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Image filtering is the use of computer graphicdthms to enhance the quality of digital imagesar
extract information about their content. Howevendering very large size digitial images on a single
machine is a performance bottleneck. To addressatbipropose parallelising this application on skt
Grid environment. For parallelizing this applicatiove use the Alchemi Desktop Grid environment doed t
resulting framework is referred to as ImageGridagmGrid allows the parallel execution of linearitdig
filters algorithms on images. We observed acceptapeed up as the result of parallelising filtering
through ImageGrid. We run the tests on differenadets by varying the dimension of the imagesthad
complexity of the filters. Results demonstrate ptge of Grid computing for desktop applicationdahat
the speed up obtained is more consistent for lemgges and complex filters.

Digital image processing [1] has nowadays becoroenamon activity for every kind of users. If we went
out with your digital camera we will most likely tave hundreds of pictures whose size is norméalbut

3 megabytes; this means that if we want to retaurchdjust them we will have to deal with hundrefls o
megabytes. If we consider image processing fomsiéie purposes we will have terabytes of data and,
probably, days of processing time. Digital imagenagement plays an important role in astronomy lfeart
observation, space probes) and medicine (medicalgimy as Magnetic Resonance Imaging and
microscopy): in these cases large datasets of inu@ges are produced daily. For example radar images
normally 25K x 5K pixels while microscope imagesigange from 40K x 40K to 100K x 100K pixels.
This means having to process images whose sizeesaingm hundreds of megabytes to gigabytes. The
common tasks performed on these images range froage enhancement to features extraction and
content retrieval and they basically rely on som sf image filtering. Image filtering is a CPUtémsive
task and processing images of the above dimendienemes prohibitive even on a fast workstation.
Fortunately, it is possible to take advantage efritiuted systems like computational Grids, to cedthe
filtering processing time or to rely on wide netkatorage.

Computational Grids [2] are a particular kind obtdbuted systems which use the resources of many
separate computers connected through the Intentkéxpose them as a virtual computer architechae t

is able to distribute process execution acrossrallphinfrastructure. Grids can provide differdand of
resources to the user: CPU cycl@&oihputational Grids disk space@ata Grid9g and servicesService
Grids). A Grid is an intrinsically dynamic system: resoes constituting the system change during time
and normally come from different domains and orgations. When these resources are spread across an
enterprise, provide services to users within tiné¢mprise and are managed by a single organisatiemmre
considering afenterprise Grid(which is popularly called as a Desktop Grid).



The “Grid concept” is now considerably establisedhe IT and there are many grid infrastructuiest t

can be used (Globus [3], Gridbus [4], Achemi [58n@or [6], NetSolve [9], Harness Il [7], and H2Q)[8

The real challenge now lies in making Grid compgtinfrastructures easily accessible and usablééo t
end users by seamlessly integrating their deskpppcations with Grids on demand (whenever theydreee
huge computing power). In other words the Grid $thdne used as a service in any kind of applicatiin.

the moment Grid computing is already being employédely as a service in e-Science and e-Business
applications. In particular, in the case of e-Sc#&enGrids are used to process large amounts of data
generated by scientific experiments that evaluatelats, and to share large datasets among resesarcher
Some projects that have been actively used by m@seammunities include:, PlanetLab [10], myGrid];1
MediGrid [12], MammoGrid [13], and BIRN [14].

These large-scale efforts predomently focused eruie of high-end computing systems such as céuster
and supercomputers to build computational Gridsséientific applications. Our work complementsrth

by demonstraing how a light weight Grids can bealdi&hed (by leveraging existing technologies) and
easily harnessed for performing image fileteringerapon. Filetering is the basis for many image
manipulation tasks performed by any imaging appibicarunning on either desktop or workstation.
Nowadays desktop users deal with ever-growing insmpges with the proliferation of digital camerasian
the demand for more computing power to quickly gerf image editing tasks has been growing. It is no
more uncommon to manipulate images as large asxL@K pixels on desktop computers. Almost all
professional and semi-professional imaging appboat allow extending their features with the use of
plug-ins: by developing a plug-in we can easilyamte such applications and make them Grid aware. A
smooth integration of desktop applications withegptise grids (desktop grids) rapidly enhances tolop

of Grids for common day-to-day applications.

In this article we present our work, called ImageG an application that has been developed a®af f
concept to demonstrate the advantages desktopb@sied image filtering and to show how desktop
applications can easily exploit Grid-services. le@gd allows performing basic image editing openadi
and let the user run them either locally or rempotey executing the filters on an Alchemi Grid. The
integration between Alchemi and ImageGrid is seambnd does not require the user to learn muchtabou
the Grid. The user just has to provide his/her enéidls and the host name/IP address of the Alclagndi
Manager. For these reasons, ImageGrid is a good fstart and to learn from, if we wish to makeds
aware professional imaging applications.

A digital imageis a representation of a two-dimensional image dmite set of digital values, called
picture elements guixels Digital images are commonly represented with 2&irioes whose elemendg,
maintain the color information (values for the repleen, and blue channels and transparency) of the
corresponding point in the image at the given cioates (x,y.

Digital image processings the use of computer algorithms to perform pssogg on digital images or
make modifications to them. In particular, imadeefing is the process of applying computer aldpmis —
called digital filters — to an image in order teeate a new one. Image filtering allows performiragib
image editing tasks such as image smoothing, shemgeblurring, edge detection, mean removal and
embossing. All these operations can be implemehted particular class of filters calldohear filters.
Linear filters compute each pixel-value as a limeambination of the values of a set of pixels ia timage.
Usually this set is defined by the pixels contaiired square region centered on the pixel to béuated.
In this case, the coefficients corresponding tohegigel can be arranged in a matrix, called lteenel,
whose dimensions are defined by the previous squegien. If the filter is described by a kernelist
possible to express the value of each new pixeghasresult of the following 2D discrete convolution
operation:

N-1 N- 1

P 5Y) = o o KIOGKy]P(x- (N - D/2) +koy - (N - 1)/2) +ky)
Expression 1. Pixel Convolution

! Hereafter we will omit the termligital that is always implied.



In the expressiol is the dimension of the kernel matixand Py, andP are the functions which return
the corresponding pixel information, given the aboatesx andy. Figure 1 describes the entire process of
determining the new value of a pixel. The summationExpression 1 can be easily translated intoa t
nestedor-loopsand by iterating this expression for all the pgxate can implement the filtering algorithm.
Actually, the real implementation of the filteriaf¢gorithm has to take into account some issuesatteahot
captured by the previous expression. These piseet value underflow, overfldvandedge-pixel filtering
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Figure 1- Computing the value of the filtered pixel

So far we have not looked into the structure of dia#¢a maintained for each pixel and have implicity
assumed that pixel color information is represefgd scalar value. Actually, the structure of sdela
strictly depends on the image encoding format &edstalar value has to be manipulated in ordextra&t

the pixel information. If we consider images usen@4bppRGB encoding format, then the scalar value
represented by the 24 bits has to be separated tlimtothree corresponding bytes with each byte
representing a single colour channel. This meaafsttie previous expression has to be computedafcn e
colour channel. Moreover, since the encoding assmiy one byte per channel, a pixel value for each
channel ranges from 0 to 255, and the possiblefloves or underflows have to be rounded to the range
limits and the resulting value has to cast intyte lvalue.

! #
Pixels on the edges of the image cannot be evalwaith the discussed algorithm since the squarmmneg
required by the kernel is not properly defined.other words, when we want to compute the value of
Prirer(0,0) we need the information d?(-(N-1)/2, -(N-1)/2)which does not exist. In order to solve this
problem the original image is enlarged @y-1)/2 pixels on each side and the new regions are filled
according to a given algorithin

2 The termaunderflowandoverflowrespectively identify the condition in which a qtisy goes out of an
established range by assuming a value smaller thenminimum or bigger than the maximum. The
expressiorpixel value underflow (overflowheans that the numeric value of the pixel is dutnge.

% There are normally three different techniques usenb fill, mirror fill, andstretch fill The first strategy
assigns to each pixel the black color value. Tlroisg one mirrors the pixel values by taking thegiogl
image borders as symmetry axis while the thirdjosereplicates the pixel value of edge pixels.
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Given an image the performance of linear filterirgavily depends on the kernel dimension. For exampl
given a kernel dimension &f, for each pixel channel we will have:

NxNsums

NxN products
Hence the complexity for each pixel &N). This means that for large images the filteringgess can
take a lot of time and the operation is computatignintensive. A possible solution to reduce the
processing time and the CPU workload is trying toaflelise the process and to take advantage of
distributed computing infrastructures such as cdatmnal Grids.

This operation is actually possible because lirigé@ring is alocal operation; this means that in order to
compute the value of one pixel we need the infoimnabf only the nearby pixels and not of the entire
image. More precisely, given a kernel of dimendirin order to determine the value of pixel (x,y), we
need to access the pixels contained in the sqegien centered on that pixel which has an edgl of
pixels. Normally an even value df ranging from 3 to 9 is chosen. A value of 3 is fast filters while a
value of 9 leads to more accurate but more comiputaty intensive filters.

Due to this locality property of linear filteringye can parallelise the execution by dividing thagm into
several adjacent rectangular regions and moddllteeng of each region as a separate Grid tadterfall
the tasks are executed the filtered regions aremposed into the resulting image. Figure 2 dessrihe
entire process.
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Figure 2 - Grid-based image filtering.

The task of filtering a large image can be brokewnl into a set of filtering tasks performed on deral
images. The operation performed on each rectangedgon is the same as that for the entire imageel
overlap the rectangular regions by half of the kérdimension the filtering process becomes an
embarrassingly parallel problem and there will b® meed of inter-task communication. Grid-based
filtering adds additional time to the entire filtgy task since we need to perform the followingragens:

Divide the image into rectangular regions

Connect to the Grid and send tasks

Recompose the filtered regions into the resultingge after the tasks are completed
The time required to perform these sub-tasks dependthe number of regions we decide to create; for
these reason choosing the right number of regi@ms greatly influence the overall computation time.
Nonetheless, the time required to perform thedestesonly a fraction of the entire computationdiand
is far less than the time required to perform fittg. This is particularly true for large imagesoiover,
we can observe that image recomposition can beomeeid while the filtering process is still running
without spending additional time. The reason beltiislis that as soon as the grid tasks are coapkbie
corresponding sub-region in the resulting imag#llesd with the filtered data. The recompositiomg is
then negligible in comparison to the slicing ane &pplicaction setup times. Thus the recompositioe
can be excluded for computing the overall filtertimge.
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ImageGrid is an application that allows users penfog basic filtering operations on digital imagds.
relies on the Alchemi Grid computing infrastructuce perform filtering. ImageGrid allows you to run
image filters in three different modes:

Default on the local node without parallel execution

Threaded on the local node with parallel execution

Alchemi on multiple nodes by exploiting the services tthemi
The application keeps track of the execution timéthgng with a wide range of statistics for the fara
execution modes. In particular, it is possible ée she timing for each slice and to collect the imaom,
the minimum and the average execution time. Bygusiis historical data the user can be supported in
selecting the best execution mode for a given image
ImageGrid is developed using the .NET Framework &h@d does not require anything more than the
framework and the Alchemi libraries available ford download from http://www.alchemi.net.

£ ,
Alchemi is an open source, .NET-based enterprisé €&mputing framework developed by researchers at
the GRIDS laboratory, in the Computer Science asftiv&re Engineering Department at the University of
Melbourne, Australia. It lets the user to painlgssjgregate the computing power of networked masshin
into a virtual supercomputer and develop applicetito run on the Grid with no additional investmantl
no discernible impact on users. Alchemi supportsNticrosoft Windows operating system and the main
features offered by the framework are:

Virtualisation of compute resources across the LiAfdfnet

Ease of deployment and management

Web Services interface for interoperability withiddmeta-schedulers
Three components constitute the architecture &flelnemi Grid (see Figure 3):
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Figure 3 — Alchemi architecture.

The Manager node is a computer with the Alchemi &g installed. Its main function is to serviceruse
requests for application distribution. On receiviaguser request, the Manager authenticates it, and
distributes the workload across the various exesutitat are connected to it. The Executor nodénes t
node that actually performs the computation. Byngghe Alchemi Software Developer’s Kit users can
easily create the applications and run and mottikeir execution on the Grid.
Alchemi offers two different programming models:
Object-oriented @d thread programming model. This model is suitable for Gaiplplication
development: a Grid application consist of a seGofl threads which define the tasks performed
by the application and are executed on the Grid.



File-based @d job model. This model allows legacy applications rmgndn the Grid. In this case
the users submit a job to the Grid which consi$taroexecutable that will be run on the Grid
Executor nodes.

By using the first model we take advantage of ledl APIs available with the .NET framework while the
second model is useful when we want to Grid-ensdgacy/existing applications without changing their
codebase. Alchemi is widely used for a varietymflecations. It has been used for teaching, setipgest
Grids and also for some commercial applications.

& %

ImageGrid is the GUI application which allows useesforming basic image editing using predefined
filters. Users can load images from the file systapply the filters and save the results. Alonghviiie
basic filtering operations (edge detection, smamhiGaussian blur, sharpening, mean removal, and
emboss) users can define their own linear filterdbfining the kernel matrix through the settingalalj.

The settings dialog also allows users providingdbenection parameters to the Alchemi Grid and rothe
properties for the parallel execution such as licesdimension of the slices and recomposition enod

() Original Image (b) Emboss Filetred Image

Figure 4 — A snapshot of ImageGrid GUI. Image usecteating emboss is a photo of ones of the asthor
(Buyya) taken with Prof. Niklaus Wirth who is theentor of Pascal language.

Figure 4 shows the structure of the GUI and itggasaembossperation. The working area hosts a tabbed
interface in which the user can compare the filtareage and the original one. All the informatidroat

the current filtering task (image dimensions, sfidtering mode, and kernel) are mantained inta@pprty
page. ImageGrid records the execution times of éiehs and provides a history of all the filtexs: this
feature allows users to compare the different guiskly.

The GUI acts as the front-end of the imaging liprnahich actually performs image filtering. All tlidgters
must implement théFilter interface which defines the basic operation edtdr s§hould support. In order
to integrate the GUI with Alchemi we developed kefi class implementing thiilter interface which
connects to the Alchemi Grid computing infrastruetand applies filtering as described in Figure 2.
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We have run some tests in order to compare themmeahce of the different execution modes. We set up
different tests by varying the following parameters

Image dimensions

Slice dimensions

Kernel dimensions
In order to run the tests we used a Pentium 4, &B@ with 2 GB RAM as local machine, while the
Alchemi Grid was composed by 6 - 1 manager andes@ors - Dell OPTIPlex GX 2f0 Pentium IV 3.40
GHz, 1.5 G of RAM connected through a 100 Mbps LANM.the machines used in the test were running
Windows XP SP2 and .NET framework 2.0.



Table 1 presents the timining statistics (hh.mrd)sfor the different filtering modes which have hee
tested with four different image sizes and foufat#nt kernel dimensions. As mentioned earliehandase
of parallel filtering only the slicing time is takénto account.

Table 1 — Filter timing (hh.mm:ss.d).

The data represented in Table 1 shows that thefua&hemi as computing backbone helps speeding up
the image filtering process. This performance ga@gtomes more evident as the size of the image
increases. The best results for the given configuraof Alchemi have been obtained with 256x256 and
512x512 slices. Figure 5 shows the comparison eteton times of the default mode with the worstsru

of the parallel modes along with the time requitedlivide the image into slices: it can be obsertrext
Alchemi gives always the best performance. In thise the time spent to divide the image in slisgsst a
small fraction of the overall execution time of tfiker. Even when the two parallel filtering modes
(ThreadedandAlchem) give comparable processing times the use of Altheas an advantage in that it
does not cause a high percentage of CPU usage docdd machine.
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Figure 5 — Filter timing histogram.
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The use of Alchemi for image filtering — and of &6omputing in general — is a real advantage ad it
integration into ImageGrid has been a seamless taglgeGrid is a proof of concept effort demonsigai
seamless integration of desktop applications vigthtiweight Grids. It also demonstrates the strateged
and how it can be adopted in existing imaging safewlike PaintShop Pro or Photoshop. Another
interesting idea is to try to plug-in Grids inteetPaint.NET open source project. Paint.NET is aTNE
based imaging application which uses an architectimilar to ImageGrid to implement image filters.
Paint.NET is a popular imaging software and theohiction of such a feature into its code base @oul
really contribute to making the Grid computing nes@s available to end users with no burden.
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