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ABSTRA CT

Limited display area creates unique challengesfor information presertation and user exploration of data on
mobile devices. Traditional scrolling, panning and zooming interfaces posesigni cant cognitive burdens on the
userto assimilate the new context after ead interaction. To overcomethese limitations, we examine the uses
of \fo cus+ context" techniques, speci cally for performing visual analytic tasks with geospatialdata on mobile
devices. In particular, we adapted the translucency-based\fo cus+ context" technique called \blending lens" to
mobile devices. The adaptation enhancesthe lens functionalities with dynamically changing features basedon
users' navigation intentions, for mobile interaction. We extend the concept of \spatial context" of this method
to include relevant semartic content to aid spatial navigation and analytical tasks such as nding related data.
With theseadaptations, the lens can be usedto view spatially clustered results of a seard query, related data
basedon various proximit y functions (such asdistance, category and time) and other correlative information for
immediate in- eld analysis, all without losing the current geospatial context.

Keyw ords: Mobile Visualization, Mobile Visual Analytics, Geospatial Analytics, Focus + Context, Mobile
Interfaces, Law Enforcemernt Visual Analytics

1. INTR ODUCTION

Researters in cartography have suggestedthe needto explore new metaphors and their e ectiv enessin map
interaction basedon blur, transparency and focus! Cartwright et al.,? identi ed the needto adapt map represen-
tations to new devicesand to determine the most appropriate interaction methods for di erent applications and
users. Even though these needswere identi ed a few yearsago, most map applications on mobile devicestoday
still usesimple pan and zoom interactions. A major issuewith thesecurrent interaction metaphorsis that a user
cannot rememnber the interaction context as he navigates through the map. \Focus+ Context" and \Ov erview
+ Detail" interaction techniqueswere introduced to addressthe issue of context maintenance. However, these
techniqueswere found to have very task-speci ¢ bene ts. While the \Ov erview + Detail* technique is preferred
over \Focus + Context" in general? the latter technique has speci ¢ bene ts for tasks sud as selecting small
targets with a stylus.* However, their adoption on mobile deviceshas beenslow due to limited computational
resources.

With the recernt advancesin graphics capabilities on mobile devicesand standardization of graphics APIs
such as OpenGL j ES and OpenVG, it is possibleto exploit hardware acceleratedrendering featuresto render
lensesbasedon new interaction metaphors. Recertly, Pietriga et al.,® introduced new lensesin a lens spacethat
combines speedand transparency in novel ways to createdistortion-free lenses. Their studies also suggestedthat
one of these lenses(speed-coupledblending lens) outperformed others for focus targeting tasks. In this work,
we explore the usageof these lenseson a mobile device for performing simple in- eld geospatial analysis. In
the rst part, we presen the necessaryadaptations and modi cations to speed-coupledblending lens and its
implementation on mobile devicesexploiting hardware acceleratedvector graphics features.

Context plays an important role in interaction by helping a user cognitively orient himself while navigating
the information space. On mobile devices,contextual cuesare highly bene cial becausethe screenspacelimits
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the navigable spaceand a user'sattention can shift to activities other than deviceoperation. However, geospatial
data represenation on mobile deviceshas been traditionally limited to location-aware service$t® and limited
analytics,® *° without focusing on the issuesof interaction context. In the secondpart of our work, we aim
to addressthis issue, by providing geospatial analysis tools that can be operated in a focus + context setting
allowing usersto reorient themselveswhile navigating and analyzing the data.

In- eld personnel(such aslaw enforcemen o cers and emergencyresponders) often needto view geospatial
data for enhancedsituational awareness.Speci cally, in the eld of law enforcemen, various personnelsuc as
foot, vehicle and supervisor patrols and criminal analysts work with geospatial data. Foot and vehicle patrols
are usually in the eld and collect data/evidence and share this information with other colleagues. Supervisor
patrols, on the other hand, are responsible for the placemens and whereatouts of other patrols, for reviewing
reports (which is performedo the eld) and are usually deployedin the eld. Criminal analysts (locatedo the
eld) analyzereports from thesepatrols to nd trends in incidents and comeup with suggestionsfor changesin
patrol focus. While all of these personnelcan bene t from mobile geospatialdata display, simple analytic tools
can especially help the supervisors who are already in the eld and help the criminal analysts who can come
out of the o ce and operate in the eld during emergencies.In accordancewith their requiremerts, we presert
intuitiv e tools for simple geospatialanalysison the eld and describe initial analysisresults of a criminal incident
reports dataset using thesetools.

2. RELA TED W ORK

The role of context in mobile interaction has beenstudied in the context of displaying calendar data, web pages
and mapson mobile devices. However, no onehasapplied contextual interaction techniquesto perform geospatial
visual analytics on these devices. In this section, we review previous work in these and related areasfocusing
speci cally on mobile devices.

2.1 \Con text" in Information Presentation on mobile devices

Various interaction and preseriation techniquesrepresen context either explicitly or implicitly . Here we discuss
someof thesetechniques starting from the earliest to the latest.

Scrolling and Panning:  These basic interaction techniques provide a sliding window into a larger infor-
mation spaceand have beendirectly adopted from the desktop to mobile interfaces. Thesetechniques spatially
separatethe focus region (i.e., currently displayed region) from the larger information space® However, they
are not suited for the small display screenson mobile devices. Firstly, selectingand dragging a scroll bar on a
mobile deviceis dicult due to its small footprint. Moreover, small screensize necessitateslarger number of
interactions comparedto a desktop sized screen. Secondly constart scrolling and panning require the user to
keeptrack of the cortext of previous interactions thus slowing down performance!

Zooming: Zooming techniquesare usedto view the information spacein increasinglevels of detail. These
are commonly used for viewing maps, imagesand documerts. Zooming techniques temporally separate focus
regions from the larger information space® Howewer, these techniques require signi cant cognitive e ort from
the userto assimilate new context after ead interaction. At higher zoom levels, this leadsto a condition termed
as\Desert Fog" by Jul et al.,'? wherein there are no cueson which to basefurther navigational actions.

Overview + Detail: Thesetechniqueswere introducedto alleviate the navigational issuesin the earlier
techniques. Overview + Detail techniques also spatially separatefocus or detail regionsfrom overview regions
either by overlaying the overview on the detail region or by displaying them separately The former is used
commonly in desktop mapping applications while the latter can be seenasthe thumbnails in applications such
as Microsoft PowerPoint and Adobe Reader. In both these cases,the overview usually contains a navigation
cue indicating the relative position of the detail region. However, these are not suited for mobile devicessince
the overview region obscuresparts of the already small sized screen!® Moreover, these also require the user
to mentally integrate the spatially separateddetail and overview regionsinto a single information space,which
might be reasonableonly on a desktop platform.

Focus + Context: Focus+ Context techniquesembed focus region within the larger information space
using a smooth transition function, thus overcomingproblemsof contextual disorientation. Most of the transition



functions distort the display in the transition region to accommalate the magnied focus region.!4 %> Sud
distortions are collectively termed as \ shey e." Smooth distortion functions create better looking visuals®®
although they are computationally expensive. Discrete transition functions, on the other hand, are easierto
compute and therefore preferableon a mobile device. Discrete transition functions have beenusedin rectangular
sheye displays for navigating mapst* and displaying calendar data.'® However, evaluations of focus + context
techniques suggestthat they are not always bene cial.® 1! Fisheye distortions have been found to interfere
with a user's spatial comprehension'! Moreover, object targeting becomesdi cult due to \h unting e ects" of
the sheyel’ To overcomethe hunting e ect, Gutwin et al.l” proposedto dynamically increasethe sheye
distortion proportional to the speedof a user'sinteraction. Pietriga et al.® intro ducedthe blending lens (de ned
in a more generic sigma lens space)which usesalpha blending to overcomedistortion problems. However, this
was dewveloped for a desktop environment. In this work, we adapt this concept of a blending lens to a mobile
device and consider mobile device speci ¢ rendering issues. Moreover, we explore the idea of using this lensto
perform geospatialvisual analytics.

2.2 Geospatial Visual Analytics on Mobile Devices

Supporting exploratory spatial visual analysis tasks on mobile devicesis quite dicult due to their form factor
limitations. Earlier e orts haveresultedin stripp ed down versionsof mainstream GIS products such as ArcP ad?*®
by ESRI. More recertly, peoplehave started researding on various usagesof mobile devicesfor decisionanalysis 1°
However, most of it use simple represenations and do not allow for interactive manipulation. More visually
assistedanalysis and interaction tools have beenrelatively unexplored. Initial stepsin this direction have been
taken by Lodha, et al.l° and Burigat et al.° The former work provides tools to visually accessand query
GIS datasets. Their system provides answers to queriessudch as \where," \closest," etc. and userscan query
by directly drawing geometric primitiv essuch as lines and polygons on the screen. However, their emphasisis
on consistert represenation of data from various GIS databasesrather than the analytics part. In the latter
work, the authors dewvelop visualization and interaction for evaluating dynamic visual queries. They developed
the MAGDA system, which allows usersto issue dynamic visual queries and view results that both partially
and completely match the given seardt criteria. Although, this work focuseson visual represenation for data
analysis, they do not considerthe issueof context maintenance while navigating the geographicspace. Thiede
et al.?® propose\Smart Lenses"for adapting speci ¢ aspects of visualization in a speci ed region of interest.
Although the ultimate goal of this work is similar to our work, their emphasisis on the automatic selectionor
user speci cation of lens parametersand was developed for the desktop platform. Our work, on the other hand,
considersissuesof adapting focus + context lensesto mobile devicesand interaction speci ¢ aspects on small
screens.

2.3 In-eld Visual Analytics for Law Enforcemen t

Use of mobile devicesfor in- eld law enforcemeint has been highlighted only by very few researters such as
Baddeley, et al.’ Their work focuseson gathering requiremerts and designing a full- edged system using
various in-built sensorsin the mobile devicesto collect evidence,collaborate and share information with other
ocers. In contrast, our systemfocuseson just the interaction aspect especially with geospatialdata for analysis.

3. BLENDING LENS

The blending lens, intro duced by Pietriga et al., is an example of focus+ context lensthat usesalpha blending
for smooth transition from focusto context regions. The blending lensis a speci ¢ example of a larger spaceof
lensescalled the sigmalenswhich usetime and translucencebasedfunctions for the transition. Here, we brie y
revisit core conceptsof the blending lens.

The \Lens region” is de ned by two concertric circlesasshown in Fig.1(a). The inner circle forms the \F ocus
region" or the \Flat-top region" with aradius R, and the outer circle with aradius Ro forms the lensboundary.
Entire display region outside the lens' boundary forms the \Context region." The areabetweenthe focusregion
and lens boundary forms the \T ransition region" where the focus gradually blendsinto the context.
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Figure 1. Various regions formed by the blending lens in a viewing window. The combined region including the \F ocus
region" and \T ransition region" forms the \Lens region." (a) The original blending lens. (b) Our adaptation of blending
lens - the outer boundary is de ned as a square for easyspatial querying and Ro is de ned asthe perpendicular distance
from the lens center to any side of the square.

The nal rendering is obtained by compositing (blending) the lens region with the contents of the context
region behind the lens. The composition function usesPorter and Du 's \Source over Destination" alpha-
blending rule?? with a value of . Assuming px is a (r;g;b) point in region x and peomp iS a point in the lens
region obtained after composition, the compositing rule is de ned as:

0
lens + (1 ) I context

Pcomp = Psour ce Pdestination = Plens Pcontext = @ Oens + (1 ) Ocontext A (1)
Dens + (1 ) DPeontext

The value is de ned using a drop-o function basedon the distance d of the current point (x;y) from the
lens center (X¢;Yc) as:

D :(x;y;d) 7! ()

D is usually a monotonically decreasingfunction of distance and the range of is de ned from [0; min ],
where, min (usually setto 1) is the least transparent region in the lens (the lens certer) and 0 is the most
transparent region (the lens boundary).

In addition to the composition function, the regioninside the lensis magni ed using a constart magni cation

factor given by M M to increasethe level of detail of the focus region. Accordingly, the nal rendered pixel
r(x;y) anywherein the viewing region is given by:

8
%(xc+ Yt Xe) e (GY); f8(x;y)jd(x;y) Rig

r;y) = _ (Xe+ Yot 5E) b o) (6Y); f8(Xy)j R < d(x;y) < Rog 3)
(xy); f8(x;y)jd(x;y) Rog;

wherethe three casesepresert points renderedin the \F ocus," \T ransition,” and \Context" regionsrespectively.



4. AD APTING THE BLENDING LENS TO MOBILE DEVICES

We needto considerseweral issueswhen adapting the blending lensto a mobile device. Theseissuesarise mainly
dueto the limited processingpower, APl limitations and non-corventional interaction methodologieson a mobile
device. Accordingly, we describe the adaptations we made in lensrendering and lensinteraction to addressthese
issues.

4.1 Rendering

We chosethe blending lens for focus + context interaction on mobile devicesbecauseof two reasons: First,
it doesnot have distortion related issuesassiated with sheye lenses. Second,many rendering APIs such as
OpenGLJES and OpenVG for mobile devicessupport \Source over Destination" alpha blending in hardware.
Moreover, OpenVG also has pre-de ned functions to compute variable per-pixel alpha values® which can be
usedfor the smooth drop-o function D mentioned in Sec. 3. However, there is no such support to compute
drop-o functions for distortion basedlensesin hardware. We found that computing these functions per frame
in software on a mobile devicewas very slow.

Due to the support for pre-de ned blending functions and the needfor vector graphics (for resolution inde-
pendert display) on devices,we chose OpenVG for rendering the lens e ects. Moreover, we decidedto render
the lens as a squareto allow for fast spatial querying as shown in Fig.1(b). However, for blending purposes,we
de ne Rp asthe perpendicular distance from the lens center (x¢;Yc) to any side of the square.

Two important aspects of Eq. (3) are the magni cation and the blending composition functions. The rest of
this section discusseghe computation of thesefunctions (and in turn r(x;y)) in hardware by taking advantage
of the OpenVG rendering pipeline.

4.1.1 Magni cation

Trade-o betweenrendering quality and speedis an important consideration for graphics rendering in general
and mobile rendering in speci c. Depending on the type of userinteraction (discussedin Sec. 4.2), a user might
prefer oneto the other. Accordingly, we have two levels of rendering: low-quality and high-quality ascan be seen
in Figs.2(a) and 2(c). Thesetwo levelsdier in the magni cation step. However, the blending step (described
in Sec.4.1.2) remainsthe same. The important stepsin the magni cation processfor thesetwo rendering levels
are as follows:

Low-qualit y rendering:

1. Render contents of the screenwith display quality setto VG_RENDERING _QUALITY _NONANTIALIASED.

Read pixels from the current lens location into a VGImage.

3. Magnify the image with the current magni cation factor MM . MM varies according to user interaction status
(Sec. 4.2) such that,

n

M agmin = 1 M M 2=M a0max (4)
4. Blend the magni ed image with the contents of the screenat the lens' current location (SeeSec. 4.1.2).

High-qualit y rendering:

1. Render contents of the screenwith display quality setto VG_RENDERING _QUALITY BETTER.

2. Create a pbu er surfacefrom a VGImage using eglCreatePbu erF romClientBu er function and setit asthe current
drawing surface.

3. De ne scissorrectangle basedon the lens dimensions.

4. Re-render the contents of the screenusing current magni cation factor M M onto the pbuer surface. Here M M
is set to M agmax

5. Restore drawing surface.

. Blend the pbu er surfaceimage with the contents of the screenat the lens' current location (SeeSec. 4.1.2).

o
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Figure 2. Views of blending lens with di erent parameter settings changed according to the stylus drag speed. (a) Low
quality rendering with no magni cation and e ectiv ely transparent lenswhen the stylus is being dragged. (b) Intermediate
stagewhen the stylus hasjust reachedidle mode. (c) High quality rendering with maximum magni cation and full blending
e ect when stylus has beenidle for a speci ed time.

4.1.2 Blending

The blending processtakesthe image obtained from the magni cation processand blendsit with the contents
of the screenregardlessof the rendering quality. Important stepsin this processare enumerated below:

1. Setpaint typeto VG_PAINT _-TYPE _RADIAL _GRADIENT. This generatesa radially distributed gradient paint.
2. Setcolor ramp stops for the gradient paint at the following points: (X¢;Yc), Ri and Ro. Thesevaluesde ne the lens

center and boundaries for focus and transition regions respectively. R, and Ro vary according to user interaction
status (Sec. 4.2) as follows:

Ro/ MM; )
R = 09 Ro: (6)

w

. Set (r;g;b) valuesto (1:0; 1:0; 1:0) for all the three ramp stops.

4. Set valuesto mn , mn and r, at the three ramp stops respectively, where r, varies according to user
interaction status (Sec. 4.2) suc that,

0 Ro min ; and (1)
min = 1 (8)
This setting ensuresthat D is a smooth drop-o function in the \T ransition region" since will be linearly

interp olated along each radial direction in the lens between each ramp stop.?

5. The nal rendering is obtained by pre-multiplying the lens image with the gradient paint and setting the blend
function to \Source over Destination" rule.?

4.2 Interaction

Focus + context techniquesare known to cause\h unting e ects" that interfere with a user's ability to selector
navigate to targets.!’” Speed coupled lenseswere introduced to alleviate this problem where some of the lens
parameters are adjusted basedon the mousespeedto provide minimal distortion or changewhen the mouseis
moving and maximal distortion or changein the mouse'sidle state. Pietriga et al.> usethis ideato adjust the

value basedon mouse speed while merntioning that it can be applied to other parameters of the lens such as
lensradii R; and Ro. We extend this ideato adjust magni cation, Ro and r, parametersbasedon the stylus'
dragging speed.



Eventhough both Ref. 17 and Ref. 5 usea cortin uously varying function of the mousespeed, we found that
it wastoo computationally intensive for a mobile device. Therefore, we have only two modesof interaction based
on the status of the stylus' movemert: \Mo ving mode" and \Ildle mode." Moreover, for our visual analytics
application, these modes can be interpreted as the user performing \Exploration" and \Insp ection" actions
respectively.

For exploratory action (when the stylus is in \Mo ving mode"), we setthe rendering quality parameterto lower
quality for faster rendering. Moreover, during exploratory actions, a user may not be interestedin ner details.
In this mode, we also set magni cation to one (M agmin ) and r, to onesothat there is no magni cation and
the lensis \e ectiv ely completely transparent” asshown in Fig.2(a). This helpsthe userto orient and navigate
accurately to intended targets. The lensboundary, Ro, is also changedproportional to the magni cation factor.
This helpsa userto accurately determine the portion of the screenthat is being magni ed oncethe stylus goes
to \Ildle mode."

For inspectional action (when the stylus is in \ldle mode"), we set the rendering quality to highest quality
since the useris not navigating anymore. Moreover, during inspectional actions, a user might be interested in
ner details. Once the user enters this mode, we gradually increasethe magni cation from oneto (M agmax )-
We set (M agnmax ) to two, since larger values obscuredlarge portions of the original screen. We also gradually
reduce gr,, sothat basedon our gradient paint, the blending lense ect is obtained. For both theseparameters,
the gradual change is computed using linear interpolation with respect to elapsedtime. Fig.2(b) shows an
intermediate stage during the gradual changeand Fig.2(c) shows the nal view with highest quality rendering.
This gradual change shown as an animation helps usersto orient quickly to the new spatial context created by
the magni ed and blended focus region.?*

5. GEOSP ATIAL VISUAL ANAL YTICS

In- eld analystsoften haveto work with geospatialdata. Most often theseanalysts are engagedn other activities
and depend on mobile systemsfor taking actionable decisions. Providing preliminary analysis capabilities in the
eld with easyinteraction methods can rapidly reducethe time neededto gather information, analyzeand form
a decision. For example, in- eld law enforcemen personnelsuch as supervisor patrols are usually posted at
di erent locations and often have to take in-situ decisionsto determine the placemeris and whereatouts of other
patrols. In emergencysituations with various incidents occurring in a local area, the supervisorstypically cannot
take quick decisionssince they needto wait for information from their o ces regarding the latest situation. A
mobile system with a simple geospatial analysis tool enhancestheir situational awarenessand allows them to
perform simple in-situ analysisto determine pockets of incidence of evernts and change patrol focus faster than
with the existing modes of communication.

With the current map interaction methods (pan and zoom), these personnelwill have to invest signi cant
cognitive resourcesduring interaction to keeptrack of their navigational context. Therefore, we proposeto use
focus + context interaction method basedon the blending lens introduced earlier, to provide tools for visual
analysis. We have introduced various visual Iters to intuitiv ely query the dataset based on its attributes.
Further, we alsodisplay simple statistical information onthe y for the Itered results.

5.1 Dataset

We useda timestamped, geo-taggedcrime report dataset for West Lafayette, IN areafor the years2007and 2008.
The data is categorizedinto various incident types. Each incident type is uniquely color-coded and overlaid on
the map at their geographiclocations. The maps are rendered from shape les for West Lafayette area's road
network obtained from TIGER censusdata provided on ESRI's website?> The shape les are simpli ed initially

using the MapShaper?® tool for fast rendering.

5.2 Data Filtering

We createdthree data Iters basedon the attributes of the dataset: Spatial (Fs), Categorical (Fc) and Temporal
(F1). These lters can be combined in any order to form composite Iters which are equivalent to conjunctive
queries. The composite Iter can be speci ed as:

Fcomp = Fecomp F; )
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Figure 3. Visual analysistools in our system. (a) Spatial Iter (large blue squareindicating the lens) applied to the crime
dataset. (b) Categorical Iter applied to display only \Theft" and \V andalism" incidents from 2007in the region selected
by the lens (c) Temporal lter applied to display incidents from selected categories in the month of April, 2007 in the
selectedregion. (d) Statistics of selectedincident categoriesin the month of April, 2007 in the area selectedby the lens.

where Fcomp iS initialized asF and F canbeoneof Fs, Fc or Fr.
5.2.1 Spatial Filter

The spatial lter (Fs) isimplicitly formed by the lensboundary. Therefore, this lter is always on and activation
of any other lter will result in a composite Iter. Computation of the spatial Iter is fairly expensive and has
to be performed very frequertly. In order to simplify this computation, we represen the spatial Iter (i.e., the
blending lens) as a squareso that the spatial query is reducedto a comparisonwith the bounding box. Figure

3(a) shows an example of a spatial lter shawing all the reported incidents in the selectedregion in the year
2007.



5.2.2 Categorical Filter

The categorical Iter (F¢), shown in Fig.3(b), is just an option panel with chedboxesto selectone or more
incident typesto be displayed. For our dataset, we have categoriesrelated to Thefts, Assaults, Vandalism,
Burglary, Robbery, City noise ordinance violations, and other minor incidents. Figure 3(b) displays all reported
incidents of Thefts and Vandalism in the selectedregion in the year 2007.

5.2.3 Temporal Filter

The temporal Iter (F+), shovn in Fig.3(c), is displayed as an interactiv e timeline. For fast querying, the data
is categorizedand stored internally into pre-determinedtime bins. When a user selectsa time range using the
timeline, all the time bins that intersect with the selectedrange are queried. Each tick represens the end of a
month of the year 2007. Currently, the selectabletime rangeis xed at a month's granularity and the usercan
only shift the time range acrossthe timeline. Figure 3(c) displays all reported incidents of Thefts and Vandalism
in the selectedregion in the month of April, 2007.

5.3 Statistics

For analytics purposes,we compute and display simple statistics in the form of bar graphsindicating the number
of incidents of ead crime typein the selectedgeographicareaand time range. If the number of incidents crossa
threshold, we display a brokenbar graph, alongwith the actual number of incidents. The statistics are computed
on the y for easycomparisonamong various lter combinations. Figure 3(d) displays the bar graphs for the
number of reported incidents returned by the composite lter (Fcomp) obtained by combining the lters in Figs.
3(a), (b) and (c).

6. IMPLEMENT ATION AND RESUL TS

We implemented and tested our tool on a Dell Axim X51v PDA running Windows CE with an Intel 2700G
graphics processorand 64MB of RAM and on an AT&T 8525 PocketPC phone running Windows Mobile 5.0
with a 400 MHz Samsung2442A processorand 64MB of RAM. However, our tool is designedto run on any
Windows basedPDA or Smartphonewith su cien t processingcapabilities. We usethe OpenVG library provided
by Hybrid Graphics, which is a referenceimplementation and provides functions of OpenVG 1.0 and EGL 1.3
speci cations. All imagesin this paper were captured with the Win32 simulation version of our system. Figure
5 shows our systemrunning on a Dell Axim X51v PDA and an AT&T 8525PocketPC phone.

To render maps, we needaccessto editable map data. However, most of the map webservicesdo not o er
such exibilit y. Therefore, we decidedto use shape les becausethey are represerted as vector data and can be
easily manipulated. A downside of using shape les is that we do not have accessto map annotations suc as
street names. Moreover, these shape les are not available in smaller resolutions suitable to render on a mobile
device. Hence, most of the graphics resourceson a device are currently consumedfor drawing the vector maps
inspite of the simpli cation mentioned in Sec.5.1. Theseare currently two limitations of our system.

We analyzed the crime incident report dataset for our university town (West Lafayette) using our system.
Plotting the incidents on the map immediately showvs that most of the incidents are concerirated in the middle
of the map (Fig.4(a)) where our campusis located. Using our spatial Iter and looking at the bar graphs, we
can seethat most number of reported incidents were regarding thefts, vandalism and noise ordinance violations
(Fig.4(b)). The brokenbar graphsindicate that valuesare abovethe display threshold. Figure 4(c) shows another
advantage of using our spatial lter in combination with bar graphs. The bar graphs display all incidents that
occurred in the samespot, even though the corresponding dots overlap on the map. In this case,if not for the
bar graph, we could not have inferred that there were three incidents of thefts at the samelocation. Finally,
from the obsenation of noise violation incidents throughout 2007, we found that the number of reports were
high during the end of eath semester. However, we obsened that it was much higher during April (Fig.4(d))
than during Decenber (Fig.4(e)).
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Figure 4. Results of analysis of crime incidents in West Lafayette using our system.

7. CONCLUSIONS AND FUTURE WORK

We have adapted a focus + context interaction lens basedon new metaphors of time and transparency to a
mobile device. We further explored the usageof this lens for performing geospatial visual analytics usable by
in-eld personnel. The focus + context technique not only provides distortion free contextual interaction to
navigate a map but also acts as a semartic data lter allowing the userto visually query a geo-taggeddataset
and view simple statistics.

In its current form, the systemhasa few limitations in map rendering. We intend to improve theselimitations
and add additional visual analysis features in our future work. Specically, we will work on simplifying map
represerations for mobile devicesand adding map annotations. We will also add further analysis tools such
as a multi-lev el timeline and time history of incidents for a selectedspatial region. Moreover, we will perform
usability studies of the systemwith in- eld personnelto improve the system basedon their feedbad.
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Figure 5. Photos of our system running on (a) Dell Axim X51v PDA and (b) AT&T 8525 PocketPC phone
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