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Photo Voltaic (PV) Cell Characteristics Design Using
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ABSTRACT

Solar energy is an emergent trend suitable for power production in both industrial and household
appliances. The distributed renewable resource like solar energy is projected to act as a major
responsibility in the forthcoming smart grid applications and technology. For the generation of electricity
from solar power, it is essential to analyze the performance characteristics of the solar Photo Voltaic (PV)
module, for instance, the power output of a PV panel and the prominent conversion efficiency. The
performance of the electrical characterisation of a Photo Voltaic (solar) cells or module delivers the bond
among the generated current andvoltage on a typical solar PV cell which is termed as a V-1 characteristic
curve of solar cells. In this paper, a single diode correspondent circuit has been considered to inspect
Voltage (V-I) and Power (P-V) characteristics for different insolation levels of a typical 100 W
polycrystalline solar PV module. In order to validate the graphical depiction of the solar cell or module
operation, M.file in MATLAB software was used. The generated characteristic curves summarise the
connection between the current (I) and voltage (V) at the existing state of temperature with different
irradiance. The obtained Power-Voltage (P-V) characterisation grant the essential information for
building a solar electric power system to drive close up to its maximum peak powerpoint while feasible.
The resulted graphs reveal that while considering the single diode model, the level of insolation varies
with series resistance and by the generation of photo-current which in turn delivers the rapport of
efficiency of solar cells. The proposed system is the initial step to learn a hybrid power system where some
other renewable sources can be combined along with a solar power generation system.

Keywords: Characteristic Curves, Efficiency, Irradiance, M.file, Photovoltaic Cell, Power Output,

J

Solar Energy

L.INTRODUCTION

Photovoltaic (PV) modules based renewable energy generation systems, nowadays signify the most
appropriate and outstanding solution, for both domestic and industrial power levels, to reduce CO2
emissions and the energy consumption formed by oil and gas. These sources are sustainable and
generate clean energy. One of the most essential renewable sources is solar energy. It has been attracting
the awareness of many engineers, scientists and researchers. Every day the earth receives an enormous
quantity of energy from the sun. The vast amount of solar radiation received by the earth can be
employed to produce electrical energy with the help of Photo Voltaic (PV) modules (Photo Electric
effect). The unique design has to be considered for modelling a PV system because the solar power
system is dynamic in nature which in turn results in unpredictable power output and also the V-I
parameters are affected by ambient conditions like the temperature and the intensity of radiation. Hence
the efficiency of a solar cell is not stable at all the epoch, and so a simulation should be carried out by
means of the required parameter setting to learn, analyze and to develop the PV system model based on
the fluctuations of solar radiation values along with the obtained operating temperature [ 1].
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The solar photovoltaic system physically reveals a nonlinear Voltage-Current (V-1) and Voltage-Power
(V-P) output plots that diverge with the rise in illumination level, cell temperature, load current, and load
potential. Hence on shady location, the efficiency of a solar PV power output characterisation has an
exponential attribute related to facilitate the diode ideality factor. When solar energy (photons) is
absorbed by a solar chamber which is a semiconducting material, it boosts up the energy of electrons in
the valence band causes the thrusting of electrons in the conduction band. This process happens only
when the incident photon energy is higher than that of the bandgap energy and it leads to developing a
combination of electrons and holes. These free carriers are swept at a distance which is concealed with
the ability of the centralized electric fields of the p-n junction (depletion layer) that results in the
generation of current which is proportional to the intensity of incident radiation [2].

This paper describes the vital modelling along with simulation for a photovoltaic (PV) panel. For
developing the system, module LE12P100 has been considered. This module generates a maximum
electrical power output of 100 W. The M.file script in MATLAB software was used to study the Solar
Photovoltaic Characterisation which generates the required power (Voltage x Current) for different
intensity levels and by keeping the cell temperature as constant. The resulted plots deliver the
Photovoltaic (PV) panel or module's capacity for the conversion of sunlight into electric power.

II. PVMODULE MODELLING

A model solar cell can be considered as a current source where the current produced is directly
proportional to solar radiation declining on it. The realistic performance of the solar cell is diverged from
anideal model because of its optical and electrical form of losses [3].

The single diode correspondent circuit diagram of a PV cell is represented in fig. 1.

Solar cell Rs

|

|

|

: |

| SRy || Load
|

|

|

L

Fig.1 The single diode correspondent circuit diagram of a PV cell

Photovoltaic (solar) cells are made with semiconducting materials that have the capability of converting
radiation which incident in the solar PV spectrum into the electric currents. The increase in the intensity
of light will proportionally increase the emission of photoelectrons rate generated in the photovoltaic
material.

This paper proposes the mathematical modelling with the aid of numerical equations of a PV module and
is described through a single diode correspondent circuit of the solar cell. The parameters such as the
photocurrent, the diode current, and also the series and shunt resistor have been taken to build an
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electrical power output curves from the system designed. The governing equation of a photovoltaic
(solar) cell is represented in equation (1) [4].

I = (Np.lpa) = (Npdr) = (e ()= () -

Where
5
Ip'r: = I.sr:r'+' k{ ':T_ Tr]’(ﬁ] (2)
_ Ty “5H), A1 3
I,.sflﬁ.*{_!_r) * exp :‘\’A)*(T,._TJ 3)

I, - reverse saturation current of a photovoltaic (solar) cell
T —the cell temperature in Celsius

k - Boltzmann's constant - 1.381 * 10 J/K

q - Elementary charge - 1.602%10™ C

K, - Short circuit current temperature coefficient at Iscr
S - Solar irradiation

I - Short circuit current at 25’ C

L, - Photon current

E, - Bandgap energy,

T - Reference temperature

R,,—parallel shuntresistance,

S|

R, - Series resistor
II1. RESULT ANALYSISAND DISCUSSION

A. Reference module

The photovoltaic module used here is LE12P100 which generates a maximum electrical power output of
100 W. The table.1 gives of the key specifications of a photovoltaic module LE12P100 (Polycrystalline)
at STC 250C. The given structure is implemented by using the M.file scriptin MATLAB.

Table-1: Typical rating of Lubi 100 W Photovoltaic Module
CHARACTERISTICS DETAILS

Model LE12P100
Maximum electrical power rating | 100 W

(Puay)

Rated Operating Voltage (Vi) 17V

Rated Operating Current (I.,) 588 A

Open-circuit voltage (V) 215V

Short-circuit current (I.) 6.2 A
B. Simulation results

Mathematical Modelling of solar PV cells has been done using MATLAB/m.file script. For developing
an m.file script, the necessary governing equations of a solar photovoltaic cell has been considered as
specified in the equations from (1) - (3) and also taking account of electrical and physical parameters, for
instance, solar irradiance (insolation), the cell temperature, and the electrical resistance, etc. PV cells are
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modelled and the resulted from the V-I plot of an illuminated photovoltaic cell where depends on the
spectrum of the incident light and the temperature. The conversion of solar energy into the form of
electrical energy gives the power output characteristics of the solar photovoltaic module which can be
computed by means of corresponding parameters.

Fig. 2 shows the curves of output current and output voltage under different insolation levels for the Lubi
100 W PV panel.

IV charactenstics for different insolation values
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Fig. 2 V-I characterisation for various insolation values

Fig. 3 shows the curves of output power and output voltage under different insolation levels for the Lubi
100 W PV panel.

P-V charactenistics for different insolation values
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Fig. 3 P-V characterisation for various insolation values
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Fig. 4 shows the curves of output power and output current under different insolation levels for Lubi 100
WPV panel.

Pl charactenstics for different insolation values
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Fig. 4 P-1I characterisation for various insolation values

IV. CONCLUSION

Based on the literature assessment and theories, mathematical modelling of the PV module has been
considered and developed using the M.file script in MATLAB software by considering the single-diode
correspondent model of a photovoltaic (solar) cell. The proposed model referred to the datasheet ideals
of'a classic 100 W solar PV module along with the various sunlight/insolation. This paper also delivers
an apparent and brief perceptive of the bonding between current, power and the potential developed in
the solar PV module and the consequences of changes in solar insolation levels on the parameters
involved. Moreover, the proposed model serves as a contrivance for the prediction of the responses
which includes a photovoltaic (solar) cell, solar panel and a solar array under the variations of the
environmental and electrical parameters. The obtained plots also reveal that the voltage-current
characterisation persists several steps where the voltage-power characterisation delivers plenty of local
peaks with the maximum peak powerpoint which can be termed as the global peak. This proposed model
helps to build a hybrid power system in the future using some other renewable sources along with the
proposed solar energy system.
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ABSTRACT

-~ N
A new era has approached where we are storing our information in cloud and performing several

computations on powerful servers remotely. In cloud, data is not completely secured and sometimes under
the control of untrusted Third parties. Some secured protocols are being implemented. The secure multi-
party computation protocol, which is existing, demands the inputs to be encrypted using a public key. So,
these reasons limit this Secure Multi-party computation to be employed. In the current paper, we put
forward a protocol named homomorphic encryption where the input function is being encrypted by
different key. This paper also uses Multi-party computation which is one of the most secured technique in

cryptography.

Keywords: - Cloud Computing, Confidentiality, Multi-party computation, Homomorphic encryption.
- J

L.INTRODUCTION

Data Confidentiality can be achieved through Secure Multiparty Computation [1] [2][3] [4] [5][6] [7]
[8] [9] [11] and Homomorphic Encryption. In Secure Multiparty Computation a joint computation
function is being performed on the given inputs by taking it from the users where as in this data cannot be
completely secured and this can achieved through Homomorphic Encryption [1][3][4] [5][6][13][14]
[15] by not asking the inputs and computations will be performed on the encrypted data as if they were
performing on the original data and for that we used Paillier Algorithm for better security purpose. In
section II, the preliminaries i.e., Secure Multi-party Computation and Homomorphic Encryption terms
are discussed. In section III, the work related to this paper/Literature survey is mentioned. The
methodology proposed is in section I'V. The results are mentioned in section V. The applications of the
proposed methodology are mentioned in section VI. The conclusion and future work are in section VII
and VIl respectively.

II. PRELIMINARIES

(A) Secure Multi-party Computation:

Secure multiparty computation is also named as multiparty computation, privacy preserving and secure
computation which is also the field in cryptography that also to compute a joint function on the inputs
provided to us.

Secure MPC makes us to work and analyze the information for the welfare of the people without
revealing the private information which is very confidential.
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Input1

Bob
- Computation—~ Result

Input2
Alice

Fig: Multi-party Computation

So as to comprehend what the careful meaning of SMC (secure multiparty calculation) is, we should
ready to think about Shamir's Secret Sharing calculation. This algorithm tells us to divide and distribute
one value which should be secret to the users. In order to retrieve that available secret value, a smaller
number of users must combine their data together. This type of algorithm that is Shamir's algorithm, also
used to carry out computations on the secretly shared number. Here, without using a number, we can
replace secret as user's personal data. Secure Multi Party Computation also perform the task in the same
way as Shamir's algorithm, thus by dividing the user's data into many smaller parts, and the data which is
encrypted is sent to a different server. For example, a group of people with their information that is to be
stored in cloud needed to be secured before itself, so they jointly compute a function on all their inputs:

* Givea function for X: b1, Y: b2, Z: b3 on which we are going work or compute jointly

» These outputs a 3-tuple: (k1(b1,b2,b3),k2(b1,b2,b3),k3(bl,b2,b3))

» Mostofthe times all the k1, k2, k3 may not be necessarily same.

» Always people wish to preserve some security properties.

» This security either must be provided either by the adversarial behavior of the participants or by

the third party.

(B) Homomorphic Encryption:

This is the process of changing the information or the data into the ciphertext that can be viewed and also
we can work on it as if it as a original information which is not actually provided by the user and also the
encrypted one. On the encrypted data we can perform the computations without compromising as on the
original data. What the homomorphic encryption is changing the form of information or data into
another while keeping the same relationships among the data elements in either of the data sets. In
Homomorphic encryption confounded numerical tasks are performed on the scrambled information. In
distributed computing Homomorphic encryption plays a significant role.

Homomarphic
Encryption

Fully Homomorphic HSomewhail Pariial Homomorphic Lovelled Full
i pmomorghic : Homomaorphic
Encryption E il Encrypton i

Fig: Types of Homomorphic Encryption
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Here we will explain a easy example in what way a homomorphic encryption uses cloud computing in
performing operations.
* Letus consider a business XY Z, which is extremely occupied, so it asks cloud supplier to execute
the activity. As we realize that lone a cloud supplier will just have the entrance to the encoded set,
Finds the distinction of 30-20 and offers the response as 10.

A small example to describe this is:

 Anorganization named Creta has a very crucial information of data sets which has numbers of 10
and 20. To encrypt this it multiplies each element in it with 3, which creates a new set as 30 and 60.

« Later it sends the encrypted data to cloud. A few months later the other party contacts the Creta
and requests for the data.

* As the Creta is busy with their own work it asks the cloud provider to perform the operation
which only has the access of encrypted data find the sum as 90 and returns the answer.

 Then the Creta decrypts the data and provides 30 as the output to the other party.

» Hence with this security has been provided to the data.

Plain Text | Encrypted Text

Private Information — Bt Encrypted Information

Joint Computation
using homomorphic properties

Result decrypt : :
with all private information Y Joint Scrambling
scrambled

Fig: Homomorphic Encryption
III. RELATED WORK

(A) RELATED WORK OF SEGMENTATION:

Debasis Das et al [1] To store the vast amount data these days a great infrastructure is needed that
provides the support for the storage and processing of the data. This is becoming a great challenge for all
large MNC's and also for various other sectors to keep their data. Hence Cloud Computing provides the
on-demand access and also very much convenient in sharing the resources. So, the MNC's or other
organizations tie-up with the cloud and use all the available resources properly. Cloud platform extracts
and analyze the useful data from big data. Concerns of cloud computing are confidentiality and privacy.
The arrangement is to send the encoded information to the cloud server. Regardless we need to help the
valuable estimations on figured information and FHE in supporting manner. Note that mechanisms other
than this exists for secure computation, which require diff data providers for exchange of data. The fully
homomorphic encryption is better to adapt to the scenario in which we have a lot of data resources.
SMPC gives the correct output to everyone for the joint computation not else about anyone info, the
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users which are performing the calculations may be actively malicious. SMPC can be done by the
arbitrary calculations and more number for parties In this way, we can see the SMPC conventions with
the goal that the compilers will take input details for mapping, yield is the convention that computes the
capacity all the more safely. SMPC gives both privacy and honesty which can be superior to FHE and the
confirmed figuring. Security to the information is given by utilizing the cushioning idea called as
Optimal Asymmetric Encryption Padding(OAEP) alongside the Hybrid encryption calculation that
relies upon RSA to enable the numerous individuals to give the security to their information by utilizing
one joint register work on them and it additionally gives the Integrity and Confidentiality to the
information. Cryptographic procedures here are Homomorphic encryption and the safe multiparty
Computation. OAEP is a Feistel Network. Itis a productive cryptographic strategy for cushioning multi
party information without figuring it. Weaves information is scrambled by utilizing a plan called
cushioning called Optimal Asymmetric Encryption Padding Combine with the Hybrid encryption
Algorithm which depends on RSA. Emily Shen et al. [2] Analysts attempt to make secure multiparty
calculation—that takes numerous contributions of information from various gatherings and together
figures a capacity combinedly and keep the sources of info mystery. "Data sharing ought to be directed in
an exceedingly way that ensures the security and common freedoms of individuals, that jelly business
classification, that shields the information being shared, which secures the capacity of the Government
to watch, explore, avert, and answer to digital dangers." Trying to accomplish greater security to the
information use SMC. Cryptographers has been making a decent attempt to build up this kind of
innovation, called as secure multiparty calculation for three decades. Secure Multi party calculation
adjusts that every one of them get familiar with the accurate yield of the joint calculation however
nothing else about different data sources. indeed, even the dynamic execution of calculation by a portion
of the clients. Secure Multi party calculation would be accomplished for various calculations and for
various gatherings. Along these lines, we can see the safe SPC conventions as like of compilers which
accepts contribution as detail of the capacity and yield will figures the capacity safely. So as to perceive
how it fills in as of compilers let us take a procedure which is called mystery sharing .A m-of - n mystery
sharing plan separates a mystery contribution to k number of pieces which are held by various
individuals such that m number of individuals can consolidate their offers to recreate the mystery. For
instance, you need to make a 2 of 3 mystery sharing plan utilizing the lines in 2-dimensional space. So as
to share the mystery s sum three unique individuals, we will pick an arbitrary line. In this y-blocks
equivalent to mystery s. Each individual would share their s, which are various focuses on hold. For any
two points that diversely characterize a line, an any 2 individuals join to register the mystery key,
conversely a solitary offer doesn't uncover anything about mystery key. This sort of procedure can be
summed up to ant=y m utilizing the level of polynomials m-1. On the off chance that any two privileged
insights p and r have shared, at that point individuals can compute portions of the total p+r by
disentangling including their offer together. Portions of the item can likewise be processed p*r through
entangled control of the portions of p and r. In the specific situation, a couple of number of structures are
additionally accessible for secure MPC advancement of programming, which require little measure of
information on the cryptography. This can be empowered by a designer to give a functionals examine of
the significant level wanted calculation. through an exceptional language, alongside the accessible
explanations that are accommodating which the given information is allowed so as to uncover. These
sort of programming instruments can isolate the errands of programming specialists and cryptographers,
streamline their association so as to improve ease of use that likewise diminishes the time being
developed. Andriana Lopez Alt et al. [3] In on the fly MPC, each client is included on the underlying
phase of transferring his/her encoded information to the cloud server and in conclusive outcome in the
decoding stage the outcomes are uncovered. Multifaceted nature of both is free on the capacity that is
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being processed to the complete number of individuals in the framework. Clients ought to choose which
capacity ought to be registered in the further or who they have to figure with. They additionally need the
identified with past endorse that in the end pick capacities and the capacities by which information is
assessed. As we realize that the cloud offers increasingly number of preferences in both cost just as
usefulness, it likewise bring up issues of privacy, since put away information can be helpless against
snooping either by more security in applications like face recognition with feasibility.

the cloud supplier or by other cloud suppliers in the cloud. Everybody realizes that the data contains the
most touchy information, it is basic for the clients to store the information in the wake of encoding as it
were. FHE is the calculation which is reasonable in the setting time where it includes a solitary or
significantly more clients, on the grounds that the data sources ought to be encoded under a similar kind
of key. All the more ever, there are numerous circumstances where numerous clients, Who have just
moved their huge information to store in the cloud in figure structure, and afterward need to choose to
fathom joint elements of their information. For instance, They can wish cloud to process the joint factual
data all alone information bases, to find the most widely recognized documents in their record
assortments, Which runs a calculations part dependent on their post information to arrive at goal or when
all is said in done, in the challenge where more clients would need to consolidate their data so as to
achieve a most shared objective. Finally, another type of completely homomorphic encryption that they
call a multi key FHE which allows a calculation on the data scrambled under the more noteworthy
number of disconnected keys As there are increasingly number of clients engaged with any of the
calculation or figuring in the arrangement must be limited, as that the all out number of clients in the
framework is random.Min Zhao et al. [4] The efficiency of different algorithms are compared based on
their security characteristics. These are single homomorphic algorithms. These algorithms differ in
many ways based on which homomorphism they perform. Different types of five fully homomorphic
encryption algorithms are researched to find out the performance of those algorithms based on security.
From this paper we can be able to know which algorithm will provide high security to the data. The GM
Algorithm [4] 1s based on quadratic residue with semantic security and it satisfies only addition
homomorphism and it has low efficiency. The GM algorithm is introduced in 1984. In 1985 The
ELGAMAL algorithm is introduced to provide the security for data. This calculation depends on open
key cryptosystem and elliptic bend cryptosystem and it fulfills any multiplicative homomorphism and
can be utilized for encryption. The Hill figure calculation fulfills expansion homomorphism. The RSA
calculation depends on number hypothesis and it fulfills any duplication homomorphism encryption. In
1994, a calculation called Improved probabilistic encryption calculation is presented. It encodes n bits of
information at once yet can just play out a limited number of expansion homomorphism activity. Paillier
encryption algorithm is based on a quadratic residue and it can perform any additive homomorphic
operation. At a low possible cost, the confidentiality of data will be guaranteed. The technique used is
depends upon encryption scheme called Bulk Copy Scheme. Because of untrusted third parties, this new
technique is implemented for outsourcing the secured data and apt to the purpose of Secure multiparty
Computation. The data is encoded with many different public keys. There is no interaction of users in
this scheme. This scheme provides.

IV.OUR CONTRIBUTION

Paillier Cryptosystem is at first delineated in a very 1999 paper by Pascal Paillier, that outlines associate
degree uneven non-deterministic cryptography algorithmic rule with homomorphic additive properties.
The cryptosystem additionally provides detached signatures, however not inline signatures as provided
by RSA.
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Paillier Key cryptography is one of the homomorphic algorithms. The clients who utilize this calculation
will have an open key and a private key. The information is first scrambled with the open key and send to
the recipient. Then the receiver will decrypt the data with his private key. Paillier key cryptography
provides "additive homomorphism".

For example, Bob is the sender and Alice is the recipient. Bob has two messages that are encoded with
receiver's public key. Bob add the messages together and will send to receiver. Alice decodes the data
with his private key and get the result as the sum of both messages.

'\

Random Number
Generation

R SV .

A4

Key Generation

Fig: Paillier Cryptosystem

Example: Casting a ballot System
We need to engrave all polling forms for a political decision board hence outsiders can't check the votes

We need the political race board to have the option to tell who won the political decision
We don't wish the political race board to illuminate us that voter casted a ballot that up-and-comer

With antiquated cryptography and coding there's no methodology for the political decision board to get a
handle on who won the political decision while not decoding each vote.

The voting system can be again designed by using additive homomorphism as pursues:
Voters scramble their polling forms with the political race board's open key

Voters send their scrambled polling forms to an examining server
The exploring server includes every one of the polling forms along and sends them to the political race

board The political race board decodes the voting form all out, reports who won the political race while
notregularly perusing a voter's voting form.
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IV.RESULTS
Public Key(ng) | (1763.59) (667.135)
Private (103.840) (280.,308)
Key(lambda,mu)
Message (m) 10 15
Encrypt(m) 2414446 355449
Message(ml) 12 12
Cipher(m1) 197550 271519
Ciphertotal 408898 51594
Result 22 27
(Decryption  of
ciphertotal)

DISCUSSION OF RESULTS:
The data confidentiality is achieved as the receiver get the ciphertotal i.e., the combined result of inputs
and decrypts it. The receiver don't know the multiple inputs. The data is secure and cannot be modified.

VI. APPLICATIONS

A. Electronic voting:

In Electronic voting, The people had to cast their vote individually without disclosing to whom they vote
to other people. Here, while they cast their votes, they encrypt the vote. So that it is not known to anyone
to whom they vote. But, these votes are collected by Election commission to know how many people
casted their votes. Then election commission will have the product of the votes casted by the people.
They will decrypt that data and acquire results to know how many of the people of the total population
casted their votes. People may not be able to know to whom others voted to.

B. Electronic cash:
A new notion is feature of self blinding. The flexibility to alter one coded text into another while not
dynamically the content of the decrypting. This application is useful where there is no need of vendors in
a shop to pay the amount through our credit card. This application is similar to e-voting. The goal of both
the applications is same. We can purchase the items online without disclosing our details and promoting
the notion of e-cash.

VII. CONCLUSION

In this paper, Data in cloud will be secured based on confidentiality. In real world, any third party is not
trusted to store and secure the data in cloud. There are many homomorphic encryption algorithms which
had provided security but not to full extent. There are algorithms with some disadvantages like Hill
Cipheri.e., Itis symmetric encryption algorithm and data will be easily decrypted. So, paillier algorithm
is better to implement to this approach. This method is only implemented for digits but in future it can be
extended for strings and images.
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ABSTRACT

The recent advancement in technologies are generating huge amount of data and extracting information\

from it is being outpaced by data accumulation. The development of hybrid approaches by combining
different algorithms for extraction of required from the stock-pile of data is a demand of the hour. One
such algorithm is vector space model for inverted indexing that has been used traditionally for search
engine indexing in computers. In bioinformatics also it has been used for assembly of DNA fragments
generated after sequencing. But it has not been applied for retrieval of relevant protein sequence to the
query, based on presence or absence of motifs and domains in it.

In this paper the concept of inverted indexing has been applied on small motif/domain data of proteins
contained in Motivated Proteins database at http://motif.gla.ac.uk/motif/index.html. The index has been
built using 17 small hydrogen bonded motifs present in a dataset of 430 proteins. The entire dataset of 430
proteins has been divided into 19 classes. Seven classes' example cyanovirin, antibiotic and concavalin
etc. had very few instances (1 or 2), hence have been omitted from further studies. Rest 12 classes with
more than 10 proteins were considered further for testing information retrieval (IR) strategy. The
document vector of all the proteins belonging to one class was averaged and 12 queries with averaged
vector were prepared for testing. The similarity coefficient (SC) was then compared between query and all
the proteins of the dataset.

This approach could successfully classify the query as belonging to the class from which it derived. To
Sfurther validate the importance of document vector as novel attribute for classification, entire dataset of
document vector was clustered to ten (10) clusters. Testing was then performed with similarity coefficient
(SC) of the query with clusters obtained above. The allocation of cluster to the 12 query sequences
Jollowed the same pattern as done with relevant document search using inverted indexing approach. But
clustering allocated the queries to only four (4) classes. Maximum number of query proteins (7 proteins or
58%) were found belonging to cluster 5.

Keywords : Information Retrieval, Motif/Domain, Clustering, Inverted Indexing Computing
\Classiﬁcation System: 1.4 ]

L.INTRODUCTION

In a world laden with data, retrieval of useful data or information has been most demanding, as evident
from development of new algorithms, models and software. Concepts from various branches have been
incorporated for relevant data (Information) retrieval from biological data warehouse. This becomes
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especially important since all modern day high throughput technologies are outpacing information
generation over data accumulation. The realm of information retrieval here involves picking a document
(out of bulk) that is most similar to the input query. There may be many documents sharing great amount
of similarity with query, but through similarity coefficient the weight or relevance of ranking can be used
to ascertain the one most near to the query [1].

Traditionally IR has been used in digital libraries, media search, search engines and many more.
Recently it has started to be used in biomedical literature, the information of which has been compiled on
the Biomedical Literature Mining Publication (BLIMP) [2].

From a biologist point of view getting the highest match of a documents (protein or DNA or RNA
sequence or macromolecular structure) with the query can be of great value. The Entrez search engine of
NCBI devised by NCBI's John Wilbur and several bioinformatics including BLAST and FASTA search
performs the same task of match finding [1].

However, specialized algorithms have been formulated as a part of information retrieval strategy. The
most notable are Vector Space Model, Probabilistic Retrieval Strategies, Inference Networks, Language
Models, Neural Networks, Extended Boolean Retrieval, Latent Sementic Indexing, Genetic Algorithms
and Fuzzy Set Retrieval.

The above mentioned approaches use document vectors or vector space model for relevant document
search. Document vectors represent frequency of occurrence of a term in the document. The inverted
document frequency (idf) is then used to assign weight to each term in the query. The greater number of
times a term appears in document the lesser is its weight, and the lesser times it appears the more is its
weight.

Proteins, as biological entity, are macromolecules composed of multiple motifs and domains with each
motif or domain present multiple times. With same motifs and domains present in both query and
database an ideal biological information retrieval strategy can be formed. Although IR strategy for DNA
alignment has been developed in the past with nucleotide sequence as attribute but no IR search with
domain and motifinformation has been done till now [3].

To understand the role of frequency of occurrence of motif and domain information in relevant protein
search, the vector space model has been implemented on protein small motif dataset obtained from
http://motif.gla.ac.uk/. The Motivated Protein database contains a list of 430 proteins with various
frequencies of 17 small hydrogen bonded motifs.

As a part of IR strategy an attempt have been made at generating inverted index for motif or domain
based information of protein dataset obtained from Motivated Protein database [4]. The frequency of
motif/domain information of 430 proteins multiplied with their inverse document frequency produced a
document vector (DV). The DV constituted the training dataset. For testing the model, twelve (12)
queries were made by averaging the document vector of all proteins belonging to a class in the training
dataset itself. Hence it was a case of self-validation. The similarity coefficient (SC) between query and
430 proteins in the training dataset was calculated. The queries were said to belong to the class with
which the similarity coefficient was the highest. Ten (10) out of twelve (12) proteins were found to
belong to the respective classes from where derived but two queries were not able to locate their
respective classes on the basis of similarity coefficient.
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To analyze the working of inverted indexing and similarity coefficient based approach for protein
classification, the entire dataset of 430 proteins with 17 attributes was considered without class label and
was used to train an unsupervised clustering algorithm. On testing with document vector of 12 queries
the document vector based classifier allocated the 12 query proteins into 4 classes. Maximum number of
query proteins (7 proteins or 58%) were found belonging to cluster 5.

The unsupervised learning based clustering algorithm has been used on the above dataset to highlight the
importance of document vector in partitioning data. Although SC based approach has been successful in
classifying queries into their respective classes, application of unsupervised learning algorithm further
strengthened the power of attribute frequency based methods for the same.

II. MATERIALAND METHODS
1. The motif data set obtained from http://motif.gla.ac.uk/ was used to retrieve the comprehensive
list of the small motifs found in 430 proteins obtained from PDB database.
2. Weka suite of software at http://www.cs.waikato.ac.nz, is a software for performing various data
mining activities [5]. Clustering was performed in protein motif dataset for assigning groups to
previously unsupervised data.

III. RESULTS

Initially an Inverted Index indicating the presence as well as frequency of all the 17 small hydrogen
bonded motifs/domains in 430 proteins was built. The 17 motifs taken for the study are Alpha Beta Loop,
Asx motif, Asx Turn, Beta Bulge, Beta Bulge Loop, Beta Bulge Turn, Beta Turn, Bulge Loop Motif,
Crown Bridge, Crown Bridge Loop, Nest, Niche, Schellman Loop, ST Loop, ST Motif, ST Staple and
ST Turn. The proteins have been taken from various classes and have various disease implications like
cancer, schizophrenia and TB to name a few. The construction of inverted index avoids lengthy
sequential scan through every document to find terms in the query. It is a look up table for every term
occurring in the document.

The inverse document frequency of each term was thereafter calculated with the formula idf = log
(d/df1), where d is number of documents (430) and idf is the occurrence frequency of each motif in the

entire document set. The idf for all thel7 motifs is shown in Table I.

Table- I: The inverse document frequency for all 17 motifs

Table Column Head

5. No. Morif Iif"
1 Alpha Beta Loop 0.67
7 Asx motif 0.106
3 Asx Tum 0.093
4 Beta Bulge 0.279
5 Beta Bulge Loop 0.302
6. Beta Bulge Tumn 0.666
7. Beta Tum 0.0128
2 Bulge Loop Motif 0.108
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g Crown Bridge 1.047
10. | Crown Bridge Loop 12

11. | Nest 0.019
12 | Niche 0.0128
13 | Schellman Loop 0.171
14. | ST Loop 0.265
15 | ST Motif 0.156
16. | ST Staple 0.106
17. | ST Tum 0.15

a.

1df : inverse document frequency

A document vector with seventeen terms for few proteins is shown in Table II. It reflects the importance
of each term appearing in the document and is obtained by multiplying the idf with frequency of its
occurrence in each document.

Table- II: Document vector for first 23 proteins

Motif | ABL | AM AT BB BEL | BET | BT BLM | CB CBL | NT N SL STL | STM | ST | STT
— s
Protein
Py
1B59 041 | 030819 | 0343 |0 1] 0 0.084 (0 0 0 0.051 (0.139 | 0210 | 0644 (0202 (04 (O
64 7355 0014 9502 2227 | 8241 | 8100 |4207 (3083 |42
14 84 16 33 83 67 35 97
28
49
1BDO |0 0 a 1138 |0 1294 | 0050 (0 a 0 0 0.038 (0 1] 0 0 0.093
4219 7159 | 9701 1338 5
81 21 7 55
IACT (027 | 020546 |0 0487 | 0.178 |0 0.067 |0 Q 0 0.089 (0076 | 0210 | 0161 [0.097 |03 |0.093
7 4903 8951 | 1994 9602 6397 | 2677 |B100 |1051 (4361 |16 |3
35 39 28 33 09 83 92 12 40
91
78
1IBTE |0 0.10273 | 0.085 | 0162 | O 0 0025 |0 a 0 0.025 (0038 |0 0 0 0 ]
2452 7503 | 6317 4850 6113 | 1338
53 12 85 58 35
JACY (013 |0 a 0.162 |0 0 0.016 |0 i} 0 0.064 | 0.025 | 0.105 | 0.161 | 0O 0.1 |0.093
88 6317 9900 0283 | 4225 | 4050 |[1051 89 |35
12 57 95 il 41 92 84
35
07
IMUN (076 |0.10273 (0 0 1] 0 0.059 |0 a ] 0.102 (0.146 (0210 |0 0.292 3|0
34 2452 4651 4454 | 1797 | 8100 3083 |79
a9 32 76 83 35 69
10
13
1QBT (041 | 010273 | 0.085 |0 1] 0 0.042 |0 0 1] 0.102 | 0.152 [ 0.105 |0483 | 0487 (0.1 |0.187
64 2452 7503 4751 4454 [ 5354 (4050 |3155 |1805 |26
53 42 32 18 41 75 59 36
36
71
IDPM [ 1.11 | 030819 (0343 (0162 |0.178 (0O 0.050 | 0332 |0 0 0.102 | 0.088 (0103 |0 0384 | 0.1 (0093
04 7355 0014 | 6317 | 1994 9701 | 6488 4454 | 9789 | 4030 6166 |89 (3
14 12 89 n 23 32 94 41 T &4
55
07
1BX4 097 | 020546 (0171 (0O 0 1} 0.084 |0 0420 (0445 | 0115 |0.120 (0421 | O 0194 |03 (0093
16 4903 5007 9502 0503 | 6883 | 2511 | 7572 | 6201 8721 |16 |5
07 84 a9 36 11 06 66 24 40
91
78
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1QHV |0 0.61639 | 0514 | 0.162 (0178 |0 0.084 10332 |0 ] 0038 |0.101 (O 0322 |0 0.1 | 0187
471 5021 | 6317 | 1994 9502 | 6488 4170 | 6902 2103 26
21 12 3% 84 23 37 79 83 56
36
1ZIN 041 [0.20546 | 0.083 |0 0356 |0 0.042 |0 0 ] 0.140 | 0.050 (0421 |0 0389 |01 |0
64 4903 7303 3bg0 4751 8624 | 8451 | 6201 444 | 89
53 7 42 69 39 66 47 24
55
!
1Q51 027 |0.71912 | 0171 | 0975 (0 0971 | 0.152 (0 0 ] 0153 | 0190 0316 | 0966 (0292 |03 | 0374
76 7161 5007 | 7902 0819 | 9105 6681 | 6692 2151 |6311 |3083 |16
07 ) 41 12 43 [} 24 5 35 40
91
78
10UW |0 0 0171 | 1.138 (0178 |0 0.033 |0 0 ] 0025 10025 |0 0 ] 0 0.093
5007 | 4219 | 1994 9301 6113 | 4225 5
07 81 LE 14 58 7
1BDO | 041 041092 (0343 | 0813 |0 0.647 | 0.135 (0 0420 |0 0128 | 0.152 | 0.527 |0.161 (0389 |04 |0.093
64 9806 0014 | 1585 3879 | 9204 0303 0367 | 3354 (0252 | 1051 |7444 |42 |5
14 58 61 55 99 9 12 07 92 47 7
28
JBTO |0.62 041092 (0.600 | 0487 (0178 | 0323 (0152 |0 0420 | 0445 (0243 | 0.184 | 0421 (0483 |0 0.5 [0280
46 9806 2524 | 8951 [ 1994 | 6939 | 9105 0503 | 6883 |3079 | 3136 | 6201 (3155 06 |5
74 335 89 8 12 99 36 02 31 66 75 25
46
24
1DOS | 097 (020546 (0171 |0 0 0 0.067 |0 0 ] 0.166 | 0.076 (0421 |0 0.097 | 0.6 |0.187
16 4903 5007 0602 4738 | 2677 | 6201 4361 |96
07 28 27 09 66 12 10
01
91
IADS | 055 |0.71912 (0257 (0 0178 |0 0.110 (0 0 ] 0243 | 0.165 | 0.632 [0.161 |0.194 |03 [0.187
52 7161 2510 1994 4353 3079 | 2467 | 4302 (1051 |B8722 |16
6 89 7 02 03 49 02 24 40
91
IVIS 0.76 |[1.13005 | 0943 | 0487 | 0356 0323 | 0.144 (0663 |0 ] 0294 | 0222 | 0316 0322 |0.097 |04 [0374
34 6967 2538 | 8951 (3989 | 6930 4154 |2976 5306 | 4474 | 2151 (2103 4361 |42
88 35 78 8 84 46 18 83 24 83 12 7
28
49
IPEN |020 |O 0 0 ] 0 0.008 |0 0 ] ] 0012 |0 0 0 0 0
82 4950 7112
28 83
1QQ4 006 |0 0171 | 1626 (03534 | 1294 (0110 |0 0 ] 0064 | 0076 0105 |0 0 0 0.093
o4 3007 | 3171 [ 35984 | 7739 | 4353 0283 | 2677 | 4030 5
7 16 67 21 7 95 09 41
1TTUD |0 0 0171 | 0325 |0 0323 | 0.016 |0 0 ] ] 0044 |0 0 0 0 0
5007 | 2634 6939 | 9900 4894
07 23 8 37 7
IMRJ | 055 |051366 (0514 (0162 (03534 |0 0.084 | 0.665 | 0.420 (0445 | 0076 (0108 |0 0322 (0097 |07 |0
52 2238 5021 | 6317 | 5984 0502 | 2976 |[0303 | 6883 8340 | (459 2103 | 4361 (39
21 12 67 84 46 99 36 74 21 83 12 38
20
27
1AAC |0 0 0085 | 0325 |0 0.647 | 0.030 |0 0 ] 0012 | 0057 |0 0 0 0 0
7303 | 2634 3879 | 9701 8036 | 2007
33 23 61 pi | 9 82

ABL: Alpha beta loop, AM: Aszmotif, AT: Asx Tun BE: Beta Bulge, EEL: Beta Bulze Loop. BET: Beta Bulze Turn, BT: Beta Tum BLM: Bulze Loop Motif CB: Crown Bridge, CBL: Crown Bridge Loop.
WT:-Nest, N: Niche, SL: Schellman Loop, STL: 5T Loop, STM :5T Motif 5TS: 5T Stanla STT- ST TTTHM

To further implement this vector space model a set of twelve (12) hypothetical queries was prepared that
are shown in Table III. The proteins in the Motivated Protein database have been obtained from PDB
database at www.rcsb.org [6]. The PDB classified the 430 proteins into more than 19 classes. Few
classes had one or two proteins only, therefore, in an alternative strategy only 12 protein classes out of
19, from PDB having more than 10 instances, were considered for similarity coefficient (SC) based
analysis. The document vectors of all proteins belonging to one class were averaged. The averaged
vector comprised a query vector for testing. Following the similar protocol 12 queries from 12 protein
classes were prepared. Now the similarity coefficient of 12 queries was calculated.
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Table- III: Twelve (12) queries prepared by averaging document vector of all proteins
belonging to one class

Small g [ Alpha [ ass] [asx [beta [ beta | beta | beta bulge | Coown | Crowm | Nest | Miche | Schelbman | 8T STMouf | 8T STTum Clazz
Motif | beta | metf |twm | bulge | bulgz | bulg | tum loop bodge | bndge lecp Locp Stapls
Query | Joop loop | e motif leop
Ho * tum
)| 134 | 0185 (001 | 0279 | 0226 | O 2 ] il 0 0050 | 0092 | 021375 |0 0136 00795 | 0.1873 Hydrolase
5 625 5 15 B
Q® 067 | 0139 | 009 | 0279 | 0302 | 0 nodg |0 i 0 0133 | 0070 | 02363 ] 0.136 0106 | 0113 Elzctron ranspait
3 4
v 460 | OBE9 | 046 |0 0 0 L4 |0 i 0 0113 | 016 | 07693 03973 | 01 0383 | 0113 Sugarbmdingprotem
il 5
[/ 134 (0033 | 004 |0139 | 0 0 (XN 1] i 0047 | 0076 | 0171 1] [RE) 0106 | 0123 DNA binding pratein
65 |3 h] B
Q 603 | OB48 | 037 | 0497 | O 066 | 01792 | 0 L7 | 0% 0266 | 0339 | 11113 13975 | 0468 0689 | 013 [somerase
] 3 ] r}
] 737 | O6E9 | 088 | 0139 | 0735 | O 01984 | 0034 | O 0 0283 | 0409 | 07693 0265 | 078 0901 | 043 Lyase
30| f
a7 06T | 0053 | 013 |0 0 ] noed | d i i 00os | 4083 | 00855 0365 | 0468 0158 | 03 Metalhindingpratein
a3 1
] 3015 | 053 | 065 | 0976 | 0453 | 033 | 01664 | 0034 | 05135 | 0 0218 | 0240 | 04275 033 0 053 0135 Crudoraductase
1 3 3 &
@ 336 | DER9 | 037 | 0418 | 0433 |0 01472 ) 0 o 0 0142 | 0281 | 0342 ] 0312 0265 | 03 Transferase
2 3 b &
QI0 | 047 | D318 | 027 | 0139 | 0151 |0 0og4 | 004 (0 0 0047 | 0.108 | 00833 D263 |0 0265 | 013 Wiral protein
2 ] 3 B
Qi1 | 087 | 0139 | 004 |0 015 |0 0pisz | o0 (0 0 0019 | 0006 | 0.0835 ] 0136 0053 |0 Transcription regulator
i3 4
Q12 | 1673 | OD33 {018 | 0039 [ 0302 [ 0 0037 [ 0034 [0 0 0076 | 0083 [0 01323 | 0078 0.106 [ 015 Toxin
§ j 2

The SC based approach successfully retrieved relevant proteins to the query. The top three similarity
coefficient based relevant documents for the query are shown in Table I'V. The similarity coefficient (SC)
reflecting relevance of the query with each of the 430 sequences in the database was calculated by
multiplying document vector of each sequence with query vector shown in table 2. On summing up the
similarity coefficient (SC) for every document, the highest SC was given the greatest significance or a
particular query was found belonging to the document having the highest SC.

Table- IV: Relevant document allocation on the basis of similarity coefficient

Query (Initial Similarity Similarity Similarity
Class) coefficient coefficient coefficient
(highest (second highest (third
similarity similarity) highest
with protein similarity)
ID) (Class)
Q1 (Hydrolase) 1SMD 1VIS (15.30) 1CS1 (14.62)
(19.42) (Hydrolase) (Lyase)
(Hydrolase)
Q2 (Electron 1PLC 1RIE (15.0058) | 1JER (14.47)
transport) (19.082) (Electron (Electron
(Electron Transport) Transport)
Transport)
Q3 (Sugar 10UW 1A7S (3.212) 2IGD (3.198)
Binding Protein) | (3.266)(Sugar | (Ligand Binding | (Igg Binding
Binding Protein) Protein)
Protein)
Q4 (DNA 1CIK (17.78) 3HTS (15.17) 1AAC
Binding Protein) (DNA (DNA Binding (14.5214)
Binding Protein) (Electron
Protein) Transport
Protein)
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Q5 (lsomerase) | 1QRE (19.18) | 1HMT (14.97) | 1AYL (14.31)
(Lyase) (Lipid Binding (Lipid
Protein) Binding
Protein)
Q6 (Lyase) 4XIS (17.85) | 1QIP(15.02) | 3SID (14.50)
(Isomerase) (Lyase) (Lyase)
Q7 (Metal 5ICB (19.30) | 1CYD (15.05) | IASE (14.59)
Binding Protein) (Metal {Oxidoreductase (Metal
Binding ) Transport)
Protein)
Q8 1CYD 1B4V (15.19) 1ADS (14.57)
(Oxidoreductase (18.25) (OxRd) (OxRd)
(OxRd)
Q9 (Transferase) | 1QB7 (19.28) 1A8D (15.19) 1BGF (14.57)
(Transferase) (Toxin) (Transcriptio
n Regulator)
Q10 (Viral 1EGW 1XWL (15.19) 1YTB (14.42)
Protein) (19.19) (Tranferase) (Transcriptio
(Transcriptio n Rregulator)
n Regulator)
Ql1 IMOF 1IMFI (15.2345) | 1BKB (15.05)
(Transeription (16.2481863 ) | (Viral Protein) (Translation
regulator) ( Viral Initiation
Protein) Factor)
Q12 (Toxin) 3SEB 1KPT 1PEN
(17.234) (17.04567) (15.0534)
(Toxin) (Toxin) (Toxin)

Time taken to build model

(full training data)

=== Mndel and evaluation on training set ===

Clustered Instances

[=]
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+ 0.06 seconds

For further validating the importance of document vector as classification attribute the document vector
for all 430 proteins were clustered using WEKA 3.8.1. The dataset was considered to be unsupervised,
since no class labels were initially provided. The k-means method of clustering was adopted for the
study since it produces tighter clusters with large amount of attributes [ 7]. With document vector for 430
proteins as training dataset, ten (10) clusters were prepared as shown in Figure 1.

The test data set comprised of query vectors for all the 12 queries. The allocation of cluster to the 12
query sequences followed the same pattern as done with relevant document search using inverted
indexing approach. But clustering allocated the queries to only four (4) classes. The results for clustering
analysis are shown in Figure 2. Maximum number of query proteins (7 proteins or 58%) were found
belonging to cluster 5

Fig. 1. Cluster information obtained from Weka 3.8.1 (Eibe Frank et.al.; 2013)
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Time taken to build model (full training data) : 0.34 seconds

=== Fyaluation on test set ==
Clustered Instancea

0 1 ( B8%)
1 1 ( B8%)
3 7 ( 58%)
L] 3 { 25%)

Log likelihood: 13.41535

Fig. 2. Cluster allocation for 12 query proteins

IV.DISCUSSION AND CONCLUSION

Initially the 413 proteins downloaded from http://motif.gla.ac.uk/ on careful observation were found to
belong to more than 19 different classes. Few classes had very few instances example class Cyanovirin
had only 1 instance. Class antibiotic and Concavalin had 2. Therefore, only those classes were
considered for analysis that had more than 10 protein instances. There were twelve (12) classes that
fulfilled this criterion, as shown in table 3. The document vector of proteins belonging to one class was
averaged. This was repeated for all 12 classes to generate 12 queries. The similarity coefficient of all the
queries with all the proteins was generated. 10 protein queries namely were able to locate their respective
class of origin. On careful observation it was found that query 5 and query 6 obtained from class
Isomerase and Lyase shared document vector at many places. Similarly document vector for query 10
and query 11 of viral protein and transcription regulator shared many values. Hence queries on the basis
of similarity coefficient could not be distinguished into two classes.

To analyze the importance of document vector as an attribute for classification, the dataset was made to
undergo unsupervised learning in the form of clustering. The training of k-means algorithm for
clustering was performed with document vectors as attributes. The classifier clustered the dataset into 10
instances. On testing Weka clustering algorithm with vectors of query, the k-means algorithm allocated
the query into 4 groups as shown in figure 2. Although clustering based classifier could not very well
distinguish the query into respective groups, it could partly be due to less demarcation between
document vectors. Hence document vector can prove to be an effective attribute for protein
classification. This approach can also help in classifying a new protein with motif or domain
information, as belonging to a particular class.

The implementation of vector space model using inverted index can be very well applied to big datasets.
It can avoid lengthy sequential search through every document to find the most relevant one to the query.
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ABSTRACT

. ~
Parkinson's disease is a neurodegenerative disorder that affects millions of people around the globe.

Detecting Parkinson's disease at an earlier stage could help to better diagnose the disease. Machine
learning provides potentially large opportunities for computer-aided identification and diagnosis that
could minimize unavoidable health care errors and inherent clinical uncertainty, provide guidance, and
improve decision-making. In this paper, we explore the feature extraction and prediction algorithms used
to predict Parkinson's disease and provide a comprehensive comparison of these algorithms.

Keywords: Parkinson's disease, PD, datasets, SVM, KNN, Genetic Algorithm, UPDRS.
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L.INTRODUCTION

Parkinson's disease is a neurological dysfunction of the central nervous system that affects the physical
movements of the body. The motor system is the series of central and peripheral nervous system
structures that support motor, i.e. movement functions. Skeletal muscle and neural tissue connections
may include peripheral structures. PD is caused by the loss of nerve cells in the brain, known as
substantial nigra, which releases a chemical known as dopamine. Dopamine serves as a messenger to
regulate and organize body movements between the brain and nervous system parts. If the nerve cells are
destroyed or damaged, dopamine will diminish in the brain, causing slow and abnormal movements
.Worldwide, over millions of people affected by PD. The occurrence of Parkinson's disease increases
exponentially, but it is estimated that 4% of people with PD have been diagnosed before 50 years of age.
In Men, the chance of Parkinson's disease is 1.5 times greater than in women. Usually, the symptoms
appear slowly. Screams, slow motion (bradykinesia), muscle rigidity, weakened equilibrium and
stability, motor function impairment, voice improvements, changes in writing are some of the main
symptoms. Machine learning provides almost enormous potential for computer-aided detection and
diagnosis that could minimize unavoidable errors and latent clinical uncertainty in healthcare, provide
feedback and speed up decision-making. Voice information [1-3], gait patterns [4-5], force monitoring
data [6], single-photon emission computed tomography (SPECT) scan data [7] and odor recognition
data have been used to solve the problem of PD identification via machine learning techniques.

A speech dataset can be used accurately to determine whether or not a person suffering from Parkinson's
disease [8-10] [16-17]. Factors such as voice pitch, jitter, and frequency can be used to distinguish PD
patients from normal persons. Considering different attributes, supervised and unsupervised training
methods are used to assess the person on a generic measurable scale. In this paper, we explore different
types of machine learning models applied to speech datasets to analyze and predict the symptoms of
Parkinson's disease. predict the symptoms of Parkinson's disease.
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II. METHODOLOGY FOR VOICE FEATURE EXTRACTION

Mohammad Shahbakhi et al. suggested a new algorithm based on voice analysis to diagnose PD [8]. The
first step is to select the optimized characteristics of all extracted characters using a genetic algorithm
(GA). The genetic algorithm is an efficient heuristic algorithm focused on the choice of human and
genetic ideas for evolution. It is one of the most important methods are used in the classification of data
to pick optimized features. Mohammad Shahbakhi et al. used a sample of 195 continuous vowel
phonations of 31 men and women, of which almost 23 were diagnosed with PD. An average of six
phonations of 1 to 36 seconds was reported in each subject. Phonations were recorded at 8 cm from the
lips on an TAC sound-processed booth with a head-mounted microphone (AKG C420). The speech
signals have been captured with the 16-bit resolution directly to the machine with CSL 4300B (Kay
Elemetrics) equipment. Betul Erdogdou Sakar et al. proposed a model [9] with a data set of 42 PD
patients tracked at weekly intervals over 6 months. The PD suffered patients who were analyzed within
the past five years at the preliminary beginning on the off chance that he/she had any two of the
accompanying side effects: stiffness, rest tremor, without proof of different types of Parkinson's. Some
simple frequency measurements, different amplitude varying measures, harmonic-to-noise ratios,
signal fractal scaling exponent, nonlinear dynamic complexity analysis, and pitch entropy are included
in the feature setThe Parkinson's (UPDRS) threshold is first determined in the differential grouping.
They use a two-stage approach in their model. Firstly, they determine the optimum UPDRS threshold
value, which can be distinguished by the vocal function with the lowest possible error rate. Such
functions are provided for Support of Vector Machinery (SVM), Extreme Learning Machines (ELM)
and k-classifiers (K-NN) is used for each of the binary classification problems solved by various
UPDRS values. They also take into consideration the metric of the Matthew Correlation Coefficient
(MCC) to determine the maximum predictable threshold value of UPDRS. Finally, simulation and
clustering of the main components are conducted in order to find the desired threshold values. The
significance of the human vocal characteristics is later quantified using Mutual Information (MI) with
the discrete UPDRS ranking. Therefore, the vocal characteristics that change dramatically concerning
the degree of motor system disorders as determined by UPDRS have been defined for PD
detection. Timothy J. Wroge et al. [10] suggested a system where the human voice was captured and the
raw audio is actively removed with the Voice Activation Detection (VAD) algorithm [11] to isolate and
eliminate background noise from the audio until feeding into the feature extraction algorithm. Methods
derived from the 2013 Audio-Visual Emotion Recognition Challenge (AVEC) [12] are used for
preliminary audio analysis and the Minimum Redundancy Maximum Relevance (mRMR) [13] method
is applied to these 2013 AVEC audio features. After that, the cleaned audio is transmitted through two
separate extraction algorithms before entering the system models. Then, the raw audio is transferred to
the Geneva Minimalistic Acoustic Parameter Set (GeMaps) algorithm [14] for extracting the features
using an open smile toolkit [15] before it is sent to machine learning patterns. The GeMaps feature
algorithm extracted lower-level characteristics, including loudness, pitch, shimmer, jitter, and
harmonic-to-noise ratio.Satyabrata Aich et al. have implemented a model [16] which helps to classify
Parkinson affected people from normal people based on voice datasets. The model's database contains
speech samples for 31 individuals, 23 of whom have been diagnosed with PD. For data reduction and
function collection, they have used two algorithms. First, they have used Primary Component analysis
(PCA) which reduces the space dimension in order to visualize the data in a small dimensional space.
They also used feature sets based on the genetic algorithm (GA) to pick features.

R. Arefi Shirvan et al [17] proposed a method for detecting PD using the Genetic Algorithm and KNN
Classification Method. They collected voice signal samples of healthy people and Parkinson affected
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people and they extracted various features such as Fo (Hz), Jitter (%), Flo (HZ), Jitter (ABS), Shimmer,
Fhi (Hz), Jitter (RAP), Shimmer (APQS5) and Harmonics-to-Noise Ratio (HNR) from the voice signals.
Later, using the genetic algorithm, they extracted the optimized features which mainly affect the process
of classification of data.

Table 1 shows the features extracted from the voice signal for PD prediction. The common features
which are extracted and used for the disease prediction are Jitter, Shimmer, Frequency.

Table- I: Features Extracted from speech signals for Parkinson Disease Prediction

References | Feature extraction Algorithm Features extracted Common
Features
[13] Genetic Algorithm Iitter (RAP), Fho (Hz), shimmer (APQS5) and
Fhi (Hz).
[14] They performed Prncipal component analysis visualization, Clustering | Shimmer, Jitter: DDP, Shimmer: APQS and

analysis and Binary classification using SVM, ELM and KNN to | Shimmer(dB),
obtain UPDES threshold

[15] Using an open-source tool called OpenSmile they have extracted | pitch, jitter, shimmer, loudness Jitter, Shimmer,
AVEC and GeMaps features. Frequency
[21] Principal Component Analysis (PCA), Genetic Algorithm Extracted 10 features
[22] Genetic Algorithm itter (%), Fo (Hz), Jitter (RAP), Shimmer. Fh1
(Hz). Shimmer (APQ5) Flo (HZ). HNR and
Jitter (ABS).
III. PREDICTION MODELS

In [8] the Support Vector Machine (SVM) for the Gaussian kernel function is used after the optimized
features were removed. It is a two-layered neural network using a hidden layer of radial units and a single
output neuron. The way to build that network is organized and its parameters are learned. The test
samples are classified with 94.50 percent precision per 4 optimized features, as well as 93.66% per seven
optimized features and 94.22% per nine optimized features: jitter (RAP), Fhi (Hz), shimmer (APQS5) and
Fho (Hz) provide the best grading accuracy. In the case of [9], samples of patients that have a UPDRS
score above that threshold are removed, and a new dataset of samples whose UPDRS score is lower than
this threshold, consisting of PD patient environments, and of eight healthy subjects is used for analysis.
The analysis assesses the efficacy of speech characteristics in discrimination between early PD suffered
patients and healthy people with classifiers ELM, k-NN, and SVM, as well as shows the accuracy and
Matthew Correlation Coefficient (MCC) of each classifier for various parameter values and types of
kernels.In [10], 90 percent practice and 10 percent of research were separated following the
implementation of the extraction algorithm. The dataset is presented to various models such as Random
Forest, Artificial Neural Network, Decision Tree Classifier, Gradient Boosted Classifier, Extra Tree
Classifier, and SVM. Among these Gradient Boosted Decision Tree provided the best classification
accuracy of about 86%.In [16], the various classifications have been used: C4.5, Bagging Cart, PART,
BoostedC5.0, RPART, Random Wood and SVM. All classifications are non-linear decision-making
tree-based classification with the exception of SVM. SVM is the most popular method of linear grading.
Throughout grouping, it uses different kernel functions. They used the kernel function radial base in this
paper. They compared performance measures such as specificity, precision, positive predictive value
(PPV), sensitivity and negative predictive value (npv) following a different classification approach. For
GA-based feature sets, SVM classifiers offer maximum reliability of 97.57%.The below flow diagram
shows the flow chart of the system for PD prediction.
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Figure 1 System design for PD prediction

In [17] the information classification is performed using the KNN classification system after the
introduction of the genetic algorithm. The highest percentage of precision achieved is 98.2 per 9
optimized features. The 9 features showing the greatest accuracy include Fhi (Hz), Jitter(percent), Flo
(HZ), Jitter (ABS), Shimmer, Fo (Hz), Jitter (RAP), Shimmer (APQ5) and HNR. Also, a 93.7 percent
accuracy per four optimized features, with a 94.8 percent accuracy per seven optimized features is
obtained.

IV.RESULTANALYSIS

The comparison of different Parkinson's speech prediction classification algorithms is shown in Figure
2. Various algorithms for machine learning have been used in the prediction of Parkinson's disease. In
the KNN classifier [17], 9 tailored characteristics are usable at the maximum level of accuracy for
Parkinson's disease prediction. The SVM classifier provides 97.5 percent accuracy and has the nearest
performance to KNN [17]. Figure 2 shows the comparison of the exactness of the various algorithms.

Accuracy comparision
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Figure 2 Accuracy Comparison
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V.CONCLUSION

A genetic algorithm is the most common method used to extract voice signal characteristics. For
analysis, the common features considered are jittering, shimmering and voice signal frequency. Various
algorithms for machine learning have been used in the prediction of Parkinson's disease. The range of
prediction accuracy from applied algorithms lies between 85% and 95%, which demonstrates that
machine learning algorithms can be used to predict Parkinson's disease by analyzing voice signals.
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ABSTRACT

[Remote health monitoring has become a hot topic research due to its multi-dimensional benefits to the\

society. This paper is aimed at developing a novel remote health monitoring model through wireless
sensor networks to ensure efficient telemedicine process. The proposed model, Real-time Remote
Healthcare and Telemedicine (RRHT) utilizes the concept of model based design to provide low cost and
time saving efficiency. First the low power consuming sensor nodes are placed at specified body points
with facility to monitor and reduce the power consumption at each stage of the designed model. These
nodes collect the patient data and transmit them in wireless medium through the gateway where the data
are combined to form documents/notes. Autonomous optimized routing algorithm is employed at this
stage for transmission through efficient wireless paths to the processor connected at the hospitals or
health centers. At the processor, the transmitted patient data documents are clustered using ontology
enabled clustering models using chicken swarm optimization (CSO) and genetic chicken swarm
optimization (GCSO). The clustered results are comparatively analyzed with the previous patient
database and to determine the change in health readings. Based on these findings, the suitable medication
details along with advice on hospital visits are suggested by the decision module and are sent to the
physicians or medical experts for approval and further diagnosis. The performance analysis shows that
the proposed RRHT system with GCSO clustering is highly reliable and accurate with better speed and
lower cost. These results also prove that the RRHT significantly improved the healthcare application
through the utilization of better strategies in document clustering of patient data.

Keywords: Telemedicine, Remote health care, wearable sensors, Autonomous optimized routing,

J

ontology enabled clustering, decision support systems.

L.INTRODUCTION

Tele-health and telemedicine concepts are being widely utilized in the fields of medicine where remote
health care applications are widely regarded as the future prospects [1], [2]. These two concepts are vital
components of remote healthcare system [3]. As per the civil laws, it is compulsory to ensure basic
medical facilities to each person in country. But due to various factors of financial crisis and practical
difficulties, this basic medical right is just a literal guarantee to the people living in remote locations.
Remote health care technologies can be a greater solution to this social issue in most developing and
under developed countries [4]. Even the developed countries can utilize such technologies during the
periods of natural calamities and emergency scenarios. However the major factors influencing against
such systems are varied which increases the research interest in them [5]. The practical feasibility, cost,
reliability and adaptability of these systems are major challenges that increase the research society to
come up with more liable options. Developing such options can increase the applications of e-health
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systems in hospitals, clinics, nursing homes, e-health centers, rural health centers, even schools and
prisons.

In recent years, wireless sensor network (WSN) has been utilized in various monitoring applications in
military, banking and security services [6]. Based on these applications, researchers have utilized WSN
for secured transmissions in medical fields [7]. Recently, it has been extensively utilized for the
telemedicine and telecare applications due to its simplified operation and efficient throughput in
improving quality of health care processes [8], [9]. Even the wireless multimedia sensor networks with
efficient multi-path routing [10] can also be used. The affordable price of the personal computers and
associated devices along with easy internet access has made it feasible to use WSN and other wireless
networks in health care. However there are many limitations and challenges in power consumption and
accuracy that need to be resolved to improve the efficiency [11]. This can significantly contribute
towards the doctors to reduce their workload in analyzing the medical data of the patients.

In this paper, a novel remote health care and telemedicine model has been developed using the wireless
sensor networks for the transmission of patient data. Sensor nodes are placed at different points of the
patient body to collect health data readings. These are combined into clinical records and transmitted
through the gate-way using Autonomous optimized routing algorithm based on self-optimization
concept [12] in wireless sensor networks. Transmitted data are collected and fed to the Processor
containing the decision support system and clustering module where the ontology enabled clustering
algorithms cluster and analyses the data with the previous patient data to determine the changes in health
condition. The clustering algorithms namely ontology based TF-IGM enriched semantic smoothing
based clustering [13], chicken swarm optimization (CSO) based model and genetic-chicken swarm
optimization (GCSO) based models for biomedical and clinical document clustering are utilized for this
purpose. The clinical results analyzed in this stage along with suggestion for medications are forwarded
to the e-health centers and/or physicians for approval before transmitting them to the patient care or
medical staff attending the patients. The complete operation of this model is illustrated in this article.
Section 2 provides brief discussion about the related works. Section 3 presents the methods discussed
above while the proposed model is evaluated and the results are presented in section 4. Section 5 makes a
conclusion about the work presented in this article.

II. METHODS

The proposed RRHT model of remote health care system consists of three main processes: patient data
collection and processing, clustering and analyzing, and the decision approval process. Initially, the
sensor nodes are placed at the patient body parts to collect the patient data which are combined into
clinical records and transmitted from the gateway using Autonomous optimized routing algorithm of
WSN. The clinical documents are collected and fed to the processor where the clustering is performed
and decisions are made based on patient health data. The suggestions on medications are forwarded to
the doctors at e-health centers for approval. This model of remote health care and telemedicine is
providedinFig. 1.

From the figure, it can be learnt that the decisions are not merely taken from the patients' health data
received currently but also from the past data collected during previous medical treatments. The
clustering of the documents is performed using the ontology based TF-IGM enriched semantic
smoothing based clustering, CSO based model and GCSO based clustering models which were
developed previously for efficient biomedical documents and clinical records clustering. Similarly, the
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routing of the clinical documents is performed efficiently by developing a novel Autonomous optimized
routing algorithm based on the self-optimization concept.

A.Sensor nodes and data collection

The wireless medical sensor nodes are primarily utilized for monitoring and collecting various signals
for the patients' body and then transmit the collected data to the destination node through the wireless
radio frequency (RF). The wireless sensor nodes used in this purpose consists of Microcontroller unit
(MCU), RF module, sensor module and the power supply module as described in [14].

(3

Fig.1. Ontology enabled clustering based remote health care and telemedicine model

With consideration of model cost and resource requirement, the 8bit 80C51MCU is employed as the
MCU of the sensor nodes while nRF401 is used as the basic communication module. 80C51MCU has
several analog-to-digital interfaces and I/O ports for easy programming and a watchdog timer for
resetting the system when fault occurs. The reason for selecting nRF401 is because of its small size and
low power consumption. Thus the utilized medical sensors have better performance than other sensor
nodes.The sensor data are collected at the health care sink node which deals with the data from
individual sensors and fuse them into clinical documents before for-warding to the central server or
processing unit. The MCU of the sink node handles the data received from the patient medical sensors
and also controls the functioning of the sink node. The RF module receives the data from the sensor
nodes and is fused at the gateway by the sink node to form clinical documents. These documents are
transmitted to the processor situated at distant location mostly in the distant health care centers in
wireless medium using autonomous optimized routing algorithm.

B. Power consumption reduction scheme

The power consumption in a battery-operated sensor node can be reduced by setting the node to wake up
once in specified duration to check the health parameter. This can satisfy the needs to consume as little
power as possible in order to decrease the need for battery replacement. Many researchers have
employed fuzzy approaches [ 15] which utilize a set of rules to find an effective solution that achieves the
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target while eluding complex and computationally costly solutions. In our proposed model of RRHT,
network lifetime optimization can be accomplished with the reduction of packet transmission power and
reduced data processing.

Energy consumption in WSN can be determined by three elements: sensing, processing and
transmission of data. Energy consumption for sensing data can be computed by the specified
characteristics of the node and determined by the device datasheet. Meanwhile, energy consumption for
processing data for sensor node i and processing task k  denoted as E|~ can be computed which
is directly proportional to the complexity of task k and to the average energy consumption per instruction
ink ofnode I denotedas E: . It can be given as Eq. (1).
rec _ ing
By =Lk )

Where I, is the number of instructions needed to execute task k.

Similarly, the energy consumption for transmission can be computed based on the transmission and
reception power consumption. Transmission power consumption and reception power consumption are
givenby Eq. (2), (3).
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Where Fij and F;R are power consumption values for transmitting and receiving respectively;
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Considering the channel with path loss component, the transmitted power A ('Ef.f) undergoes
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Where for reliable communication ¥% ~ i is the product of minimum reception power

at node j with antenna parameter; aPL is the path loss component and “j is the antenna
parameter defining gain and efficiency of antenna.

Substituting these modifications, the transmission energy per bit data at rate R from node

fanls : Tx By
110 j at transmitter (Eff ) and receiver (E} ) respectively, can be expressed as Eq. (5) & (6).
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After computing the energy consumption values ~1% | Ej and i for each data bit
sensed, processed and transmitted, the fuzzy rules are applied to determine which command to be sent to
the nodes based on input variables: throughput to workload and battery level. The main concept is to
schedule the sleep of nodes that are on low energy or idle. Three membership functions (Low, Medium,
High) are defined the input and output variables. The input variables ranges are determined with
throughput to workload (0-100%) and battery level (0-1024 mWh) with smaller value to larger value (S
to L). The main commands to the nodes are the sleep and wake-up. The sleep time is determined based on
the above membership function and rules. In case of emergency, at the far end of network lifecycle when
the number of dead nodes increases, the wake-up message is sent to wake a sleeping node to act as
substitute until the dead node is recharged or replaced. This process helps in minimizing the overall
power consumption and increases the network lifetime. The fuzzy inference approach requires minimal
memory and energy but does not depend on batteries of the sensor nodes. These are powered through
dynamic power source which generates power through the patient body heat and thus does not affect the
WSN network model.

C. Ontology enabled clinical document clustering algorithms

This module is the vital cog in the healthcare system with implications on the overall output. The patient
data are combined into documents or clinical records for transmission convenience which are
transmitted with higher security using the autonomous self-optimized routing strategy in WSN. Thus
received data documents are normally in the form of patient health readings like heart beat rate/pulse
rate, temperature distribution, respiration rate, etc. which is standalone readings that does not provide
clear indication of disease or sickness specifically. Hence these data are needed to be clustered in such a
manner to utilize for detecting abnormal health condition. The concept of ontology can provide better
priority based semantic similarity relationship in clustering these patient data. The ontology enabled
clustering algorithms utilized in this work are TF-IGM enriched k-means & hierarchical model, CSO
based clustering and GCSO based clustering models.

Ontology based semantic smoothing models have been prevalent in the field that utilizes TF-IDF for
term weighting while n-gram techniques are employed for phrase detection in the documents [16].
However, this model has certain drawbacks. The n-gram technique does not perform well when the
original document has been modified and also it only considers fixed length phrases and as document
size grows, dimensionality increases tremendously. The TF-IDF factor is not fully effective in text
document classification and affects the overall accuracy while the semantic smoothing model is
effective in handling Sparsity of words but not effective in handling the density of general words. These
limitations have created the opportunity to develop efficient strategies.

The first model is the ontology based TF-IGM enriched clustering model [13] which is a hybrid of
concept based approach & improved semantic smoothing model. This model utilizes TF-IGM factor and
improved background elimination which improves the density handling of general words while also TF-
IGM incorporates a new statistical model to precisely measure the class distinguishing power of a term
across different classes of text in documents. As n-gram has problems in identifying the phrases, the
modified n-gram are used which detects the cases of substitution and deletion in the documents and
averts them for better phrase identification. The developed clustering strategy is employed on k-means
and hierarchical clustering models for biomedical documents clustering and has found to improve
accuracy significantly. The second model developed based on the chicken swarm optimization
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algorithm also utilizes TF-IGM and modified n-grams technique. Additionally it utilizes Part-of-speech
(POS) tagging and concept mapping for determining phrases and mapping of similar concept patterns in
the documents. However, the dimension of these document features are considerably higher and hence a
dynamic dimension reduction technique is utilized which prune the non-useful text features along with
dimension reduction. Finally, the CSO based optimized clustering model clusters the documents into
their suitable classes.

From this clustered results, the patient data can be analyzed more effectively. The procedures involved in
CSO based biomedical document clustering algorithm are given as follows:
1. Pre-process the input documents
2. Apply semantic annotation, POS tagging and concept mapping
3. Perform modified n-grams duplication removal and TF-IGM
4. Perform dynamic dimension reduction
a. Compute dynamic document frequency for each documents
b. When dynamic document frequency <threshold, delete the document features
c. Formnew subset of features
5. Perform CSO clustering
a. Compute fitness for each document set
b. Rank the documents based on fitness
c. Establish hierarchical order and cluster them into groups
d. Determine relationships between documents based on similarity
e. Update each cluster of documents
6. Return clustered document sets.

The third model is based on the ontology enabled genetic-chicken swarm optimization (GCSO) based
clustering in which the semantic annotation, concept mapping and modified n-grams are employed as in
CSO based model. This model additionally utilizes phrase-based detection method for detecting and
avoiding redundant copies documents. The term weighting is performed using Length Feature Weight
(LFW) scheme as it can improve the weights based on the new factors at the level of the document.
Adaptive and dynamic dimension reduction is employed in the form of Multi-level Bhattacharyya
distance based Dimensionality Reduction (MBDR). MBDR discovers elliptical clusters for more
effective dimensionality reduction by using only the low-dimensional subspaces. MBDR is highly
scalable in terms of data size and dimension and it is also dynamic and adaptive to insertions after which
the optimized clustering is performed. By theoretical comparison, it was found that this model of
biomedical document cluster is highly accurate than the former two models. The major reason for this
development is the use of LFW and MBDR. The steps involved in GCSO based biomedical document
clustering algorithm are given as follows:
1. Pre-process the input documents
2. Apply semantic annotation, POS tagging and concept mapping
3. Modified n-gram and phrase based duplication removal
4. Term weighting using LFW
5.Perform MBDR
a. Model documents as data stream
b. Compute Bhattacharyya distance and error rate for each data stream
c.Analyze and sort sub-space features based on minimum Bhattacharyya distance
d. Set threshold for Bhattacharyya based projection distance and error rate
e. Reduce dimension for high dimension features
f. Form new subset of features
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6. Perform GCSO clustering
a. Compute fitness for each document set
b. Rank the documents based on fitness
c. Select 2N best fitness documents and apply two-parent crossover and 20-50% mutation
d. Re-rank documents based on fitness
e. Establish hierarchical order and cluster them into groups
f. Determine relationships between documents based on similarity
g. Update each cluster of documents
7.Return clustered document sets

D. Decision support module and final approval

Once the clinical documents are clustered into respective classes, it will pave way for analyzing the
measured reading for specified sickness. At this stage, the patient's past data collected during the
previous trial is utilized along with an ideal measurement threshold data. The present data are compared
with these data to determine the change in measurements of heart beat, temperature, etc. If the data
readings are greater or lesser than past data but within the ideal threshold then some precautionary
medications are suggested. When the patient readings compared are beyond the ideal threshold levels
then the medications are suggested for curing and also the possible hospital visits are prescribed. In
worst cases, the emergency treatment are also initiated with an alert to all respective teams of health
centers, ambulances and also the family members of the patient. These suggestions are subject to
approval from the physicians as fully automatic health care medication systems are still not completely
acceptable in the medical fields. In this research, the blood pressure is considered for evaluation and
hence the data are clustered and the BP readings are compared with that of patients' past data to evaluate
the changes. Table 1 shows the treatment process [17], [18] suggested by the proposed RRHT decision
support system for the BP patients connected in the remote health care system.

Based on this Table-I, the decision module prescribes the treatment process and respective medications.
The medications suggested for the stage-1 and stage-2 hypertension with recommended doses for
selected antihypertensive agents for outpatient management of hypertension in children and adolescents
[17]-[21]. These prescriptions are solely provided only based on 2004 report by American Academy of
Pediatrics [22] and are verified the doctors' prescriptions of medicine and not based on the brands or
companies. The medications suggested are provided only through extensive research with the help of
medical professionals and hence there is high reliability in the decision support system. Thus the
proposed RRHT model reduces the travel expenses and trouble faced by the unhealthy patients in
reaching the hospitals without even compromising the quality of treatment.

III. PERFORMANCE EVALUATION

The proposed RRHT application is evaluated in a constrained simulation environment in MATLAB to
verify the theoretical expertise. The simulation settings are utilized as in [13]. The proposed RRHT
model utilized biomedical document clustering algorithms in the form of CSO based clustering and
GCSO clustering. The two models are compared with existing clustering models namely MSVM [23]
and ELM [24] based models. The comparisons are made in terms of accuracy, precision and recall. The
experimental validation process is performed for remote patients living 10-100 km away from the
hospital server in a test environment.
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Table-I: Decision module Treatment process for BP patients

Svystole Diastole Level Recheck Prescription
pressure pressure
mmHg mmHg
120 80 Normal BP lvyear Nil
120-129 <80 Elevated BP 6months Lifestyle changes
130-139 80-89 Stage 1 hypertension 2months Starting dose
=140 =00 Stage 2 hypertension 1-4 weeks Maximum dose
=180 =120 Hypertensive Crisis Emergency Direct to hospital
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Fig. 2 shows the clustering accuracy while Fig. 3 and Fig. 4 show the precision and recall of the
clustering algorithms, respectively. It can be seen that the GCSO model has better performance with
higher values of accuracy, precision and recall. It has around 2%, 4% and 2% higher values of accuracy,
precision and recall, respectively than the CSO based model while the MSVM and ELM based
clustering models have much lesser performance values.

Currently, there are many versions of remote health monitoring and telecare applications and the major
difference in the proposed RRHT model is the utilization of document clustering concept. The influence
of document clustering concept can be illustrated by comparing the RRHT model with and without using
the document clustering algorithm in terms of accuracy, precision and recall.
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Fig. 5, Fig. 6 and Fig. 7 respectively shows the accuracy, precision and recall of the RRHT with and
without document clustering model. It can be seen that the use of document clustering improves the
accuracy, precision and recall of the proposed RRHT application system. RRHT with document
clustering achieves 3%, 2% and 2% greater accuracy, precision and recall than that without document
clustering. In addition to the validation parameters, the RRHT has been evaluated in terms of time
consumed for sending the collected patient data to the hospital and the time for sending and receiving
alarm messages over WSN. Table 2 shows the average time taken for different processes in RRHT. Time
for each process in the table is the average of 20 iterations.

The evaluation results prove that the RRHT can significantly improve remote healthcare application
with the use of document clustering while the GCSO based document clustering has better performance
among the clustering algorithms. From the experiments, it has also been found that one physician can
observe 15-20 patients if exclusively appointed on proposed system; however, this number reduces to
5-12 patients if a physician is requested to monitor patients through recommended scheme along with
regular patient treatment in hospital. Moreover, it is important to state that the number of patients
depends on the condition of the patients in hospital as well as patients monitored by the recommended
RRHT scheme.

Table-II: Average time for RRHT processes over WSN

Process Time
(HH:MDM:SS)

Patient data into clinical documents 00:02:32
Clinical documents ftransmission 00:00:56
over WSN
Document clustering and related 00:00:51
processes
Decision support module analysis 00:00:23
Final verification by doctors 00:00:48
Description details to patients from 00:00:21
hospital server
Emergency alarm message to patient 00:00:13
location

IV. CONCLUSION

This paper proposed the development of RRHT for the telecare and telemedicine application for remote
patients. This model employed the wearable sensors to collect data while WSN for transmission through
autonomous optimized routing algorithm. The model employed ontology enabled document clustering
algorithms for improving the detection of patient health data through efficient clustering of clinical
records and subsequent comparison with past data. The decision module detects the consistencies in the
patient health data readings and suggested the suitable treatment process and/or medications. This
model has been evaluated to determine its efficiency and the valid performance results proved that this
model is highly efficient than most existing models in the lines of remote health monitoring and
telemedicine. In future, this model is intended to include more disease detecting capabilities through
high intelligent systems. It is also planned to build this model by tackling practical difficulties and
increasing the accuracy of diagnosis.
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