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Abstract:

The technological advancements in the field of Bio-informatics provided various methods and
architectures for continuous monitoring of health status of different patients to prevent from life
threatening events. Various systems available in healthcare monitoring require highly skilled
professionals, major systems are in use have sensors with wires for data acquisition, causing discomfort
to the patients while monitoring. It also requires more labor works to collect, analyze and store the
medical information. Such systems provided a limited number of services at high maintenance cost. To
resolve these issues and enable physicians to work more efficiently, best among all technologies need to
be integrated. Our proposed concept would help to reduce response time in emergency situations by
utilizing Wireless Sensor Network to monitor patients with the integration of best available technologies.
This paper is based on the experimental study of high performance computing in a multi layered
architecture which includes the integration of Wireless-Sensor with grid and cloud computing.

Keywords—sensor grid; e-Health; cloud, High performance computing;

1. Introduction

Healthcare monitoring systems are one of the most critical and important diagnostic systems in
the serious care units of hospitals providing continuous display and interpretation of the patients’ vital
functions. The need for continuous health monitoring is essential in life threatening situations of a patient
or in a critical physiological state. Most of the people in the world do not have the opportunity to get
optimum healthcare which is limited by its cost and accessibility. The past few decades have seen major
advancement in medical field [2]. Wireless Sensor Network is rapidly emerging as an important area in
mobile computing. Various sensors attached in the patient’s body will measure the physiological signs
and transmit the data through a mesh network to the central server [3]. Wireless Sensor Network research
has recently gained unprecedented momentum in both industries and academics, especially for its
potential applications in medical field [15], [19]. The amount of sensors used in real time monitoring will
continuously measure and transmit the sensory data to the central server, as the complexity of the
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received data is high so it requires a powerful computing environment to receive and process the data.
The simple solution is to make a distributed or parallel computing mechanism to handle the complex
computations. The universal access of health records and remote monitoring of patient’s real time
physiological signs required a well established network system. Cloud computing helps in giving
universal access of patient’s clinical data and treatment details, drug information, laboratory reports, etc.
Community Cloud is widely used in a number of fields such as, education, agriculture, weather
monitoring and healthcare applications [4]. Cloud computing has devolved a standard approach to provide
large amount of computational power and computing resources to healthcare information systems.

The healthcare monitoring system is benefited by cloud computing as it has the advantages of
gathering sensitive information from the patient and producing medical report to have authorization, and
financial data needed for optimal treatment [5]. Nowadays in order to reduce the service cost and to
improve the utilization of resources, healthcare providers focus on automating processes. A group of
hospitals could share resources with systems connected in that group using this pooling process that will
automatically minimize the cost and improve utilization [6]. The resources can be delivered when and
where they are needed. The real time availability of patient’s information can be processed by doctors and
medical experts for analysis from anywhere through internet devices at all time. At present there is no
adept framework to support the amalgamation of Wireless Sensor Networks with cloud [21]. The
proposed architecture is advanced architecture which integrates Wireless Sensor Network, high
performance computing and cloud for E-healthcare application to support the storage, processing and
medical information sharing tasks. Java based parallel processing is chosen to implement grid middleware
functions. It also provides a platform for medical professionals to share the information with distributed
storage and computational resources to accelerate the analysis, diagnosis and alert when a life threatening
event occurs, through e-mail or SMS services for further follow up of the patients.

2. Related works

Carlos Serodio, Pedro Mestre, et al [13] explained how life support systems utilize wireless
sensors and they showcased a context aware system also in the paper range of results carried out in indoor
environment and provided a viable solution. Hande Alemdar, Cem Ersoy, provided a survey on Wireless
sensor networks for healthcare [19] in that they explained design considerations and challenges with
various examples it spokes about security, energy efficiency, scalability and comprehensive analysis.
Various wearable bio sensors for healthcare applications are discussed with experimental analysis [20].

Cardiology Unit at La Paz Hospital in Madrid, Spain wireless sensor system was implemented
and the real time physiological signs of the patients like ECG, skin temperature and heart rate were
monitored, the system architecture and the system deployment were explained [18]. Making wireless
body are network by interconnecting wireless bio sensors and computing gateways [12]. The requirement
of wireless sensor grid to handle continuous patient monitoring applications was explained [3], [16], [17].

The data exchange between hospitals and the information sharing via cloud computing was
discussed by B.Perumal, M.Pallikonda Rajasekaran, H.M.Ramalingam [16] and the papers [5], [6], [8]
explained the wireless sensor integration to the cloud and different methods followed to utilize the full
potential of cloud computing. Various job scheduling algorithms in grid computing implementation [1],
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[8] and handling big data was reviewed [11]. Various web based parallel and distributed processing [14]
and different load balancing methodologies for grid computing [9] are explained.

Nathan Botts, Brian Thoms, et al [10] explained a cloud based architectural design, which
focused on making an automated telemedicine system. in their work they experimented how consumers
and care provider utilizing the google’s cloud computing environment. In paper [7] how cloud computing
and wireless sensor can be integrated and provided different style architecture.

Based on the survey done above, it is found that none of the solutions satisfies the requirements
completely. To overcome the above said technical issues, a new concept that integrates the concepts of
medical sensors with high performance computing and community cloud to create a platform to support
automated data gathering in telemedicine environment is identified. Java based open source tool is used to
the paralleling the tasks and distributed storage of all the medical sensor data rather than storing in local
computer. The progress of uploading the medical data to the cloud is done through a service provided by
the cloud in order to avoid the complexity of storing data in the computer. The data in the cloud are
accessed by medical experts and also by other hospital experts. Through this way of distributing the
health data, the patients can access their data at low cost and the medical experts can give their immediate
aid to the patients.

3. Methodology

Modern scientific advances in medical field have made possible, the low-cost WSNs, which can able to
sense and communicate one or more patient’s vital parameter to the central server, which is the driver
node for analysis [16]. The proposed three tier architecture is illustrated in Figure.1 which shows all the
integral part of the architecture.
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Fig.1. Proposed Architecture for E-healthcare application [16]

In Tier one WBAN could be setup in the hospital to sense physiological signals of the patients.
Medical sensors are attached to the patient’s body to monitor the physiological signals. The wireless
sensor gateway receives the information from the bio sensors and transmits it to the central server for
analysis. The node is attached to the central server through the USB interface. In the architecture, the
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Wireless Sensor Network data of various patients are monitored in different hospitals. The data acquired
from different patients in each hospital and are transformed to their respective central server [3]. Figure 2
represents the test bed connection followed to collect vital signs from the patients. The tier two consist of
Grid inside every hospital, available computational resources inside the hospital will be utilized while
using grid computing. Because in real time N-number of sensors form N-number of patients be connected
to the hospital server. So the grid provides the enormous computational power to handle the above.
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Fig.2. Test bed connection

Tier three is the community cloud; the data collected from various hospitals will be updated in the
cloud regularly. Cloud architectures are designed by software applications that are used with internet on
demand services [17]. To access medical data on the cloud, the medical experts have to authenticate their
entry. The secure web server allows authenticated users to access real time patient’s information to
consult with medical specialist/experts located at remote places [3]. When the queries are requested from
medical experts, the system fetches the medical data from the distributed database and sends it to the
experts for monitoring and analyzing health data. In this experimental study the remote access of live
patient monitoring is achieved and the parallel processing to improve the computational efficiency is
performed. The HPC with different nodes and its efficiency is analyzed by performing 100 iterations of
300*300 matrix multiplications with dynamic task allocation.

4. Results and discussion

As per the architecture tier one is the WBAN inside the hospital to collect vital signs from the patients,
that information is stored in the central server of the hospital. Here the tier two acts between the available
resources inside the hospital to make grid to increase the performance of the overall system. Parallel
computing framework based on Java is used as the backbone of the architecture, which is configured in
four nodes for this experimental study. In this study one server node with four client nodes are
considered, where the server node schedule the tasks dynamically between the available client nodes.
Client nodes complete the assigned tasks and send back the results to the server node. The table-1 shows
comparison of the high performance computing to perform 100 iterations of 300*300 matrix
multiplications. Which gives a clear idea about the parallel computation implementation and the
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experimental results shows that the efficiency of the HPC depends on the availability of the idle nodes
and the network condition.

Table-1 Parallel processing comparison

System setup Total time taken to complete task
Test-1 Test-2 Test-3

1 Server and 1 Node 1min 18 sec 1 min 11 sec 1 min 9 sec

1 Server with 2 Nodes 34 sec 31 sec 27sec

1 Server with 3 Nodes 23 sec 21sec 25sec

JPPF 6.2 Monitoring and Administration Tool o
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=~ 192.168.7.194:11111 364 93l nfa 1688  false 28 30 72 025 572 5557107607 001 126 n/aUbuntu.. 61,64 579.12 0O
[~ 192.168.10.21:12001 3.80 487 nfa 1253  false 19 23 35 005 050 2866 55511  0.00  0.00 njaUbuntu.. 53.59 443.64 00
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Fig-3 Parallel proceeding monitoring screen

For these experimental study server and client nodes having a CPU clock of 2.2GHz dual core
processor with 2GB of RAM and Linux operating system running on it is used. These nodes are LAN
connected with a gigabit switch. The observation gives the task execution time depends on various factors
like availability of idle resources, network condition and other major tasks execution at the time.
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Fig.4. Detailed Patient Record View to the care takers

Community cloud is the tier three in the architecture, which provide seamless access to the health
records and able to perform remote monitoring, figure- 4 showing the care takers view of the patients
details. Similarly all the information collected from various sensors attached to various patients can easily
be viewed by the care takers and doctors using their credentials. The use of HPC and cloud in the
architecture the resource

5. Conclusion and Future Work

The experimental study shows how high performance computing and Wireless sensor cloud can
support the needs of vulnerable health populations and their care takers. This experimental study gave
broad knowledge of High performance computing implementation using Java Parallel processing. It is
clear from the study that the dynamic scheduling of jobs the efficiency and task completion of the HPC
depends on various aspects like node availability, network condition. In the future work we need to
integrate the sensory data analysis in the parallel processing environment in order to identify the available
resources been shared whenever it is required by the grid.

References

Imene Ben Hafaiedh, "A generic formal model for the comparison and analysis of distributed job-

scheduling algorithms in grid environment,”Journal of Parallel and Distributed Computing 132 (2019)
331-343.

Varshney,Upkar, Pervasive healthcare and wireless health monitoring. Journal of Mobile Networks
and Applications, March 2007, Issue 2-3, volume 12 Pages 113-127

M.Pallikonda Rajasekaran , S.Radhakrishnan P.Subbaraj, Sensor Grid Applications in Patient
Monitoring , Elsevier — Future Computer Generation, Elesvier 2010, Volume 26 , Issue 4, pp. 569-575.

Bhaskar Prasad rimal, Eunmi choi lan lumb, A Taxonomy and survey of cloud computing, 5th Int.
Joint Conf. on INC, IMS and IDC, Canada, 2009, PP: 45- 51.

106083
ISSN: 2005-4238 IJAST
Copyright © 2020 SERSC



[5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

International Journal of Advanced Science and Technology
Vol. 29, No. 7, (2020), pp. 11078-11085

C.0 Rolim, F.L Koch, C.B Westphall, J.Werner, A.Fracalossi,G.S.Salvador A Cloud Computing
Solution for Patient's Data Collection in Health Care Institutions , in eHealth, Telemedicine, and Social
Medicine, ETELEMED '10. Second International Conference on 10-16 Feb. 2010. Pp.95 — 99.

B.Grobauer, T.Walloschek, E.Stocker ,Understanding Cloud Computing Vulnerabilities on Security
& Privacy, IEEE March-April 2011 ,VVolume: 9 Issue:2 ,pp-50 - 57 ,

S Sinha, SP Medhi, "Hazarika GC; Design and Development of Grid Enabled G2PU Accelerated Java
Application (Protein Sequence Study) for Grid Performance Analysis", Procedia Computer Science, vol.
70, no. C, pp. 769-777, 2015.

M. M. Hassan, K. Lin, X. Yue, J. Wan, "A multimedia healthcare data sharing approach through
cloud-based body area network", Future Gener. Comput. Syst., vol. 66, pp. 48-58, Jan. 2017.

V. A. Alexeev, P. V. Domashnev, T. V. Lavrukhina, O. A. Nazarkin, "The design principles of
intelligent load balancing for scalable WebSocket services used with grid computing"”, Procedia Comput.
Sci., vol. 150, pp. 61-68, Jan. 2019.

Nathan Botts, Brian Thoms, Aisha Noamani, Thomas Horan, Cloud Computing Architectures for the
Underserved: Public Health Cyberinfrastructures through a Network of HealthATMs, HICSS 43, 2010.

Pashazadeh A, Jafari Navimipour N. Big data handling mechanisms in the healthcare applications: A
comprehensive and systematic literature review. J Biomed Inform. 2018. April 12

Joonyoung Jung, Kiryong Ha , Jeonwoo Lee ,Youngsung Kim , Daeyoung Kim. Wireless Body Area
Network in a Ubiquitous Healthcare system for Physiological signal Monitoring and Health consulting,
International journal of signal processing and pattern recognition,2008, Volume: 1; Issue: 1; pp.47-52.

Carlos serodio, Pedro Mestre, Joao L.Moteiro, Carlos A.C.Couto. Pervasive WSN based solutions
applied to Health and Life-support Systems, 36th Annual Conference on IEEE Industrial Electronics
Society, 7-10 Nov. 2010,pp.2198 - 2203

B. Chaudhury, A. Varma, Y. Keswani, Y. Bhatnagar, and S. Parikh, “Let’s HPC: A web-based
platform to aid parallel, distributed and high performance computing education”, Journal of Parallel and
Distributed Computing, Academic Press Inc., vol. 118, pp. 213-232, August 2018.

Aleksandar Milenkovic, Chris Otto, Emil Jovanov, Wireless sensor networks for personal health
monitoring: Issues and an implementation. Computer Communications (Special issue: Wireless Sensor
Networks: Performance, Reliability, Security, and Beyond),2006, Volume: 29, Issue: 13-14, Publisher:
Elsevier,pp. 25212533

B.Perumal, M.Pallikonda Rajasekaran, H.M.Ramalingam, WSN Integrated Cloud For Automated
Telemedicine (Atm) Based E-Healthcare Applications, 4th International Conference on Bioinformatics
and Biomedical Technology, Singapore-2012, IPCBEE vol.29, pp.166-170.

Gang Li, Hongmei sun, Huahao Gao, Haiyan Yu, Yue Cai, A Survey on Wireless Grid and Clouds,
Eighth International Conference on Grid and Cooperative Computing, 2009.

Gregorio Lopez,Victor Custodio, Jose Ignacio Moreno, Location-Aware System for Wearable
Physiological Monitoring within Hospital Facilities, IEEE 21st International Symposium on Personal
Indoor and Mobile Radio Communications, 26-30 Sept. 2010,pp. 2609 — 2614.

Hande Alemdar, Cem Ersoy, Wireless sensor networks for healthcare: A survey, Computer
Networks journal: Computer Networks, VVolume 54, Issue 15, 28 October 2010, Pages 2688-2710.

106084
ISSN: 2005-4238 |JAST
Copyright © 2020 SERSC



International Journal of Advanced Science and Technology
Vol. 29, No. 7, (2020), pp. 11078-11085

[20] Nobuo Nakajima, Short-Range Wireless Network and Wearable Bio-Sensors for Healthcare
Applications, 2nd International Symposium On Applied Sciences in Biomedical and Communication
Technologies, 24-27 Nov. 2009,pp.1-6.

[21] S. K. Chowdhary, A. Yadav, N. Garg, "Cloud computing: Future prospect for e-Health", Proc. Int.
Conf. Electron. Comput. Technol., vol. 3, pp. 297-299, 2011.

106085

ISSN: 2005-4238 |JAST
Copyright © 2020 SERSC


https://www.researchgate.net/publication/349309945

	References

