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Abstract: The integration of a Geographic Information System (GIS) and internet technology has revolutionized the use of geospatial data and its
applications in planning and implementation of strategies for a wide range of activities. Growth of location-based services has given new
direction for development as it has increased location, textual and temporal information. Various techniques are developed that enable the
indexing of data that contains both text descriptions and geo-locations to support the efficient processing of spatial keyword queries that take a
geo-location and a set of keywords as arguments and return relevant contents that matches the arguments. The nature of spatial keyword queries
has evolved over the time, index structures also have evolved depending on the nature of the query. A single index structure does not suit the
needs of all types of queries. This paper presents a comprehensive study of hybrid geo-textual indices.
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I. INTRODUCTION

Location based data is available on huge scale with the
wide availability of satellite, radio frequency identification
(RFID), global positioning  system (GPS),  sensor
technologies, smart phones and other mobile and stationary
devices. The efficient management and analysis of such data
is of great interest in a wide range of application domains.
Few examples amongst wide range of applications of
location based services are weather forecasting, disaster
management systems, telecom and network services, urban
planning, transportation planning, agriculture, asset
management, tourism, water management and wildlife
management.

Geographic Information System (GIS) is a large domain
that provides a variety of capabilities designed to capture,
store, manipulate, analyse, manage, and present all types of
geographical data, and utilizes geospatial analysis in a variety
of contexts, operations and applications. Many applications
involve large collections of geo-spatial objects with their
latitude, longitude and the attribute data. Queries that arise
over geo-spatial data are of three main types: spatial range
queries, nearest neighbor queries and spatial join queries [1].
These kinds of queries are very common in most applications
of spatial data. Efficient algorithms for answering location
based queries, which will consider both locations as well as
attribute data are needed.

A. Geo-textual indices

A spatial keyword query takes a user location and user
supplied keywords as arguments and returns objects that are
spatially and textually relevant to these arguments. To
answer these queries efficiently, geo-spatial data needs to be
indexed. There are several techniques available to index data
either based on location or based on text [1]. Most popular
spatial indexing techniques include R-tree based indices,
grid based indices and space filling curve based indices.
Commonly used text indexing techniques are inverted files
based indices and signature file based indices. While
answering geo-textual queries spatial indexing and text
indexing techniques can be applied one after the other in any
order. But this method is not efficient as it does not support
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filtering out early enough the objects which do not satisfy
either of location or text criteria.

The geo-textual indices combine spatial and text
indexing [1]. The indices are categorized according to how
they combine the two, namely text-first loose combination,
spatial-first loose combination, text-first tight combination
and spatial-first tight combination. A text-first loose
combination index usually employs the inverted file as the
top-level index and then arranges the postings in each
inverted list in a spatial structure, which can be an R-tree, a
grid or a space filling curve. In contrast, the top level of a
spatial-first index is a spatial structure, and its leaf nodes
contain inverted files or bitmaps for the text information of
objects contained in the nodes. On the other hand, the tight
combination index combines a spatial and a text index
tightly such that both types of information can be used to
prune the search space simultaneously during query
processing. Two types of tight combinations have been
used. One integrates a text summary into every node of a
spatial index, and other integrates the spatial information
into each inverted list

Il. GEO-TEXTUAL INDICES - METHODOLOGY
REVIEW

For creating geo-textual hybrid index, one needs to pick
up a spatial index and a text index.

A. Hybrid indices based on inverted file and R tree

Various techniques are developed for hybrid indexing
which use inverted file and R-tree. Different combining
schemes of hybrid indexing structure which integrate
inverted files and R*-tree was proposed [2]. Inverted file
and R*-tree double index, first inverted file then R*-and
first R*-tree then inverted file scheme are the three schemes
experimented. These have almost same storage cost but
second is better than first and third in query time. Indexes
based on R*-trees are proven to be more efficient than
indexes based on grid structures. KR*-tree were
implemented for processing spatial-keyword queries with
the AND semantics by capturing the joint distribution of
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keywords appearing in space [3]. In this implementation, the
pruning power of both space and text is exploited
simultaneously, thus merging the two steps into one and
hence greatly enhancing the performance. Information
retrieval R-tree (IR2-Tree) combines an R-tree with
superimposed text signatures [4]. To efficiently answer top-
k spatial keyword queries, the tight integration of data
structures and algorithms is used with each node containing
both spatial and keyword information.

The IR-tree is studied and used extensively in variations
of spatial keyword queries [5]. The framework proposed
leverages the inverted file for text retrieval and the R-tree
for spatial proximity querying [6]. Several indexing
approaches are explored within the framework for
computing the top-k query. The IR-tree and its variants,
document similarity IR tree (DIR-tree), the cluster enhanced
IR-tree (CIR-tree) and the cluster enhanced DIR-tree
(CDIR-tree) are included in the framework. In an index
node, tighter text relevancy scores can be estimated for a
group of similar documents than for diverse documents that
belong to different categories. Clustering improves the
query performance. Hybrid spatial-keyword index (SKI)
efficiently processes top-k spatial Boolean (k-SB) queries
[7]. It combines an R-tree with an inverted index by the
inclusion of spatial references in posting lists. Spatial
inverted index (S2I) was proposed to improve the
performance of top-k spatial keyword queries [8]. Index
maps each distinct term in the vocabulary into a distinct aR-
tree or block that stores all objects with the given term. The
objects are stored differently according to the document
frequency of the term and can be retrieved efficiently in
decreasing order of keyword relevance and spatial
proximity. The spatial inverted list (SI-index) is essentially a
compressed version of an I-index with embedded
coordinates [9].

User may not always enter the correct keyword and then
approximate solution needs to be searched. In location based
approximate-keyword (LBAK) queries approximate string
search is used to identify for each query keyword those
strings that are similar [10]. To answer such queries, a tree-
based spatial index structure is augmented with
approximate-string indexes such as a gram-based inverted
index or a trie-based index and resulting structure is called
as LBAK-tree index. In another implementation on spatial
approximate string (SAS) query, the MHR-tree is proposed,
which embeds min-wise signatures into an R-tree [11].

A mobile user needs to be continuously aware of the k
spatial web objects that best match a query with respect to
location and text relevancy. The moving top-k spatial
keyword (MkSK) query, considers a continuously moving
query location [12]. Solutions for moving queries employ
safe zones that guarantee the validity of reported results as
long as the user remains within a zone.

Varieties of variations are seen in the IR tree
implementation depending upon the need of the query. The
problem of retrieving a group of spatial web objects such
that the group’s keywords cover the query’s keywords and
objects are nearest to the query location and have the lowest
inter-object distances are studied [13], [14]. Joint processing
of multiple top-k spatial keyword queries, processing top-k
spatial keyword queries on road network, distributed
solution to answering spatial keyword queries on road
networks, aggregate index search (AIS), summarizing both
social and spatial information, location-aware top-k

© 2015-19, IJARCS All Rights Reserved

prestige-based text retrieval (LKPT) query, the generic
location-aware rank query (GLRQ), top-k point-of-interest
group retrieval called GroupFinder, why-not queries with a
keyword count R-tree (KcR-tree) based algorithm and bR*-
tree based m-closest keywords (mCK) query are some
examples of these variations [15] - [23].

B. Hybrid indices based on kd-tree/space-filling
curve/grid/quad tree

Though much research is done on R-tree index, hybrid
index created using other spatial indexing style are also
proposed. Hybrid indices are implemented using a spatial
indexing based on coarse-space partitioning (CSP) and a
space-filling curve (SFC) [24]. Index structure that
combines K-d tree and inverted file for spatial range
keyword query was also proposed [25]. Grid spatial index
were studied and proved that query times for tightly coupled
indexing structures were faster than loosely coupled
indexing structures [26]. Spatial-keyword inverted file
(SKIF) and length-constrained maximum-sum region
queries were developed using grid spatial index [27], [28].
Hybrid index, called inverted file quad-tree (IQ-tree) was
proposed to answer Boolean range continuous queries
(BRCQ) over a stream of incoming geo-textual objects in
real time [29]. A scalable integrated inverted index, named
13 was proposed, which adopts the quadtree structure to
hierarchically partition the data space into cells [30]. Top k
spatial keyword search (TOPK-SK), and batch top k spatial
keyword search (BTOPK-SK) were studied based on the
inverted index and the linear quad tree, called inverted linear
quadtree (IL-Quadtree) [31]. Grid-based signatures hybrid
structure was proposed to handle regions-of-interest (ROIs)
queries [32].

I1l. DISCUSSION

Both textual and spatial queries have been extensively
studied within their respective communities, as well as
combining and forming hybrid index structures. If spatial
and text indices are combined tightly, it prunes out the
objects early enough which do not satisfy the query criteria.
In previous methods the keywords are maintained
separately. Hence queries are answered by the intersection
of object satisfying query criteria from the textual index file
and spatial index structure.

Although different hybrid indexes are proposed, they are
very different in terms of structures, functionalities, and
extensibility to searches with various relevant requirements.
The performance of query evaluation depends on the
indexing structure used for pruning the spatial and textual
data space. It also depends on splitting technique used for
the node splitting. Indexing structure also needs to take care
of distance function like Euclidean, road networks used for
finding the nearest object. It is seen that query format have
changed over the period like moving query, group query,
approximate query, collective query, predicate query, joint
query, why not query and many other.

Much research is done on hybrid indexing techniques
using R-Tree index and inverted files index. The comparison
of these techniques is shown in Table I. It is also observed
that most of the research is done mainly on the top-k queries
and hence evaluation for other types of queries is also
essential. Various parameters are used to evaluate query
performance. It is shown experimentally that parameters like
keyword size, signature length, k, average response time,
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storage overhead, index size, construction time, update time,

Table I : Comparison of Hybrid Indexing Techniques based on Inverted file and R-Tree

Sr. No. Indexing structure Spatial | Text Index Advantages Disadvantages
Index
1. IR Tree R*-tree | Inverted file Structure of first inverted file then Extra disk costs,
R*-tree is the most efficient in High overhead in merging process,
query time Generates many candidate object
ids
2. Keyword-R*-tree (KR*-tree) | R*-tree | Inverted file Keyword list at each node Suffers from unnecessary overhead
reduces the disk 10s incurred when there are many candidates.
during spatial filtering of objects Not efficient due to separation of
document search and document
ranking
3. Keyword-R*-tree (KR*-tree) | R*-tree | Inverted file Keyword list at each node Suffers from unnecessary overhead
reduces the disk 10s incurred when there are many candidates.
during spatial filtering of objects Not efficient due to separation of
document search and document
ranking
4. Multi-level IR®-Tree R-Tree | Signature Combines an R-Tree with Significantly increases the
(MIR?Tree) files superimposed text signatures with complexity of the tree maintenance
optimal signature length for each operations
level
5. IR Tree R-tree Inverted file Ability to perform document search, | Many pseudo-documents
document relevance computation must be accessed when the query
and document ranking in an keywords are frequent, incurring
integrated fashion high 1/0O cost
6. DIR Tree R-tree Inverted file Ranking based on location The additional cost required for
CIR Tree proximity and text relevancy clustering the nodes (pre-
Document similarity to build a more | processing), and the extra storage
advanced R-tree namely DIR-tree space demanded by CDIR-tree
clustering the nodes of DIR-tree to Keeping a CDIR-tree updated is
further improve the query more complex
processing performance
7. hybrid Spatial-Keyword R-tree Inverted file Inclusion of spatial references in Restricted to Boolean queries
Index (SKI) posting lists
Effective pruning of the search
space
8. Spatial Inverted Index (S21) aR-tree | Inverted file An aggregated R-tree is built for Difficult to do spatial aggregation
spatial pruning across different R-trees
scalable as only the related inverted
lists will be accessed
0. spatial inverted list (SI- R-tree Inverted file Fairly space economical, Must scan an inverted list from its
index) Efficient query processing beginning even though the point of
interest lies deep down the list
10. | synopses tree R-tree Inverted file Indexes synopses of objects Maintenance overheads
Enables efficient pruning and
estimation

IV. CONCLUSION

This paper presents comprehensive study of different
hybrid geo-textual indexing techniques. The indexing methods
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