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We are entering the era of Bbig data^ thanks to the exponential growth and availability of
structured and unstructured data, among which a large amount are real-time streaming data
emitted from sensors, imagery and mobile devices. In addition to the temporal nature of stream
data, various sources provide stream data that has geographical locations and/or spatial extents,
such as geotagging twitter streams, mobile GPS location streams, spatial temporal image
streams, and so on. On one hand, this amount of streamed data has been a major propeller to
advance the state of the art in geographic information systems. On the other hand, the ability to
process, mine, and analyze that massive amount of data in a timely manner prevented
researchers from making full use of the incoming stream data. GeoStreaming refers to the
ongoing effort in academia and industry to process, mine and analyze stream data with
geographic and spatial information.

The purpose of this special issue is to showcase some of the recent developments and novel
applications of GeoStreaming. The open call for GeoStreaming has attracted nine papers covering
broad range of GeoStreaming technologies and applications. After two rounds of peer-reviews by
a team of international experts, seven papers were selected to be included in this special issue.

We start this issue with two papers focused on system design for mobility data analysis [1, 2].
Trajectory analysis is of crucial importance in several fields as social analysis, zoology,
climatology or traffic monitoring. Over the last decade, the number of mobile systems and
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devices recording their positions has grown significantly generating a deluge of spatial and
temporal data to analyze. This increasing volume of data raises numerous issues in terms of
storage, processing and extraction of information. Previous works considering movement
analysis have been mainly oriented towards either archived data processing and mining or
continuous handling of incoming streams. The first paper [1] introduces the design principles of
a holistic approach combining real-time processing and archived data analysis to process
mobility data Bon the fly .̂ This solution aims to provide better results comparing to both purely
offline and online approaches. This research considers distributed data and processing to be
more efficient. The design principles are applied to maritime traffic analysis and a few
representative examples are introduced to demonstrate the relevance of our approach. The
second paper [2] proposes a framework towards efficient real-time managing andmonitoring of
mobile objects through distributed spatiotemporal streams processing on large clusters. A
prototype implementation is rooted in a new stream processing model that overcomes the
challenges of current distributed stream processingmodels and enable seamless integrationwith
batch and interactive processing like MapReduce.

The third paper in this issue [3] discusses how emerging modern hardware can be
leveraged to enable efficient and large-scale GeoStreaming. This paper argues that the key
characteristics of the Location-Based Services (LBS) applications include a high rate of time-
stamped location updates, and many concurrent historical, present and predictive queries.
The commercial providers of LBS must support all three kinds of queries and address the
high update rates. While they employ relational databases for this purpose, traditional
databases are unable to cope with the growing demands of many LBS systems. Support
for spatiotemporal indexes within these databases are limited to R-tree based approaches.
Although a number of advanced spatiotemporal indexes have been proposed by the research
community, only a few of them support historical queries. These indexing techniques, with
support for historical queries, are unable to sustain high update and query throughput typical
in LBS. Technological trends involving increasingly large main memory and growing
processing core count offer opportunities to address some of these issues. Therefore, this
paper presents several key ideas to support high performance commercial LBS by exploiting
in-memory database techniques. Taking advantage of very large memory available in modern
machines, the proposed system maintains the location data and index for the recent past in
memory. Older data and index are kept in disk. An in-memory storage organization for high
insert performance is presented along with a novel spatiotemporal index that maintains partial
temporal indexes in a versioned grid structure. The partial temporal indexes are organized as
compressed bitmaps. With extensive evaluation, this paper demonstrates that the proposed
system supports high insert and query throughputs and it outperforms the leading LBS
system by a significant margin.

Next, this issue includes two papers [4, 5] focused on efficient implementation of spatio-
temporal operations on moving spatial objects. Many natural phenomena are intuitively
represented as spatiotemporal data objects, or moving objects. For example, vehicles, rivers,
hurricanes, low pressure systems, areas of high density of foliage, etc. align well with a
geometric representation, and all change position or shape over time. Moving object models
exist that represent real world objects as point, line, and region geometries that change
continuously over time, leading to research into spatiotemporal analysis functionality over
these objects. Models of moving objects are ideal for representing data streams that record the
motion of spatial data over time. However, the implementation of operations to support
spatiotemporal analysis over moving objects, particularly over moving regions, has proven
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difficult. In the first paper, authors develop a mechanism to support the implementation of the
set operations of intersection, union, and difference between pairs of moving regions. The
mechanism builds on the Component Model of Moving Regions and the semantic specifica-
tions of its operations. Specifically, they develop a generalized method of computing an
intermediate data structure from which the results of various operations are then derived.
The mechanism utilizes well-known 2D and 3D operational primitives and achieves O(n lg n)
time complexity using appropriate data structures.

The second paper extends the notion of temporal coverage operation that computes the
duration that a moving object covers a spatial area. In particular authors extend this notion into
temporal coverage aggregates, in which the spatial area covered for a maximum or minimum
amount of time by a moving region, or set of moving regions, is discovered. They define the
max temporal aggregate coverage operation and the min temporal aggregate coverage oper-
ation, and provide an algorithm to compute these operations, and show that it is correct.
Finally, the algorithm is implemented in the open source, Pyspatiotemporalgeom library to
verify the algorithm under a variety of test cases.

Finally, the last two papers of this issue [6, 7] are dedicated to spatiotemporal even and
activity analysis. Messages published via social media sites, such as Twitter, Facebook, and
Four-square hide a considerable amount of information about real world events. The timely
identification of such events from this huge, unstructured, and noisy user-generated content
plays an important role in increasing situation awareness and in supporting useful applications
such as recommendation systems. Interestingly, a large number of these messages are enriched
with location information, due to the recent advancements of today’s location acquisition
techniques. This, in turn, enables location-aware event mining, i.e., the detection and tracking
of localized events such as sport events, demonstrations, or traffic jams, to name but a few. The
main building blocks of a localized event are local keywords that exhibit a surge in usage at the
event location. In the first paper [6], authors propose an approach that aims at extracting local
keywords from a stream of Twitter messages by (1) identifying local keywords, and (2)
estimating the central location of each keyword. This extraction procedure is performed in
an online fashion using a sliding window over the Twitter stream. Additionally, they address
the problem of spatial outliers that adversely affect a sound identification of local keywords.
Spatial outliers occur when people far away from the location of an event use related keywords
in their Tweets. The authors handle this problem by adjusting the spatial distribution of
keywords based on their co-occurrence with place names that may refer to the location of
an event. To ensure scalability, they utilize a hierarchical spatial index to gradually prune the
geographic space and thus to efficiently perform complex spatial computations. Extensive
comparative experiments are conducted using Twitter data. The analysis of the experimental
results demonstrates the superiority of our approach over existing methods in terms of
efficiency and precision of the obtained results.

The last paper [7] presents a system for online monitoring of maritime activity over
streaming positions from numerous vessels sailing at sea. The proposed system employs an
online tracking module for detecting important changes in the evolving trajectory of each
vessel across time, and thus can incrementally retain concise, yet reliable summaries of its
recent movement. In addition, thanks to its complex event recognition module, this system can
also offer instant notification to marine authorities regarding emergency situations, such as
suspicious moves in protected zones, or package picking at open sea.

Together these seven papers showcase various aspects of GeoStreaming. We hope that this
special issue will be appealing to both experts and practitioners in this area.
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