inc.: Matlab Web Server — Users Guide,
1999

[2] http://www.utoronto.ca/webdocs/HTMLdocs/NewHTML/ht
mlindex.html Introduction to HTML

[3] J. Blaska, M. Sedlacek, Interactive Learning of Signal
processing Using Internet. ICPR-16 Summaries, part 3 + 4,
Czech Association of Scientific and Technical Societies,
Prague, Czech Republic, 2001, ISBN 80-02-01438-3, p.89

Authors: Ing. Jan Blaska, Assoc. Prof. Dr. Milo§ Sedlacek, Czech Technical University in Prague, Faculty of Electrical
Engineering, Department of Measurement, Technickd 2, CZ-166 27 Prague 6, Czech Republic, e-mail: {xblaska,
sedlaceM } @fel.cvut.cz, phone: (+420 2) 2435 2177, fax: (+420 2) 3333 9929

558


mailto:sedlaceM}@fel.cvut.cz

	12th IMEKO TC4 International Symposium Proceedings
	Technical Programme
	Programme
	Contents
	PART 1
	Plenary Lecture
	AC-DC TTRANSFER AT BNM-LNE
	ACTIVITIES OF THE NATIONAL COOPERATION FOR LABORATORY ACCREDITATION (NACLA) AND THE NATIONAL CONFERENCE OF STANDARDS LABORATORIES INTERNATIONAL (NCSLI)

	Direct Current and Low Frequency Measurements
	A NEW ELECTRO-MECHANICAL OSCILLATOR SUITABLE TO METROLOGICAL APPLICATION
	PROCEDURE FOR THE MEASUREMENT OF THE ELECTRICAL PARAMETERS OF RAILWAY TRACTION LINES
	APPLICATION OF ACTIVE COMPENSATED FOUR-COAXIAL CABLES TO AC RESISTANCE STANDARDS COMPARISON
	A TEMPERATURE, HUMIDITY AND PRESSURE INDEPENDENT 1 GW STANDARD RESISTOR: REALIZATION AND PRELIMINARY RESULTS
	MEASUREMENT OF COHERENCE FUNCTION BETWEEN NOISE CURRENTS OF TRANSISTORS
	IRON LOSSES MEASUREMENT USING SAMPLE AUTO-RANGING DATA ACQUISITION TECHNIQUES
	FUZZY VERSUS NEURAL NETWORK MAGNETIC MODEL IN IRON LOSSES PREDICTION

	Radio Frequency, Microwave and Millimetre Wave Measurements
	TEM-CELL FOR ELECTROMAGNETIC MEASUREMENTS
	CONSIDERATIONS ON THE INFLUENCE OF THE GROUNDING SET-UP CONFIGURATION ON ESD SUSCEPTIBILITY
	STUDY ON CERTAIN PARAMETERS INFLUENCING REPEATABILITY AND COUPLING IN ESD TESTS

	Calibration, Testing and Standards
	NOISE CHARACTERISTICS IN ELECTRICAL MEASUREMENTS: METROLOGICAL APPROACH
	A SAMPLING METHOD FOR HIGH ACCURACY AC MEASUREMENT
	AN AUTOMATIC QUALITY ASSESSMENT METHODOLOGY FOR ABSTRACT TEST SUITES
	ELIMINATION OF UNWANTED VOLTAGE DROPS ACROSS THE LINKS BETWEEN FOUR TERMINAL – PAIR COMPONENTS CONNECTED IN SERIES
	STUDY OF A STANDARD FOR INFORMATIVE CALIBRATION PROCEDURE IN INSTRUMENTATION CALIBRATION
	CAPACITANCE MEASUREMENTS AT ULTRA-ACOUSTIC FREQUENCY: FIRST EXPERIMENTS AT IEN
	AUTO-CORRECTION AND DESIGN-FOR-TESTABILITY IN EMBEDDED MEASUREMENT SYSTEMS
	AC TRACEABILITY IN THE MILLIVOLT RANGE UP TO 1 MHz BY MEANS OF A WIDEBAND TRANFORMER

	Advanced Instrumentation
	A/D and D/A Converters
	Digital and Mixed Signal Processing
	Waveform Analysis and Measurement
	Software Measurements
	Environmental Measurements
	Biomedical Measurements
	Power and Energy Measurements

	PART 2 
	Time and Frequency Measurements
	Automated Test and Measurement Systems
	Sensors and Transducers
	Measurement for System Identification and Control
	Virtual Measurement Systems
	Measurements at Universities
	TEACHING BASIC MEASUREMENT ALGORITHMS AT UNIVERSITY VIA INTERNET




	h1: Proceedings of the 12th IMEKO TC4 International Symposium, Part 1, September 25-27, 2002, Zagreb, Croatia
	h2: Proceedings of the 12th IMEKO TC4 International Symposium, Part 2, September 25-27, 2002, Zagreb, Croatia
	401: 401
	501: 501
	555: 555
	556: 556
	557: 557
	558: 558
	559: 559


