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Abstract: With the ageing population the demand for healthcare has increased extremely. Healthcare has embraced
technology significantly. The innovations are weaved around big-data and semiconductor industries. Henceforth, this paper
reviews the literature on healthcare, big-data and VLSI technologies with reference to each other. The review focuses on
the interrelationship/interdependencies between healthcare, software (big data) and hardware (VLSI technology) industries.
Healthcare industry drives both the software as well as hardware industries, and their limitations would affect the healthcare

industry adversely.
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I. INTRODUCTION

Health is one of the important contributions to economic
progress of a country, as healthy populations live longer, are
more productive, and save more [1]. India spends below 1.3
percent of GDP on public healthcare which is not sufficient for
the second highest populated country in the world. Its healthcare
is a complex system with the challenges of accessibility and
affordability due to shortage of hospitals and primary healthcare
centers. According to WHO statistics, India has 1:921 (doctors:
patient) in 2017 and the ratio changes to 1:1596 for allopathic
doctors. Specialized doctors are even more less. The
geographical terrain creates a lot of challenge in accessibility of
healthcare services in rural areas [2]. In addition, change in the
population pyramid will fuel the demand for the healthcare
particularly because of lifestyle diseases. The higher medical
equipment costs result in expensive care for patients making
healthcare less affordable.

'‘Big Data' describes collection of data that is huge in size
and yet growing exponentially with time [3]. That is, such a data
is very large and complex that the traditional data management
tools are not able to store it or process it effectively and
efficiently. The three V’s defines the dimensions of big-data:
volume, variety and velocity [4]. Volume refers to the data
generated through websites, portals and online applications that
is in terms of zettabytes. Velocity refers to the speed with which
data are being generated and variety refers to all the structured
and unstructured form of data that has the possibility of getting
generated either by humans or by machines. Big-data that is

diverse and complex require new architecture, techniques,
algorithms and analysis to manage it, and extract value and
hidden knowledge from it. Big-data is been extensively used in
prediction modeling in the applications like train delay
prediction, social domain, banking, preventive healthcare,
diagnostics, insurance, service delivery/hospital systems, etc. [5-
7]. Hospitals/healthcare sector generates huge data and the big-
data provides effective solutions.

Semiconductor technology has grown extremely fast in the
recent past. Electronics system design manufacturing (ESDM)
industry is one of the fastest growing industries in India. Very-
large-scale integration (VLSI) is the process of creating an
integrated circuit (IC) by combining hundreds and thousands of
transistors into a single chip [8]. VLSI devices have been used in
cars, cell phones, cameras, medical devices and many more.
Advances in technology of process geometry, feature and
product innovations has led to increasing need for design,
develop and re-engineering of ICs. To meet the increasing
demand core-based design has to be explored as it has the
potential to improve the performance. Network applications are
also of particular interest. There have been improvements in
weight, size and power of ICs that are ideal for medical devices
particularly for wearable devices.

In this paper, we review literature on the three areas:
healthcare with respect to technology, big-data with respect to
healthcare and VLSI technology with respect to healthcare. We
indicate the significance of interdependencies in the growth of
all these three industries. Healthcare in technology perspective
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depends on both; the medical devices and analytics as shown in
Fig. 1. Devices are hardware based and analytics are software
based. Therefore, healthcare equally requires innovations in
software and hardware industries.

The remainder of the paper is organized as follows: Section
2 presents literature review on healthcare, big-data and VLSI
technology. In Section 3, we synthesize and discuss the growth,
trends and inter-relation between the health-care, big-data and
VLSI technology.

Analytics Software
4N
Healthcare
TeC\IfIVI’IIg}Ogy N Il. LITERATURE REVIEW
A literature review helps to identify the interdependency
Devices Hardware and the impact of one industry on the other. As three different
areas are compared in this study, we did not limit our search for
Fig. 1.Technology in Healthcare
Health-care Inclusions
Technology in healthcare
Big-data in healthcare
VLSI in healthcare
Databases S Keywords Big-data
Exclusions
\ Healthcare issues other
than technology
VLSI technology Big-data and VLS| issues
other than healthcare

Fig. 2. Literature search process

articles to any one database. The databases used were
Google Scholar, Springer, Elsevier, Web of Science, Pub
Med and IEEE. Suitable keywords like healthcare, big-data
and VLSI technology were used to search relevant literature
between 2005 and 2018. Further, the search was restricted to
more specific keywords: technology in healthcare, big-data
in healthcare and VLSI in healthcare. We do not list the
statistics related to the articles but rather analyze the
interconnectivity or inter-relationship among these areas.
Pharmacy-related articles were excluded. In this paper, the
authors adopted the literature search process as shown in
Fig. 2. In this section, we will present the literature review
for healthcare, big-data and VLSI technology separately.

A. Health care

Recently, the healthcare sector has experienced a
tremendous change due to technological innovations.
Technology like device technology, software technology-
EMR/EHR?, HIMS?, big data analytics, biotechnology has

1 Electronic Medical Record/Electronic Health Record
2 Hospital Information Management System

significantly improvised the healthcare delivery. Hospitals as
a service provider benefit from the use of technology. The
innovations in technology are a boon to healthcare and have
resulted in affordable and accessible healthcare.
Technological interventions such as telemedicine have
significantly contributed towards improving accessibility [9-
11]. Telemedicine is widely used in ophthalmology,
cardiology, nephrology, pulmonology and many other
medical specializations [12, 13]. Further, the trends in low
cost devices have extended the affordability of healthcare
[14]. Healthcare utilizes different types of devices that are
implantable, tracking devices, non-invasive, wireless
devices, diagnostics and personalized devices [15-17].

The government initiative of Digital India has
strengthened Smart Healthcare. A lot of investments are
being made in healthcare technologies with large players
like Amazon stepping into health sector. Few of the
innovations include cognitive computing solutions for
analyzing diagnostic, clinical and workflow applications.
Creation of direct interfaces between technology and the
human mind without the need of input and output devices is
a cutting-edge area of research that has significant
applications in healthcare. Artificial intelligence (Al) has
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various applications such as robot-assisted surgery, virtual
nursing assistants, fraud detection, clinical trial participation,
image diagnostics and workflow optimization [18-20]. Al
has applications also in inpatient care and medical diagnosis,
predictive and preventive healthcare [21, 22].

Prediction models and Decision Support System are
being developed for disease management and patient
management. Artificial intelligence, digital technologies and
devices (e.g., smart phones and advanced robotics) allow
patients to participate and interact directly with technology-
based facilities [23]. The Al/robot/machine learning/deep
learning revolution is changing the healthcare sector rapidly,
and will likely see continuous change and growth over the
next decade [24].

Healthcare cost has been growing fast over the last
couple of decades due to need for emergency capacity — on a
round-the-clock basis, complexity in disease and diagnostics
and ageing population. The infrastructure that supports
broad real-time data acquisition, along with adequate storage
capacity would suffice the need. For this, Information and
Communication Technology (ICT) infrastructure needs to
include wireless access, handheld devices and point-of-care
operations [25]. The system’s perspective for hospitals,
equipment, and information needs to be integrated with
patient workflow [26]. This also includes tracking of
assets/equipment by utilizing RFID® or ultrasonic tags.
Many literature reviews have been performed on future
research in Health IT [27, 28]. Healthcare providers today
collect a huge amount of data that are constructively used in
predictive analytics for preventive healthcare, operations
management and patient experience [26, 29]. Hospitals have
been upgrading their EMR systems to utilize the potential of
data analytics. The amount of data the hospitals capture is
different in formats (text, image, structured, unstructured)
and requires an efficient infrastructure to store and process
them in real-time. Along with hardware requirements, there
are issues of interoperability, privacy and security of data.
EMR have its share of challenges which we do not discuss in
detail in this article.

To sum up, the new revolution in healthcare is not only
about disease and medicine, but it is also about using
technology to deliver quality and timely care with help of
real-time information that drives safe and efficient patient
care. Integration of medical devices, instruments and
data/information systems in hospital leads to reliable and
immediate communications that are necessity for the
hospital of tomorrow.
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B. Big-data

Big-data has emerged as a significant area of study for
both practitioners and researchers [30]. Big-data in
healthcare is defined as the ‘electronic health data sets so
large and complex that they are difficult (or impossible) to
manage with traditional software and hardware; nor can they
be easily managed with traditional or common data
management tools and methods [31]. As compared with
other sectors, it is found that the big-data availability in the
healthcare sector is huge and is projected to grow
exponentially in the coming years. In most of the developed
countries, the big-data is collected and stored by the health
care providers and is related to different patient services
(electronic health records or wearable devices) [32, 33].
Health care providers comprise the doctors, public and
private hospitals, dispensaries and clinics, support services
providers (such as X-ray and sonography technicians), and
health professionals (such as physiotherapists and
optometrists) [34]. Most complex data sets include photos,
X-rays, MRIs* EEG® ECG® and audio files. Big-data at
times, gets shared with the external parties such as
government agencies and insurance companies [32]. More
specifically, healthcare big-data analytics is evolving into a
promising field for providing awareness with the use of
extensive data sets and thus improving outcomes while
reducing costs.

There exists a lot of literature reviews on big-data in
healthcare [7, 35]. Along with its wide applications, big-data
has its own share of challenges. Complicated issues such as
non-uniform data distribution and parallel processing with
many variables are introduced that are inefficiently handled
by existing analytical methods. This data is huge and
heterogeneous (different formats) in nature. Big-data
analytics improves operational efficiencies and reduces
healthcare costs [32]. The challenges for big-data in
healthcare fall into two main categories: policy and
technology. The biggest technical barrier is the state of
health data. Health data is largely fragmented into
institution-centered silos because of customized EMR
systems [36]. The problem is not of data fragmentation
alone. It’s about aggregating data, processing data and
extracting meaningful information and using in an efficient
way. Data aggregation becomes the basic building block for
Al technology that has many applications in healthcare.

4 Magnetic Resonance Imaging
®ElectroEncephaloGraphy
®ElectroCardioGram
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Natural language processing (NLP) is most widely used big-
data analytical technique for healthcare [34].

Earlier, we discussed about 3V’s and the other two V’s
are value and veracity. Value is the quality of data stored
and further use of it. Veracity is about how trustworthy the
data source, type, and processing of it is [37]. Most of the
processing tools used for analytics are based on Hadoop; not
only application related limitations but there are challenges
regarding infrastructure as well. The computing
infrastructure required to process big-data is different as
variety of data is segregated from different locations and
analyzed.

We are more serious about analytics than ever before and
big-data offers better solutions, but with a lot of data storage
(whether in on-site or off-site (cloud)). Focus should be on
architectural, storage and networking that support big-data
analysis.
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C. VLSI Technology

In 1965, Intel co- founder Gordon E, made observation
that the number of transistors placed in an IC or chip doubles
approximately every two years (Moore’s law) and thus,
processor speed or overall processing power for computers
will double every two years. The size of the transistor has
shrunk well into Nano-scale. A large single VLSI chip can
contain over one billion transistor. The world of computers
and especially microprocessors has been advanced at
exponential rates in both productivity and performance. The
integrated circuit industry has followed a steady path of
constantly shrinking device geometries and increase
functionality that larger chips provide. As technologies
scales, the designers have to face more challenges to meet
the specifications of specific application to make efficient
and effective chips. Some of the challenges include:

1) The challenges in DSM digital design which includes
micro and macroscopic issues, ultra-high speed design,
reliability and power dissipation.

2) Design challenges of low power which includes low
power in algorithms and architectures.

3) Active power management

4) Leakage power management

5) VLSI circuit reliability, fault avoidance and fault
tolerance.

Device performance improves with group 111-V materials
and Germanium (instead of Silicon). These new high
mobility materials will be grown epitaxial on silicon
substrate. New transistors operating on new principles
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(tunneling or spin) have become requisite for Emerging
Research Devices (ERD) as they operate at low power.
Memory devices are drivers of Moore’s law, and the new
memory devices operate on new principles (FIN-FET
devices). Despite enhanced scaling capability, 2D scaling
will eventually approach fundamental limits towards the end
of this decade. This has led exploration of vertical dimension
(3D). As the feature size of semiconductor process
technology further scales down, the industry is greatly
challenged in manufacturing and design [38].

Like many other applications VLSI has its application in
healthcare such as Implantable Medical Devices (IMDs),
such as defibrillators, pacemakers; medical imaging, Neural
devices like Deep Brain Stimulation (DBS) and prostheses
for Central Nervous System (CNS), Peripheral Nervous
System (PNS), cochlear and retinal applications, ECG and
EEG [39, 40]. CMOS’ IC Technology is now widely
available in the market [41]. CMOS ASIC® manufacturing is
more than bipolar ICs and mixing analog and digital IC is a
well-known concern. The designer has to explore different
ways for using CMOS technology to implement analog
functions efficiently. VLSI tools like Xilinx has been used in
biomedical applications such as signal processing [42].
Digital front-ends to real-time ultrasound phased array signal
processors that are used in ultrasound processing would be
more effective compared to any other medical imaging
process. VLSI is equivalent to around 100,000,000
transistors.  This includes the current generation of
microprocessors that have about 40-50 million transistors
[40]. Currently, the chip design is at VLSI level. The next
level of VLSI is ULSI (Ultra Large Scale Integration) with
about one billion transistor which some have coined [40].

FPGA was used to implement low-cost, light-weight and
portable Tele-cardiac system [43]. Tremendous attention is
on the hardware implementation of deep neural networks
(DNNs), Artificial Intelligence and virtual augmentation: as
these applications in fact require high-speed operations.
However, there is a requirement for numerous elements and
complex interconnections that leads to a large chip area and
ample power consumption. This is done through FPGA and
ASIC implementation. The proposed architectures can save
up to 33% energy consumption with respect to the binary
radix implementation by using quasi-synchronous
implementation without any compromise on performance
[44].

"Complementary Metal Oxide Semiconductor
8Application Specific Integrated Circuits
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I1l. SYNTHESIS AND CONCLUSION

This study conducted a literature review in healthcare
(technology centric), big-data and VLSI technologies
(healthcare perspective) and examined the interdependencies
among these three industries. All the three industries are
booming with their respective growth, yet have certain
limitations, at this point of time.

Health care Big-data

\E—

VLSI
Technology

Fig. 3. Relation between Healthcare, Big-data and VLSI technology.

From this study, we found that the growth and trends in
these industries are inter-related. Technological innovations
have increased tremendously in healthcare. The
miniaturization of devices and increase in the measure of
number of biomarkers leads to demand for -efficient
processing and data storage which are achieved through
VLSI technologies. On the other hand, the huge amounts of
data generated in healthcare require be storing and
processing securely and efficiently. The need for memory
devices those are smaller in size and more in density
demands in further scaling of transistors [45]. The big-data
(information processing technology) is also driving the
semiconductor industry.

The combination of 3D device architecture and low
power device leading to “3D power scaling” should be
appropriate for medical devices as they are sensitive to
biomedical changes. Technically, due to small volume of the
floating gate charge amount and charge retention (in flash
memory) will become fundamental problems as fewer
electrons will be available for the memory function. Big-data
has encouraged new memory technologies. Persistent
memory (PM) is silicon-based solid-state memory that stores
data — even if there is a power failure — ensuring ongoing
data access for high-performance computing. The PM
technology has been in active development by
semiconductor ~ companies. Big-data,  particularly  in
healthcare poses challenges on the storage, processing,
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communication and power delivery in computing farms.
Amount of data in real-time that requires hardware
acceleration is managed by complex event processing
model.  Field-programmable gate arrays (FPGAS)-
accelerated processing system that includes compilation
from software-oriented event language into the FPGA fabric
that can be configured for a wide range of big-data
applications and Internet of Things (IoT). Medical devices
with learning capabilities are on a rise. The new way of
computing is the artificial neural network that is more
efficient than a microprocessor cluster. Additionally, there
are emerging architectural concepts such as neuro-inspired
architectures, program-centric and data-centric architectures.

It’s been debated from last 50 years on validity of
Moore’s law, but it continues to hold good. The point to note
is when old technology becomes obsolete; there is a need for
new technology for Moore’s law to continue with the
semiconductor trends. Example: equivalent scaling—>
geometrical scaling—>3D power scaling—>??. Semiconductor
industry is now addressing the increasing importance of a
new trend: More than Moore, “MtM”.

Because of big-data, healthcare innovations, IoE
(Internet of Everything), new ways of integrating a system
have become essential to produce systems of higher
functionality. To cater big data challenges especially for
handling healthcare which is very sensitive, processing
should be very fast, effective and efficient. Therefore, focus
should be on

1. The architecture of processing node/system

2. Technologies used in internal and external memory

3. Interconnect networks

This indicates that there is a need in advances in VLSI
technology and its applications to cater healthcare and big-
data challenges. Big-data friendly solutions are motivated by
reduced cost with respect to data volumes and improved
analysis capabilities. Some of these solutions will likely
come from outside of the semiconductor industry. The
advances in semiconductor industry need to be synchronized
with the demand in healthcare and big-data.

All Rights Reserved © 2018 IJARTET 5


http://www.ijartet.com/

¥ Vol. 5, Issue 7, July 2018

references

[.

2.

[31.

[4].

(5]

[6].

[71.

8.

[91.

[10].

[11].

[12].

[13].

S. M. Piabuo and J. C. Tieguhong, Health expenditure and economic
growth - a review of the literature and an analysis between the
economic community for central African states (CEMAC) and
selected African countries. Health Econ Rev, 2017. 7(1): p. 23.

Jyoti R. Munavalli, Shyam Vasudeva Rao, A.Srinivas and Frits van
Merode, Healthcare of India: Today and Tomorrow. International
Journal of Innovative Research and Development, 2014. 3(2): p.
350-6.

M. Sowmya and N. Sravanthi, Big Data: An Overview of Features,
Tools, Techniques and Applications. International Journal of
Engineering Science and Computing, 2017. 7(6): p. 13644-47.

Mircea Raducu Trifu and Mihaela Laura Ivan, Big Data: present and
future. Database Systems Journal, 2014. V(1): p. 32-41.

Luca Oneto, Emanuele Fumeo, Giorgio Clerico, Renzo Canepa,
Federico Papa, Carlo Dambra, et al., Train Delay Prediction Systems:
A Big Data Analytics Perspective. Big Data Research, 2018. 11: p.
54-64.

Pekka Péaakkonen and Daniel Pakkala, Reference Architecture and
Classification of Technologies, Products and Services for Big Data
Systems. Big Data Research, 2015. 2(4): p. 166-186.

J. Archenaa and E. A. Mary Anita, A Survey of Big Data Analytics
in Healthcare and Government. Procedia Computer Science, 2015.
50: p. 408-413.

Arvind Singh Rawat and Amit Kumar, Designing Issues Associated
with Very Large Scale Integrated Circuits. International Journal of
Computer Science and Technology, 2013. 4(2): p. 92-94.

Aparajita Dasgupta and Soumya Deb, Telemedicine: A New Horizon
in Public Health in India. Indian Journal of Community Medicine :
Official Publication of Indian Association of Preventive & Social
Medicine, 2008. 33(1): p. 3-8.

C. Popescu. Autonomous Systems for Telemedicine. in 2015 Ninth
International Conference on Complex, Intelligent, and Software
Intensive Systems. 2015.

John S, Sengupta S, Reddy SJ, Prabhu P, Kirubanandan K and
Badrinath SS, The Sankara Nethralaya mobile teleophthalmology
model for comprehensive eye care delivery in rural India. Telemed J
E Health, 2012. 18(5): p. 382-7.

J. R Goémez-Martino, M. A Santisteban Suarez, S. Dominguez
Gallego, P. M Castillo Gonzalez, A. Rojas Covarsi, I. Cervifio
Castellano, et al., [Telemedicine applied to Nephrology. Another
form of consultation]. VVol. 28. 2008. 407-12.

Andrea Di Lenarda, Giancarlo Casolo, Michele Massimo Gulizia,
Nadia Aspromonte, Simonetta Scalvini, Andrea Mortara, et al., The
future of telemedicine for the management of heart failure patients: a
Consensus Document of the Italian Association of Hospital
Cardiologists (A.N.M.C.0), the Italian Society of Cardiology (S.1.C.)
and the Italian Society for Telemedicine and eHealth (Digital S.1.T.).
European Heart Journal Supplements : Journal of the European
Society of Cardiology, 2017. 19(Suppl D): p. D113-D129.

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[271.

[28].

ISSN 2394-3777 (Print)
ISSN 2394-3785 (Online)
Available online at www.ijartet.com

International Journal of Advanced Research Trends in Engineering and Technology (IJARTET)

J. P. Ertola, S. Figueira, M. Carlsen, U. Palaniappan and K. Rondini.
Low-cost electrocardiogram device for preventive health care in rural
populations of developing countries. in 2016 IEEE Global
Humanitarian Technology Conference (GHTC). 2016.

K. S. Pavithra, X. A. Mary, K. Rajasekaran and R. Jegan. Low cost
non-invasive medical device for measuring hemoglobin. in 2017
International Conference on Innovations in Electrical, Electronics,
Instrumentation and Media Technology (ICEEIMT). 2017.

B. Babusiak and S. Borik. Low energy wireless communication for
medical devices. in 2015 38th International Conference on
Telecommunications and Signal Processing (TSP). 2015.

Giorgio Colombo, Giancarlo Facoetti, Caterina Rizzi and Andrea
Vitali. Low Cost Hand-Tracking Devices to Design Customized
Medical Devices. in Virtual, Augmented and Mixed Reality. 2015.
Cham: Springer International Publishing.

Fei Jiang, Yong Jiang, Hui Zhi, Yi Dong, Hao Li, Sufeng Ma, et al.,
Artificial intelligence in healthcare: past, present and future. Stroke
and Vascular Neurology, 2017.

Vimla L. Patel, Edward H. Shortliffe, Mario Stefanelli, Peter
Szolovits, Michael R. Berthold, Riccardo Bellazzi, et al., The coming
of age of artificial intelligence in medicine. Artificial Intelligence in
Medicine, 2009. 46(1): p. 5-17.

Igor Kononenko, Machine learning for medical diagnosis: history,
state of the art and perspective. Artificial Intelligence in Medicine,
2001. 23(1): p. 89-109.

D. B. Neill, Using Artificial Intelligence to Improve Hospital
Inpatient Care. IEEE Intelligent Systems, 2013. 28(2): p. 92-95.

N. G. Maity and S. Das. Machine learning for improved diagnosis
and prognosis in healthcare. in IEEE Aerospace Conference. 2017.

Elena Alessandri, Alessandro Gasparetto, Rafael Valencia-Garcia
and Rodrigo Martinez-Béjar, An application of artificial intelligence
to medical robotics. Vol. 41. 2005. 225-243.

D. Ravi, C. Wong, F. Deligianni, M. Berthelot, J. Andreu-Perez, B.
Lo, et al., Deep Learning for Health Informatics. IEEE Journal of
Biomedical and Health Informatics, 2017. 21(1): p. 4-21.

S M Aqil Burney, Naddem Mahmood and Zain Abbas, Information
and Communication Technology in Healthcare Management
Systems: Prospects for Developing Countries. International Journal
of Computer Applications, 2010. 4(2).

Jyoti R. Munavalli, Shyam Vasudeva Rao, Aravind Srinivasan, Usha
Manjunath and G. G. van Merode, A Robust Predictive Resource
Planning under Demand Uncertainty to Improve Waiting Times in
Outpatient Clinics. Journal of Health Management, 2017. 19(4): p. 1-
21.

Morteza Hemmat, Haleh Ayatollahi, Mohammad Reza Maleki and
Fatemeh Saghafi, Future Research in Health Information
Technology: A Review. Perspectives in Health Information
Management, 2017. 14(Winter): p. 1b.

Po-Yin Yen, Ann Scheck McAlearney, Cynthia J. Sieck, Jennifer L.
Hefner and Timothy R. Huerta, Health Information Technology
(HIT) Adaptation: Refocusing on the Journey to Successful HIT
Implementation. JMIR Medical Informatics, 2017. 5(3): p. €28.

All Rights Reserved © 2018 IJARTET 6


http://www.ijartet.com/

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

¥ Vol. 5, Issue 7, July 2018

Rube van Poelgeest, Jan-Peter Heida, Lorren Pettit, Rob J. de Leeuw
and Guus Schrijvers, The Association between eHealth Capabilities
and the Quality and Safety of Health Care in the Netherlands:
Comparison of HIMSS Analytics EMRAM data with Elsevier’s ‘The
Best Hospitals” data. Journal of Medical Systems, 2015. 39(9): p. 90.

Jacky Akoka, Isabelle Comyn-Wattiau and Nabil Laoufi, Research
on Big Data — A systematic mapping study. Computer Standards &
Interfaces, 2017. 54: p. 105-115.

Waullianallur Raghupathi and Viju Raghupathi, Big data analytics in
healthcare: Promise and potential. Vol. 2. 2014. 3.

U. Srinivasan and B. Arunasalam, Leveraging Big Data Analytics to
Reduce Healthcare Costs. IT Professional, 2013. 15(6): p. 21-28.

Dimiter V. Dimitrov, Medical Internet of Things and Big Data in
Healthcare. Healthcare Informatics Research, 2016. 22(3): p. 156-
163.

Nishita Mehta and Anil Pandit, Concurrence of big data analytics and
healthcare: A systematic review. International Journal of Medical
Informatics, 2018. 114: p. 57-65.

Venketesh ~ Palanisamy  and Ramkumar  Thirunavukarasu,
Implications of big data analytics in developing healthcare
frameworks — A review. Journal of King Saud University - Computer
and Information Sciences, 2017.

Donna P. Manca, Do electronic medical records improve quality of
care?: Yes. Canadian Family Physician, 2015. 61(10): p. 846-847.

Alexandru Adrian, Big data Challenges. Database Systems Journal,
2013. 4(3): p. 31-40.

D. Z. Pan, B. Yu and J. R. Gao, Design for Manufacturing With
Emerging Nanolithography. IEEE Transactions on Computer-Aided
Design of Integrated Circuits and Systems, 2013. 32(10): p. 1453-
1472.

Krivonogov LY, Bodin ON, Kramm MN and Polosin VG, New
Technology ECG Signal Interference Suppression. J Biomed Eng
Med Devic 2017. 2(127).

Dr.Santosh Kumar Nath and Dr.Sandip Kumar Nath, Recent Trends
in Medical Imaging by using VLS| Research Inventy:International
Journal of Engineering and Science, 2015. 5(5): p. 7-10.

Anthony H. D. Graham, Jon Robbins, Chris R. Bowen and John
Taylor, Commercialisation of CMOS Integrated Circuit Technology
in  Multi-Electrode Arrays for Neuroscience and Cell-Based
Biosensors. Sensors (Basel, Switzerland), 2011. 11(5): p. 4943-4971.

S.Kavitha, M.Arul Pugazhendhi and B.Vinodh Kumar, VLSI
Implementation of PPG Signal for Health Monitoring System.
International Journal of Computer Science and Mobile Computing,
2016. 5(3): p. 667-675.

Kavya G and Thulasibai V, VLSI Implementation of Telemonitoring
System for High Risk Cardiac Patients. Indian Journal of Science and
Technology, 2014. 7(5).

A. Ardakani, F. Leduc-Primeau, N. Onizawa, T. Hanyu and W. J.
Gross, VLSI Implementation of Deep Neural Network Using Integral
Stochastic Computing. IEEE Transactions on Very Large Scale
Integration (VLSI) Systems, 2017. 25(10): p. 2688-2699.

ISSN 2394-3777 (Print)
ISSN 2394-3785 (Online)
Available online at www.ijartet.com

International Journal of Advanced Research Trends in Engineering and Technology (IJARTET)

[45]. M. Bohr, A 30 Year Retrospective on Dennard's MOSFET Scaling
Paper. |IEEE Solid-State Circuits Society Newsletter, 2007. 12(1): p.
11-13.

AUTHOR’S PROFILE

Dr. Jyoti R. Munavalli is presently
working as Associate Professor in
Department of Electronics and
Communication  Engineering in
BNM Institute of Technology,
Bangalore. She has received her B.E
degree in Electronics and
Communication Engineering from
Karnataka University Dharwad and
M.Tech in Digital Electronics &
Communication, VTU, Belgaum.

Her Ph.D is on Real time scheduling in outpatient clinics
from Maastricht University, The Netherlands. She has
published papers in national and international journals. Her
research interest is in smart devices, hospital operations
management, health technology, multi-agent system
modelling.

Email- jyotirmunavalli@bnmit.in

Veena S. Murthy is presently
working as Associate Professor in
Department of Electronics and
Communication Engineering in
BNM Institute of Technology,
Bangalore. She holds B.E degree
from BMSCE, Bangalore
University and M.E (Power
Electronics) degree from UVCE,
Bangalore University. She has

published a book titled “Power Electronics-Devices and
Circuits” and 14 papers in national and international
journals/conferences. She has teaching experience of 27
years.Email-veena_la@rediffmail.com

All Rights Reserved © 2018 IJARTET 7


http://www.ijartet.com/
mailto:Email-veena_la@rediffmail.com
mailto:jyotirmunavalli@bnmit.in
mailto:Email-veena_la@rediffmail.com
mailto:Email-veena_la@rediffmail.com

