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Abstract
Mobile devices have become popular in recent yeard, are more and more used to
handle and display large graphics. Due to sizeagmdication, these devices suffer from
limited resources. Especially if large graphicahtemt must be displayed, the needed
system resources often exceed the capabilitiesyaflale device.

In this paper, we want to give guidelines for thispthy of graphical content
described by raster and vector graphics on mob#eicds to allow appropriate and
resource-saving implementations. Our consideraoadased on the display pipeline of
current mobile devices and requirements for appatgrapplications. Taking this into
account, different approaches, how to handle rastdrvector data on mobile devices are
discussed, evaluated, and substantiated by contests. To allow a widespread
application of the given guidelines, we also inigege the influence of the used
development environment. Based on this, conclusihgn to use a certain approach to
present large graphical contents on mobile devias pbe derived easily.

1 INTRODUCTION

The enthusiasm for mobile computing is still unlokas a growth of 23% in sales of
handheld devices and smart phones during the thiedter of 2002 has shown [Co02].
Nowadays, the opportunity to handle multimedia dgians new horizons in ubiquitous
computing, and services like MMS (Multimedia-MessggService) show that there is a
demand for such offers. Nevertheless, handlinghacapdata is still expensive regarding
resources of the mobile device. Especially if lagyaphics must be processed the
system’s limitations are quickly reached.

Although hardware of mobile devices is steadily ioyed, the main limitations are
still the same and can be stated as lack of:

screen size/resolution and
processing power.

The relatively smalkcreen sizés one of the major drawbacks if large graphiaaitent
should be displayed. This problem is also relatetth¢ providedscreen resolutionwhich
is also lower than in stationary gadgets. Togethisrleads to less graphical data which
can be displayed. The other bottleneck is lackrotg@ssing power. Due to the size of
mobile devices, it is not possible to include haadevwith similar performance as in
stationary devices. This heavily affects the premgstime, and therefore, usability of



graphical data during presentation and interactBeside these, there are several minor
limitations, which are beyond the focus of this @ap

Many publications describe the processing of gregdhicontent in mobile
environments, but they are rather limited to WW\Vevsers [Jos96], interaction issues
[Rek96] or other specific problems [ChS01, RisORS303]. Although there are some
interesting approaches, these publications neitlescribe the actual efforts needed to
process the used graphical data nor do they cans#lide nature of the used content
description. Due to limitations of mobile devicdsstcan be of crucial interest since
every kind of data is differently processed, whictight even render an accepted
approach impossible if provided resources are abamke Thus, a comprehensive
investigation of the processing and display pipels necessary to find out benefits and
bottlenecks of current mobile hardware regardirgptfesentation of graphical contents.

To show in which circumstances the use of a cedpjroach leads to better results
during the presentation of large graphical contamtmobile devices is the aim of this
publication. Our considerations are device-orientetl problems based on the use of
specific media or interaction techniques are ondcussed as far as they influence the
performance. To affiliate valid statements, in mecl the display pipeline and the two
main approaches to describe graphical contenteasiewed. These statements together
with derived demands for reasonable exploratiolafe contents form the basis for our
tests and comparisons in section 3. Since therebigradifferences regarding content
description and performance, we close our coniobutoy giving implementation
guidelines for applications presenting large greahtontent on mobile environments.

2 PRESENTING GRAPHICAL CONTENT ON MOBILE DEVICES

Working with mobile hardware causes a lot of praidedue to limited capabilities of

such devices. In this section we want to reviewidbateps of the display pipeline for

graphical data together with important system amatent properties, and requirements
which should be fulfilled to allow a convenient aeffortless exploration process. This
gives us clues for later examinations and statesnent

Due to the variety of possible descriptions forpimiaal content, e.g. by text, picture,
video, or combinations of them, we limit our coresi@tions to the most universal classes:
raster and vector graphics. In either case befmglaying graphics, data must pass a
number of steps. The very first is loading the breal content to memory. Here,
properties likefile sizeandfile formatplay an important role. Since the content is often
encoded, loading can be further split in pure fdading and the following decoding in
memory. Thus, more detailed statements can beeatkabout affected properties of the
device.

The decoding step transfers the content of adilart internal memory representation
(IMR), which form the basis for later display. Theare different approaches for such
representations, which can even coexist at sane fitme IMR itself is mainly influenced
by the propertiesnage sizeandprecision but also by the actual image content.

The following display step shows either the whoteoaly portions of the IMR on
display. Hardware-dependent and currently compuls®rthe use of a discrete raster
display with a certairscreen resolutionlt can be seen as an interface for drawing



information. A transformation function is used t@pngraphical content from a logical
coordinate system to the physical display cooréirsgtstem. Kind and properties of the
transformation function are determined by the gigghcontent, user interactions and a
number of other points.

Due to the reason, that vector and raster dat@ased on completely different ways
to describe graphical content, they also have rdiffe demands to several steps of the
display pipeline. Raster graphics are used in akglasre a content description by
geometrical objects is difficult or even impossjbéeg. in digital imagery. When using
raster graphics the image content is describeddayate image points (pixels), which are
arranged on a regular 2D-grid of certamage sizeand precision Every pixel is
independent from each other regarding its colonclwitauses a quite lardie sizeif
using spatially large graphics. Thus, raster daaoften stored in compressed
representation (e.g. in GIF- or JPEG-format), osmetimes uncompressed (e.g. in
BMP-format). The usedile format heavily influences the time to load the content
whereby formats producing a sméle sizeneed generally more processing power for
decoding, but are faster to read. However, thecttra of the resulting IMR, mostly a
bitmap, is the same, and no conversion is necessanap the IMR to display since both
are based on the raster approach. Additionally, ifications (e.g. for zooming
operations) might be imposed by the transformafiemction, which influences the
presentation quality.

Vector graphics use geometric primitives and thaiributes to describe image
content. Such primitives are for instance pointeed, rectangles, or circles, with
attributes like fill- and stroke-color, or strokaelth. Due to this principle, it is necessary
that the graphical content can be described withhsprimitives. Thus, typical
applications for vector graphics are technical dng® or information graphics like
charts. Macromedia Flash [WoUO02] and SVG (Scaldf#etor Graphics) [W3C01] are
commonfile formatsto store such graphics in mobile environments.pBical content
described by vector primitives is in general sméaklan raster data. Thude sizeis also
smaller, and demand on processing power while topidi less. This might not always be
the case, and depends strongly onnhaberandcomplexity of primitivesin contrast to
raster graphics, IMR can be rather different fartee data. The most obvious approach is
to store a description of the vector primitivesIsiR, and to render them directly to
screen at display timealifect drawing. Again thenumber of primitivesaand complexity
are the main properties to consider. To achieviergiit zoomed as well as panned views,
a transformation matrix is preliminarily applied pamitives. Since no information gets
lost during the transformation this delivers venod visual results. Unfortunately, it is
costly in terms of processing power, especiallthé number of primitivess large, but
can be even worse pirimitive complexitys high. To reduce the needs, it can be useful to
render the whole vector graphic after decoding nolMR-bitmap and to discard the
primitives. Then, IMR, the display step, and thgrelifected properties are the same as
for raster data. We refer to this approacimdgect drawing

While exploring large raster or vector graphics ombile devices two main
requirements should be fulfilled [RoTO3]:

High presentation quality



Short presentation and update time

The degree of accomplishment of these requiremeatges for raster and vector
graphics, hardware capabilities and limitationsergfiore, they determine whether the
system resources are used eligibly or not.

In order to explore large graphical content, intéom is essential, and thus,
performance is influenced by the used interactieshnique. We constrain our
considerations to the elementary zoom and pan apbrorhis is eligible since more
sophisticated techniques like fish-eye views aretiijaa combination of zoom and pan.
Interaction further requires the distinction in geatation and update time. While
presentation time spread from loading until displgythe content, update time only
considers the time to display the IMR.

In the next section, the appropriateness of veamor raster graphics for presentation
of large graphical contents on mobile devices igfieel by concrete tests using common
development environments on current mobile hardware

3 RESULTS

In this section, we present results derived from experiments with large graphical
contents described by raster and vector imagesoinilenenvironments. The results are
taken by using a Toshiba e740 running with Pock€l@®®2. We used different
programming environments — MFC (Microsoft Foundati®lasses), .Net, and Java to
consider their rather varying performance, and xterdg the applicability of our
statements. Presentation quality, presentation tme update time are the key points we
are focusing on.

3.1 Presentation quality

Graphical content has to be presented at high tguali order to allow an easy
comprehension. An optimal quality can be achieviethé graphical content can be
rendered to the display without loss of information

For raster graphics such a loss of information o&dar instance if the graphical
content must be scaled to fit the screen. Additlgnasers are often interested in looking
at an image at different levels of detail. In ordercreate different views, the scaling
operation again leads to a loss of information. §@é the worst results in presentation
quality if build-in system functions are used forage scaling. Especially, downscaling is
rather simple and omits pixel rows and/or columrnthout regard of their color value.
Hence, the results are poor. Better results caachesved by using the more complex
filtered scaling, which on the other hand stralms ¢omputational abilities of the mobile
device. Since panning does not introduce any distgrimage quality is not decreased.

In case of vector graphics, panning and scalingratjpms (i.e. applying
transformation matrices to primitives) are losslessid therefore, lead to high
presentation quality. However, singereen resolutioms generally low on today’s mobile
devices there is a slight decrease in quality du¢hé rasterization necessary before
mapping primitives to screen. This decrease camimmized by using anti-aliasing
techniques and will not be a problem for futurehhigsolution displays.



3.2 Presentation- and update time

Before presenting an image it has to be loaded raadped to IMR. With regard to
loading raster graphics, examples of differenage sizewere selected. As shown in
Figure l1a, loading time increases linearly wittage sizeDue to the reason that the used
image formatplays also an important role, we measured praggedf BMP- and JPEG-
images regarding loading time. JPEG-encoded imagesmuch smaller than BMP
images, and, as Figure 1a shows, can be read hamel© times faster. Whifde sizeof
BMP images depends only amage sizeit may vary for JPEG images. As shown in
Figure 1b, if image content changes, compressidio @nd thereforefile size are
influenced; this also affects the time needed &aol the image.

Figure 1: (a) Loading time of graphical content using raster imafjdifferent size and format, and (b)
pure reading time of vector and raster images with varyongeat.

To evaluate loading time, decoding of image conteuast also be considered. Since
image content in BMP files is stored uncompressedadditional efforts are necessary.
Not surprisingly, JPEG-images need significantlyrenbme for decompression than for
reading. Thus, loading time for JPEG images in@geasamatically and is overall higher
than for BMP images. As shown in Figure la thebis$timplementation using MFC
performs best followed by .Net and Java.

For vector images, it is more difficult to deriveatements regarding loading time.
While for raster images syntax and semantic isrgftein pixel representation, vector
image syntax must be parsed and analyzed, befonarge can be added in order to
create a valid IMR. Here, loading time depends esteonger on the usdde format If
using Macromedia Flash, which is based on an op#ichiand even compressed binary
description, files are fast to read. Contrary, ¥keetor format SVG is based on a XML
grammar. Herefjle sizeis in general bigger, and the processing andpng¢ation of the
file content is expensive. Thus, loading SVG filesnnately slower than loading Flash.
Due to the absence of a freely available SDK fareasing Flash-Files, we constricted
our measures to the reading of SVG-files (cp. Feglib). As assumedile size and
therefore reading time correlates with thenber of primitives

As seen in Figure 1b, time to load raster grapkexses only slightly if graphical
content is different. Contrary, loading vector driag depends strongly on thember of
primitives Thus, if only a few primitives are needed, vegg@phics are very fast to read.



The break-even in our example is reached by udigbtly more than 100 primitives.
The concrete value also dependspoimitive complexity If more or complex primitives
are needed to describe the content, e.g. to bukcktare, better results are achieved by
using raster data.

If the content is available in IMR, it can be dratenscreen. The IMR of raster data
can be rendered directly to display. Thus, disgasels must only be set to a certain
color and update time mainly depends soreen resolutionFor the used handheld,
processing takes between 50 and 70ms which isrrééiseé This update time keeps
constant even ifmage sizeexceedscreen resolutionObviously, ifimage sizdas lower
thanscreen resolutiona faster update time can be achieved.

To simulate common applications for vector images aecided to measure the
display time of several kinds of graphical primétss as they might be used in info
graphics. For a different number of primitives uggdames for drawing and filling using
direct drawing have been measured. As Figure 2 shows, processirgncreases with
primitive numberand complexity whereby processing triangles takes most timerélhe
are also differences dependent on the used impkat@m Here MFC performs best and
is up to 3 times faster than .Net and 4 times fabi@n Java. .Net has slight advantage
over Java. However, the first releases of .Net saafmave some potential for further
optimizations especially the graphics part of taenework.

Figure 2: Direct drawingof vector primitives with different number and complgxit

As mentioned, forindirect drawing of vector data only the IMR-bitmap must be
transferred to screen, and same fast update timbyg asing raster data can be achieved.
Since all primitives have already been drawn to id&Rnap (this operation is required
only once and needs about the same efforts asreeqto render the vector graphic
directly), update time is completely independenpamitives complexity



Regarding an interactive exploration using zoom pad, we examined how panning
and different scaling operations affect update $im8ince panning simply draws a
different image part, for raster data there is fitegbnce in update time. Nevertheless,
zooming is different and time to transform the emtdepends heavily omage sizeand
screen resolutionTo show this, we measured the time to scale imafdgferentimage
sizeto screen resolutior(Figure 3a). Regarding the programming environsieMFC
and .Net achieve similar results, while Java neeodlie than 4 times longer. Furthermore,
complex scaling techniques which offer high qualdye of course slower than
straightforward approaches.

Figure 3: Performance of scaling operations for (a) raster- andedtpr graphics.

Panning and zooming for vector primitives is readizby using a transformation
matrix. In order to compare transformation time®, measured how long such matrix
multiplications take. This depends especiallypoimitive numbeyrespectively points. If
more point must be transformed, e.g. by hpgimitive complexityit takes more time to
process them. Due to the use of RISC processorsfowed that integer vector
transformations can be computed rather fast in lmothevices (see Figure 3b). As
expected, calculations in double precision are msiolwer. Again we could get the
fastest transformations by using the MFC-implemigora

4 CONCLUSIONS

Summarizing the paper, we reviewed the displaylipipen mobile devices together with
important properties of vector and raster datatHemmore, we stated demands for an
appropriate presentation and exploration of gragtoontent. Using these requirements,
we examined the appropriateness of using rastervaotbr data to describe graphical
content on mobile devices by concrete tests andpadsons. Dependent on situation,
statements when to use raster or vector data casubenarized to the following
guidelines:

Graphics loading
o Loading time depends strongly on the used file fdrm



o Loading raster data is generally fast and requadektional computational
efforts if content must be decompressed.

o Loading vector data is fast for up to about 10@ngives.
Graphics rendering
o Drawing raster data is fast on mobile devices.

o0 Rendering vector primitives directly to display generally slow and
depends on primitive number and complexity.

0 Rendering vector primitives indirectly using an IMiRmap achieves
faster update times.

Quality

o A simple scaling of raster data is fast but leads law quality
presentations.

0 Scaling vector graphics by integer matrix multiptions is very fast and
achieves high quality.

Development environment
0 Implementations based on MFC are fastest.

o .Net has as slight performance advantage over davthe used mobile
device.

Our claim was also to answer in which circumstaneester or vector data are more
suitable for presentation of large graphical cotstem small mobile devices. We found
that both classes have their eligibility dependedh® content and external demands, like
quality vs. response time. In case of simple gragphivhich can be described by a few
vector primitives (around 100 in our case), vegi@phics are best to reduce constrains
caused by limitations of current mobile hardwarectr graphics offer better quality
than raster graphics, especially for scaling opamat and, up to a certain threshold, they
are faster to load. As computational power of nebigvices increases in the future, this
threshold will surely become higher, which alsodatens the application area of vector
graphics. On the other hand, our measures showdhktgr graphics are more eligible if
large and complex graphics must be presentederttive response rates, because their
system requirements are content independent. Tieeg\een easier to handle, since their
nature is not as complex as for vector graphicd, faa to properties of current mobile
hardware.

Regarding the used programming environments, wendothat applications
developed with MFC performed best in all tests. &ttheless, with the development of
faster mobile hardware and even more optimizedmenenvironments for .Net and Java
the advantage will decrease.
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