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The Kerngen Module in MATLAB can be used to optimize a filter with
regards to an ideal filter; while taking into consideration the weighting
function and the spatial mask. To be able to remotely do these
optimizations from a standard web browser over a TCP/IP network
connection would be of interest. This master’s thesis covers the project of
doing such a system; along with an attempt to graphically display three-
dimensional filters and also save the optimized filter in XML format. It
includes defining an appropriate DTD for the representation of the filter.
The result is a working system, with a server and client written in the
programming language PIKE.
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The World Wide Web (WWW) has drastically changed the availability and
processing of information. Already its first generation changed our daily
practice and these changes will become even more significant in the near
future. It has provided ease of processing information along with more user-
friendly interfaces. Currently, the Web is an incredibly large source for
information and services, that has set an effort to enhance the efficiency and
selectivity of automated processing tools.

�	�� �����������������

The Computer Vision Laboratory (CVL) at Linköping University has developed
a MATLAB toolbox named kerngen for optimizing FIR filters. The toolbox
consists of a set of classes for defining and manipulating FIR filters and for
carrying out optimizations for them. The toolbox provides a natural and
consistent interface to internal routines and is easily expandable to include
new functions if required. The goal of the optimization process is to
minimize the cost of implementation while satisfying design constraints
on the frequency response and SNR. A filter is termed optimal when it
minimizes a chosen distance measure with respect to an idel filter.

Kerngen also has functions that can give graphical representation of
one and two-dimensional filters. There is no built in function to
graphically display a three dimensional filter. However to use this toolbox
the user need to have MATLAB and the kerngen toolbox installed on his
computer, which leads to redundancy. In addition he should have the
knowledge of the syntax and command structure of the kerngen toolbox.
However it is not easy to master the format and usage of the functions
provided by kerngen and thus requires time on the part of user to get used to
the environment.

It is therefore of interest to link the kerngen toolbox to the Internet and provide
an easy to use web interface to carry out the filter optimization procedures. It
is also of interest to save the optimized filter in an exportable MATLAB and
XML format.
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The purpose of my thesis was to design such system. It included setting up a
server that links MATLAB to the internet; designing the websites that fetch the
input; designing some convenient method for displaying three dimensional
filters; and designing the DTD for the XML format in which the filter is finally
saved.

�	������������

This report consists of 7 chapters. This (the first) chapter gives a brief
introduction to the project and the parties involved. Following is a brief
description of the remaining chapters of this report.

Chapter 2 briefly describes the different paradigms of filter optimization.

Chapter 3 overviews the functionality of the kerngen toolbox in MATLAB.

Chapter 4 then describes the approach towards achieving the objective.

Chapter 5 gives details about the software implementation of the server and
the CGI scripts along with the description of the MATLAB functions that are
used to attain the goal.  It also defines the XML DTD that was designed to
represent and store the filter.

Chapter 6 states some of the restrictions and constraints on the system that
prohibit the attainment of expected results.

Chapter 7 summarizes the entire discussion and states the conclusions.

�	�����

The customer of the project is the Computer Vision Laboratory, department of
Electrical Engineering, at Linköping University, Sweden. The research of the
Computer Vision Laboratory is on methods which will allow systems to `see',
i.e. interpret image information. Such systems are increasingly used in
robotics, industrial automation, visual communication, medical image
processing and analysis, quality inspection, surveillance, etc.
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Image filters are one of the most common applications of digital signal
processing. Therefore optimization of filter designs has always been of great
importance. Extensive studies have been made in the field of filter
optimization. There exists a vast array of analogue filter design techniques and
methods that have been developed to utilize this knowledge in the design of
digital filters.

�	��"����#����$������������!�����

MATLAB [5] stands for Matrix Laboratory. It is a high-performance numerical
computation and visualization software. MATLAB integrates matrix
computation, numerical analysis, signal processing, data analysis, and
graphics in an easy to use environment where problems and solutions are
expressed just as they are written mathematically, without traditional
programming.

MATLAB also features a family of application-specific solutions called
toolboxes. Toolboxes are libraries of MATLAB functions that customize
MATLAB for solving particular classes of problems. A large library of toolboxes
comes by default with MATLAB. However any user can purchase other
toolboxes according to his/her requirements.

Some other more popular toolboxes available from MATLAB include:

• ��
��� �������
�, comprehensive signal processing and time-series
analysis tools

• ����� �������
�, advanced tools for manipulation and analysis of
images and 2-D images

• �������� ����, integrated tools for mathematics and variable precision
arithmetic

• spline, GUI-driven tools for fuzzy logic design

• ���������
����, leading edge robust-control system synthesis tools to deal
with systems in the presence of uncertainty
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• ������� ��
������
, advanced signal processing tools for parametric
modeling, system identification, and time series analysis

• ��
����� ������� ����
, automatic control system design and analysis
tools

• 
�
�
���� ��
����� ����
, time domain optimization of linear and
nonlinear parameters within SIMULINK block diagrams

• ���
������ �
�� ��
�����, leading edge u-synthesis tools to design
control systems in the presence of uncertainty.

�	��%���&��

Kerngen is a MATLAB toolbox produced by Computer Vision Laboratory, of
Linköping University, Sweden. It has been designed for assistance in
optimization of Image filters, especially FIR filters. The goal is to produce an
optimal filter as compared to an ideal filter. The engine takes the ideal filter,
weighted function and other optional parameters as input and produces an
optimal filter in accordance to them.

�	�	�� �������������%���&��

The kerngen toolbox uses an object class named WA (Weight Array), which is
a data structure holding 4 dimensional complex kernel coefficients. Kerngen
comes with a large library of functions. Following is a list of the functions that
are more pronounced followed by a short description for them:

WA file I/O.

    waread     - Read a WA file.

    wawrite    - Write a WA file.

WA generators.

    wa         - Create a WA object.

    radius     - Generate a radius function in WA.

    quadrature - Generate lognorm quadrature WA

    gauss      - Generate gaussian WA

    powrbook   - Generate Frequency weight

WA display.

    display    - Command window display of WA.

    waplot     - Make a surface plot of WA.
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    wamesh     - display WA (1D and 2D)

    evaluate   - display and compute distortion of 1D and 2D WA

WA operators.

    dft        - Make a DFT on WA.

    idft       - Make a IDFT on WA.

    optimize   - Make a kernel optimization.

    isfreq     - Test if WA is defined in the frequency domain.

    issame     - Test if two WA’s is of same type and size.

    distortion - Calculate weighted and unweighted distortion of WA.

WA object handling.

    getcoord   - Get coordinates from WA.

    getdata    - Get data from WA.

    getgrid    - Get sampling grid from WA.

    getorigo   - Get value from origo of WA.

    putdata    - Put data into WA.

    putorigo   - Put value in origo of WA.

�	�	�� 
���������������

There are three major input parameters that determine the resulting optimized
filter. These are:

• Ideal Filter

• Weighted Function

• Spatial mask

However all these parameters need to be entered in kerngen optimization
functions as WA variables. While working in MATLAB data in a WA can be
manipulated in many ways using the functions provided by kerngen. A user
can work directly on a WA object class, change its contents, as he likes and
input the resulting WA object as a parameter to an optimization process.
However while working with our system the user would have to input these
parameters as mathamatical expressions; which in turn would be translated to
a WA object class by MATLAB and then fed as input parameters to an
optimization process.

There are some other parameters like over sampling value, dimensions of
filter, etc as well that need to be entered during the filter optimization process.
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However these are entered as constant values and need not to be translated
into WA objects.

Before continuing further, let us first describe these input parameters in a little
more detail.

�	�	�	��
����������

An ideal filter, as the name implies, is the filter, which the optimization tries to
achieve. A filter is considered optimal when it minimizes a chosen distance
measure with respect to an ideal filter. The closer the optimized filter could get
to the ideal filter, the better it is. The ideal filter is specified in the frequency
domain.

�	�	�	��'��&����&���������

A weighting function is used to introduce a distance metric between the Ideal
function and the optimal filter. The optimizer is supposed to find the kernel
coefficients that minimize this weighted distance measure. Thus the weighted
function helps determine the error measure in the final resulting optimal filter.
The definition of the chosen measure, the error ε is given by:

   ε2 
 =∑ :N�5IN�- 6Ik) 

 2

where  the :N� is the weighted matrix and IN is the ideal function. For details
please refer to the paper “Advanced Filter Design” by Hans Knutsson, Mats
Andersson, Johan Wiklund [2].

�	�	�	����������"��(

Spatial mask simply masks the resulting filter. It is used to nullify the
unimportant areas of the optimal filter.

�	�	�� ����)������*�������������� �����!��������+

Lets follow a simple example for the optimization of a one dimensional filter,
and see how an optimization is achieved using kerngen.

We consider an ideal filter with a spatial resolution equal to 9. For our example
we can consider the over sampling value to be 5. So our frequency resolution
would become 45. For spatial mask we consider a metric with all values as
ones. All this would translate into MATLAB something like this:



7

n = 9;                    % spatial resolution

N = 45;                   % Frequency resolution

sz_s = [n];               % size in spatial domain

sz_F = [N];               % size in Fourier Domain

s_msk = ones(wa(sz_s,0)); % spatial mask

For simplicity, lets consider a power function as a weighted function. The
following could be the code that we can write to construct a power weighted
function in MATLAB:

rexp =  -1;

cosexp = 0;

alpha = pi/N;              % DC weight

epsilon = 0.05;            % noise level

Fw = powrbook(sz_F,1,rexp,cosexp,alpha,epsilon);

So now we have our weighted function, and our spatial mask. For our Ideal
filter lets consider a low pass filter with a bandwidth of pi/2. To formulate this
filter as a weight array we would first have to construct an empty weight array
of a single dimension and then take its radius. Once we have the radius we
can put all the values, which are less than pi/2 as 1 and leave the rest to be 0.
In MATLAB we can do this as follows:

u=ones(wa(sz_F,1)); % temporary variable

r=getdata(radius(u)); % variable that gets distance

  from origen

Fi=wa(sz_F,1);

fi=abs(r)<pi/2; % constructing low pass filter

Fi=putdata(Fi,fi); % Ideal filter

Now we run the optimization function on our input parameters.

[f F] = optimize(Fi,Fw,s_msk);
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Now we have our optimized filter. We can get more information about the
optimization by running the evaluate and distortion functions on our optimized
filter:

figure(1),clf

evaluate(F,Fi,Fw,f);

[E, S] = distortion(F, Fi, Fw);

fprintf(’Distortion filter 1              \n’)

fprintf(’-------------------------------- \n’)

fprintf(’unweighted distortion f1 = %2.1f %% \n’, S{6});

fprintf(’weighted distortion f1   = %2.1f %% \n’, S{7});

fprintf(’RMS Fi = %2.3d  \n’, S{2});

fprintf(’RMS F  = %2.3d  \n’, S{3});

dcerr = getorigo(E{1});

fprintf(’DC error f = %2.3d  \n’, dcerr);

fprintf(’%d non-zero coefficients in f1 \n\n’,
sum(sum(sum(s_msk))));

We get the following results along with the following resulting figure:

Distortion filter

--------------------------------

unweighted distortion f1 = 22.8 %

weighted distortion f1   = 3.8 %

RMS Fi = 7.149e-01

RMS F  = 7.025e-01

DC error f = -1.851e-04

9 non-zero coefficients in f1
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Fig 2.1 Results for our example
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In this chapter I would present certain pros and cons of XML, SMIL and CGI.
In my project XML is used as a format to store the final optimized filter. CGI
scripts are used for controlling the information traffic flow between the user on
the net and the servers that perform the optimization. SMIL is used to display
a graphical representation of the three dimensional filter. In this chapter I will
attempt to justify the choice of these technologies for my project, over others,
by discussing what they have to offer and how they suit our requirements in
the project.

�	��,"�

XML stands for EXtensible Markup Language [4]. It is a markup language
much like HTML. It was primarily  designed for describing and formatting data.
Though a markup language, XML tags are not predefined in it. You must
define your own tags. In this lies the major advantage of XML. The user is
allowed to format his data as he wishes.

Even though XML is a relatively new markup language, it has already
occupied a significant portion of code on the web. XML might be considered
as an organized and improved scripting language in contrast to HTML. Though
primarily XML and HTML were designed with different goals: XML was
designed to describe data and to focus on what data is, whereas HTML was
designed to display data and to focus on how data looks; it seems that in the
future they might merge into a single organized scripting language. However
for the time being HTML is about displaying information, while XML is about
describing information.

Fig 3.1 A simple XML script
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However this does not mean that data stored in the form of XML can not be
arranged and displayed in an internet browser. In fact, data stored in XML
format can be displayed  quite dynamically. There exist quite a number of
scripting languages that can actually display XML. Some of the more
pronounced ones are:

• XSL (eXtensible Stylesheet Language)

• CSS (Cascading Style Sheets)

• XSLT

• Perl Scripts

�	�	�� ���/��&�,"�������

To view an XML document in IE 5.0 (and higher) [9] you can click on a link,
type the URL in the address bar, or double-click on the name of an XML file in
a file folder. If you open an XML document in IE, it will display the document
with color coded root and child elements. A plus (+) or minus sign (-) to the left
of the elements can be clicked to expand or collapse the element structure. If
you want to view the raw XML source, you must select "View Source" from the
browser menu.

Fig 3.2 XML displayed in internet explorer
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To view an XML document in Netscape 6 you’ll have to open the XML file and
then right-click in XML file and select "View Page Source". If you open an XML
document in Netscape 6, it will display the document with color coded root and
child elements.

�	�	�� 0�0�10���������2���0�$�������3

XML uses a Document Type Definition (DTD) [3] or an XML Schema to
describe the data. The purpose of a DTD is to define the legal building blocks
of an XML document. It defines the document structure with a list of legal
elements. A DTD can be declared inline in your XML document, or as an
external reference. A good practice however is to write it externally and save
the file with a .dtd extension. Then a pointer to the concerned DTD is added to
the XML file.

Fig 3.3  An external DTD Script

XML provides an application independent way of sharing data. XML with a
DTD or XML Schema is designed to be self-descriptive. This means that with
a DTD, independent groups of people can agree to use a common DTD for
interchanging data. Your application can use a standard DTD to verify that
data that you receive from the outside world is valid. You can also use a DTD
to verify your own data.

�	�	�� '��������,"���

XML was not designed to DO anything.

Maybe it is a little hard to understand, but XML does not DO anything. XML is
created to structure, store and to send information. However structuring and
formatting data is proving to be as necessary as it is to present it.

There is no easy way to describe exactly what purpose XML serves. It’s not
really like anything else out there, so there isn’t a good comparison to be
made. How, without having seen it at work, would you explain "everything"?
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With a typewriter, adding machine, and pencil as your basis for comparison,
how would you explain the PC and its uses?

Similar problems come up in trying to explain eXtensible Markup Language.
That’s why the forced metaphors are so uninformative. You may have heard
that XML is the replacement for HTML or that XML is like HTML, where you
make up your own tags. Both of these statements are more or less accurate,
but in the same way that a PC is a modern typewriter might be true.

It is important to understand that XML is not a replacement for HTML. In future
Web development it is most likely that XML will be used to describe the data,
while HTML will be used to format and display the same data.

Maybe a good description of XML is this: XML is a cross-platform, software
and hardware independent tool for transmitting information

XML can also be considered as a markup language that is readable by both
humans and machines.

�	�	4� ,"�����$������'����5��������

XML is going to be everywhere. It has been amazing to see how quickly the
XML standard has been developed and how quickly a large number of
software vendors have adopted the standard.

Its strongly believed that XML will be as important to the future of the Web as
HTML has been to the foundation of the Web and that XML will be the most
common tool for all data manipulation and data transmission.

�	���"
�

SMIL, or Synchronized Multimedia Integration language [8], is an XML-based
language that essentially pieces together your media files in the order that you
would like them to appear and combines them into a single stream

RealNetworks [7] has been a pioneer in developing SMIL for the Web, and has
created proprietary formats for use within a SMIL script. These are RealText
(.rt), RealPix (.rp), RealVideo, RealAudio (.rm), and RealFlash. By
incorporating SMIL scripts into your RealMedia files, one can give their
websites a whole new level of usability.

SMIL is very suitable for the Internet. Multimedia files on the internet usually
require to be downloaded to the user’s machine before they can be played.
By using SMIL, your content is streamed to the user. This gives them instant
gratification, and they have more time to surf around the web now that they
aren't waiting for an entire media file to download.
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Up until SMIL, a clearly defined way to describe temporal data on the Web
hadn’t really existed. There were workarounds and even some elegant hacks
(always), but no specific standards-based technology devoted to handling
temporal data on the Web.

�	���.
�1�������.���/�2�
����$���3

The Common Gateway Interface (CGI) [1] is a standard for interfacing external
applications with information servers, such as HTTP or Web servers. A plain
HTML document that the Web server retrieves is static, which means it exists
in a constant state: a text file that doesn’t change. A CGI program, on the other
hand, is executed in real-time, so that it can output dynamic information.

For example, like in our system we have a server, which is able to run a filter
optimization. Lets call it filter optimization server . We wanted to hook it up to
the World Wide Web, to allow people from all over the world to query it. So we
can create a CGI program that the Web server will execute to transmit
information to the filter optimization server, and receive the results back again
and display them to the client. This is an example of a �������, and this is
where CGI, plays a vital role.

There really is no limit as to what you can hook up to the Web. The only thing
you need to remember is that whatever your CGI program does, it should not
take too long to process. Otherwise, the user will just be staring at their
browser waiting for something to happen.

�	�	�� �������2

Since a CGI program is executable, it is basically the equivalent of letting the
world run a program on your system, which isn’t the safest thing to do.
Therefore, there are some security precautions that need to be implemented
when it comes to using CGI programs. Probably the one that will affect the
typical Web user the most is the fact that CGI programs need to reside in a
special directory, so that the Web server knows to execute the program rather
than just display it to the browser. This directory is usually under direct control
of the webmaster, prohibiting the average user from creating CGI programs.
There are other ways to allow access to CGI scripts, but it is up to your
webmaster to set these up for you.

�	�	�� "�����������������&������&����&��&�

A CGI program can be written in any language that allows it to be executed on
the system, such as:
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• C/C++

• Fortran

• PERL

• TCL

• Any Unix shell

• Visual Basic

• PIKE

• Java

It just depends what you have available on your system. However if you use a
programming language like C or Fortran, you would have to compile the
program before it will run. Its preferable to write CGI scripts instead of
programs, since they are easier to debug, modify, and maintain than a typical
compiled program.

�	�	�� 6����������(

CGI programs can return a myriad of document types. They can send back an
image to the client, a HTML document, a plaintext document, or perhaps even
an audio clip. They can also return references to other documents. The client
must know what kind of document you’re sending it so it can present it
accordingly. In order for the client to know this, your CGI program must tell the
server what type of document it is returning. CGI uses special tags which tell
the browser what format the data is in and thus make it possible for them to
display it properly.

Since we plan to use Common gateway Interfaces to traffic data flow between
the user and the filter optimization server, it seems that they serve all our
requirements. Thus it is warranted to use CGI scripts in our project.
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44		�� ��22����������  55����55����//
In this chapter, I will describe the overview of the system. The design of the
system involved getting the input from the user through the Internet, then
parsing and rearranging the input in a format that was understandable to
MATLAB; calculating the optimized filter in MATLAB, displaying the results to
the user on the web, and then finally saving the results in the desired format.
Now lets go through all these steps one by one to see exactly what purpose
they serve in the system.

4	��"�(��&�7���2

The client, which can be any advanced web browser such as Internet Explorer
(version 3 upwards), Mozilla, Netscape; requests an HTML file from the Roxen
web server running at ISY. The filter_optimizer.HTML
“����	

������������
���
�������
�������
���������������
��������������������”is the HTML
file that is presented to the user. It includes, along with other instructions, a
form, which prompts the user to input a query for filter optimization. The user is
required to input an ideal filter, a weighting function and a spatial mask  (UHIHU�WR
FKDSWHU���IRU�GHWDLOV) for the filter. The user has also to select the dimension of filter
he wants to work with and set an over sampling value. The ideal filter and the
weighted function can be specified as a mathamatical expression. of
predefined variables u1,u2,u3,r. Similarly the spatial mask can be specified as
a function of another set of predefined variables x1, x2, x3, R. The description
of these variables is displayed to the user on the webpage as displayed in the
following figure 4.1

The required parameters in the form can be filled by constants, functions or
predefined functions. Functions that are to be submitted must be compatible to
the MATLAB format. For instance, the user can enter the function exp(r.^2) as
an ideal function. Invalid functions would result in an error. Moreover only the
concerned variables would be available to the user. This means that a user
that has chosen to work with 2 dimensional filter could only specify the ideal
filter using u1, u2, and r. Any other variable that concerns with 3 dimensional
filters, for instance, u3 would be unavailable to him. In case he specifies a
function using u3, an error would be returned.
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Fig 4.1 Query webpage
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Similarly, while specifying the spatial mask, the user could utilize the pre
provided variables, which are x1,x2,x3,R. Apart from these variables the user
is also provided with an option to keep the spatial mask as 1. Entering “1” as a
spatial mask parameter would result in generation of a spatial mask matrix,
which has the same dimensions as the ideal matrix, but all values as 1.

Once all parameters are entered, the user than has a choice to either see the
preview of the values he has entered or he can directly compute the optimized
filter. The preview option is included so that the user can determine exactly
what ideal filter he wants to enter. It provides the user with a graphical
representation of the ideal filter.  Also this option facilitates in case of an error.
In case the user enters an invalid function in either of the fields the preview
function indicates exactly which field has been entered incorrectly. However if
the compute option is submitted with faulty parameters it would just indicate
that an error has occurred and it is recommended that the preview is run first.
On submitting, this query is forwarded by the form to a CGI (Common
Gateway Interface) script.

4	���.
�������

In our system we have two CGI scripts. Both are used to connect the web to
two different servers. The CGI script named ���������� connects to the kernel
optimizer server and the �������� connects to the SMIL server. The kernel
optimizer produces the results for the optimization, so the server.cgi also
collects the results and displays them to the user. Similarly the SMIL server
generates the SMIL multimedia file, the optimized filter in XML format and
saves the filter as a .mat file. ��������  also returns these formats to the client.
Exactly how they connect and communicate with the servers would be
discussed in the next chapter.

4	��%������ �����!������5��

The CGI script connects to the kernel optimizer server and transfers the entire
query to it. The server is written in a programming language called PIKE. PIKE
is quite a young language, which is based on a C like structure. However it is
much more efficient than C in thread handling. As a starting point I used the
code written by Gunnar Farnebäck and Björn Johansson of CVL, Linkoping
University, for “Image distortion using symmetry features”. The interface to
their server could be found at the following  web link.
����	

������������
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����������������

Kernel Optimizer does all the major work. First of all it determines what query
is to be forwarded to MATLAB, and then It formats the query in the proper
format for MATLAB. Then it pipes the query to MATLAB and initiates the
proper functions. In the meanwhile it continuously keeps updating the user
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about the status of the query. Once the results have been produced by
MATLAB it checks them for errors. In case errors are produced it returns an
error to the CGI script. However in case of no error, it compiles a result page,
fills in the results and returns the address of this result page to the CGI script.

4	4��"
�����,"�����5��

In case a request has been made to view a 3 dimensional filter, or to save the
resulting optimized filter as a .mat file or as a XML file, the CGI script forwards
the query to a SMIL and XML server named smilserver.pike.

Once the optimization is done and the results are produced, the resulting filter
can be saved as a XML format. Its graphical representation can also be
viewed on the resulting webpage. However in case it is a 3 dimensional filter,
then it has to be viewed as a SMIL multimedia stream in real player. The
resulting SMIL is a sequence of all the cross sections of the 3 dimensional
filter.

The SMIL server collects the query from the CGI script and then determines
what it is required to do. In case it is required just to save the resulting filter as
a .mat file then it just returns the path to the .mat file to the CGI script.

In case it is required to display the whole of a 3 dimensional filter. It prompts
MATLAB to save on hard disk a sequential graphical representation of all the
cross sections of the filter. Then it generates the code for a .SMIL file and
saves it on hard disk. Then it generates an HTML code that calls the .SMIL file
as a real player object in it. However if only one particular section of the filter is
requested to be seen then MATLAB is called upon to produce only the
graphical image of that particular cross section and is displayed as a static
figure in HTML code.

In case the SMIL and XML server is requested to produce an XML
representation of the filter then it prompts MATLAB to produce the required
XML format and then returns the path to the XML file.

4	8����������&�'����"����#

The major optimization procedure of the filter is supposed to take place in
MATLAB. MATLAB uses the kerngen toolbox to get the optimized filter.
However some functions and m-files were developed that were to bridge
between the inputs from the server and rearrange them for the kerngen
toolbox. MATLAB is also responsible for adding code to the .SMIL an XML
files. I used MATLAB version 5.3.1 for producing the optimized filters.

The easiest way to accomplish an interconnection between MATLAB and the
web is to wrap a code around the MATLAB’s engine and hook it up as a web
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server. Kernel optimizer server and the SMIL server play that role. Figure 4.2
depicts a simple graphical representation of what is proposed.

Figure 4.2 Remote connection to MATLAB

4	9���������5��5�������������2����

Fig 4.3 Steps in the system
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1. Client requests HTML (filter_optimizer.HTML)

2. Web server fetches HTML (filter_optimizer.HTML) from disk

3. Form data is sent back to Web server (CGI).

4. Status of the request is constantly sent back to the client browser.

5. CGI connects to either Kernel optimizer server or the SMIL server and
forwards the data to it.

6. Server formats and sends appropriate commands to MATLAB to be
processed.

7. MATLAB saves the results to the disk.

8. Server fetches pre designed .HTML files from the disk,

9. Fills them up with the results,

10. And returns them to the web server.
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88		�� 
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This chapter will discuss the different aspects that were taken into account
while designing the system and how I went about implementing them. We will
also discuss the problems that were encountered and the solutions that we
came up with.

8	�����&������&����&��&��

While designing any system that involves coding, the choice of coding
language is always quite important. The scope of the system may as well
depend on which language you have selected to write the code in. Future
development and further enhancements become much easier if the language
is popular among programmers, but that alone does not merit a programming
language to be selected for coding purposes.

In this system I use PIKE for writing the CGI scripts and the servers. For
processing the filter optimization, MATLAB is used.

8	�	�� �
%:

PIKE [6] is a new programming language developed by a collaboration
between various software vendors, independent programmers and the IDA
department in Linkoping University. The user manual and the class structure
for the programming language could be found at ����������	
��
���
��


For those of you who have not yet had any experience with PIKE, here are
some of the many reasons for using PIKE and it’s general characteristics.

PIKE is a general purpose programming language, which means that you can
put it to use for almost any task. It is an interpreted language, which means it
needs not to be compiled before running. Since it is a script based language it
can also easily be utilized for CGIs.  Its application domain spans anything
from the world of the Net to the world of multimedia applications, or
environments where your shell could use some spicy text processing or
system administration tools. Your imagination sets the limit, but PIKE will
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probably extend it far beyond what you previously considered within reach.
Besides those already mentioned (Roxen IS and SaS, IDA, LiU), there are
many other people scattered throughout the world who have put PIKE to good
use.

Roxen Internet Software wrote the free web servers Spinner, Roxen
Challenger and Roxen WebServer in PIKE, as well as the highly appraised
commercial content management system Roxen Platform / Roxen CMS. SaS
uses PIKE for their research, currently concentrated on the field of
compositioning technology and language connectors. Other noteworthy
applications include the works of Per Hedbor, who among other things has
written AIDO, a nifty network aware peer-to-peer client/server media player and
a distributed jukebox system, both in PIKE.

PIKE is Powerful - Being a high-level language, PIKE gives you concise,
modular code, automatic memory management, flexible and efficient data
types, transparent bignum (Big Number) support, a powerful type system,
exception handling and quick iterative development cycles, alleviating the
need for compiling and linking code before you can run it; on-the-fly
modifications are milliseconds away from being put to practice.

PIKE is Fast - Most of the time critical parts of PIKE are heavily optimized;
PIKE is really, really fast and uses efficient, carefully handcrafted algorithms
and data types.

PIKE is Scalable - as useful for small scripts as for bigger and more complex
applications. Where some other scripting languages aim for providing
unreadable language constructs for minimal code size, PIKE aims for a small
orthogonal set of readable language elements that encourage good habits and
improve maintainability.

PIKE is Portable - Platform independence has always been our aim with PIKE,
and it compiles on most flavors of Unix, as well as on Windows (both ia32 and
ia64 versions) and Mac OS X.

Paradigms - PIKE supports most programming paradigms, including (but not
limited to) object orientation, functional programming, aspect orientation and
imperative programming.

8	�	�� "����#

MATLAB has always been the preferred choice for digital image processing
applications.

MATLAB is an interpreted language for numerical computation. It allows one
to perform numerical calculations, and visualize the results without the need
for complicated and time-consuming programming. MATLAB allows its users
to accurately solve problems, produce graphics easily and produce code
efficiently.
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Because MATLAB is an interpreted language, it can be slow, and poor
programming practices can make it unacceptably slow.

MATLAB "thinks" in vector’s and matrices, and it is most efficient if MATLAB
users treat every variable as a vector or a matrix.

Technical professionals worldwide rely on MATLAB to accelerate their
research, compact the time invested in analysis and development, reduce
project costs, and produce effective solutions. The MATLAB environment
encourages creativity and enables you to quickly test and compare multiple
alternatives. As a result, you produce better solutions.

Users have found that the combination of the intuitive MATLAB interface,
language, and the built-in math and graphics functions make MATLAB the
preferred platform for technical computing compared to C, Fortran, and other
languages and applications.

MATLAB handles a range of computing tasks in engineering and science, from
data acquisition and analysis to application development. The MATLAB
environment integrates mathematical computing, visualization, and a powerful
technical language. Built-in interfaces let you quickly access and import data
from instruments, files, and external databases and programs. In addition,
MATLAB lets you integrate external routines written in C, C++, Fortran, and
Java with your MATLAB applications.

With a user community more than 500,000 strong spread throughout industry,
government, and academia, MATLAB is the recognized standard worldwide
for technical computing. MATLAB is used in a variety of application areas,
including signal and image processing, control system design, earth and life
sciences, finance and economics, and instrumentation. The open architecture
makes it easy to use MATLAB and companion products to explore data and
create custom tools that provide early insights and competitive advantages.

8	������������������������&2

In this project we had a choice of either using java servelets or CGI scripts for
the connection with the servers. However as we just needed a means to
connect to the servers and then forward the form data to them, and not much
processing of data was to be done, so we used CGI script for the purpose.
The CGI scripts were written in programming language PIKE.
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Fig 5.1 Remote connection to the Servers

8	�	�� ���������&�������5��

The CGI scripts create a virtual port that connects them to the server. Different
ports are used to connect to the filter-optimizer server and the XML and SMIL
server. However both the servers are passive servers and are constantly
listening to their assigned ports. The cgi script opens a connection to the
server on the predefined port using the following code of PIKE.
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Once the connection to either of the servers is made, the CGI scripts write the
data received from the HTML form, on the virtual port. The data is written in a
sequence, just as the CGI script received it. The following code transmits the
sequence on the port.

�
�����	
�BC$�	��)+
��D�����F�GH�G,A

It’s the server’s responsibility to collect or read the data off the port. The CGI
Script does not receive any confirmation that the server has received the
sequence of string.

On the server side the server opens up a passive port and waits silently till
something is written on it.  As soon as the CGI script writes the data on the
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port an interrupt is generated in the server and the server responds
accordingly.  The following code creates a passive port on the server:
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The string ’s’ contains the sequence of the variables input by the user.
However the string contains all the information as a sequence. It should be
considered as raw data and needs to be parsed.

8	�	�� 0�����2��&�/�����&��

As mentioned above, the CGI scripts have no confirmation that the server has
received the sequence of the string. The optimization of the filters can take
considerable amount of time. The user on the browser end might get impatient
or loose hope while waiting for the results. So it is very necessary that
constant feedback regarding the status of his request be displayed at users
end at appropriate intervals.

The servers constantly sends back the status page of the request made and
the CGI Scripts display them to the user.

Exactly what are the different status that a request goes through and how they
are assigned would be described in the next section.

8	�������������$��������

The kernel optimizer server performs the optimization of filter via MATLAB.
This server is constantly listening to the port “1354” .  As soon as the CGI
script connects and delivers any request on the port, the server knows exactly
what to do. The server needs to perform many tasks simultaneously, so it
utilizes threads to manage the various sequences of actions to be performed
on the data. It stores the data delivered to it by the CGI and waits for the
proper function that needs to be called to handle it.
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Filter Optimization server

Fig 5.2 Filter Optimization server

8	�	�� 6����$�������

A “thread“ facility allows you to write programs with multiple simultaneous
points of execution, synchronizing through shared memory. The ability of an
individual program to do more than one thing at the same time is most
efficiently implemented through threads.

Threads are handled quite efficiently in PIKE, thus I used threads to regulate
the sequences of actions on the server. There are 3 threads that run parallel to
each other in the optimization server. One of these threads runs the function
that listens for requests. Another runs a function that processes the requests,
and the third is responsible for updating the WebPages. To initialize a new
thread the following code is used in PIKE:

�.����D������)�2K6���K,A

The advantage of using threads is that all the three functions of receiving
requests, processing them, and updating webpages run independent of each
other and can be scheduled to repeat themselves with different time intervals.
Thus this allows us to utilize the processor as a virtual multiprocessor.

8	�	�� ;�����&���<�����

The server assigns one thread for just listening for requests. The function that
is initialized in this particular thread waits for a connection to be made on the
port assigned to the server.  Once such connection is made it accepts it,
associates it to a socket and receives the data from it. Then it strips the
sender’s address off the received data and what remains, is the user’s
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request. This part or the system is of much interest. It can be used to control
which users are allowed to connect to the server. The use of the system could
be easily restricted to only a certain group of IP addresses by making slight
change in code at this part. The user address, which is stripped, could be
checked against certain allowed user addresses, and only if a match is found,
the process could be allowed to proceed furthers. However, right now the
stripped user address is discarded.

Fig 5.3 Request handling thread

The remaining string, after the user’s address is stripped off is the actual
request and is stored into a queue. This queue is a special global mapping
variable that is created at the initialization of the server. Here is the code that
initializes the storage variable for the request:

����	��)	��L����	��)���	��L�	���,,���;�����@�)MN,A�II�0��	�/����
���
�����;�����

The status of the request is also changed to “queued”.  Also a webpage is
created, informing the user that the request has been queued and the web
address to the page is returned to the CGI.

8	�	�� �����&��&�0���

Once a request is received it is temporarily stored until it is it’s turn to be
processed. All requests are stored in a mapping designed specifically for the
filter optimization queries.

Before continuing further, let me briefly first describe what a mapping is.� �
mapping is like a dictionary or associative array. A mapping lets you translate
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from one value (such as "beer") to another value ("cerveza"). This is possible
since the mapping contains index-value pairs, consisting of two data items. If
you know the index, PIKE can quickly find the corresponding value for you.

The main request mapping associates an integer to another mapping, which in
turn stores an individual request. The integer is used to associate a position in
the queue for the request to be processed. The mapping, which stores an
individual request, associates a string to a mixed type.

����	��)	��L����	��)���	��L�	���,,���;�����@�)MN,A
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Every request maintains a couple of variables in its mapping. They maintain
the status of the request, the data sent during the request, and some flags that
help perform the proper functions on the request.  Once the request is
received, a new entry is made in the request mapping and the incoming
request is allotted a queue number. The string received during the request is
saved in the data string variable associated with that particular request. The
following code does all that:
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As mentioned above, three parallel threads are running constantly in the
server. One is constantly listening for requests, the other is constantly
updating the user’s web pages, and the third is processing the incoming
requests as their number approaches in the queue.

Fig 5.4 Request Processing Thread
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In order to process the next request the server first fetches the number of the
request that lies next in the queue. Then it splits the request string into a
mapping that associates its variable names to the values of those variables.
Maybe an example would do best to describe what I mean. Each request in
the mapping is stored as a single string, as it was received. The various
parameters that were entered in the request are separated by “&” signs.
Suppose the request received was “ …… Fi=r&Fw=pow&smsk=1……..”. After
splitting it and storing it in the mapping named data, the data mapping would
look like:

{………..

Fi : r

Fw:pow

Smsk:1

…………

}

Thus all variable would be available as separate variables.

The following  code constructs the mapping from the string in our server:
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Once the post data has been decoded and arranged in the form of a mapping,
the status of the request is changed to “running”. This means that now the
request is being processed and thus appropriate feedback be given to the user
on the web. At this point in the server a function is called that formats the
request into the MATLAB format and fetches the results. If the function
generates errors then an error page is displayed. The following code handles
all that:
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Before making a query to MATLAB, the data that is delivered to the server
must be arranged as a proper MATLAB command. It is possible to pipe a
single command in a particular program if you are running your server on a
UNIX system. So the information about all the processing that needs to be
done on the MATLAB must be piped through just one command. However this
command would be different for different types of requests. What it means is
that the command piped to MATLAB to get results for a preview would be
different than the command piped to MATLAB when a final optimized filter is
requested.

We use “echo” to pipe the command into MATLAB. The server distinguishes
between the “preview” or “compute” requests and forms the command that
needs to be piped to MATLAB accordingly. The main difference in the two
commands is that the one produced to generate the resulting optimized filter,
contains only one preview function along with a filter optimization function;
while the command designed to just produce the previews of the entered
filters, calls only 3 different preview functions. The following code does all this
in case if the request is for the results:
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However in case the preview has been requested three separate commands
have to be formatted separately and piped separately into MATLAB. The
reason why this must be so is explained in 5.6.2. The code used to obtain this
is following:
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Each of the three commands generates the preview for one of the input
parameters, i.e. the ideal filter, the spatial mask and the weighted function.
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In either of the cases, weather the request is for a result or for a preview, once
we have the command formatted we need to pipe it to MATLAB.  In UNIX
systems we can use the command “echo” to run any command in MATLAB.
So the following code pipes the command in MATLAB in case of a final result
request:
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And in case of a preview request the following code does the trick:

��
������*����)G��.
�HGG�F
���� ����
�������F�GHG�P�G�F�G&��'�5G,A
���
������*����)G��.
�HGG�F

����
�������F�GHG�P�G�F�G&��'�5G,A
���
������*����)G��.
�HGG�F
���� ����
�������F�GHG�P�G�F�G&��'�5G,A

You can see that in case of a preview request three different commands have
to be piped separately to MATLAB. The reason for this is, that  the command
is processed from left to right in sequence. However in case that an error is
produced, that particular MATLAB session is terminated instantly, causing the
remaining command portion on the right to be unprocessed. Since the preview
command is supposed to inform the user about which parameters are  entered
properly so it must process all the parameters independent of each other.
That’s why they are piped separately in different MATLAB sessions.



34

8	�	=� �����������������(��������#��/���

All this processing in MATLAB can take some time, so constant feedback must
be given to the user on the browser end so that he does not loose hope �.
This constant feedback informs the user of the status of the request. There is
a separate thread responsible for updating the web pages.

Fig 5.5 Updating web pages Thread

The function called in this thread goes through all the requests in the queue
and checks their status. Then it updates the user of the status of their request.
The following code calls the appropriate updates for the corresponding
requests.
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Errors are possible in any kind of system. In case something goes wrong,
either the functions are not entered properly, or the matrix computaions
generates errors, or any other conceivable error occurs MATLAB will produce
errors. In this case the server should detect the occurrence of an error and
return an error page. But how shall we detect that some error has occurred.
There are so many various stages and so many various kinds of errors that
can occur. So I had to come up with some general way to detect if no error
has occurred.

One straightforward way was to detect if the figures for the previews and the
results were created or not, as saving the graphical representation of the filter
on the disk is usually the last command in all MATLAB functions used. So if
the figure for a certain preview is produced then it can be deduced that no
error occurred and all commands were run to their completion. However if the
expected figure does not exist after the piping of the MATLAB command then
it means that some errors occurred.

It is possible to capture exactly what error occurred. I used the MATLAB
command “eval” to run all functions in MATLAB. “eval” offers the user an
option to run another set of commands in case the first set generates any
errors. So in case any error occurs then it is possible to run another function in
which the last error is caught and saved in a text file. But the problem is that
usually the error point to the line and code in .mat file where the error occurred
and if this error message is displayed to the user it would probably not make
any sense to the user. So I did not utilize this option.
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So in this system, I just designed a function that checks for the figure files that
were supposed to be produced after the command was piped in MATLAB, and
if it does not find them; it supposes that an error might have occurred and it
just informs the user that some error has occurred in the MATLAB
calculations. It is observed that errors usually only occur if the functions are
entered incorrectly. So the error message also suggests that preview be run
on the input parameters, as that would locate the exact input parameter that is
producing error. Here is the code from the function that checks for errors.
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Once MATLAB has finished producing results the server is supposed to
prepare a result page and send it back to the user. The result page would be
different for the request to see a preview and to see the final result. First the
server determines what kind of request was made. Then it fetches pre-
designed HTML pages from the hard disk and fills them with the appropriate
results.  These pages are then returned to the user on the web browser. All
the pre designed HTML pages reside in the same directory as the servers
themselves. Following is the code that loads the pre-designed HTML page for
the final result page:

��@�1��	
�����D+	��)���9�F�G������D+	�	�.���9�&'�	�G,A

In case of a preview request for a 3 dimensional filter, the graphical
representations are not displayed in the preview. But only the status of the
filter is displayed i.e. weather constructing the filter was successful or not. The
user is further provided with an option to see the entire filter as a SMIL
presentation or view just one slice of the filter. It’s much quicker to view one
slice of the filter. However constructing the SMIL presentation can take a lot of
time.  The following is how the result pages might look like:
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Fig 5.6 The result page for a 2 dimensional filter

8	4�"����#����������

The server forwards the data into MATLAB as a MATLAB struct. This bundles
all the variables nicely and makes it much easier to form the commands.



39

However these functions and values must be rearranged to be processed by
the kerngen toolbox. Then the results produced must be saved in the
appropriate format. The text files have to be made; the XML and SMIL files
have to be made. The following section describes the functions and m files
that were designed to implement all these tasks.

8	4	�� 
�������!�����

The first m file that is run by any instance of MATLAB is “initialize.m”. As the
name indicates it initializes the variables and sets the path for MATLAB. The
variables must be initialized as the first thing in every MATLAB session
because they would be passed as parameters to various functions in the latter
sequence of command. The struct variable passed to the function simply
contains the names and values of the variables, but has no means to initialize
or declare them.

8	4	�� ���������������

After initialization, the system runs a function named “setvariables.m”. As the
name suggests, the purpose of this function is to set up the predefined
variables according to the input parameters. This includes setting the
dimensions of the weight array functions and initializing the power function.
This also includes the setting of the coordinates of all the predefined variables
in accordance to the input dimensions and parameters.

The initialization and setup functions play an important role in the system.
They define all the predefined variables for the system. If any new predefined
variables need to be added to the system they would be initialized in
initialize.m and set according to the input parameters in the setvariables.m
function.

8	4	�� ���5��/�$��������

Once the variables have been initialized, their values can then be passed to
different functions. In case of a preview request by the client, the parameters
are passed to three different preview functions, each trying to form a weighted
array out of the input parameter. If the weighted array formed is valid, then a
graphical presentation of the filter is saved to the disk. However if an error is
produced, no graphical representation is saved to the disk. This fact is latter
used by the server to establish if an error has occurred or not.

Following is the code for one of the preview functions, similar code exists for
the other parameters too :
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The resulting preview page to the client displays which parameters were
entered correctly and which ones were incorrect or missing. Here is how the
preview section of the resulting page might look like in case that one
parameter is missing and another is incorrect:
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Fig 5.7 Preview section of a preview page with two invalid parameters

However, if the input parameters are concerning with 3 dimensional filters, the
preview does not display any graphics to the client. Instead it just indicated
weather the function entered was valid or not. In addition the user is provided
with the choice to either see any particular cross-section of the filter or the
entire filter as a SMIL presentation.

8	4	4� ������� �����!�����������

The most important of all MATLAB functions is the filter optimization function.
It takes the input parameters and formats and arranges them according to the
required inputs by the kerngen toolbox. This includes converting simple input
functions to “WA” variables and converting the variables u1, u2, etc to their
proper weighted array form. Once these variables are properly formatted they
are inserted into the kerngen functions. The kerngen toolbox runs the
optimizations and returns the optimized filter to the filter optimization function.
It then saves all the variables as .mat file, saves the graphical representations
as jpg files and exits the MATLAB session without any error, thus indicating
that every thing went well and that the final results could be displayed to the
client.

Here is the code for the filter optimization function named filteroptimizer.m:
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We use SMIL to generate a four dimensional representation of the three
dimensional filters. The filter is presented as a sequence of all its cross-
sections, while progressing in one dimension. When requested to produce the
entire filter in form of a SMIL presentation, The SMIL server initiates a
MATLAB session and runs the SMIL function in it. The function requires the
name of the variable, for which the SMIL presentation is to be prepared. It’s a
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general-purpose function and can make a SMIL presentation out of any 3
dimensional weighted array function. It fetches the data from the .mat file that
the filter optimization produces and then makes the SMIL presentation out of
the variable specified.

Fig 5.8 Inside SMIL and XML server

Here is the code for the SMIL function:
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Once the filter has been optimized and the user has been presented with the
results, the user is provided with the option to save the resulting filter in either
MATLAB format or in XML format. If the user chooses to save it as an XML file
the request is forwarded to the SMIL server, which in turn runs the
generatexml.m in a MATLAB session. As the name indicates, the purpose of
this MATLAB function is to generate the XML file for the optimized filter.

8	9	�� .��������&�,"�����

Generatexml.m is the MATLAB function that generates the final XML file. It
studies the optimized filter and keeps on documenting its findings in a text file
as XML format. Eventually it returns the path to the XML file for the optimized
filter. The entire code for the generateXML.m would be too long and unfeasible
to document here, but the following code would encapsulate the essence of
the entire function:
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The XML format designed for the optimized filter is quite simple and easily
adaptable. It is designed in such a way that it consists both information about
how the optimized filter was achieved, along with the data regarding the
optimized filter itself. This means that the final XML file contains information
about all the essential input parameters along with the information about the
final resulting optimized filter. Here is the format that we follow to store data for
the optimized filter:
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-Filter
  -Design

-Id
Name
Dimension
Formula

  -Cordinates
Xcord
YCord
ZCord

  -Coefficients
-Coeff

X
Y
Z
Value

8	9	��  �����!�����	�

We have also included a DTD file to ensure that all XML files produced follow
the proper format. Here is the structure for the optimization.dtd file:

<?XML version="1.0"?>
<!ELEMENT Filter (Design, Cordinates, Coefficients)>
<!ELEMENT Design (Id)>
<!ELEMENT Id (Name, Dimensions, Formula?)>
<!ELEMENT Name (#PCDATA)>
<!ELEMENT Dimensions (#PCDATA)>
<!ELEMENT Coefficients (Coeff*)>
<!ELEMENT Cordinates (XCord, YCord?, ZCord?)>
<!ELEMENT Coeff (X, Y?, Z?, Value)>
<!ELEMENT Description (#PCDATA)>
<!ELEMENT XCord (#PCDATA)>
<!ELEMENT YCord (#PCDATA)>
<!ELEMENT ZCord (#PCDATA)>
<!ELEMENT X (#PCDATA)>
<!ELEMENT Y (#PCDATA)>
<!ELEMENT Z (#PCDATA)>

   <!ELEMENT Value (#PCDATA)>
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This chapter will discuss some of the shortcomings in this project, and the
reasons, why it is out of the scope of this thesis work to improve upon them.
Some restrictions are there because of the technologies used and some are
there because of the lack of Internet speed. Some improvements would also
be suggested that could improve some features. However most of the time it’s
going to be a compromise on various features, on the expense of others. Most
of the problems arise when the requests are made regarding 3 dimensional
filters, because of the large amount of calculation and data involved.

9	��;�&�������������������&���/��

MATLAB consumes a large amount of resources on the server it is running on.
Usually it requires a large amount or memory (RAM) and processing power.
Especially in the case of kerngen toolbox, large amount of matrix
computations need to take place. The amount of computation required to
produce an optimized filter increases proportionally to the dimensions and
over sampling rate of the input functions. This demand becomes
overwhelmingly high when the optimization is requested to be performed for a
3 dimensional filter with an over sampling greater than 10 and dimensions
more than 3 coordinates on each axis. Any filter with higher dimensions or
sampling rate takes almost forever to be processed.

In case of large 3 dimensional filter, sometimes it might also happen that the
server would run out of virtual memory space, which results in the system
halting all processes.

This is an unavoidable problem as long as the kerngen engine is to be used.
To overcome this, the entire kerngen engine would need to be redesigned and
some new mathematical approach to optimizing filters would need to be
adapted.
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The larger the 3 dimensional filter, the more cross sections it would have.
Thus for large 3 dimensional filters it takes a long time for MATLAB to save
each cross section as a graph to disk. The preparation of the SMIL file by it
self does not take that much time. But the production of the graphical
representations for each and every cross section takes very long.

More over, the images MATLAB saves are quite large in size by default. Since
all these images need to be streamed to the client while viewing the SMIL, a
large amount of bandwidth is required. If a third party software is used to
decrease the size of the jpeg, it would consume even more time and, though
the quality of the SMIL might improve a bit, but the delivery to the end user
would be delayed further.

Thus viewing the SMIL is only feasible for viewing 3 dimensional filters with
low sampling rate.

9	���5���������2��$��������2��

SMIL, by default, is run in RealPlayer. The latest version or RealPlayer is
called RealOne Player. Most of the Internet browsers can run RealPlayer as
an embedded component. However in any case it must be installed on users
machine in order to run SMIL.

Fig 6.1 RealOne Player
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Various kinds of errors might take place while processing the filters in
MATLAB. It is possible to capture the errors generated by the MATLAB and
display them to the user. However the error that MATLAB generates indicates
the line and code statement at which the error was generated in the m file or
function that was being run. This type of error usually does not make any
sense to the user. That is because the client has no idea of what’s going on
behind the scenes on the MATLAB server and he does not understand the
code. Thus the client needs to be explained the error in more layman terms.
However the system can only point out if the parameters are entered correctly
or not. If for some reason the parameters entered are valid, but yet they
produce some error due to memory overload or server time out, the error
displayed to the user is a general statement, which does not identify the exact
nature of the error. This can sometimes leave the client totally clueless
regarding what he might be doing wrong.

The only option that can rather be adapted, is that the user be displayed the
exact error that MATLAB produced, but that is of no use to the user either.
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It could safely be concluded that as a finished product we have a system that
allows abstract kernel optimizations to be performed remotely through the
Internet. All the client need to do is to go to the website
http://www.isy.liu.se/cvl/Research/Feature/kerneloptimizer/filter_optimizer.html
and punch in the required parameters. If the client is not certain about what
parameters he needs to enter he can always use the preview option to
visualize the inputs. On validation of the input parameters the client can
request for the final optimized filter. The client needs not to have any
knowledge of the kerngen engine or MATLAB. The web interface allowing the
user access to optimization of the kernel is simple and straightforward.

Once the final optimized filter has been achieved, it can be saved as a
MATLAB mat file or it can be saved in a XML format. Both the formats can
then be downloaded by the client and utilized as desired. In case of the 3
dimensional optimization the client can also request for a SMIL presentation
for the 3 dimensional optimized filters.

However at one hand where this utility provides the user with a simple
interface to optimization of kernels, it costs them more in terms of time
consumption and maneuverability. It takes comparably, more time to compute
and display the results of an optimization when requested through this utility
than, when the optimization is directly performed in MATLAB. More over using
the utility also takes away the maneuverability and the ability to manipulate the
optimization. The utility can only perform a fixed operation with the input
parameters. It does not provide the client the means to manipulate the inputs
themselves and see the results. For this reason many functions in the kerngen
engine are left unutilized.

As long as the sampling rates and the dimensions of the filters are kept low,
the optimizations do not take very long. However if the sampling rate is
increased substantially, especially in case of 3 dimensional filters the
optimization just might take too long. At this point the client greatly misses the
control over the MATLAB process as he cannot cancel the process and
manipulate it so that it could take less time. Thus the simplicity of operation is
achieved at the cost of loss of control over the process.
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Similarly, the SMIL presentation for the 3 dimensional filters is also only a
viable option as long as the dimension of the filter is not too high. However in
any case producing the graphics for the SMIL take a long time and thus
maybe a more reasonable choice is to view one particular slice of the 3
dimensional filter.

In short it can be concluded that though the system provides an easy way to
kernel optimization, it does so at the cost of more time and lack of control over
the operation. Though the system might be useful for ordinary users, an
advanced user might feel lack of control over the operation while using this
system and might feel irritated due to the long time consuming processes of
SMIL generation.
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CGI Common Gateway Interface

CSS Cascading Style Sheet

CVL Computer Vision Laboratory

DFT Discrete Fourier Transform

DTD Document Type Defination

FIR Finite Impulse Response

HTML HyperText Markup Language

IDFT Inverse Discrete Fourier Transform

IE Internet Explorer

OS Operating System

SMIL Synchronized Multimedia Integration Language

WA Weight Array

WWW World Wide Web

XML eXtensible Markup Language

XSL eXtensible Stylesheet Language
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