
Virtual Tools for Remote Analysis and Simulation

Carlos Andrés Ramos Paja and Jos´e Miguel Ramı́rez Scarpetta

Abstract—This document describes a general structure for
the implementation of virtual tools for remote calculation
through Internet. Two virtual tools for mathematical analysis
(Analys) and simulation of dynamic systems (SimWeb), sup-
ported by the Matlab c©, are described. These virtual tools,
permit access to the Matlab from multiple work stations,
without distance, power computer restrictions or user’s knowl-
edge in Matlab language; in a similar way, they allow the
simulations of block diagrams through a friendly user interface.
The remote calculation tools have low cost of implementation,
allowing to obtain a system of high calculation power and
accessible for a great number of users. The tools are oriented to
automatic control systems analysis and simulation, but their use
is expandable to other fields of engineering and basic sciences.

Index Terms—Analysis and simulation through Internet,
remote calculation, remote execution of processes, engineering
education.

I. I NTRODUCTION

One of the main problems in education and research
in engineering, is the access to powerful calculation tools
for diverse reasons: The process capacity required for the
workstations, the number of users who require access to
the tools, the costs in licenses of specialized software,
the geographic distribution of the working teams, etc. An
emergent solution for this type of problems, consists of
virtual tools for remote calculation, which allow the
access to powerful calculation systems through a computer
network, independent of workstations characteristics and of
geographical distribution of the same ones. This document
propose a general structure for the implementation of virtual
tools for remote calculation; besides, two tools developed
for analysis and simulation through Internet are introduced.

The next section presents a general structure for imple-
mentation of virtual tools for remote calculation, supported
by the Matlab c© calculation engine. After that, a virtual
tool (calledAnalys) for mathematical analysis is presented.
It allows the access to the Matlab command, in command
line form. subsequently, a virtual tool (calledSimWeb)
for simulation of block diagrams is introduced, similar to
the programSimulink c© of Matlab; these virtual tools are
accessible through a Web Browser. Finally, some conclusions
and projects for further works are presented.
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II. GENERAL STRUCTURE FORREMOTE CALCULATION

There are multiple implementations of calculation tools
guided to engineering education. These developments can
be classified in three types:

• Virtual laboratories: The virtual laboratories allow the
remote access to control and experimentation systems;
some successful examples can be found in [1], [2]
and [3]. These examples present computation systems
handle through Web browsers, but the configuration
level is minimum.

• Learning systems: The learning systems are guided to
offer conceptual environments and mathematical tools
to the students, in [4] and [5], some examples of Web-
based implementations are observed.

• Web-based simulations: Some examples of Web-based
simulators are in [6], [7], [8], [9], [10], [11] and [12].
These examples present client-server architectures, in
which the clients access calculation systems with min-
imum configuration levels and with specific objectives.

With the objective of guaranteeing quality and precision
of the calculation in the virtual tools, the software Matlab
was chosen as a calculation engine, due to its extensive
utilitation in the scientist and educational fields. To carry out
the interaction between the calculation engine and the Web,
the MATLAB Web Server ToolBox is required; it addresses
the information from aHTML form to the calculation engine
and sends the results to the user Web Browser (additional
information available in [13]).

In Figure 1, it is presented a general structure for the
implementation of remote calculation tools with Matlab Web
Server [13]. This consists of four main parts:

• Web Pages: The user interface is carried out in a
Web environment developed with Web pages, figures,
tables, etc. The results are also presented in Web pages;
this characteristic allows the user to store or print the
results locally. For the designers and programmers of
calculations tools, is it possible to develop interfaces
that are easy to use, without demanding the knowledge
of Matlab language.

• Web Server: To access the user interface, it is necessary
to have a Web Server, which carries out the commu-
nication between the user’s Web Browser and Matlab
Web Server ToolBox.

• Matlab Web Server ToolBox: As it was mentioned
previously, Matlab Web Server sends requests from
the user’s Web Browser (through the Web Server) to
Matlab, in the same way Matlab sends the results to
the Web Browser. The limit of simultaneous requests
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Fig. 1. General structure for the implementation of remote calculation
tools with Matlab Web Server

depends on the capacity of the server; it has a system
of sessions that facilitates the generation of data files
for multiple users.

• Matlab .m Programs: Finally, the calculation engine of
Matlab executes the programs.m to process the infor-
mation sent by the user. For each available operation
in the user interface, a segment of code in Matlab
language should exist in a.m file, that produces the
results, graphic and data files for the user.

Some successful implementations of calculation tools de-
veloped with Matlab are presented in [14], [15], [16], [17],
[18]. These developments have two common characteristics:
first, the user interfaces are built with static Web pages,
limiting the possibilities to configure the calculation engine;
second, the purpose of the tools is very specific, limiting
their use to some few cases.

In Figure2, is presented the general structure proposed for
the implementation of virtual tools for remote calculation,
oriented to develop general purpose tools.

The structure of the analysis and simulation tools is di-
vided in two parts: the design of user interface and the design
of the processing code. User interfaces are developed using
HTML code and Javascript functions, allowing the interface
to validate data before sending it to the server, to modify the
user’s options dynamically according to the operations that it
selects, etc. A fundamental parameter was the minimization
of the required bandwidth, with the objective of speeding up
the transfer of information. This bandwidth minimization is
guaranteed with tree procedures:

• The information sent to the server is coded, imple-
menting compression functions in Javascript language
that are executed in the user’s Web Browser; equally,
decompression algorithms were implemented in Matlab
language to recover the original data.

• The results are written directly as Web pages in the
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Fig. 2. General structure for the implementation of virtual tools for remote
calculation

server (as HTML code), where the user can consults a
standard page, with little traffic demand.

• The annexed files to the results, as graphic and data
files, are available to be discharged by the user. The
graphics are compressed in JPEG format and the data
files are stored in 8 bist text format.

For the implementation presented in this document, the
processing algorithms were developed in Matlab language,
using the Control Systems ToolBox and the Symbolic Ma-
thematics ToolBox. The users data are captured in data
structures, which are decoded, processed according to the
user’s commands and finally the HTML, graphic and data
files are generated.

The structure proposed in this document, allows to carry
out complex user interfaces, using the Javascript program-
ming language. This characteristic facilitates the develop-
ment of virtual tools multi-porpuse; also, the algorithms are
developed in Matlab language, that let implement complex
and efficient algorithms. This structure has the following
implications:

• Cost: Matlab is a licensed package, with relatively
high costs. When carrying out a implementation costs
analysis of Analys, it is observed that it is much
more economic to acquire licenses of Matlab for the
server, instead of acquiring limited licenses for multiple
computers; in the same way,Analys allows the use of
Matlab from remote workstations, enlarging in this way
the tool coverage, possibiliting use it in classrooms and
laboratories.

• Administration: The centralization of the Matlab soft-
ware make easy to upgrade or add new packages;
moreover, add new computers for useAnalys is trivial,
since a Web Browser and a connection with the server
is required.

• Calculation power: As a consequence of the central-
ization of the applications, it is convenient to use a
robust and scalable server with high calculation power,
in orther to obtain low processing times.



(a) Analys - Command line module (b) Analys - Graphic results of Command line module

Fig. 3. Analys - Symbolic mathematics

III. V IRTUAL TOOL FORMATHEMATICAL ANALYSIS -
ANALYS

Analys is a general purpose virtual tool for mathematical
analysis; it allows the remote use of great part of the available
ToolBoxs of Matlab in the server.Analys is divided in two
parts: first,symbolic mathematics part, conformed by the
command line module and thematrix algebra module; the
second part corresponds to theautomatic control systems,
conformed by theanalysis of dynamic systems module.

A. Matrix algebra module

This module is designed to define the symbolic variables
to use, the matrix and the operation to perform on them. It
is not necessary to be an expert user on Matlab syntax to
carry out symbolic calculations and operations with matrix.
The results are presented in text format through an emergent
window.

B. Command line module

With his module is possible to define a series of sentences
in Matlab language to be executed sequentially, in a similar
way to the standard command line of Matlab. This system
allows the use of most of the functions of Matlab and
its ToolBox, making it ideal for education and research
purposes.

In Figure 3, an example is presented that shows several
commands to create and analyze the dynamical system:
G(s) = s+1

s2+3s+5 .

C. Control systems module

The control systems module is a graphic application to
analyze remotely linear multivariable continuous or digital
systems.

In Figure4(a), it is presented the user interface, in which
the mathematical model defined is visualized, as a transfer
function (or matrix of transfer functions for multivariable

systems) and in state space representation. Here basic pa-
rameters of the systems are also presented: number of
inputs/outputs, number of states, domain (continuous or dis-
crete) and an analysis of the controlability and observability.

The control systems moduleallows different analysis in
an intuitive way; users can define several class of models in
transfer function or space of states in continuous or discrete
time; the System Dynamics option, presents a summary of
the most important model characteristics: bandwidth, auto-
values, damping, natural frequencies, DC gain, poles, zeros
and number of inputs/outputs. Models can be transformed
in several canonical forms (modal, canonical controllable,
canonical observable and canonical companion) by coordi-
nate transformations [19] in the State Space Analysis option,
or converted from continuous to discrete or discrete to
continuous using the Model Conversion. For these models,
time, frequency and root locus analysis are availables; for
example, the Figure4(b) shows the response of the system
described in Figure4(a) to the user defined signal2 sin(3t).

The characteristics presented make ofAnalys an ideal tool
for education and research, allowing the integration of the
power and precision of Matlab with the easy access of Web
applications.

IV. V IRTUAL TOOL FORSIMULATION OF DYNAMIC

SYSTEMS - SIM WEB

SimWeb is a remote block diagram simulator that allows
to design and simulate dynamical systems through Internet.
SimWeb is similar to Simulink c© of Matlab, butSimWeb
is exclusively Matlab-based and doesn’t need Simulink to
work.

Some general purpose tools for remote simulation are
based on block diagrams [20], [21], but they are developed in
JAVA, being executed in the user’s Web Browser, requiring
high calculation capacities and a high bandwidth.SimWeb
seeks to avoid these requirements of capacity and bandwidth.



(a) Analys - User interface of the control systems module (b) Analys - User defined signal response

Fig. 4. Analys - Control systems module

SimWeb give the users the possibility to simulate linear
and non-linear systems, continuous and discrete, monovaria-
ble or multivariable, represented in block diagrams, using
a Web Browser and a connection with the server (local
network or Internet).SimWeb it is divided in two parts: the
graphical user interface and the execution system; the first
was designed with active HTML pages and Javascript code,
the second uses the calculation engine of Matlab.

A. Graphical user interface

In Figure5(a), it is presented the graphical user interface
of SimWeb, which is divided in three zones: blocks zone,
work zone and configuration zone.

• Blocks zone: In this zone are the blocks to build the
block diagrams. Due to the technologyDrag and Drop
implemented with the Javascript language, it is enough
doing click over the blocks to select and take them to
the work zone.

• Work zone: In this zone the block diagrams are de-
signed. Due to the techniqueDrag and Drop, the blocks
can be move freely on the screen and locate them as the
user wants. In Figure5(a), it is presented an example of
block diagram, which consists on aContinuous feedback
process, aZero-order hold and twoScopes. The selected
block is marked with a red border, indicating that the
available parameters in the configuration zone belong to
him. The names of the blocks are configurable for the
user.

• Configuration zone: In this zone, is carried out the
configuration of the blocks; all actions in this zone are
associated to the block selected in the work zone; the
available options in this zone are: name of the block,
orientation of the block, number of inputs, parameters,

store the changes, user’s manual, information of the
block, connections tool, erase tool and simulation be-
ginning.

• Connections tool: The inputs to a selected block are
chosen from a menu with the names of the blocks that
have outputs, see Figure5(b).

B. Data structures

To support theDrag and Drop procedure,SimWeb uses
dynamic data structures to store the block diagrams informa-
tion (block types, blocks structures, connection structures and
execution list) in the user’s Web Browser; these structures
must be created and destroyed dynamically.

To perform the requirement ofbandwidth minimization ,
the information to be transmitted to the server is compressed
in a HTML structure with the following parameters: first,
the blocks with connections are simulated; second, only the
parameters are sent, the algorithms are defined in the server;
and third, the connections are described as references to the
execution list, allowing a diagram of up to 256 blocks to use
a single 8 bits word for address.

C. Execution environment

The block diagram simulation is carried out in the remote
server where Matlab is installed; it is possible to use cluster
of servers to increase the calculation power, distributing the
load among more processors to reduce the processing time.
It is important to highlight that due to the flexibility of the
communication networks, it is possible to useSimWeb from
portable computations systems (laptops, Pda, etc.), personal
computers or Mac workstations.

The simulation procedure is implemented in Matlab lan-
guage: The number of blocks to simulate is detected, the
blocks connections are identified to create the execution list.
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Fig. 5. SimWeb

Later on, the data structures for each block are created,
creating dynamic objects in the work space of Matlab.
Following the execution sequence, these objects are executed
until completing the simulation. With the simulation data,
data files, graphics and HTML pages for presentation of
results are generated.

Finally, the system closes the Matlab session and all
the dynamic objects are eliminated, recovering the memory
space used. The system use dynamic memory management,
allowing the attention of multiple sessions simultaneously.
The graphic files and data files can be erased automatically
or be stored for future analysis.

D. Implemented blocks

SimWeb has twelve defined blocks, constituted by one
generating block, nine process blocks and two visualization
blocks:

• Input blocks: Functions generator.
• Process blocks: Continuous dynamic system, discret dy-

namic system, sample and hold of zero order, derivative,
integral, PID controller, summator, mathematical non-
linear function, FiFo memory.

• Scope blocks: Time Scope, frequency scope (power
spectrum).



E. Results Presentation:

SimWeb presents the simulations results in an emergent
window (Figure5(c)). The results consist (as Simulink of
Matlab) in images and data files; the images are compressed
in JPEG format and the files are generated in text format.

The Scope block allows the simultaneously visualization
of different signals and comparing them; the block FFT
plot the power spectrum of the input signal. The graphics
are supported by data files links, which contain in adjacent
columns the time (Scope) or frequency (FFT) and each one
of the input signals; these files can be used for a later data
analysis. As an example, in the block diagram of Figure5(a),
the Scope block is connected to the output of thefeedback
process and to the output of thesample and hold. Equally, the
FFT block is connected to the output of the samecontinuous
process. In Figure 5(c) the results of the simulation are
presented, where it is observed that the output of theScope
block (left) has the continuous and sampled signals. The
output of theFFT block presents a graphic of the output
signal power spectrum.

The colors, point markers, line styles, etc., are configured
by the user in vectors of formats for eachScope or FFT
block; then, personalized graphics are obtained, adjusted to
the user’s necessities. These images can be copied directly
to a text editor or stored in user’s personal computer, to be
used in works, reports, analysis, etc.

Finally, SimWeb is a versatile virtual tool for remote
simulation of dynamic systems, with big possibilities of
evolution and addition of blocks. It allows the generation
of a powerful and robust simulation environment, where the
process time depends on the capacity of calculation of the
servers and not on the user’s computers.

V. CONCLUSIONS ANDFURTHER WORKS

The virtual tools of remote calculation presented, facilitate
the access to the calculation power of Matlab from multiple
work stations, without consider the distance or the power of
the user’s computer. These tools permits to carry out analysis
of systems independently of the user’s knowledge level of
Matlab language; in a similar way, they allow the execution
of simulations of block diagrams through a friendly user
interface. These calculation tools present an additional ad-
vantage: the low cost of implementation, allowing to obtain
a system of high calculation power and accessible for a great
number of users, acquiring some few licenses.

The virtual tool of mathematical analysisAnalys, allows
the access to the mathematical capacities of Matlab; making
it expandable to multiple areas of the knowledge; also,
allows the development of graphic user interfaces to support
different procedures; the authors seek to develop modules
for digital signal processing and neural networks; also, is
hoped to develop graphic interfaces for the basic courses of
calculus and physics.

The virtual toolSimWeb, provides a simulation environ-
ment for dynamic systems, allowing the execution of com-
plex and non-linear algorithms through Internet from a Web

Browser. SimWeb will be extended to vectorial systems,
with manipulation of vectors of signals and the possibility
to define and characterize the simulation algorithms.
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