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Abstract  With the advances in wireless communication technologies and smart mobile devices,
Location-based Services (LLBS), which provide personalized services based on users’ location in-
formation, have been widely applied in military, transportation, logistics etc. Currently, main-
stream positioning techniques are mainly divided into three categories, including satellite-based
positioning, network infrastructure-based positioning and presence sensing positioning. With the
help of effective spatio-temporal indexes, LLBS are capable of processing the service requests effi-
ciently. LBS usually employ different location privacy preservation methods to protect the user
privacy. Recently, because of the complexity of applications, the cooperation of multiple positio-
ning techniques and the huge data volume, new challenges emerge. Indoor LLBS, management of
uncertain data, novel location privacy protection method, LBS on cloud infrastructure and social
LBS are becoming critical issues. This paper introduces the architecture of an LBS system and the
key techniques of its components. Second, After reviewing the main progresses in recent years,

we discuss the future work briefly.
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Background

Nowadays, Location-based Services (LBS) become more
and more popular due to the recent advances in different posi-
tioning technologies and high speed mobile communication
networks. Typical LBS, such as route navigation using GPS-
enabled terminal, are playing important roles in peoples’
daily lives, making it critical to develop new techniques to
provide more efficient and reliable LLBS.

The location is the key of LBS. The core technologies of
LLBS are the acquisition of the locations, managing the loca-
tions and protecting the locations. Acquisition of locations
relies on different outdoor and indoor positioning technolo-
gies; managing the locations resorts to the spatial and spatio-
temporal data management methods; protecting the locations
aims to protect the privacy of the user and the data owner.
GIS (Geographic Information System), emerged by the early
1980s, is somehow similar to LLBS, which stores, manages
and presents data related to locations. Usually, GIS utilizes
sufficient centralized resources to provide geographical infor-
mation for specialized users directly (not via communication
network). LBS involos diverse hardware and software in an
interoperating and interconnected environment. And ordinary
people are the audience of LLBS compared with specialized
user of GIS.

There are already several survey papers on LBS with dif-
ferent emphases. D’ Roza and Bilchev provided an overview

of positioning technologies, data format and protocols for
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communication location information in 2004. Jiang and Yao
summarized the characteristics and applications of LBS, and
made a cross-examination with GIS in 2006. A survey on dif-
ferent indoor positioning technologies, which are the funda-
ments of upcoming indoor LBS, was given by Liu et al..
Mokbel et al. discussed how to use the sharing strategy to
make LLBS more scalable. Lee et al. talked about different lo-
cation models and corresponding queries. Pan et al. summa-
rized different techniques dealing with the privacy issues.
This paper gives a comprehensive survey of LBS, espe-
cially emphasis on system architecture and recent research
achievements. At first, it summarizes the main components
of LLBS and the characteristics of LBS. Different positioning
methods, including both outdoor and indoor, are classified
into three categories: satellite based positioning, network in-
frastructure based positioning and presence sensing positio-
ning. Query processing methods on two types of services,
snapshot services and continuous services, are summarized.
As core technologies of LBS, spatio-temporal data access
methods are surveyed comprehensively. In order to relieve
the concerns on privacy, two categories of privacy protection
methods are briefly reviewed. Based on the analysis of recent
research advances, including indoor LBS, outdoor/indoor
seamless LBS, LBS on Cloud, new privacy protecting strate-
gies and social LBS, are discussed. Finally. future research

directions are proposed.



