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Abstract—The advancement in new technologies and their data
generation at substantial rate gave birth to the Big Data and
requires a robust platform to capture, retrieve, store, and process
it. Data generated by Human centric services and applications
such as sensors, healthcare applications, social networks, and
smart-phones need to be collected and processed to provide indepth knowledge. In this paper, we propose Hadoop Distributed
File System (HDFS) as convergence platform where all these
multi-structured data is stored and use Hadoop No-SQL solutions
to build warehouse for applications real time access to the data.
We manage users clinical, personalized, and feedback data to
provide clinical, physical, social, and mental health monitoring
platform. We implement a Big Data service engine which provides
storage services to health monitoring systems and analytics
services to visualize and monitor clinical information, physical
activities and emotions performed by the users. Our prototype
system successfully integrates various technology platforms and
provide centralized health monitoring system.
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I. I NTRODUCTION
With the sound and fast development of Information Technology (IT), the data growth has increased substantially.
Ubiquitous devices/sensors, social networking sites (SNS),
healthcare applications, business transactions/logs, and other
devices generate data in peta bytes per second in different
formats and structures [1]. Data generation at exponential rate
gives birth to volumetric data, in variety of formats including
unstructured (text, CSV), semi-structured (XML, CDA), and
structured (business transaction, RDBMS). Key parameters of
generated data include data growth rate, volume, variety, and
uncertainty/noise leads to the generation of Big Data [1]. To
handle data at such large scale, cloud computing is a point of
interest in the Big Data research community.
Cloud vision was ﬁrst given by McCarthy at MITs centennial celebration in 1961 [2] as computing may be some
time organized as public utility. It is a group of commodity
hardware sharing computation resources to provide software,
infrastructure, and platform as a service. Many cloud based solution for Big Data has been proposed to provide compute and
data intensive [3] computation platforms such as GFS, HDFS,
BSP, Twitter Storm, and GPGPU. Such systems provide scalable, distributed, efﬁcient, and fault tolerant mechanisms on
commodity machines either as open-source implementation
or proprietary services. Hadoop Distributed File System [4]
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has emerged as an efﬁcient distributed storage and processing
framework supporting MapReduce [5] computational model
on the cloud. We use Hadoop as convergence platform for
healthcare related data storage, processing, and analytics.
Healthcare applications such as clinical information processing [6], physical activities recognition [4], physical emotions recognition, and recommendations [7] are widely spread
and individually available to the users. However, there is lack
of a convergence platform where all these related information are collected and provided to the users for their health
monitoring, activities analytics, and recommendation based
on their data. In this paper, we propose Big Data Service
Engine (BISE) using Hadoop where all healthcare related data
are stored, processed, used by other applications and perform
analytics on it.
Big Data Service Engine (BISE) is a platform where HDFS
is used as storage system for multi-structured data and MapReduce computation model for processing it. BISE transforms
multi-structure data stored in HDFS into an intermediate relational database which is used by other applications for activity
recognition [4], emotion recognition [8], recommendation, and
sentiment analysis [9]. It uses MapReduce for legacy and
new data transformation and visualization. Clinical data such
as Electronic Health Record (EHR), Patient Health Record
(PHR), and Electronic Medical Record (EMR) is used as
service from Smart CDSS [10] to provide the physicians with
clinical recommendations for their patients. We have built a
prototype system for ATHENA [11] and PULSE [12] with all
its functions. This paper covers the introduction of Hadoop for
integration of various multi-structure data and its processing to
provide healthcare services. However, functional statistics and
algorithms of each service components are out of the scope
of this paper. The objectives of the paper include
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1) Exploiting Big Data technology Hadoop-MapReduce to
provide health-care services
2) To present a service engine that provides health-care
services for maintaining physical, social, and mental
health
3) A platform to handle variety of data at a single place
to perform analytics and present services. It will help
the researchers to guide themselves towards the future
trends in the research area of personalized Big Data.
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The rest of the paper is organized as follows. Section II
discusses the related work aligned close to our work. In
section III, we describe the proposed architecture and its
components. Section IV shows the implementation and results
of the system. Section V concludes the paper with discussion.
II. R ELATED W ORK
Hadoop is a framework designed to process Big Data on
commodity cluster with its computational paradigm as MapReduce. It was ﬁrst proposed by Google as Google File System
(GFS) [13] and Apache Hadoop is an open source implementation of GFS. Hadoops Distributed ﬁle System (HDFS)
is adopted by many large organizations like Facebook [14],
Oracle [15], and Yahoo [16]. MapReduce has been adopted for
large scale indexing strategies and recommended for indexing
at terabyte scale data. Due to its fault-tolerance, efﬁciency,
reliability, and cluster of commodity machines framework; it
has been widely adopted by machine learning, healthcare, and
data analytics community.
Hadoop and MapReduce has been widely used in healthcare.
Rose et al. [17] from Teradata have proposed the Big Data in
healthcare ecosystem. To investigate the potential value in the
data and know signiﬁcant challenges, Hadoop and MapReduce
have been adopted for Big Data processing such as data
exploration and analytics.
To support large-scale medical image analysis, Markonis et
al. [18] have proposed three use cases including: 1) parametric
optimization for lung texture classiﬁcation, 2) content-based
medical image indexing, and 3) Three dimensional directional
wavelet analysis. Their results show considerable decrease in
processing time by reducing a task performing for 130 hours
to just 6 hours. Hadoop MapReduce has also been adopted
for large scale peptide identiﬁcation [19] for searching in
spectral library database. A search application called MRMSPolygraph presents a hybrid approach to match experimental spectrum against some protein sequence in a spectral
library. Their results on 400 cores cluster of commodity
machines compared to a single state-of-the-art desktop takes
less time by a factor of 333 approximately. However, these
systems lack support for multi-structured data and daily healthcare services convergence.
In today’s fast business environment, StreamCentral[20] is
an end user application/product that allows its users to quickly
process new stream of data, add new data from a source,and
analyzing and uncovering the business performance. StreamCentral provides the features including operational intelligence, on-demand business intelligence, knowledge discovery,
and social collaboration. However, our BISE framework is
intended for health-care services integrating mental, physical,
and social health information. BISE framework is different
from StreamCentral in its nature(BISE uses Hadoop), purpose
(BISE is focused on active life-style), and services.
Large data generated by Social Networking Sites(SNS)
including Twitter, Facebook, and Myspace could be used to
predict and analyze the trend analysis in the affairs of the
world, healthcare, and other known areas. Hyeokju et al. [21]

have proposed an implementation for large-scale social data
analysis on MapReduce. Their system consists of two parts:
Data gathering agent and data analysis module. Data analysis
module is composed of improved versions of TF-IDF and
Weighted-MINMAX analysis to extract high priority trending
words. System is evaluated based on efﬁciency and performance and shows 3-5 times improved performance comparing
to the existing systems and it can even more be decreased by
additional nodes in the cluster. To provide smart-phone users
the advancement of distributed cheap, available, and reliable
technologies; Adam et al. [22] have proposed a framework
form mobile applications based on MapReduce to provide
strong connectivity model of computation in open networks.
In existing works, the proposed frameworks and developed
models mostly work and use speciﬁc structured (relational) or
unstructured (textual, sensory, XML) data. Other Bulk Synchronous Parallel[23] processing and GraphLab[24] are useful
when the data is posses high density of relationships. These
frameworks are mostly efﬁcient for high compute intensive
processing on single format of the data. However, Hadoop
exhibit the property of dealing with variety data including
structured, semi-structured, and unstructured. Twitter Storm
can be conﬁgured to process high velocity of data and works
on streaming data. However, it also does not posses the
ability of processing and managing variety of data. Therefore,
depending on the data structures and the problem we are
addressing, Hadoop is suitable candidate to handle the data
at such large scale in various formats.
III. BISE A RCHITECTURE
In this section, we present our Big Data Service Engine
(BISE). Our system stores and processes multi-structured data
from various sources to provide health-care services. The
proposed system is composed of three layers and an adaptive
intermediate database. The three layers include data acquisition layer, data storage and processing layer, services layer.
Data acquisition layer consists of multiple sources of collecting/generating data for the system; storage and processing
layer consists of data processing modules; and services layer
consists of multiple service engines facilitating healthcare.
The overall architecture of the proposed system is shown in
Figure 1. Adaptive intermediate database is used by services
layer sub-components to perform computation and calculations
on relational data for clinical, physical, mental, and social
health services. Each sub-component in the services layer
perform statistical and analytical algorithms to provide healthcare services. However, these algorithms are out of the scope
of this paper. Layers and its sub-component are explained are
discussed in the subsections in detail.
A. Data Acquisition Layer
Big Data Service Engine (BISE) process variety of data
collected from various sources in different formats including
XML, CSV, relational, and images. Data sources include
smart-phone sensors, wearable sensors, embedded sensors,
location sensors, 2D/3D cameras, Social Network Sites (SNS),
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Fig. 1.

BigData Service Engine Detailed Architecture

and health-records. Sensors generate data in different formats
and it is used for activities recognition [4] in the services
layer. 2D/3D cameras generate data in the form of images
is used for emotion recognition using facial expression [8]
techniques. SNS data is in textual and XML formats, and used
by Social Media Interaction engine (SMIE) in services layer
to monitor users daily activities and interests. Clinical data
is in Clinical Document Architecture(CDA)/relational formats
and used to generate healthcare analytics. These analytics
are based on sugar, blood pressure diseases trends based on
gender, location, age, and various other parameters. Currently
data acquisition is performed in batch mode to store in HDFS.
Techniques such as timestamps, hierarchy, and directory structures are used to differentiate the data from various input
sources and maintain the versions.
B. Data Storage and Processing Layer
In this layer, the data stored in HDFS is processed according
to the needs of health-care services in services layer. Apache
Sqoop [25] and Pig [26] are used to transfer bulk data to
populate adaptive intermediate database and process large data
present in Hadoop for analytics respectively. Data storage and
processing layer has the following sub-components.
1) Structured Data Collector: The objective is to generate
and collect structured data from variety data in HDFS to be
processed by services modules in services layer. The structured
data is stored in the intermediate database for quick access
and processing. Each module in the services layer such as
SMIE, Activity Recognition (AR), and Emotion recognition
(ER) provide schema to the structured data collector based
on requirements of the service and data collected in the
acquisition layer. Sqoop is used to transfer the data from
large unstructured formats (HDFS, Pig) to structured format
(intermediate database).
2) Data Processor: In BigData Service Engine, data comes
from diverse input sources in variety of formats. Various data
formats include structures such as relational data (clinical data

i.e. EHR), semi-structured such as XML (Twitter streams),
unstructured such as sensory data. Sub-components in services
layer need to process data of a speciﬁc format such as activity
recognition(AR) needs to process data using machine learning
techniques. To provide required data to the sub-components,
data processor module generates and executes Apache Pig
script to perform operations on these large data sets. Pig
scripts are generated based on the visualization requirement
from the services layer. Visualization and analytics could be
performed on any data including physical activities, facial
expressions and emotions, visited places, clinical ﬁndings, and
clinical disease analysis. Data processor is meant to process
HDFS data to identify abnormal behavior in a users all data
including clinical, social, emotional, and activities. It has two
sub components: Field extractor, and Query builder. Field
extractor extracts the parameters passed from the upper layer
for data processing. Query builder generates queries based
on the parameters extracted by ﬁeld extractor and executes
on HDFS through Data Flow Scripts (Apache Pig). The
results returned are stored back in HDFS and consumed by
visualization module in services layer to produce interactive
visual images as shown in Figure 2.
3) Coordination Broker: Data in HDFS is multi-structured
and multi-purpose, therefore coordination broker serves as
decision point to select appropriate data required by each
services layer module. Data stored in HDFS is integrated from
diverse input sources, coordination broker works to parse and
process the required data set requested by services layer subcomponents instead of parsing the whole repository. It works
as switch, where based on the request, the required data in
HDFS is processed and provided back as response. BISE is
a cloud based multi-user, multi-service framework, therefore
broker schedules the requests to for efﬁcient processing. Some
sub-components such as Activity Recognition needs to process
data in structured format, for this purpose, the data needs to
be converted from semi-structured or unstructured format to
a structured format. Coordination broker needs to differen-
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tiate between data transformation requests and data retrieval
requests. By introduction of coordination broker, running and
response time of data transfer can be reduced signiﬁcantly.
It also serves as selection point for the data required for
visualization.
C. Services Layer
In BISE, we provide users health monitoring in terms of
their clinical, social, mental, and physical health services
and recommendations. Services layer in BISE includes subcomponents to provide individual services such as social media
interaction, activity recognition based on wearable sensor logs,
activity recognition in smart-phones, emotion recognition in
2D/3D video and images, clinical data visualization, and
recommendations based on these different data-sets. From all
these different services, a user/patient can monitor and analyze
current physical activities, emotions, and clinical conditions.
All the services in this layer access and use the data in
the adaptive intermediate database while visualization and
analytics consume the data directly generated using pig scripts.
IV. I MPLEMENTATION AND R ESULTS
In this section, we describe the experimental framework for
the prototype development of BISE and present some results
based on a scenario which covers the details of which data
is used and what health information and visualization are
generated. The goal of this paper is to provide the framework
for heterogeneous huge data sources to integrate and provide
an easily/cheaply available system on the cloud. The scenario
presented only presents about how do we collect and use the
data from heterogeneous sources for the better life style of
user.
A. Experimental framework and implementation
We have implemented Big Data Service Engine (BISE) as
sub-part of two healthcare projects including Activity awareness for Human Engaged wellness Applications (ATHENA)
[11] and Personalized Ubiquitous Life care Support Engine
(PULSE) [12]. Hadoop Distributed File System (HDFS) is
used as variety data storage mechanism and MapReduce as
its processing framework. Apache Pig is conﬁgured on top
of Hadoop to provide quick data processing for activities and
clinical data visualization. Apache Sqoop is used to transfer
and convert data from HDFS (various formats) to adaptive
intermediate database which is used by services layer for
service provisioning. Data upload to HDFS is performed as
batch upload and service layer access the data in HDFS and
intermediate database in real time.
Hadoop cluster consists of 10 nodes with ﬁve physical
machines and one virtual machine on each physical machine.
All physical machines have 4GB RAM, 500GB HDD, Intel
core i5 processor, and Ubuntu 12.10 Operating System. Data is
collected from Social network Sites like Facebook and Twitter,
Smartphone activity recognition sensors such as accelerometer,
video 2D/3D cameras, and clinical observation data from
hospital such as electronic Health record (EHR). Services

layer sub-components are developed in Oracle Jdeveloper[27]
as Web application along with analytics and activities monitoring. The prototype system successfully integrates various
technologies and provides centralized health monitoring to the
users. Some of data visualization results are shown in the ??
illustrating activities and clinical observations.
B. Case Study Scenario and Discussion
Considering a user who wants to monitor his physical,
mental activities and his/her food intake. The activities data
is generated by various activity recognition sensors and wearable devices, daily routines, and mental health data is collected from his social activities on Facebook[28], twitter[29],
KakaoStory[30] and images. Food information along with their
calorie intake is collected from his daily routine check-in and
check-outs at restaurants. Based on these information of the
user, the system visualizes the user data and shows a dashboard
as shown in Figure 2. In this Figure, user activities, calorie
consumption/intake, daily mood, and overall mental health are
visualized. Calorie consumption information are provided by
the user and calorie intake information are collected using
the check-in and food intake that the user have done in the
restaurants. Based on these information, users can monitor
their mental, physical, and social health and compare with
normal human life style. We have proposed an integrated
solution to use variety of data in a single place as Big Data
Service engine (BISE).
V. C ONCLUSION AND F UTURE W ORK
A health-care system which offer services in low cost by
managing information from diverse modalities is a challenging
issue. In this paper we describe design and development of Big
Data Service engine (BISE) that provide storage and processing services for large and variety of data sets from diverse
sources. To achieve the objective, we use multiple Big Data
technologies for storage and processing, and collect activities
data from sensors, user experience and social information
from social media data, and medical history records. The
framework and data is used by various services such as activity/emotion recognition, social media interaction, and clinical
visualization. Clinical data visualizations are performed based
on medical expert knowledge to infer the trends in the user
medical history. The current system provides an integrated,
easy, and anytime availability to users to monitor their healthy
life style.
In future research, we plan to enable and extend the system
for online streaming of data acquisition as well as data used by
different services. We are also developing real-time streaming
engine to provide an easy, direct, and real-time access to the
data so that the users can monitor their data easily.
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Fig. 2.

visualization of daily mood(top-left), overall mood(top-right), daily activities(bottom-left), and daily calorie consumption/intake(bottom-right).
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