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ABSTRACT

The recent explosion in the number and size of spatio-temporal

data sets from urban environments and social sensors creates new

opportunities for data-driven approaches to understand and im-

prove cities. Visual analytics systems like Urbane aim to empower

domain experts to explore multiple data sets, at di�erent time and

space resolutions. Since these systems rely on computationally-

intensive spatial aggregation queries that slice and summarize the

data over di�erent regions, an important challenge is how to attain

interactivity. While traditional pre-aggregation approaches support

interactive exploration, they are unsuitable in this setting because

they do not support ad-hoc query constraints or polygons of arbi-

trary shapes. To address this limitation, we have recently proposed

Raster Join, an approach that converts a spatial aggregation query

into a set of drawing operations on a canvas and leverages the

rendering pipeline of the graphics hardware (GPU). By doing so,

Raster Join evaluates queries on the �y at interactive speeds on

commodity laptops and desktops. In this demonstration, we show-

case the e�ciency of Raster Join by integrating it with Urbane and

enabling interactivity. Demo visitors will interact with Urbane to

�lter and visualize several urban data sets over multiple resolutions.
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1 INTRODUCTION

Why do two regions in a city feel similar? Or di�erent? What

are the characteristics that determine the quality of a city? The

stakeholders shaping the future of a city including architects, city

planners, and other policy makers typically rely on experience,
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precedent and data analyzed in isolation to answer such questions

when making decisions that are critical in enabling vibrant and

sustainable environments. The recent explosion in the number and

size of spatio-temporal data sets from urban environments (e.g.,

[1, 5, 7]) and social sensors (e.g., [8, 10]) creates new opportunities

for data-driven approaches through which the stakeholders can

better collaborate and make more informed choices.

Architects, for example, need to have a strong understanding

of a neighborhood’s characteristics to identify potential sites for

development. By using the available open data sets and comparing

the neighborhood of interest with other neighborhoods, they can

understand its strengths and weaknesses and establish performance

thresholds from other well-known and well performing neighbor-

hoods. This will eventually facilitate the negotiation process with

the city planner, who is concerned with maintaining the quality

of the neighborhood. To satisfy such requirements, working in

collaboration with architects, we designed Urbane [2], a 3D visual

analytics framework that supports data-driven decision making in

the design of new urban developments. Among its various features,

Urbane allows users to visualize a data set of interest at di�erent

resolutions over varying time periods. For example, the map view

in Figure 1 visualizes the number of pickups performed by New

York City’s (NYC) taxis in the month of January 2009 aggregated

over the neighborhoods of NYC. At the same time, Urbane also

enables the visual comparison of several data sets through the

data exploration view (see Section 3.1). These visualizations are

primarily accomplished through spatial aggregation queries that

compute an aggregate function over the result of a spatial join be-

tween two data sets, typically a set of points and a set of polygons.

This operation can be translated into the following SQL-like query:

SELECT AGG(ai ) FROM P, R

WHERE P.loc INSIDE R.geometry [AND filterCondition]*

GROUP BY R.id

Given a set of points of the form P (loc,a1,a2, . . . ), where loc and

ai are the location and attributes of the point, and a set of regions

R (id,дeometry), the query performs an aggregation (AGG) over the

result of the join between P and R. Functions commonly used for

AGG include the count of points and average of the speci�ed at-

tribute ai . The geometry of a region can be any arbitrary polygon.

The query can also have zero or more filterConditions on the

attributes. In the above example, P is the taxi data, R is the set of

polygons representing the neighborhoods of NYC, AGG is the count

function, and the data is �ltered over the given time range.








