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ABSTRACT

Data is deemed as a gold mine if and only if it is analyzed and
utilize. The healthcare system is one of the largest generators
of data due to strict adherence to regulatory structure.
Unfortunately, Big Data deployment in the healthcare industry
has not catch up in Ghana and Africa at large. Big Data in
healthcare has enormous benefits including the designing of
Predictive models, analyzing disease patterns and tracking
disease outbreaks, turning large data into actionable
information, Evidence based health delivery through data
analysis and Capture and analyze real time data from variety
of locations. To achieve above mentioned potentials of Big
Data, this thesis has taken a look at the structure of Big Data,
which has led to the development of an architectural
framework that will fit into the system Ghanaian healthcare
system and how the variety of data will be handled and stored.
A framework which will serve as a platform for data analytics
in the Healthcare industry is also proposed. Finally, we
propose a framework which will handle the new data
generating devices used by health facilities that is the
structured and unstructured data types.
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1. INTRODUCTION

Access to healthcare must be basic [1]. During these processes
of accessing healthcare, data is generated which is termed as
the Medical Record of the patient and this medical record can
grow over time depending on the frequency of a

patient at a health facility. This driven by record keeping,
compliance and regulatory requirements and patient care [2].
With healthcare records still stored in Hard Copy and the
population of Ghana will grow up to 27 million at the end of
2014 [3], this suggest it will be impossible to use these
medium of storing health records in Hard copy form, therefore
the need for rapid digitization of these large amount of data in
the nearest future.

These healthcare data are important to the health facility,
health practitioners and patient. The healthcare record shows
the way the patient is responding to treatment and the progress
being made [4]. This process of keeping health records also
helps health practitioners in the case of referrals, It is also the
only source of evidence for the health facility and or medical
practitioner in the event of a lawsuit and fraud detection [2].
The records serve as prove of the processes the practitioner
engaged in the delivery of healthcare to their respective client.

The varying nature of data types has made it imprudent for
relational database management systems to store and
manipulate these data types [5]. These data types require huge
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storage due to its exponential growth over time. Effectively
dealing with these data types to maximise its benefits in
healthcare means that, there should be live streaming of data,
which can be accessed from various locations. These records
should be also accessed in a timely fashion since it would
involve peoples’ life. The data would have the following
characteristics, huge volume and scale, variety and
heterogeneity of Data/Sources, speed and timeliness of
information requirement, targeted services and solutions, data
presentation, usability and interpretation and privacy, error
handling and security [5].

One way of analysing digitised data can be through a database
technology known as “Big Data” [5]. Big Data is defined by
its basic characteristics which is termed as the 3V’s and an
addition of other “V” [2] that is Volume, Variety, Velocity
and Veracity. Volume means large amount of data (size),
variety means data comes in form heterogeneous data source
and velocity meaning data arrives with high speed [6]. In the
context of “big”, means that the datasets grow so much that it
becomes difficult to manage it using existing DBMS [5]. With
the health sector being an essential part of every nations
growth, it is important to put structures in place to deal with
health-related issues and such a structure is a medical record
system that can be accessed from any part of the country
supporting a wide range of medical and healthcare function
including decision support, diseases surveillance and
population health management as also proposed by the Vice
President of the republic of Ghana in December 2014. H.E.
Amissah-Arthur (Vice President of Ghana) has also proposed
in 2014 [7].

The Ministry of Health and Ghana Health Service has no
electronic system for tracking record of data generated within
a period of time. Even though it is difficult to ascertain the
volume of data generated in Ghana, it can be established that,
data generation is exponential. Korle-Bu Teaching Hospital
has an average attendance of 1,360 patients in a day at the
OPD alone. Korle-Bu Teaching Hospital also receives the
most referrals than any hospital in Ghana according to a report
by the Ministry of Finance [8]. In a less populated area such
as the St. Martins De Porres Hospital at Agomanya [9] in the
Eastern Region of Ghana has an average attendance of about
260 patients between 2008 and 2010. The total number of
health facilities in Ghana as at the end of 2009 was 3217 [10].
Contrary to the situation in Ghana. A reports from the United
States healthcare system stated that, medical record data
collected reached 150 Exabytes and at the rate at which data is
growing in the healthcare sector, it will soon reach zetabytes
(1021 gigabyte) with Kaiser Permanent, a California based
health network in Califonia alone is believed to have between
26.5 and 44 petabytes of data [6].

Ghana’s population is expected to grow up to 27 million [3] in
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2014, comparatively to Kaiser Permanent of California health
network, data for healthcare in Ghana is expected to be
between 79.5 and 132 petabytes. This therefore emphasises
the necessity of getting Big Data system to manage the flow
of data in the heath sector.

Data are evolving; exponentially growing and with varying
types; it is inefficient or almost impossible to use Relational
Databases Management Systems to handle this variety of data
streaming into the system. Relational Databases Management
system can easily handle homogenous data but not all types
heterogeneous data in the health care sector which includes
ultra scan data, video, audio, pictures, location data,
simulations Magnetic Resonance Imaging (MRI) and so on

(6]

These data types to be stored and managed has huge sizes.
This means that, it will occupy huge space ranging from the
size of petabyte (1015) to yottabyte (1024). The maximum
available space for SQL 2014 for Business Intelligence,
Enterprise, Standard and Web applications is 524 petabytes
(524x1015) [11], this means that, with the exponential growth
of data generated in the medical sector on daily basis, it will
be difficult and store data in this type of RDBMS.

The problems identified in the medical record keeping system
of Health Facilities are

* Huge data is generated daily at healthcare facilities daily
with storage and quick access to patient history very
difficult. (this can be evident as stated in the
introduction)

* No definitive way of analysing huge data generated over
a period of time, making data collected almost
unimportant and irrelevant.

e The evolution of different types of data that are to be
stored in the medical field has changed and cannot be
handled by RDBMS.

The purpose for this research is therefore to develop an
architectural framework for keeping Healthcare data of Health
facilities in Ghana via the Big Data technology.

2. RELATED WORK

By definition, Wullianallur et al, explains big data in
healthcare as “an electronic health data set so large and
complex that they are difficult or impossible to manage with
traditional software and hardware nor can easily be managed
with traditional or common data management tools and
methods. [13]” According to Wullianallur et al,, the
healthcare industry is being historically noted for the
generation of very large amount of data which are stored in
hard copy form, driven by the practice of record keeping and
compliance to regulatory requirements. The digitization of the
healthcare delivery reduces cost in areas like clinical decision
support, population health management and disease
surveillance which needs big data to manage; these data
generated is huge with reports from US healthcare system
alone reaching 150 Exabyte in 2011. This data is expected to
grow between zettabyte and yottabytes [13].

An example is the Kaiser Permanete, a health network based
in California with more than 9 million members is between
26.5 and 44 petabytes rich in data from their Electronic Health
Record system which includes images and annotations
accumulated over time with newer forms of Big data such as
3D imaging, genomics and biometric sensors also fuelling the

exponential growth of data in healthcare [13]. Other places
where Big Data has being successfully deployed to for
Healthcare delivery is the North York General Hospital in
Toronto Canada, Columbia University Medical Centre,
Rizzoli Orthopaedic Institute in Bologna, Italy, Brigham and
Women’s Hospital and many more. Africa and for that matter
Ghana has not harnessed the potentials of Big Data analytics.

3. BIG DATA ARCHITECTURAL
FRAMEWORK FOR HEALTHCARE
IN GHANA

The section looks at the process involved in developing
proposed architecture for big data in healthcare in Ghana. This
will involve ontological designs that depict the stages or states
of the architectural framework for the Big Data in healthcare.
The generic model for dealing with healthcare data as
depicted in Fig. 1 deals with the data sources to where data
transformation, modelling and analysis are done.
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Fig. 1 A generalized model from the processes of
healthcare delivery in Ghana

a. Data Sources: Data generated in healthcare may be either
internal or external as illustrated in fig 3.2. The Ministry of
Health in Ghana categorizes healthcare facilities into many
groups according to the size, the services they deliver and
ownership. Even though these are islands of health facilities,
there Ministry of Health and the Ghana Health Service serve
as a regulatory body for these healthcare facilities. These
facilities includes teaching, regional and district hospitals and
clinics which is government owned, health training institution
and research centers, faith based mission facilities and
traditional and alternate health providers and Private
Hospitals, Clinics and maternity Homes.

The health record of patience will be generated internally at
the healthcare facilties. This includes the vitals and biodata of
the patient in a digital format could be termed as a Electronic
Health Record (EHR). The other form of health data is
derived from Clinical Decision Support Systems (CDSS) that
assist health professionals and physicians with decision
making. In Ghana, the Most of the health facilities are hooked
onto the District Health Information Management Systems
(DHIMS 2) [13] an Information Management System to
capture service delivery points at the hospitals and merged at
the district level and transmitted to the region and finally at
the national level. Information Management System to In a
Health Summit (May, 2014) it was agreed to hook the
teaching hospitals, private sector and quasi- government
health institutions onto the DHIMS 2.

The External sources may be from Governments as a
regulatory body for healthcare delivery in Ghana,
Laboratories, and Pharmacies which do not reside in the
health facility. With the NHIA as a body which deliver health
insurance services, there will be data from the authority which
seek to check validity, fraud, claims payment and so on. There
are also of healthcare devices which has embedded sensors to
stream location data to healthcare facilities. Social media for
the healthcare will also stream huge sums of data which needs
to be analysed for decision making.
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Fig. 3.2 Big Data sources and immerging Data trends in
healthcare

b. Big Data Tools

Hadoop Distributed File System (HDFS): Hadoop
Distributed File System enables the underlying storage for
Hadoop cluster. It divides the data into smaller parts and
distributes it across the various servers and or node. HDFS
handles fault tolerance using data replication by creating
replicas of each data block on different datanode for the
purpose of reliability and availability [22].
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Fig. 3 HDFS architecture where the files are Replicated
onto other DataNodes

MapReduce: MapReduce provides the interface for
distribution of sub-tasks and the gathering of outputs. When
task are executed, Map Reduce tracks the processing of each
server or node. MapReduce was introduced to provide easy-
to-use programming model that features fault tolerance,
automatic parallelization, scalability and data locality-based
optimizations according to Lui et al [15] .He further explains

that main concept behind the MapReduce algorithms is to
split work to different computing units to achieve parallelism.

In the map phase, Sara et al explains that, input data is split
into independent sub-programs and distributes it from the
master node to the workers node for parallel processing in
smaller units and back to the master node [16]. In the reduce
phase, the master node takes the results to all the sub
problems and put them together to form an output.

Shuffle
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Fig 4. The MapReduce Process

HBase: HBase is a column-Oriented database management
system that sits on top of HDFS. It is well suited for sparse
data sets, which are common in many big data use cases.
Unlike relational database systems, HBase does not support a
structured query language like SQL; in fact, HBase isn’t a
relational data store at all. HBase applications are written in
Java much like a typical MapReduce application. HBase does
support writing applications in Avro, REST, and Thrift. An
HBase system comprises a set of tables. Each table contains
rows and columns, much like a traditional database. Each
table must have an element defined as a Primary Key, and all
access attempts to HBase tables must use this Primary Key”
[17](1BM).

Hive: Hive is a runtime Hadoop support architecture that
leverages Structure Query Languages (SQL) with the Hadoop
platform. It permits SQL programmers to develop Hive Query
Language (HQL) statements akin to typical SQL statements.
Hive provides tools to enable easy data extract/transform/load
(ETL), a mechanism to impose structure on a variety of data
formats, access to files stored either directly in Apache
HDFS or in other data storage systems such as Apache HBase
and query execution via MapReduce. [18]

MapReduce

]

HADOOP DISTRIBUTED FILE SYSTEM (HDFS)

Fig 3.6.1 Hive Architecture

Due to the fact most of the healthcare facilities have
digitalised their operations, the data generated are mainly
from query languages. It is therefore important to have a
means of processing data of such nature which is mostly
generated from internally and Hive does the job of processing
these query languages. Hive is built on Hadoop and uses map
reduce for execution and HDFs for storage to query and
manage unstructured data as if it were structured. as shows in
fig. 5 Even though Hive is for query languages, it is not
designed for Online Transaction Protocols and real time
queries.
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Fig 3.6.1 Hive used on HBase

Hive is normally used on HBase. This is possible because
Hive can use tables that already exist in HBase or manage its
own ones. Both categories of tables in all instance resides in
the HBase.

c. Dealing with data in healthcare

The proposed architecture has the upper layer dealing with the
various data sources. It is therefore important to set
requirements which will underpin the processes of managing
data. The requirement in the upper layer of the architecture is
based on the characteristics of Big Data in healthcare. The
characteristics as already established is volume, variety,
velocity, and veracity. As proposed by Marcus Maier In his
MSc thesis, | will integrate his requirement made with the
upper layer of my architecture to define the functional and
non-functional requirements of the architecture in Healthcare.

The functional requirement can be termed as a specific
behaviour of a part of a system while the non-functional
requirements system deals the criteria to determine the
operations or behaviour of a system. Even though these
requirement are supposed to be measurable, it may not be
feasible so far as an architecture is concerned.

Requirements for handling growing data volume in
healthcare: The goal of the proposed architecture is to handle
volume. Handling the growing volume of data in healthcare,

Volume 7 — No. 12, January 2018 — www.caeaccess.org

Communications on Applied Electronics (CAE) — ISSN : 2394-4714
Foundation of Computer Science FCS, New York, USA

there should be an adherence to an ability to store the data.
The functional requirement pertaining volume for Big Data in
healthcare is Data Storage. The rationale behind this is to be
able to store data and data results after analysis. Due to the
fact that, healthcare data has different formats and its
exponential growth as seen in the proposed architecture (Fig
3.7), it is therefore important to develop non-functional
requirement which is scalability and performance relating to
the growth of data and timeliness (analysing and getting
results directly when data flows)

Requirements handling for data variety in healthcare: As
indicated in the proposed architecture, the sources and types
of data varies. The architectures proposes the heterogeneity of
the sources of data as internal or external and the varying data
types. In handing all these varying data types from varying
data sources, the main functional requirement will be how the
Data will be integrated (a global schema that will that will be
able to integrate the span of varying data types and data
sources) and data extraction (defines the sources of healthcare
data system to acquire data from as defined in the proposed
architecture — Fig.3.7 and the format of this data). The non-
functional requirement in this domain is Multi-Structured data
due to data types and sources of healthcare data.

Requirements handling for data velocity in healthcare:
The goal of this requirement of the proposed architecture is to
tackle the idea of stream processing. This real time data can
be from sources such as Click stream and interactive data
from social networks, health plan websites and smart phone
applications, Machine to machine data (readings from remote
sensors, measuring instruments and other vital signs devices).
The challenge is the speed of the incoming. The major
requirement in velocity in big data is analysing streaming of
Data and the processing the streaming data.

Requirement handling for data veracity: Data is deemed
useful if a meaning can be derived from it. Veracity has to
deal with the trustworthiness of data and this is very important
especially big data analytics important in the health sector.
The first requirement is to be sieve between trustworthy and
untrustworthy data. This functional requirement has two main
sub functional requirement improve Data quality to decrease
Uncertainty and tracking trustworthiness within the
voluminous data streaming in for healthcare analytics.

These requirements will be handled by the second and third
layer of the. The next chapter will now look at how some of
these data will be implemented using the Hadoop technology
based on the upper layer of the architecture.

4. CONCLUSION

Harnessing the Big Data paradigm in healthcare delivery in
Ghana will serve a lot of purposes including;

- Predictive models.
- Analysing disease patterns and tracking disease
outbreaks.
- Turning large data into actionable information.
- Evidence based health delivery through data
analysis.
- Capture and analyse real time data from variety of
locations.
Big Data has come to improve data analytics and deploying it
in healthcare will massively improve the healthcare delivery
system in Ghana.
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