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Abstract tempted to enhance the scope for the developers and
the common users.
Geospatial data, a popular information structure in re-Even though geospatial data can be displayed in
cent times, is commonly rendered as a color-codgffferent ways depending on the objective, the popu-
2D map. The secondary information available atlarly used style is to present it as a 2D cartographic
location, for example - the temporal variation of aap (Figure 1(a), a screenshot from Google Map) or
spatial attribute, is displayed on-demand. When a fes embed it on a 3D sphere to be explored from a
such displays are present, occlusion of the 2D map byyd's eye view (Figure 1(b) from Google Earth). De-
them can seriously affect further exploration. Evepending on the available information, a suitable at-
though the degree of occlusion varies with the typeibute such as temperature, air pressure at each spa-
of the display, the more informative and useful onesal location of the map can be used to create either a
such as rectangular windows consume more screglor or a height map. But in most cases, encoding
space and cause higher occlusion. An occluded par attribute to color or height is not enough since the
tion can be revealed by moving the display away fromformation to be presented at a spatial location can
its originating location, however that increases thse far more complex. For example, temporal vari-
cognitive load of visually linking the displayed infor-ation of an attribute (or even multiple attributes) at
mation to the location of interest. This paper presergach spatial location often comes as an integral part
a self-adaptive technique that minimizes occlusion lgf the data.
automatically distorting the spatial map to a reason- Different approaches have been tried with the ob-
able extent so that a usable screen space is cregéeslve of creating extra room for displaying such sec-
for the requested visualization. Unlike existing mettondary information. Multiple coordinated display is
ods, the created space stays adjacent to the loca@é@ technique where the user can select a spatial loca-
of interest and hence, enables the user to easily fign on the map to find the corresponding information
late the secondary display to the spatial location. Fikiighlighted on other windows. This method can lead
thermore, the proposed method empowers the usetda larger cognitive burden, especially when multi-
control the existing trade-off between occlusion ansle locations have been selected since keeping track
spatial distortion. The paper demonstrates two pgf the correspondence may become difficult for the
tential applications, one of which includes a novejser.
mirror-like interface designed for comparative anal- Another popu|ar approach is to pop up a new win-
ysis of spatio-temporal data. dow each time the user clicks on a location. The
cognitive burden of linking a location to a point in
. a remote window is reduced by this method, since
1 Introduction the spatial location is now tied to the window by a
visible link. But Figures 1(a) and 1(c) suggest that
Geospatial data analysis and visualization haygs method introduces another serious problem, that
gained as much pertinence in recent years as neygpcclusion. One window can potentially occlude a
before. While visualization, data mining and GlQortion of the spatial map and also, another window.
researchers have proposed novel techniques for pgpy|ar softwares employ one or more of the follow-

alyzing and presenting geospatial data in varioysgy strategies to deal with occlusion:
forms, numerous softwares like Google Map and

Earth [Inc09], Microsoft Bing Map [Cor09], Ar- 1. They allow a viewer to fly around a location of
cGIS [ESR09], NASA Worldwind [NAS09] have at- interest and look at it from all directions to re-



veal any potentially occluded zone. 2. The appearing window always stands adjacent
to its originating location. Hence, the user is
spared of the task of visually linking two remote
points.

2. They use small suggestive icons which change
to larger windows on click. However some re-
gions of the map can get cluttered due to many

such icons (the circled region in Figure 1(a)) 3. The pop-up window can be utilized in different
making the selection of a Single one difficult. ways. The paper demonstrates two exampleS.
Moreover, such icons themselves are small and  The first one is a novel approach which uses the
hence, very easy to get occluded behind larger windows as mirror-like interface for better com-

windows (see Figure 1(c)). parative analysis of spatio-temporal data. The
3. They limit the number of informative windows ~ S&cOnd one uses the technique to reduce visual
clutter.

that can be displayed at a time. For example, the

default setting .Of Go_ogle Earth automatically The benefits come at the cost of distortion of the
closes the_prewous yvmdow when a new on(.a aBhatial map though. Our technique also empowers the
pears. This works.fme for _casual browsefs’ bHEer with different parameters, which can be tuned to
for someone who is explormg the. map with nd an optimal point between distortion and occlu-
analytical goal may require the facilities of comzion
parison and multiple foci. The basic intuition is borrowed from the work

4. Some softwares have introduced sent®y Chaudhuri and Shen [CS09] in which the deeper
transparent windows, which can be overlaigvels of a treemap are displayed on-demand in 3D
on top of the 2D map. This method has twand the treemap is partially elevated to avoid oc-
limitations.  First, all sorts of visualizationsclusion. Unlike treemaps, spatial maps contain ge-
cannot be overlaid. For example, if a usergraphic features with no rigid boundary. Hence,
requests a snapshot of a region of the map fraaprupt changes of elevation are not acceptable in this
a different time step, the fetched map shoulehse. Moreover, the viewer of a spatial map must be
not be overlaid on the current map. Second/lowed to navigate freely in 3D space unlike the uni-
as more and more semi-transparent layers dligectional viewer of treemaps. To claim its original-
placed on top of the map, the original map nidy, this paper deviates from the mentioned work to
longer remains clearly visible through them. meet these requirements.

The rest of the paper is organized as follows: Sec-

Another alternative proposed by the researCh%ranSummarizes the research progress in geospatial
is to replace the rectangular windows by tall an prog geosp

thin shaped icons [TSWS05], which would not OC\{lsualization in recent years. Section 3 introduces the

clude each other and remain visible because of thteethn'que' The _proposeo! method,_ whichiis a blend of

height. Again, not all types of information can b gorithm and visual design, required us to carefully
’ ake a few subjective choices, discussed in Section 4.

suitably represented using such non-standard str ection 5 demonstrates two possible applications of
tures. Moreover, the user needs to familiarize hinl- P PP

self with the structure each time he encounters a n&k‘/ method, followed by a conclusive discussion.

type.
The discussion so far indicates that a number 2f Related Work
ad-hoc technigues have been developed and commer-

cially rgleased in;tead of_one gengral method that cRp geospatial data has grown in size and diversity
deal with occlusion. This paper introduces a teClyyer decades, the traditional cartographic 2D drawing
nique whlch_5|gn|f|cantly redu_ces occlu5|on by aIIo_Wéf maps has been improved with the aid of interac-
ing the spatial map to adapt itself to user interactiof), o graphics and visualization technology [Mac01].
I!’1 the propqsed metho-d, as the user clicks on a P&e class of techniques has enhanced the represen-
ticular location or a region to visualize the secondag4tion of the 2D map, while the other has proposed
information in 3D, the 2D map distorts within & réap e,y methods for visualization of the secondary in-
sonable limit to accommodate the appearing visughimation, which is often as complex as time series,
ization. The benefits of the method include: multivariate or network data, embedded on the spatial
1. The appearing window does not occlude the panap.

tion behind it. The technique is view-dependent The 2D techniques often use non-standard meth-

since the spatial map adapts to maintain its visdds of color [Bre94] [SRd05] [DB07] or height map-

bility as the user changes the viewpoint. ping to focus on different aspects of the data. Dis-
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Figure 1: lllustration of the problem of occlusiofa) 2D cartographic representation of Amazon Basin from
Google Map. The selected image occludes the map and othes.i¢b) 3D representation of a town on
Amazon from Google Earth. The lower left region contains atmas icons(c) The problem of occlusion
affects 3D maps also, when a window appears.

torting the geographic map by encoding a spatitely less occlusion. An occlusion-culling tech-
attribute to area or distance leads to Cartogramigue [PGSF04] has been proposed for geoscientific
which has been thoroughly explored in Worldmagdata with sub-surface information layers.
per [DBNO6]. Panse et. al. [PSKNO6] have proposed
pixel-based techniques for spatial distortion of geo-
graphic map. Besides the idea of distorting the entide PI’OpOSGd Method
map, several focus+context methods which introduce _ _ _
local distortion of the focus area have been adaptédour technique, the geometry and orientation of the
to geovisualization. A recent work [QW@®9] has primitives constituting the spatial map automatically
utilized spatial distortion to answer user-queries @fljust to reveal the occluded portions, when a 3D
finding the best route between two geographic locgindow partially obstructs it. Figure 2(a) displays
tions. a portion of a spatial map of Amazon River Basin
. wit? a red landmark placed by the user. The spatial
When extra screen space is consumed to represent . . :
) . A - map is constructed from a 460900 grid which con-
the secondary information, it is either done in thg. . .
. ) tains the water elevation data of Amazon basin for
form of window(s) appearing at the selected spatial _. . X
. : a single day. The dataset contains 486 temporal in-
location (as in Google Map and Google Earth), or . X
. . - . stances of the spatial grid. In essence, each vertex
as separate window(s) in co-ordination with the spa;

: . : . -of the grid associates a time series of daily water el-
tial map(as in GeoVista Studio [GTWHOZ]). I‘egl'evation with it. Naturally the user would be inter-

ble Cities [CWK*07] is an example which eprOItSested in studying the time-varying data, which can be

multiple co-ordinated display for presenting Spat'al:gresented in a window that pops out from the spa-

embedded multi-dimensional data. Spa‘uo—tempot;ccl?l1| location (see Figure 2(b)). It can be seen how a

dgta haye been explored with multiple co-ordinateloopped window can completely occlude another im-

displays in [AADS] [SFAOLO4] portant feature such as the landmark in this example.
Occlusion is as serious a concern to 3D geovisBinally, Figure 2(c) shows that our proposed method

alization as it is to other 3D interaction techniquesan bring gradual changes to the heights of different

A comprehensive survey of the approaches to dg@rtions of the spatial map to prevent the landmark

with occlusion can be found at [ETO8]. Intuitivefrom being occluded.

metrics of measuring occlusion [ED06] [Bra97] have

been proposed to enable comparison of traditional .

2D techniques. Like many other techniques, jitte .1 Overview

ing of points [TGCO3] is not directly applicable torigyre 2 suggests that the method needs to accom-

geographic data, where the occlusion is caused Fﬂ}‘sh the following tasks:

standing icons or windows. Pencil-shaped or heli-

cal icons [TSWS05], pin-shaped probes [BD®8] 1. Identify the region of the spatial map which

and connected line segments [KW04] have been in- is potentially occluded by the standing window

troduced because such structures cause compara- since this is precisely the region to be elevated.



Figure 2:1llustration of the main benefit of our technique: (a) The spatial map with a placemark placed
by the user(b) A window appearing right in front of the landmark has occldidee landmark. The window
is displaying the average water elevation of the selectgidméred rectangle) over time. (The temporal axis
is horizontal from left to right.)(c) Elevating certain regions of the map using our method hasenttael
landmark visible again(Please watch the supplementary video for a complete demadnation.)

2. Determine the amount of elevation for each spaforementioned blocks, a rectangular window, per-
tial point within the region that needs to be elggendicular to the 2D map, pops up in 3D. From now
vated. on, Infobox a general name, will be used to refer to

such windows. To enable viewing of the window,

. A pre-processing step prgcedgs Fhe _a_bove_m?}qé 2D map automatically tilts backward so that its
tioned steps where the spatial grid is divided in tt?

10x 10 rect | ; K Biocks A ottom end comes towards the user and the top end
X D recianguiar regions, known SE0cks Ay moyeg away (Figure 2(b)). An infobox always stands

window that appears as a response to the user mé\%g the top boundary of the corresponding block.

stand_along the boundary of a bIOCk_' _ Although O4f Figure 2(b), the red rectangle on the map encloses
technique does not enforce this condition on the wi e block corresponding to the infobox

dow positions, Section 4 will reveal its advantage.
The user can freely control the resolution of the grid
of blocks which determines the size of the pop-u.2 ldentifying Occluded Regions

window.
Figure 3 demonstrates how an infobox (the thin

(0, 0) (0, 2} 10, q) @9 red rectangle) of adequate height standing along the
boundary of block A can totally occlude region B and
b B c partially occlude regions C and D, when looked at

from the bottom (or, from the front when the map
tilts). Region E is unaffected. The exact amount of
occlusion varies depending on the location of the in-
\ / E fobox and the viewpoint. In general, the occlusion in

(r, g (r, a)

regions C and D are expected to be much less than
that in region B. Hence, imitating the approach de-
scribed in [CS09], only region B could be elevated
to the height of the infobox, to obtain a visualization
like Figure 4(a). But unlike treemap which consists of
discrete rectangles, geographic map changes continu-
ously and an abrupt change of height may obscure ge-
Figure 3:Potentially occluded regions for 2D map: ©graphic features, for example - river channels, lakes
When an infobox appears at the boundary of blodk this case.

A, regions B, C and D are potentially occluded and

hence, needs to be elevated. Region E is unaffecteg.S Elevation of Identified Regions

Our technique expects the following course of us&he motivation of this step is to increase the heights
interaction to happen when the default view is a 26f the potentially occluded regions smoothly possi-
cartographic map. As the user clicks on one of thie when an infobox of height appears. We have

(I, 0 (I, J)

Eye
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p = (m,m;), where i and j respectively corresponds
to the vertical and the horizontal direction in Figure 3.
All co-ordinates are relative to the upper left corner of
M. Given that an infobox of height appears span-
ning from (r, p) to (r,q), the elevation of the surface
adapts according to the following set of equations.
hij denotes the increment in elevation required for
(m,m;). D1 is a decreasing function of the vertical
distance from the line frongr,0) to (r,J). Dy is a
decreasing function which takes as input distances in
both directions with reference to a fixed point.

hij =hx (f+(1—f) xDa(lm —r[)),peB (1)
hij = (hx f) x D2(m, |mj —p|)),peD  (2)
hij = (hx f) x Da(m,|mj —q)),peC  (3)

3.4 Adaptive Nature of Infobox

Self-adaptive Height: In our technique, the basic 2D
map has to tilt backward and distort itself to make
s the infoboxes visible. During exploration, if the user
() somehow loses spatial awareness, he may want to
view the map at its original 2D orientation. In such a
Figure 4:Distortion of the spatial map: (a) Abrupt Case, when the user rotates back, the raised infoboxes

change of height of the spatial map can badly dighould not stand out as they would rapture the origi-
tort geographic features. The black line connects tA@l 2D map due to perspective projection; they should
two ends of a river channel which has broken due &9t hide abruptly either. To avoid both, the height of
abrupt lift of height.(b) Our technique, used with ap-€ach infobox maintains proportionality to the angle
propriate parameter values, causes less distortiorPbfotation of the spatial map [CS09]. As the user ro-
the same feature (circled in black). tates the map by anglg the eight should b8 x k,
where k is some constant. As a result, the height of
the infobox increases gradually with rotation and de-
employed different mathematical functions for differecreases smoothly as the user rotates in the reverse di-
ent regions. We have made the elevation of regioection. This is how our technique achieves smooth
B (Figure 3) to vary betweeh andh x f, wheref navigation between overview and detail.
is a fraction. The points closer to the infobox span-
ning from (r, p) to (r,q) are assigned higher eleva-
tion, which gradually falls down toward the other
end (spanning fron{0, p) to (0,q)). Second, The
maximum height of region D is made to tex f
at (0, p) and the height gradually falls down to zero
(in both horizontal and vertical directions in the Fig-
ure), as one moves away from that point. The height™ ™
of region C follows a similar pattern of distortion,
with the highest point at0,q). This formulation
makes a smoothly lowering surface (region B) and
two smoothly growing ones (C and D) meet at an 2 .
intermediate heighth x f at points(0, p) and (0, q).
Figure 4(b) highlights the same feature to have digigure 5: Spatial map with more than one infoboxes.
torted to a lesser extent using our technique. LattEhe height of the infobox has been lowered to control
sections will reveal how our technique enables thige distortion of the spatial map.
user to control the distortion.
Formulation of Elevation: Let us denote a spa- Multiple Infoboxes: When more than one infobox
tial map byM. Any point onM can be denoted asappears, the same strategy can be applied to the sub-




sequent ones and the final height of a spatial point re-This problem necessitates the following enhance-

sults from addition of all the elevations due to the cument of the proposed technique so that it can deal

rently standing infoboxes. The computation of heightith spatial maps in virtual 3D environments.

of a spatial point is independent of the order in which

the infoboxes appear or disappear (see Figure 5). 351 Identifying Occluded Regions
) In a way similar to what has been explained in Sec-

3.5 Extension for 3D Maps tion 3.2, the spatial map is again divided into four

. . . regions (Figure 7(a)). Region B is the potentially oc-
The technique discussed so far works if the geos 'gded r(eggon. B(ut))regio% C (region B) also n)(/eeds

tial data is presented as a conventional cartograp Cadapt to reduce the spatial discontinuity with B

map (Figure 1(a)), which would tilt backward to €% nhich would otherwise be more prominent. With-

ate usable space in_ 3D. But geo_spatigl data are Of{) loss of generality, we can assume the eye to be
represented on a virtual globe (like Figure 1(b)) al oving around the map along a hemisphere. Fig-

the user is provided with the freedom to move aroun le 7(b) shows the 2D projection of the hemisphere

in 3D space. In this case, when the user changes the same plane as the spatial map. It can be noted

viewpoint, th.e previously CO”.‘p“ted height map M at when the eye enters a different quadrant of the
not be effective anymore. T(.) |IIustra_te_3 the p_roblem, misphere (the circle in the diagram), the regions B,
landmark has been placed in a position (Figure 6( ) D and E must change position, even though their

W.h"’h IS not visible from a slightly sidewise rotate elative position with respect to one another remains
view (Figure 6(b)). the same.

3.5.2 Elevation of Occluded Regions

When an infobox appears at the block denoted by A
(Figure 7(a)), region B always includes the entirely
occluded points and hence must be elevated. As be-
fore, the height of this region varies betwedemand

hx f. The corner of B which is adjacent to block A
((r, p) in the diagram) is elevated toand the other
three corners attain heightx f. Elevation of regions

C and D varies between ground level dnd f. Even
though these two regions are not occluded, they are
elevated to gradually merge the discontinuity along
the meeting plane between B and C and that between
B and D. Figure 7(b) suggests that other than the few
cases when the eye enters a new quadrant, no updat-
ing of the elevation is needed due to eye movement.

3.5.3 Oirientation of the Infobox

The orientation of the infobox needs to be updated
with every angular change of the eye position though.
As can be observed in Figure 7, the infobox no longer
5 stands along the top end of the corresponding block,
Aty it rather orients in such a way that each it always faces
#v& the viewer. The update required for this is confined to
(b) the block which contains the infobox and hence, not
computationally expensive.
Figure 6: The self-adaptive elevation of Section 3.3 The view direction for an infobox is computed as
ceases to work when the user moves around in 3 vectorv = ¢ — eye wheret is the position vec-

space. A landmark which is visible from the viewtor of the center of a block A. 2D projections of all
point of (a) is occluded from the rotated viewpoint othe vectors on the plane of the spatial map suffice

(b). for the computation. The infobox is oriented along
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(a) Re-defined subdivision of the spatial map basedbdrThe location of the regions must change when the eye
the occluded regions in case of 3D representation. enters a different quadrant. The elevation of each spatial
point is re-computed accordingly.

(c) The spatial map with an infobox from bird’s eye view. Thenceptual divisions have been annotated. The
infobox can be seen to face the observer.

Figure 7: Figures related to the extension of the idea in ohspatial maps represented as virtual globe

the direction orthogonal to the view direction (Figtwo surfaces, which finally merge at an intermedi-
ure 8). Now, for any point e contained in A, the anglate height between 0 arid The choice of the func-
betweeng — € andV determines if e is occluded bytion and its parameters is important, since it deter-
the infobox. If occludes, the point is elevated to theines the extent of the occlusion and the distortion
height of the infobox. Point in Figure 8 is an exam- of the spatial map. For example, in Figure 9(a),
ple of a point which is not occludes and so, does nibte three curves in the upper half represBiat=
require elevation. (1—xP) x (1—xP) with three different values of p.

This is the curve that we have used to control the

. . gradual decrease of height in region B (Section 3.3).

4 Design Choices Similarly, the gradual rise of height in regions C and

E has been controlled by, = x3 , represented by
Besides the central idea already explained, the imptfe three curves in the lower half. Any one from the
mentation of the technique needs to deal with a faypper half can be used in pair up with one from the
more important issues. lower half.

It can be noted in Figure 9(b) that the curve Al can
remove less occlusion than A3, whereas A3 reduces
more occlusion at the cost of creating a wider discon-
In our technique, functions have been employed tinuity between A3 and its counterpart from the lower
smoothly change the height of the occluded portiortzalf. Similarly, B3 causes much less distortion of the
Figure 9(a) illustrates the gradual rise and decay gpatial map than B1, but leaves a wide gap between

4.1 Functions and Parameters
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Figure 8: The figure shows two infoboxes oriente
differently. Both are looking at the eye position. Th
orientation needs to be re-computed with every anc
lar change of eye location. For both the infoboxes,
is an occluded point and f is a visible point. cis th
center of the infobox.

-~ A3, p=2
< A2,p=1

B2,¢=1 5

the two regions. Figure 10 shows how the function

parameters controls the extent of occlusion and the
appearance of a feature. The parameters exert sim
influence on occlusion and distortion for the 3D ma

(b)

Eﬂure 9: The decay function and its parameters con-
RPol the amount of occlusion and spatial distortion.

as well (a) Nlustration of the decay function. The gradually
lowering surface is controlled Hy; and the other one
4.2 Division into Blocks by D,. (b) 1D decay function along with different pa-

_ ) ) ) rameters.
The final height of each spatial point on the map

depends on its distance from the infoboxes, but not

on the block (defined in Section 3.1) it belongs to.

Hence, our method is independent of the existence of

blocks and as shown in the Figure 11(left), an infobdaeight for a given position of the spatial map. Sec-
can be raised from any arbitrary poimt Suppose the ond, for 2D maps, the width of the infobox is always
infobox spans up ta, the affected regions are eleequal to the width of a block (Figure 3). Hence, the
vated accordingly. Now, if the user wants to pop ugesolution of the blocks can be adjusted by the user to
another infobox at point, it can be seen that the newobtain the intended width. The height of the infobox
infobox has to cut through lineg, which divides two can be changed freely as long as its aspect ratio and
surfaces at different heights. In other words, the twthe map’s distortion are within acceptable limits.
basesr ands of the new infobox, already lie at two

different elevations. One solution can be to restrict For the 3D virtual globe scenario, the orientation
the length of the new infobox to the point (in this casgnd hence, the aspect ratio of the infobox changes
t) where it spans over a different elevation zone. Wgith every bit of rotation, because it rotates always
have adopted another solution, which is to attach tRgeping the two ends of its base on the perimeter of
location of an infobox to its adjacent block so that aghe block. Hence, the aspect ratio of an infobox, con-
infobox never stretches beyond its own block (Figained in a block of widthw and lengthl depends

ure 11(right)). on its base length, which can vary betweerand
vW2 +12. It can be noted that for a square block, the
4.3 Dimension of the Infobox base length always remains betwaeand /2 x w.

Hence, to avoid major change in aspect ratio due to
Good aspect ratio of the infobox is required for claritgye movement, the division of the spatial map should
of the information displayed on it. First, the user cape done in such a way that each block is as close as
adjust the proportionality constant that determines p®ssible to a square.



5.1 Spatio-temporal Visualization

From the perception point of view, human eyes can
compare two things most effectively when one is
placed next to the other as a mirror image. The
symmetric shape formed by the two objects together
makes the task easy. In the context of spatio-temporal
data, an analyst may be interested in comparing a re-
gion to its temporal snapshot from a different time
step to know how certain properties of the region will
change over time. However, two difficulties can arise
here:

1. The data fetched from the other time step cannot
be overlaid on the current map since that will
make comparison impossible.

2. If the fetched data is displayed in a traditional
window, the window is located at a distance
from the region of interest which is not desirable
for comparison purpose.

This is where our technique, which always keeps the
infobox coupled to its spatial root, can be useful. We
employ infobox as a mirror-like display which con-
tains the spatial data from a different timestep. Fig-
ure 12 is an example where the infobox is the snap-
(b) shot of the selected block from 50 timesteps ahead.
Furthermore, different infoboxes can display differ-
Figure 10: (a) WhenD; with a higherp is used as ent timesteps (Figure 12) and can be controlled or
function, the resulting image clearly shows the cihimated independently. (The accompanying video
cled blue area, possibly a water body) The feature Provides an application in more detail.)
can get partially or totally occluded when the param-
eter value is lowered.

Figure 12: Spatio-temporal visualization: The in-

Figure 11: Subdivision into Blocks: The reason foboxes can display temporal snapshots from other
behind subdividing the spatial map into rectanguléimesteps right beside the current map of the same
blocks is illustrated. region. The map from the other time step has been
flipped as if it is the mirror image of the original. This
. . helps comparison from cognitive point of view.
5 Application P Eomp IVER

Since the actual map and the corresponding one in
Our main focus so far has been to create the itire infobox are orthogonal to each other, certain com-
foboxes. The images presented up to this point hgvarisons such as matching the shape of a feature, may
utilized the infobox for conventional representatiohe difficult because of perspective viewing. Many
of time series data related to the spatial location. Ttother tasks, such as checking the presence of a cur-
section demonstrates two more ways of utilizing thrent feature in a distant time step and appearance of
infobox to emphasize that its use is not limited to viRew features can be easily performed with the pre-
sualizing any particular form of data. sented display.
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Figure 13: Different infoboxes can display differ-
ent time steps to allow analysis on the local scale.
The red texts denote the time step of the surrounding
block.

5.2 Visual Clutter Reduction

Figure 1(b) stands witness to the fact that visual anno-
tations like placemarks themselves can clutter a map;_
Google Earth scatters the cluttered placemarks and
places a representative single dot at a location close
them. Multiple arrows diverge from the dot to con-
nect to the shifted placemarks. In our technique, for
a region populated by placemarks (Figure 14(a), the
block resolution can be adjusted to let a block bound-
ary pass through the cluttered region. Then, an in-

Our method has a few significant differences with
traditional cartographic map with windows to display
details:

Unlike windows that can be moved and resized,
our infoboxes are always rooted at the spatial
map to provide better visual correspondence.
The width and the height of the infoboxes can
be changed by the user, but the change takes ef-
fect uniformly on all of them. A smaller infobox
at one location cannot co-exist with a larger one
at another location in the current framework.
Apparently, adaptive sub-division of the spatial
map into blocks of different sizes can enable in-
foboxes of variable sizes.

Because of the small dimension of infoboxes, a
user may need to zoom in to inspect the details
presented in the infobox. However, zoom-in and
zoom-out being the most frequently used inter-
action for geospatial data, which often comes in
multiple resolutions, this is not a burden to the
user after all.

fobox with a blank face can be raised only to deliber- These differences do not limit the utility of our
ately create a height difference. Figure 14(b) displag®ethod since the infoboxes can co-exist with tradi-
the dispersed placemarks, even though each ondiagal dispplays such as landmarks, push-pins and

still connected to its spatial root.

windows.

The technique can be employed when

needed, preserving the other placemarks and visual-

Figure 14:Infobox employed to clutter reduction:

(a) Visual clutter of icons(b) The deliberately intro-
duced height difference reduces clutter, keeping the
spatial connection of each placemark intact.

6 Conclusion and Future Work

We have proposed a self-adaptive technique for re-

ducing occlusion which is a serious concern in geoJBra97]

sualization. Our method has been tested with a mod-
erate size spatio-temporal data set of Amazon River
Basin. We have demonstrated a couple of examples
of how our technique can be applied to clutter re-

duction and comparative analysis of spatio-temporal

10

[AAO5]

[BDW+08]

izations. We intend to explore the potential of using
infoboxes as mirror-like displays for visual analysis
of geospatial as well as scientific data.
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