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Review Article

Significance of Strangeness Conservation/Violation Studies at
BESIII

Aneela Aminl*, Khadija Saeedl, Farzana Younasl, and Ghalib ul Islam®

'Centre for High Energy Physics, University of the Punjab, Lahore (54590), Pakistan
2Department of Physics, The University of Lahore, Lahore (53700), Pakistan

Abstract Strangeness violation and conservation have been studied in Charmonia and its higher state decays. The
data of some prominent decay modes has been collected from BESIII laboratory from the years 2009 to date. The
strangeness violating decays play an important role in the study of weak interactions. On the other hand, strangeness
conserving decays describe the strong interactions. An overview of strangeness conserving decays and strangeness
violating decays has been given and the decay modes are presented in tabular form. The study reveals that associated
production occurs only in strangeness conserving decays rather than strangeness violating decays. Experimental and
theoretical results are presented in order to arrange phenomenological developments and queries may search new
domains in Experimental High Energy Physics, and will explore new prospects of strangeness, a basic quantum
number of hadrons and its associated production.

Keywords: Strangeness, Charmonia, Strangeness conserving decays, Strangeness violating decays, Standard model

1. INTRODUCTION described the interactions among these

The study of particles and the interaction between
them shows that quarks and leptons are the basic
constituents of matter [1]. These quarks exist in
bound states. There are six type of quarks, named
as, up (u), down (d), strange (s), charm (c),
bottom (b), top (t) quark. Similarly, there are six
type of leptons, electron(e) , muon(u) and tau(t)
alongwith their neutrinos electron neutrinos(v,),
muon neutrino(v,) and tau neutrino(vy) [2].

According to the quark model, these quarks
are combined together to form hadrons. Hadrons
are strongly interacting particles and are divided
into two categories, named as, Baryons and
Mesons [3]. In 1960, these particles are arranged
in Eightfold way-classification according to their
quantum numbers. Baryons consist of three quarks
or three anti-quarks. Mesons consist of a quark
and anti-quark. The baryons and mesons are
arranged into octets and decuplets according to
their spin, charge and strange quantum numbers.
This classification of baryon and meson is shown
in the Fig. 1 to Fig. 4.

In 1970, a new theory was predicted which

Received, December 2017; Accepted, June 2018

particles known as Standard Model. According to
Standard Model, three types of interactions exist
among these particles i.e. electromagnetic, strong
and weak interaction [4-5].

In this paper, all those decay processes have
been studied in which strangeness exists. These
processes involve strange baryons and strange
mesons and the list of these strange mesons and
baryons are listed in Table 1 and Table 2
respectively. The data involving strangeness has
been collected from BESIII Laboratory for the
period 2009 to 2017. It was observed that some
decay processes are those in which law of
conservation of strangeness holds. This fact is
according to the theory of Standard Model. On the
other hand, some strangeness violating reactions
have also been observed in BESIII, which show
that evidences for the strangeness violations are
increasing day by day. Such kind of decays,
showing weak interactions are discussed and
highlighted in many decay modes in BESIII and
their branching fractions have also been reported.
An important property of strangeness, called
associated production, has also been introduced
which is very prominent in the strangeness

* Corresponding Author: Aneela Amin; anilaamin@hotmail.com
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conserving decays of Charmonia. The decays
modes showing associated production are listed in
the Table 3(a) to 3(d). These decay modes are
governed by strong interactions only [2].

The data consisting of strangeness conserving
decays and strangeness violating decays along
with their branching fractions have been arranged
in the Table 3(a) to 3(d) and Table 4(a) to 4(e).

2. Strangeness

Strangeness ‘S’ [6] is a quantity associated with all
hadrons. Strangeness is basically an additive
quantum number. Like baryon number, lepton
number, this quantum number is assigned to all
hadrons named as strangeness quantum number. It
became necessary to introduce this quantum
number for the study of properties of particles.
The reasons for introducing this quantity are few
reactions which are quite different in nature from
the other decay processes. For example, in the
following reaction, a proton and pion interacts
very strongly to produce a A° baryon.

n——p) =0

y

Sh oz S S=-
\.":'-*'__ -—-u-_/ ._S= =2
0=-1\ 0=0\  Q=+\

Figure 1. The spin ' baryons arranged in baryon octet
[4-5]

| K—‘: "KR[ i S=1
Q=-1 Q=0 Q=+1"

Figure 3. The meson nonet with spin 0 [4-5]

- +P— A’ +K°
4+ P — A+ K

Here A° is the baryon with mass M A0 =

1.115MeV [6]. Since A° baryon is very unstable
particle, so it decays further into some other
particles as shown in the following reaction;

A’ —>n +P

Baryon number is conserved in this reaction,
therefore A should decay via strong interaction
and its life time should be of the order
of ~ 10723seconds. But it has been observed that
its decay time is of the order of ~ 10™8seconds
which is approximately equal to the life time of
weak decays. So A° baryon decays via weak
interaction and it shows strange behavior [6].

A similar strange behavior has been observed
in the decay of kaon meson. This reaction is also
given below;

Kt -t +7°

— i + ++4
Y-
\\ .rf g=12
s= -1 N ET , o /’E"f
*, /
\. . o= 1
= -0 = iy
] \\Q_, f{fic,
N 0
I A g=
o= =1

Figure 2. The spin 32 baryons arranged in baryon decu-
plets [4-5].

:«'k";rf: E{ §=+1
= :;.'1} x ':; = §=10
E | qJP 2
oy e
0=-1" 0 =0 O=+1"

Figure 4. The meson nonet with spin 1 [4-5]
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This decay has baryon number B = 0. So it
must be carried out via strong interaction. But this
does not happen. Its life time is again observed to
be 1078sec rather than 10723sec which shows
that it is a weak decay. Again, this is the Strange
Behavior [6]. Strangeness [6] leads to a new
conservation law. This law is known as Law of
Conservation of Strangeness.

Strangeness values could be 0, 1, -1. The
strangeness quantum number violates in those
reactions which do not decay via strong interaction

the section below.

3. Associated Production and its Significance

In 1952, Abraham Pais observed some neutral
particles (V”’s) produced in cloud chamber with
larger cross section (~ 1077 cm?®) and these
particles decayed through smaller cross section (~
10* cm?) [6]. This phenomenon happened in
strange particles as strange particles are produced
abundantly having life time of 10> seconds but
their decay time is relatively slow about 10™°

but this quantum number is conserved in strong ~ seconds. This shows that their production
interactions. The results of three reactions  Mmechanism is different from their disintegration
indicating the strangeness conservation and  Mechanism. So one can say that strong force

strangeness violation as under;
m®+P— A +K*
(decays via strong interaction)
A’ —>n +P (decays via weak intercation)

K* — nt + 70 (decays via weak interaction)

It has been observed from the above three
reactions that law of strangeness is violated in the
processes which decay through weak interactions
and it is conserved in strong decays [6]. The
conservation of strangeness via strong interaction
is discussed in terms of associated production in

Table 1. List of Strange Mesons with S = +1 [7]

governs the production of strange particles
whereas weak force is responsible for their decay.
So if a strange particle is produced in strong
interaction, they are always produced in pairs of
particles of opposite strangeness so as to conserve
the total strangeness. This phenomenon is called
Associated Production [6].

Some strange mesons have been listed in the
Table 1 along with their quark contents and
strangeness, S = +1. Similarly, some strange
baryons having strangeness S = +1,4+2,43 are
listed in the Table 2 [7]. In next section, a brief
description of BESIII experimental setup is given.

Mesons Quark Contents Strangeness
K* us +1
K~ su -1
K° ds +1
K° sd -1
K (d5 + sd) / (")
V2
K? (d5 - sd) / (")
V2
K** us +1
K*° ds +1
Charmed+ Strange Mesons Quark Contents Strangeness
DS cS +1
Dg cs -1
D¢t cs +1
D¢~ cs -1
Bottom +Strange Mesons Quark Contents Strangeness
B? sh -1
B? bs +1

BZ° sbh -1
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4. BESIII Experimental Setup

This paper is about the theoretical study of
strangeness conservations and violation of
Charmonia, based on the data collected from
BESIII detector. BESIII detector uses the BESIII
offline software system (BOSS), CLHEP libraries
and Root software to study the charmonium
spectroscopy [8-9].

The upgraded version of BES is BESIII that
consists of BEPCII e~e*t collider and BESIII
detector. BESIII detector is specifically used to
study the Tau-Charm Physics within energy range
of 2 to 5 GeV. BESII detector became
operational from 2009 [8]. BESIII detector has
four main components named as Main Drift
Chamber (MDC), Electromagnetic Calorimeter
(EMC), Time of Flight System (TOF) and Muon
Chamber System (MUC). These parts of detector
detect various particles and their specific
properties such as their momentum, energy,
energy losses, position and time etc. within certain
energy range of Charmonia. For more detail, for
example, MDC used to measure the momentum
and energy loss information of charged particles.
Electromagnetic Calorimeter (EMC) is used to
measure the energy and position of electron and
photons only. Time of Flight System (TOF) is
used to measure the time of flight of charged
particles from the point of interaction to the
detector. Since most of the collisions processes
decays into muons, so Muon Chamber (MUC) is
used to detect the paths and positions of muons
produced during the e e or PP collisions [8-9].
All the parts and efficiencies of BESIII
experimental setup are related and much
dependent on BOSS (BESIII Offline Software
System) [9]. A brief introduction to BESIII Offline
Software (BOSS) is given in next section.

5. BESIII Offline Software (BOSS)

BESIII Offline Software System (BOSS) uses the
C++ language and object oriented programming
and works on Scientific Linux Operating System.
BESIII Offline System is based upon Gaudi
Framework which provides interfaces and its
utilities for simulating the data and physics
analysis. Software Configuration is managed by
configuration management tool (CMT). It provides
different packages, libraries and their utilities.
Information and specification of detector is stored
in Geometrical Description Markup Language

(GDML). BOSS provides many services to meet
the requirement of analysis such as navigation and
reconstruction of MC tracks. This Data processing
and physics analysis software system has three
main functions i.e. Simulation, Reconstruction and
Calibration. BESIII detector simulation is based
upon GEANT4 package which gives information
about the detector, particle tracking and their
interaction with the detector [9].

6. CHARMONIUM SPECTROSCOPY

In 1974, the discovery of charmonium meson J /Y
at BNL (Brookhaven National Laboratory) and
SLAC (Stanford Linear Accelerator Center) has
opened up a new horizon in the field of research.
After that, some other states of charmonium were
discovered at some higher energies named as 1,
Nes Ne s Xcocicz2 » he and D states. The decays of
these charmonium and its higher states were
mainly studied at BES (Beijing Electron
Spectrometer) Lab [8-10].

The charmonium and its higher energy states
being discussed here, contain charm quark as one
of its quark content. The decays of these
charmonium states are categorized as the
strangeness conserving and strangeness violating
decays. These decays are listed in Table 3 (a) to
3(d) and Table 4(a) to 4(e).

7. DISCUSSIONS AND CONCLUSION

Strangeness has been observed in ]/, ¥, 0., ¢,
Xcocic2 » Ne and D-decays. The data of these
decays has been collected from BESIII
Laboratory. The branching fractions of strangeness
conserving and strangeness violating decays have
been studied from the years 2009 to 2017. In Table
3(a), the decays of]/i, in which strangeness
conservation occurs, are given [11-16]. Table 3(b)
consists of 1" decays containing strange baryon
anti-baryon pair along with single non-strange
meson to conserve the strangeness [14-22]. Table
3(c) shows only 2-body strangeness conserving
decays of strange baryon-anti-baryon pair or
strange meson-anti-meson pair [13, 23-24]. In the
same way, 2-body, 3-body and 4-body strangeness
conserving decays of x.; are listed in table 3(d)
[18, 25-28]. From this data, it is clear that
associated production takes place in strangeness
conserving decays. These decays are the
manifestation of strong interactions.
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Table 2. List of Strange Baryons [7]

Strange Baryons Quark Contents Strangeness
A uds -1
A uds +1
Sigma Strange Baryons Quark Contents Strangeness
z* uus -1
**(1385) uus -1
x° uds -1
£*°(1385) uds -1
x" dds -1
¥*7(1385) dds -1
Xi Strange Baryons Quark Contents Strangeness
=0 uss -2
=°(1530) uss -2
=2°(1530) uss -2
=" dss -2
E7(1530) dss -2
E"7(1530) dss -2
=2 dsc -1
=0 dsc -1
=2(2645) dsc -1
=k usc -1
=F usc -1
=it (2645) usc -1
= usb -1
g usb -1
=P usb -1
=p dsb -1
=, dsb -1
=5 dsb -1
Omega Strange Baryons Quark Contents Strangeness
Q" sss -3
Q) ssb -2
Q- ssh -2
Qpp sbb -1
Qip sbb -1
Q? ssc -2
Q:°(2770) ssc -2
Q. scc -1
Qif scc -1
Qg sch -1
QY sch -1

Q) sch -1
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Table 3 (a). Strangeness Conserving Decays of ] /1 States Studied at BESIII

Decay Channel No. of Events Branching Fraction Year
ne =0=° (1.2 +0.24) x 1073 2009
Jp— = (09+0.2) x 1073
= 29+0. 3
]/¢—>E°EO[11] (1.29 £ 0.09) x 10
I/ — £°2°[12] (1.5 +0.24) x 1073 2009
/Y — AS? (225.2 + 2.8) x 10° (1.37 £ 0.12 2012
+0.11) x 107°
]/ — A= [13] (146 £ 0.11
+0.12) x 107™°
/P — =050 1310.6 x 10° (11.65 £+ 0.04) x 107* 2016
— 6 -5
J/y — =75 (223.7 £ 14) x 106 (0.58 + 0.04 + 0.08) 2016
J/¥ — Z(1385)"X(1385)*[15] (223.7 £ 14) x 106 (—0.58 + 0.05 £+ 0.09)
]/ — £(1385)°Z(1385)° (1310.6 + 7.0) x 10° (10.71 4+ 0.09) x 10™* 2017
]/ — 5050[16] (1310.6 + 7.0) x 10° (11.65 + 0.04) x 10™*
Table 3 (b). Strangeness Conserving Decays of 1 'Studied at BESIII
Decay Channel No. of Events Branching Fraction year
Y — K;(1430)*K™ + c.c [17] (106 £+ 4) x 10° (712 £ 0.621333) x 107° 2012
Y — PK*X° + c.c[18] 1.06 x 108 (1.67 £ 0.13 £ 0.12) X 107° 2013
Y (3686) — wKKm [19] 1.06 x 108 (0.878 + 0.233 £+ 0.096) 2013
Y(3770) — AAntn~ [20] < 4.7x107* at C.L 90% 2013
Y (3770) — AAn° < 0.7x107* at C.L 90%
Y(3770) — AAn <1.9x107* at C.L 90%
3770) — =t% < 1.0x 107* at C.L 90%
Y(3770)
(S} <04 x107™ atC. ()
W(3770) —> = 50 0.4 x 10™* at C.L 90%
W(3770) — — < 1.5x107* at C.L 90%
- <1.4%x107* at C.L 90%
$(3770) = =°=7 <29 %10 at C.L 90%
$(4040) = Aln'm <09 %10~ at C.L 90%
P(4040) — AArn < 3.0 x 10™* at C.L 90%
¥(4040) — Aﬁq <13x107* at C.L90%
P (4040) — X EO < 0.7x107* at C.L 90%
P(4040) — X°% <1.6x107* at C.L 90%
Y(4040) — =" =" < 1.8 x 107* at C.L 90%
¥(4040) — =°E°
V(3686) — A '™ +c.c[21] 1.06 x 108 (1.40 £ 0.03 £ 0.13) x 107* 2013
P(3686) > A ntt +c.c 1.06 x 108 (1.54 £ 0.04 + 0.13) x 107*
Y (3686) — wK*K™ [22] 1.06 x 108 (1.54 £ 0.04 £0.11) x 107* 2014
) (3686) — 2016
20(1385)20(1385)[14] 1310.6 x 10° (0.78 £ 0.06) x 10~*
Y(3686) — = =t (106.4 + 0.9) x 10° (091 +0.13+0.14) 2016
) (3686) — (106.4 + 0.9) x 10° (0.64 + 0.40 + 0.27)
¥(1385)7X(1385)*[15]
¥(3686) — £(1385)°%(1385)° 2017

(3686) — E°E°[16]

(447.9 + 2.9) x 106
(447.9 + 2.9) x 106

(0.69 + 0.05) x 1074
(2.73 +0.03) x 10~*




Table 3 (¢). Strangeness Conserving Decays of 1, Studied at BESIII

Study of Strangeness at BESIII

Decay Channel No. of Events Branching Fraction year
n, — K*°K°[23] 1.06 x 108 <54x107%at90% C.L 2011
n. — AA[13] (225.2 + 2.8) x 10° (1.16 £ 0.12 +£ 0.19) + 0.28 x 1073 2012
n. — T [24] 2.25 x 108 (211 £ 0.28 £ 0.18 £ 0.5) x 1073 2013
n. — E°E [24] 2.25 x 108 (0.89 £ 0.16 £ 0.08 £ 0.21) x 1073
Table 3 (d). Strangeness Conserving Decays of y.; Studied at BESIII
Decay Channel No. of Events Branching Fraction year
Xeo — PPKYK™ 106 x 10° (1.24 £ 0.20 £ 0.18) x 107* 2011
Xe1 — PPKYK™ 106 x 10° (1.354+0.15 + 0.19) x 10~*
X2 — PPKYK™[25] 106 x 10° (2.08 £ 0.19 £ 0.30) x 10~*
Xeo — AAT ™ 106 x 10° (119.0 £ 6.4 £11.4) 2012
Xe1 — AAmtm™ (31.1+3.4+3.9)
Xez — AATTTTT[26] (137.0 £ 7.6 £15.7)
Xeo — AA 1.06 x 108 (333+2.0+26)x107° 2013
Xe1 — AA (122+11+1.1)x107°
X2 — AA (20.8+1.6+23)x107°
Yoo — Z°F° (47.8+3.4+3.9) x 1075
- -5
Yoy — 3050 (3.8+1.0+0.5) x 10
= 40+1.1+£05)x107°
Yoz — T'F° (O£ L1205 X107
- 454 4+ 4.2 +£3.0) x 10~
Xco — IAD) ( B B )
- (54+1.5+05)x107°
X1 — DD
—— (49+19+0.7)x 105
Xez — X7X [27]
Xeo — PKTA+c.c 1.06 x 108 (13.24+03+1.0) x107* 2013
X1 — PKTA+c.c 1.06 x 108 (454+02+04)%x10™*
Xez — PKTA + c.c[18] 1.06 x 108 (84+03+0.6)x107*
Xeo — ZTT (448.1 + 2.9) x 10° 504 +25+27 2017
X1 — 27T 3.7+ 0.6+ 0.2
Xz = ZVE 3.54+0.74+0.3
Yeo — 3050 47.7+ 1.8+ 3.5
PR 5050 43+05+03
0<0 39+05+03
Xez — XX [28]
Table 4 (a). Strangeness Violating Decays of J /3 Studied at BESIII
Decay Channel Branching Fraction year
J/Y — Dgp* < 1.3x 1075 at C.L 90% 2014
J/¥ — D°K*°[29] < 25x107%at C.L 90%
J/¥ — KgKi (1.13 £ 0.03 + 0.05)% x 10~* 2017

J/¥ — KsKs[30]

<1.4x1078at95% C.L
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Table 4 (b). Strangeness Violating Decays of 1 Studied at BESIII

Decay Channel Branching Fraction year
¥ (3686) — KIK*nTntn~ [31] (7.03 +£2.10 +£ 0.70) x 107 2013
Y (3686) — K-AZ +cc [32] (3.86 +0.27 + 0.32) x 107> 2015

Table 4(c). Strangeness Violating Decays of D-meson Studied at BESIII

Decay Channel Branching Fraction year
Dt — Kle*v,[33] (4.481 1+ 0.027 £ 0.103)% 2015
Dt — K~mtetv,[34] (3.77 £ 0.03 £ 0.08) 2016
D* — K°u*v,[35] (8.72 £ 0.07 £ 0.18)% 2016
D — netv, (2.30 £ 0.31 + 0.08)% 2016
D — n'e*v,[36] (0.93 £ 0.30 + 0.05)%
D* — KJKJK (2.54 4+ 0.05 +0.12) x 1073
D* — K3Kdn* (2.70 £ 0.05 + 0.12) x 1073 2016
D% — K3k (1.67£0.11 £ 0.11) x 107*
D° — KIKIKQ[37] (7214 0.33 £ 0.44) x 107*
D* — K%"v,[38] (8.60 + 0.06 + 0.15) x 1072 2017
D — petv, (2.26 + 0.45 + 0.09)%
D — putv, (1.94 + 0.53 + 0.09)% 2017
DS — nutv, (2424046 £ 0.11)%
Table 4 (d). Strangeness Violating Decays of A, Studied at BESIII
Decay Channel Branching Fraction year
AY — AeTv,[40] (3.63+0.38 £ 0.20)% 2015
AY — PKnt[41] (5.84 £ 0.27 £ 0.23)% 2016
A} - X ntrr0[42] (2114+0.331+0.14)% 2017
AY — nKdm*[43] (1.824+0.23 £ 0.11)% 2017
Table 4 (e). Strangeness Violating Decays of y.; Studied at BESIII
Decay Channel Branching Fraction year
Xeo — KOK*m¥m0 % x (2.52 +0.34) x 1072 2013

Xe1 — KOK*m¥m® % % (9.0 +1.5) x 1073

Xer — KOKEm¥m0[44] % x (1.51 4 0.22) x 1072
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Recently, it was observed that when J/vy
decays into neutral strange meson pairs such as
KgK; and KgKg, strangeness always violate as
given in Table 4(a) [29-30]. In Table 4(b), 3-body
and 7-body strangeness violating decays are
presented alongwith their branching fractions [31-
32]. The table 4(c) contains higher state of
charmonia named as D-meson. In years 2016 and
2017, a lot of work has been done on the D-meson
decays and these are all strangeness violating
because D meson is the lightest meson with mass
1.864 GeV/c® having single charm quark. It is
necessary for the decay of D meson, one of its
charm quark transform into some other quark. This
transformation occurs via weak interaction and
this decay is always mediated by W boson [33-
39]. The 3-body and 4-body decay modes of A,
given in Table 4(d) shows the strangeness
violating decay modes [40-43]. In Table 4(e), the
strangeness violating decays of y.; are shown and
their branching fractions are also mentioned [44].
From this study of strangeness violating decays, it
can be concluded that associated production
doesn’t take place in strangeness violating decays
and these decays corresponds to the weak
interactions.

8. SUMMARY

This was a review of experimental results of BES-
III experiment for studying significance of
strangeness conservation-violation results of
hadrons. Although no final explanation have been
given in experimental results and theoretical
exertions, but some positive concepts have been
introduced. A detailed list of strange mesons and
baryons is given along with their quark contents
and strangeness values. Strangeness conserving
and strangeness violating decay modes of J/y, v/,
Ne» Ne » Xcoc1c2 » he and D-mesons have been
presented in tabular form with proper details of
number of events, Branching Fractions and the
year in which that specific phenomenon was
observed. The understanding of such kinds of
complex decay modes is very important for the
scientists to learn about the universe at its most
fundamental level. Experimental and theoretical
results shed light on new phenomenology and may
explore new worlds in High Energy Physics,
although systematic efforts are difficult to carry
out for charmonium systems. This study concludes
that experimental trials will be more effective
rather than comparing theoretical perceptions.
Although, we may not reach up to revolutionary

ideas of existing impressions but from any
struggle, a new episode of experimental High
Energy physics may be released from studying
“significance = of  strangeness conservation-
violation decays of strange mesons”.
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1. ERPSYSTEM: A NEED OF INDUSTRY information and processes that specify the
departments of the firm and that is the one advantage
of regularity. Well ERP system connect overall
enterprise functions and operations and performing
sections for all subsets, thus all subsets have

connection with related knowledge as proceedings

Many organizations invest huge amount of
money to implement ERP system, supposedly it is
expecting a positive impact on the organization and
its functions. Organizational variables influence

directly or indirectly the information system.
Most of the studies inspected that system success
is inefficient in small organizations as compare
to large. If employees give proper time to an
application, they can get more accurate results from
system. Most of the studies found that individual
has impact that influence them to enclose a wide
range of intuitive measurements like courage in
decisions made and problem solving, and the time
acquire to get a decision.

Integration is the combination to collect

Received, June 2016; Accepted, June 2018

happened. When any organization employed
ERP system, its accountability increases [1]. A
positive attitude of individuals, senior management
and other workforce towards the system is very
important because if they believe that the system
will be helpful they pay full attention to improve
the system. ERP system increases the work
efficiency of the organization. It saves time and
eliminates errors automatically. Education/training
is necessary to operate the ERP system.

Top management support is necessary to

* Corresponding Author: Muhammad Umar; m.umar@ptcl.net.pk
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develop confidence, interest between workers who
operate ERP system. Consultants and coordinator
backing is an initiative calculate of the intensity of
inspiration bring them and capable by a talented
worker in allocating the information with other
colleagues, guide them properly, employing
solutions to work relevant issues, acceptance of
communication, freedom for direct interactions and
automated meetings to share and use information
[2]. ERP system has many benefits to the
organization where it is implemented. However, the
first phase is to reduce the critical success factors of
ERP implementation and to develop a framework
for its success. This is neglected area particularly in
Pakistan. No study was found where the framework
was provided for the industry of Pakistan where
ERP system has been implemented or it is in
implementation phase. The present study aims to
identify the critical success factors and develop a
framework to reduce the rate of failure.

2. CRITICAL SUCCESS FACTORS OF ERP
IMPLEMENTATION SUCCESS

Yu (2005) [3] defined different stages of ERP
system i.e., implementation pre-implementation,
implementation, and post-implementation. Ifinedo,
et al [4] argued that critical success factors are
commonly involved in implementation and pre-
implementation stage of ERP system while the
result in term of performance is measured in post-
implementation stage of ERP system. Critical
success factors are the factors which become the
reasons of successful implementation of ERP
project [5].

ERP project specification, budget and time are
the key proxies which have been commonly used to
measure the implementation success of ERP project
[6, 7] which means ERPis successfully implemented
if the project is completed within the specification,
budget and time. ERP project is very time taking,
costly and complex and it has a high failure rate
reported in the past studies due to over budget and
time. A number of resources are required for its
succesful implementation [8]. Budget, time and
ERP project scope are considered as the measures
of ERP system/project implementation success in
many studies.

Different studies reported different critical
success factors for example Motwani, et al. [9]

applied case study approach and found that cultural
readiness has a positive influence on the successful
implementation of ERP project. Similarly, Ngai, et
al. [10] selected 10 organizations and applied case
study analysis. They reported that business plan,
data management, appropriate business and IT
legacy systems, ERP teamwork and composition,

project management, change management,
communication, culture and program, project
champion, business process reengineering,

monitoring and evaluation of performance,
software development, top management support,
organizational characteristics, testing, ERP vendor,
ERP strategy, troubleshooting, fit between ERP and
business process and implementation methodology
are the critical success factors of ERP successful
implementation. In the same lines, Nattawee &
Siriluck (2008) [11] applied case study approach
in 10 Thai SMEs. They found that competence
and knowledge sharing, vendor support and
user involvement are very influential factors for
the successful implementation of the system. In
Pakistani few studies identified critical success
factors of ERP project e.g., Shah, et al. [12]; Shad,
et al. [13]; Nelson & Somers [14]; Ijaz, et al. [5].

Ehie & Madsen [15] found that project
management, feasibility and evaluation, consulting
services, cost issues and business process
reengineering are the most influential determinants
of ERP project successful implementation. Yingjie
[16] identified many critical success factors
in the context of Finland industry these are:
effective project management, user involvement,
top management support, suitability of software
and hardware, education and training, business
process reengineering. Similarly, Fang & Patrecia
[17] found that project team, top management
support, BPR, Effective communication, change
management have a significant influence on the
successful implementation of ERP system. In the
same lines, Shah, et al. [12] also explored technical
and socio-technical factors influencing the ERP
project success. Khattak, et al. [18] compared
the critical success factors in both Pakistani and
Chinese organizations.

3. RESEARCH METHODOLOGY

The present study has employed survey research
design to investigate the critical success factors and
to develop the framework to reduce the failure of
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ERP implementation. This study is qualitative in
nature. In the first phase, extensive literature review
has been conducted to identify the common critical
success factors in the literature. After the effort
total 87 critical success factors were identified.
However, finally 60 factors were finalized with the
comparison of the literature. These factors were
divided into five major categories based on the
expert opinion. The purpose was only to identify
the failure reasons and develop a strategy to handle
these critical factors.

Data was collected through semi-structured
interviews of the representatives of the organization.
Total 40 participants from twenty different
organizations were participated in the interview
sessions. Each interview comprises of 30 to 40
minutes recording. Convenience sampling was
applied which is given preferences in qualitative
research. Thematic analysis was employed on the
qualitative data with the help of NVivo 10 software.
The purpose was to identify different critical factors
of ERP implementation success and to develop a
framework to implement ERP system successfully.
Tree maps, word clouds, tag clouds, word tree etc.
are the different tools which are commonly used for
the data analysis. The present study has applied tree
map analysis and hieratical of themes analysis.

4. FINDINGS OF THE STUDY
4.1 Tree Map Analysis

Tree map shows the significance/importance
of each theme of the study just the B (beta)
values in regression. In regression analysis those
independent variables which have more B (beta)
values means they have more influence on the
dependent variable. In the same lines, tree map
shows the colorful regions for different themes of
the study i.e., critical success factors of ERP system
implementation. Themes in the larger regions show
more critical success factors while themes in the
smaller regions are less critical success factors. Fig.
1 shows that effective planning, Training, motivate
people, clarity in objective and good leadership is
found to be more significant themes of the study.

4.2 Critical Factors for ERP

Implementation Success

System

All qualitative data was entered in NVivo software
to apply thematic analysis to find out the key themes

of the study. Data coding was done after the critical
reading of the statements of different people during
their interviews. Initially 87 factors were identified.
However, total 60 critical success factors were
finalized with the support of the literature. These 60
critical success factors were categorized into 6 main
categories, i.¢., top level management commitment,
change management, project management, training
and education, vendor management and business
process reengineering.

5. CONCLUSION AND
RECOMMENDATIONS

Despite ERP implementation failures, as evident
from the literature, such management policy
has gained considerable weight in strategic
intentions of organizations across the globe. This
apparently yields conflicting realities about ERP
significance. The present study aimed to present
a framework based critical success factors of ERP
implementation that can optimistically help the
corporate sector in Pakistan while confronting
country specific issues. With the empirical efforts,
the following six categories of the critical success
factors were identified:

1. Top Level Management Commitment: The
study concludes that top level management
commitment is the key factor while
implementing ERP system. Top management
decides the realistic time line for the EPR
projects. The project can be sustained with the
support and involvement of top management. In
the same lines, the ERP project implementation
can be ensured within the specific period
without any delay. If management is
committed, they also empowered their lower
management to take the immediate decisions
based on the best information. They identified
the key end users and assigned them the key
role and responsibilities which leads to the
successful implementation of ERP project.
Top management’s ownership also leads to
implement better technological infrastructure
for ERP project implementation they also
provide sufficient funds for the technology
and the people. They pay high rewards to the
team involved in ERP project implementation.
Ultimately, the project can be aligned with the
key business processes and fulfill the need of
the business.
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Fig. 1. Tree map of the themes
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Table 1. Critical Factors for the implementation of ERP System

that ERP project is very complex project. The
clear scope, defined objectives, timelines,
resources, and cost are the key areas of planning
the ERP project implementation. There are
different phases of ERP project. The first
thing is to develop a competent team who will
be responsible for ERP project planning and
execution. The team should have employees
from the cross functional areas including

S. No. Themes Extracted S. No. Themes Extracted
1 Time Line 31  Competency of the Vendors
2 Understanding of Business Processes 32 Continuous Monitoring of Progress
3 Understanding of Key Requirements 33 Setting Data Collection Strategy
4 Top Management Involvement 34  Readiness to change
5 Effective Training Sessions 35  Project Ownership
6 Effective Training Material 36  Avoid the Early Retirement
7 Clear Scope 37  Volunteers Committee Composition
8 Change Management Strategy 38  Defining Job Description
9 Motivating Teams 39  Interdepartmental Coordination
10 Top Management Support 40  Module integration issue handling
11 Skillful personnel 41  Remove Fear
12 Continuous Improvement 42  Sharing of Benefits regarding Job Safety
13 Risk Management 43 Quick implementation and release
14 Time Management 44  Effective financial Management plan
15 Involvement of Power Users 45  Evaluation of Vendors
16 Vendor Support 46  Stability of employees
17 Domain Exert Committee 47  Alignment between IT and Business Strat-
egies
18 Identification of Master Trainers 48  Strategic Fit between system and business
19 Management Persuasions 49  Sufficient Financial Resources
20 Effective Project Management Team 50  Optimal Utilization of Business Processes
21 Continuous Testing 51  Strong IT Infrastructure
22 Strategy for Integration Issues 52 User Acceptance Testing
23 Setting of KPIs 53  Stability in Job Postings
24 Clear Vision 54 Maintenance of Daily Activity Log
25 Inter-team cooperation 55  Quick Decision Making
26 User Support 56  Sharing Proposed Benefits of the System
27 Effective Planning and Documentation 57  Standard of the Project
28 Project Management Effectiveness 58  Good Relationship Building
29 Setting Task Prioritization 59  Vender Partnership
30 Effective Communication 60  Trust Building
2. Project Management: The study also concludes ERP consultants and internal staff members.

In the beginning, clear and realistic milestone
and end-dates should be decided. After the
execution of the project monitoring is very
important element found in this study. With
the help of monitoring, daily logs, meetings
and follow up, delays can be reduced. Role of
project management is also very critical.

Change Management: The present study also
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found that the change management is the
key factor which influences the successful
implementation of ERP system. Change
has different levels in the organization, e.g.,
individual level change, group level change and
organizational change. Creating a knowledge
sharing culture encourage the employees to
learn the new system of ERP. In the same lines,
reducing fear of the use of ERP system and
fear regarding their jobs and authority can be
reduced with the effective change management
at the individual level. Similarly, the group
level change in the departments is very critical.
After the implementation of ERP system all
departments should work jointly because the
output of one department becomes the input
for another department. Therefore, all groups
should change their existing behavior within
the department and across the organization
and leadership play a very important role for
bringing the change in the departments.

Business Process Reengineering: Business
process reengineering is another critical
success factor found in this study. Alignment
of ERP system with the legacy system of the
organization is very important. Therefore,
organizations must change their existing
processes as per need of the ERP system. On the
other side, minimal customization in the ERP
system according to the need of the organization
is also critical. Organizations should adjust the
process according to the system and vice versa.
Therefore, involvement of the domain expert
having both business and technical knowledge
about the information system is very important.
These experts must test the user acceptance and
alignment of the processes with the system to
ensure the successful implementation of ERP
system.

Training and Education: Training and
education is also very critical factor of
ERP implementation in Pakistani industry.
Companies should arrange formal and effective
training sessions for the end user relating to the
business processes, documentations, dealing
with the data on ERP system. Organizations
should arrange the right master trainer and
trainees with the right training material and
training environment. Hands-on-practical
training is very essential to learn the usage of

ERP system to save their time and resources.
Effective training ultimately build trust
between employees and employer and reduce
the maximum level of fear of working on
entirely new information system.

Vendor Management: In the present study
vendor/consultant management is very critical
factor of ERPimplementation success. Selection
of the right and experienced vendor/consultant
is very important step in the beginning which
has ultimately a chain effect throughout the
implementation phases of ERP system. They
play an important role in adequate development,
configuration, and testing of the completion
information system. Moreover, organizations
should select and manage the vendors who
have multiple skills e.g., functional, technical,
and interpersonal.
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Abstract: Quality of any reliability analysis depends strongly on the analyst’s ability to identify all required functions.
Failure is a basic concept of any reliability analysis. Also, the plant equipment’s reliability is of vital importance in
any production operation. The objective of the present study was to investigate the failure modes of critical systems in
the manufacturing process of micro-chips by using Reliability Centered Maintenance (RCM) technique. In industries,
RCM is employed to decide maintenance strategies using reliability data. The most critical component of the system
was found to be Electrostatic Chuck (ESC) used in etching process. This technique was helpful in reducing the
failure modes of critical equipment. Analyses were performed to observe the improvement in the system’s efficiency.
Downtime data was collected due to various faults in critical equipment. In the current research, various RCM analysis
were performed on electrostatic chuck to ensure that shifting the maintenance technique to RCM would increase the
revenue generation for the industry. This analysis was performed in Texas Instruments, UK. The results for optimum
life of equipment, obtained after performing RCM, were quite high. Proper scheduling and planning improved the
time of productive maintenance from 25% to 35%. Planning through Computerized Maintenance Management
System (CMMS) boosted the efficiency up to 90%. The obtained results were compared with the current maintenance
techniques; e.g., corrective maintenance. Solutions were recommended for the identified modes of failures and ways
to eliminate the factors that cause failures on ESC.

Keywords: Backside cooling, computerized maintenance management system, decision making grid, dry vacuum
pump, electrostatic chuck, reliability centered maintenance

1. INTRODUCTION of wafer disc into final product was performed on

ESC (LAM-4520). The research determined the

The corrective maintenance analyses were of no
use for augmenting the life and reliability of the
Wafer Etching System (WES), if it is not integrated
into an operative preventive maintenance program
successfully. The aim of this research was to find out
how the RCM analysis could be performed for the
ESC (LAM4520). The key struggle was to achieve
the aims by collecting the life data of electrostatic
chuck and dry vacuum pump and its downtime
due to numerous faults. RCM analysis was carried
out for increasing the availability of the ESC and
DVP. Investigation of transformation processes

Received, March 2017; Accepted, June 2018

ways by which the ESC and DVP failed to fulfill
their functions then the RCM analysis to determine
the cause of failures. The objective of RCM was
to improve maintenance actions in the most
economical and technical way.

RCM to guarantee that equipment continues
to perform its functions as their operators require
doing in its present operating environment [1].
It is a well-organized process that focuses on
aspects of reliability while determining plans
of maintenance. It helps to create equilibrium

* Corresponding Author: Mehroz Sana; mehrozsana@hotmail.com
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between preventive and corrective maintenance
[2]. The research was extended and applied to the
railway, manufacturing, electricity, petrochemical
and various other industries [3]. It was originated
from the extensive examination of some specific
questions about the equipment [4]. RCM
incorporates reactive maintenance, preventive
maintenance, predictive maintenance and proactive
techniques of maintenance in an assimilated mode
in order to escalate the probability of the equipment
that performs its functions as required by the user
for at least its designed life period [2].

The process for development of RCM requires
about a failure on a given asset [5]. Performance
standards and functions of a given asset were
studied to describe the failure due to which asset
is not properly functioning [6,]. After that causes,
effect and result of each functional failure were
observed on the basis of this information tasks to
prevent each failure were predicted and performed.
Analyses were carried out to recognize the most
applicable and economical maintenance way in
order to cut down the impact and risk of failure
in system. Results were compared with the other
maintenance techniques which are being used
at present. Solutions to avoid failure mode were
recommended accordingly. This helps to maintain
the system and equipment in the most economical
manner. The outcomes of suggested RCM planning
direct the plant to a saving of at least 80% of the total
downtime-cost as compared with the strategy used
in plant i.e. Run to Failure or reactive maintenance.
Decrease in the labor cost increased the reliability
of system. The program was developed for the spare
parts of plant (boiler, feed water pump and turbo-
generator). The results showed that about 22.17%
of the yearly spare parts charges were saved when
RCM is implemented [7-10].

2. MATERIALS AND METHODS
2.1 Method of Data Collection

The data was collected from the company’s
personnel, interviews with skilled and experienced
plant workforce in order to get their details about
the plant. Time constraints, availability of personnel
and asset, schedules and operating conditions of the
asset were considered for analysis. The manuals
of the assets and reports of past six months were

examined to analyse. The data was collected from
CMMS to carry out the RCM analysis. It is German
system for the analysis and program development.
The component for maintenance planning is unified
with the components and sub-components of the
SAP that includes the components for application
for plant maintenance i.e. lists of maintenance
activities, orders for maintenance, and notifications
of maintenance along with work clearance
management, the components for application for
customer services After the collection of data from
SAP, tables, graphs and reports were generated to get
the required results. An early review was conducted
by using maintenance and strategy techniques.
SAP generates the failure reports whenever fault
detected in the system in real time.

2.2 Decision Making Grid

Decision making grid (DMG) guides to choose
the type of maintenance, i.e., RCM, TPM or CBM
and its proper use by tracking the condition of
worst machines in terms of performance, which
were segregated on the base of different criteria.
The information for the development of DMG
was mainly extracted from SAP. DMG anticipated
model was applied on the ESC (LAM 4520)
which reduced the total breakdowns hours. To
construct DMG, the data of last twelve months was
collected. The data was calibrated through LAM
Bench Viewer (LBV) which shows the number of
failures w.r.t. time. The collected data shows that
the number of failures increased with the passage
of time. The investigation to find the reason of
failure of LAM-ESCs revealed that the main reason
of failure was problem in backside cooling of the
wafer and improper vacuum in the chamber due to
the dry vacuum pump that is attached directly to
the ESC. Fig. 1 shows the breakdown trends of 12
months of a typical facility closed for the analysis.

Frequency of failures and downtime hours of
wafer etcher (LAM-4520) failures were used to
evaluate the classifying information using criterion
evaluation method on DMG. Fig. 2 shows the
categorization on frequency of machines failures.
Both electrostatic chucks LAM4520-2 and
LAM4520-7 failed 21 and 15 times respectively
in 12 months, but LAM4520-3 was categorized in
medium level group while LAM4520-6 in Low level
group. The categorization of downtime was carried
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Fig. 2. Criterion analysis on frequency of failure

out using query selection method. LAM4520-
4 categorized in the high downtime. Note that
LAMA4520-2 downtime is more than LAM4520-4
& 7 but both categorized in the same cluster.

Fig. 2 shows the misleading on the interval
of high, medium, and low categorization and
confusing categorization on LAM4520-7 and 4.

2.3 LAMA4520 (Electrostatic Chuck) Availability
and Failures History

Fig. 3 shows the availability of LAM4520
electrostatic chuck of one year with breakdown.
The objective was to get 100% availability which
means even not a single breakdown out of 85
events. However in 12 months breakdown trend has
increased and maximum number of breakdowns

occurred from October, 2012 to March, 2013. This
research focused on the reason of unavailability
of ESC and recommended solution using RCM
analysis.

Etching performance found declined due
the production stoppage of microchips. Six of
the electrostatic chucks exhibited major defects.
Data of the failure was collected and electrostatic
chucks (LAM) were sorted by wafer sizes (150mm
and 200mm diameters). The failure data obtained
from LAM viewer exhibited that 85% of back side
cooling (BSC) failure attributed to 150mm tools i.e.
51 out of 59 failures were attributed to LAM 4520-
3, 4 and 7. It was witnessed that the maximum
breakdowns occurred in LAM 4520. Fig. 4 shows
that out of 7 ESC of the same model named as
LAM-4520 electrostatic chuck. The maximum
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Fig. 6. Normal pressure of helium using graphs

Fig. 7. Exceeded pressure of helium using graphs

failures occurred in LAM4520-2, 4 and 7 which
was obtained directly from the LAM-Viewer and
SAP-Intercon software.

Most of the maintenance tasks performed
was unscheduled rather than scheduled. This
unscheduled maintenance was carried out due to
the failure of large part of 3 LAM4520 which can
be evaluated by using the bar chart as shown in
Fig. 5. The total 11 PMs were performed and 66%
of those 11 PMs were unscheduled activities. The
most common failures of all electrostatic chuck
were due to the excess of helium flow, ESC voltage,
and manometer pressure. Failure common to three
LAMA4520 of 150mm Electrostatic systems was
hardware confirmed well, red: helium flow, green:
helium manometer pressure and blue: ESC voltage
as shown in Fig. 6. When the pressure went up
more than 3-time of normal pressure, ESCs failed
as shown in the pulse graph of SAP below: Helium

flow > 25 sccm (unit of pressure) limit.

2.4 LAMA4520 BSC Failures By Occurrence
Last 12 Months

The Table 1 shows that maximum failures were
due to BSC of wafer disc. The specific criteria that
the process satisfied about wafer grip input and
sense output standards were high. The wafer grip
input was pulled to low value in order to command
grip. When the wafer was sensed, then the wafer
sense line was pulled low. These conditions
were vital before gripping. For this research, the
gripping of wafer was started upon sensing, before
it hit the surface of chuck. This produced trifling
lateral position shift of wafer. When wafer grip
was achieved, then the output of “wafer gripped”
is pulled low. After that the potentials of chuck
electrode to curtail grip forces were enhanced.
The lift pins before/without clamping a substrate/
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i’?(l)llft;l Mar  Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
BSC 37 30 42 38 37 36 26 36 30 19 40 54 59
Endpoint 12 11 10 14 4 4 5 1 5
Handling 30 30 22 11 2 9 4 4 2 7
RF 2 5 6 3 1 1 0
Gap 0 10 7 1 1 1 3
Control 4 5 2 2 2 7
stem PSU,
Lam PC)
Intensity 10 3 2
PMO1 153 170 170 119 133 100 76 82 74 51 84 75 101
work
orders
Wafers 30704 33293 39411 37914 35638 30730 29195 33002 34784 25978 33191 33101 33054
processed
Fails / 10k 50 51 43 31 37 33 26 25 21 20 25 23 31
Target 48 47 46 45 44 43 42 41 40 39 39 38 38
Fails / 10k
PMO02 48 52 40 42 37 32 26 41 32 29
work
orders
PMO02's / 0 0 0 13 15 13 14 11 9 10 12 10 9
10K
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wafer to an ESC surface was dropped throughout
wafer acceptance. Small wafer discs astride onto
a bigger electrostatic chuck by a carrier film made
up of polyester, with a supporting ring of Silicon.
Cooling was poor due deficiency of backfill gas
under the wafer that was being processed. Wafer
discs became heat sunk on the carrier Silicon wafer
with the help of silicon diffusion pump wax or oil
for small remains. Proper cleaning was done to
avoid any sort of contamination. Wafer grip and lift
was harmonized to curtail lateral shift.

Then the backpressure was smeared. Initially
the gas flow was high, then it felled to the steady
state leakage amount. The amount was higher
than directed in the datasheet of electrostatic
chuck due to the high stiffness of substrate, dirt
particles, substrate bow, and damage to chuck.
After plasma processing ended, wafer popping was
caused by wafer release due to backfill pressure
and was eliminated before release. After that RF
processing was commenced by an indication from
the host control computer. The two valves V90 and
V 93 were used for helium supply at 15 to 20 psi.
Backside pressure of wafer was measured by using
a manometer of rang 10 Torr. The output achieved
from 10 Torr manometer was then fed back into a
Unit Pressure Controller (UPC). At the very same
instant, the helium entered on two other valves
operates V92 and V90A. The functional block
diagram for the procedure is introduced in the Fig.
8

3. RESULTS AND DISCUSSION

3.1 Root Cause Failure Analysis (RCA) of
System

RCA is used for analyzing severe adverse events in
the equipment. RCA of Electrostatic Chuck (LAM-
4520) covers failure mode, reason and root cause of
failure for equipment. This root cause analysis was
done by finding the answers to certain questions to
complete the data of the failures occurred in ESC.
For the electrostatic chuck, a lot of problems were
identified while performing root cause analysis.

The subsystems becoming reasons of failure
of ESC were identified to be Backside cooling
system (BSC), water handler, vacuum chamber,
plasma production chamber, helium pressure and

vacuum stabilizer and RF stabilizer. Analyses
were then further performed to find the reason of
failures of these subsystems. The reason obtained
by RCA for BSC failure was the stoppage of water
etching process. When the detailed study was done
the reasons pointed out for this were insufficient
clamping voltage, insufficient Helium Flow,
inaccurate measurement of Backside Manometer
and a fault in Unit Pressure Controller (UPC).

Water handler caused a problem because of the
wafer in the entrance cassette did not pick up by the
water shuttle and the wafer lost in the chamber or
got stuck up with the donut of ESC. To improve the
optimum life of the equipment it was very necessary
to find the main reason of these failures which by
performing RCA were found to be the improperly
loaded wafer e.g. cross slot in the cassette, Photo-
resist on top of the wafer not properly hard-baked,
sticking of Soft photo-resist to the helium clamp
after plasma heating, sticking of wafer to the helium
clamp which cannot be unloaded and most majorly
the sticking of wafer to the lower electrode after
plasma heating.

RCA was performed on other subsystems of
ESC to find even the minute causes of failure and
were identified. The vacuum chamber stopped
working as the back side of wafer was too rough
or contaminated with particles/film. Along with
wafer Shuttle vacuum problem which created a
default in alarm of vacuum chamber. There were
few errors due to improper working of chiller
which caused error in plasma production chamber
ultimately making a role in ESC failures. Hence
after performing RCA we can identify all the major
failures of a system to the minutest details.

3.2 Failure Mode and Effect Analysis (FMEA) /
Primary Information Sheet

A Failure Mode Effect Analysis was accomplished
to recognize the possible modes of failure for a
process or a product. The RPN technique requires
the team for analysis to use past know-how and
engineering decision to rate each possible problem.
Primary FMEA sheet along with RPN analysis
for the electrostatic chuck and dry vacuum pump
were generated by further observing the functions
and failure modes of sub systems and components
and then the effect of these failure modes on that
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Table 2. List of functions of ESC and DVP

Item

Function

Back Side Cooling System

Check Valves (V90,V92,V93)
Helium Cooling Manometer(UPC)

Chamber Pump

Air Filter

Four Pin Wafer Lifter
ESC Power Supply
Clamp Ring

Dielectric Material

Safety Valve
(V90A, V85)

Electrodes (Donut & Base)
Wafer Handler

Piping System

Exhaust Piping System

Exhaust Check Valves

To Provide Cooling at backside of wafer with Helium gas at pressure 18 SCCM and
balance wafer in ESC

To stop the backward flow of air after creating Vacuum in the chamber

To control the Helium flow up to 1 sccm accurate pressure this is directly flow from
Helium Chamber to ESC chamber.

To rapidly create vacuum in the chamber and sucks extra Helium from etching process
chamber to Pumping chamber

To purifier air by removing contaminants from the air to avoid dirt in the ESC donut
To Lift the wafer up at distance of 0.005 inch to 0.025 inch from the surface of chuck
To apply the voltage of 700v to clamp wafer and -1700V to de-clamp wafer.

To hold pieces of glassware above the Head after/during process and to make separate
EMI Gasket and ring to avoid failure of gasket.

To maintain the electrostatic attraction even with high Voltage from -350 to +1700
with no failure of dielectric

To release the pressure when it exceeds above 18Scem

To make capacitor by charging donut and base +350 and -350 respectively to produce
plasma.

To Pick the wafer from Etcher system and drop on the next system to process
To supply the Helium gas inside the ESC
To exhaust the harmful gases and by- products out of the system

To prevent reverse flow of gas from the exhaust through the pump to the vacuum
chamber, when pump is stopped

To prevent reverse flow of gas from the exhaust through the pump to the vacuum

Pump casing
Bearings

Eye Bolts

chamber, when pump is stopped

To protect the pump

To bear the thrust loads

For loading and unloading of the pump

component itself, the system ESC or dry vacuum
pump and to the whole plant. Then the RPN was
calculated by each of the failure modes. Higher
RPN shows higher risk factor and vice versa. It
was seen that the most risks are due to Backside
Cooling of single wafer etcher and this finding was
verified by the RPN analysis.

The RPN of ESC due to failure of BSC
mechanism was greater than 100 because of its
higher severity, higher rate of occurrence and almost
unlikely detection of fault. When the pressure
exceeded too much i.e. about 23 sccm then due to
much more severe effects and low detectability of
fault the risk priority number reached above 200,
thus stopping the production and causing very
drastic effects on plant. Failure mode and effect
analysis is a technique that inspects process failures,

estimates priorities of risks, and helps to determine
corrective actions to evade identified problems. A
detailed FMEA analysis was performed on FMEA
sheet which is attached as Table 3. On the basis of
FMEA “the final information sheet” was generated
and is given in the table below.

3.3 Generation of Information Sheet and
Decision Worksheet

The final information sheet was generated
according to the item no. of the component. This
information sheet was developed so that one may
have a complete overview of the failure history
of the ESC just by going through the information
sheet and finally on the basis of all the information
of equipment we formulated a decision sheet on
what maintenance task should be performed on
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i Effect
Item Function Fun.ctlon Failure Mode
Failure RPN Local System Plant
Back Side To Provide Failed to Pressure exceeds 24 Wafer Etching Production
Cooling Cooling at maintain to 23sccm balancing Process Stopping
System backside of wafer pressure and failed Failed
with Helium balance of  preqqure exceeds 144 Wafer Etching Production
gas at pressure wafer to 23sccm balancing Process Stopping
18 SCCM and failed Failed
balance wafer in . .
ESC Cooling System 70  Wafer wasted LAM-donut  Production
Failed failed Stopping
Failed to 80  Wafer wasted  No effect Production
maintain gap b/w Stopping
wafer & Donut
Insufficient 64 Wafer LAM-donut Production
clamping voltage Wasted failed Stopping
Backside 28 Manometer Etching Production
Manometer Failed Process Stopping
Faulty Failed
Check Valves To stop the Valve is not Fails to Open 135 Low Effect High Effect Low Effect
90,V92,V93) bgckward ﬂon of  actingas Remain Open 84 Low Effect  Low Effect No Effect
air after creating  non-return
Vacuum in the stop valve Crack Valve 20 Low Effect Low Effect No Effect
chamber
Helium To control the Failed to Incorrect 24 ESC Trip Full LAM- No Effect
Cooling Helium flow upto control measurement of Etcher Shut
nometer(UPC) 1 sccm accurate Helium Pressure Down
pressure which - flow from Failed to 120 ESCTrip LAM-Etcher Low Effect
is directly flow Helium send signal to Slow Down
from Helium chamber Computer PC9
Chamber to ESC  to ESC or . .
chamber failed to Insufficient 32 ESC Trip LAM Shut No Effect
send signal supply of Helium Down
back to UPC He Flow Full 144 UPC LAM Shut Low Effect
more than 50 Collapsed Down

sccm but the
maximum flow
is set at below 50
sccm the UPC
flow sensor can
sense

equipment to get the optimum life. The generation
of Decision Worksheet dealt with consequences
of failure and preventative tasks. The decision
work Sheet was generated by Logic Tree analysis.
Then after getting the information about failure
and its consequence preventive or proactive tasks
were suggested for the better performance of the
equipment and this all information is given in
decision work sheet. The decision Worksheet spots
the Consequences of failure by dividing it into the

following headings:

e H: Hidden Failure Consequences

e S: Safety & Environmental Consequences
e O: operational Consequences

e N: Non-Operational Consequences

The information sheet and decision making
sheets are attached in table 4 and 5 respectively.
As the maintained is quite a neglected field all over
the world and still not much work is done on RCM
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Site: GFAB Plant T1

Unit: 1

RCM INFORMATION SHEET FOR
Texas Instruments, UK

Main Assembly : Wafer Etcher Assembly

Sub Assembly: LAM-4520

Component:  Electrostatic Chuck
NO. Function
1 To Provide Cooling at A

backside of wafer with
Helium gas at pressure 18

SCCM and balance wafer
in ESC
B
2 To stop the backward
flow of air after creating
Vacuum in the chamber
A

Function
Failure

Failed to
maintain
pressure

Failed to
balance the
wafer

Valve was
not acting as
non-return
stop valve

Date:

Carried out
by:
Signed off
by:
Failure Mode

Pressure
exceeds to >
25 SCCM

Surge in
Helium
Cooling flow

Helium
Flow is not
consistent
wafer to
wafer

Wafer is not
clamped even
on 700Volts

Helium
Pressure is
very low
(<18sccm)

Wafer
unbalanced
during
etching
process

Fails to Open

Remain Open

Crack Valve

Sheet 1 of 1

Mehroz, Umer

Failure Effects

The whole batch of wafers
will be wasted which
causes the Electrostatic
chuck stop. A 12 In. wafer
has 113 Sq. In. to be used
for chips at $200 that’s
only $1.77 per Sq In. only
17 cents more than 2 times
the ammount lost. Total
loss of production > $1000

ESC takes time to set it to
normal condition which
causes the Etching Process
system stop ultimately
there will be more loss in
Production once it set up
permanently.

ESC is at low performance
which causes the Etching
system trip hence Lower
production leading lower

profit per wafer.

ESC trip, Steam system
trip, Production stooping

same as 2-A-3

ESC trip, Steam system
trip, Lower production,
downtime of 1 day

Low effect on ESC and on
system but there will be no
effect on overall plant until
Full etching process fails.
Downtime for changing
check valve is 3.5 hours

ESC trip, Etching system
trip, Production stooping

Once valve is cracked ESC
will trip, Etching system
trip and Production will

be stopping. Downtime to
change valve =1 hour
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Table 5. RCM Design sheet for ESC

RCM Item LAM-4520 Wafer System: Etching Process
DECISION Etcher Sheet No. 1 of 1
WORKSHEET Component:  Electrostatic Chuck Unit No: 1
H1 [H2 | H3
Information C(.)nsequence Evalu- S1 | s2 |S3 | Default Task Proposed Task Initial Can be
Reference ation Interval ~ done by
01 |02 |03
F [FF [[H [s [E [0 NI [N2[N3 [n4 [Hs |s4
1 A 1 N N N Y N Y Implement Extended Weekly  Tech Op
Precoat on Novellus
150mm Tool
1 A 2 N N N Y N N Y Fix BSC Spacer Etcher Weekly Tech Op
for LAM4520- ESC
1 A 3 Y N N Y Y Generate OCAP (Out of  Weekly ~ Tech Op
Control Action Plan)
1 B 1 Y N N Y Y Check previous process ~ Weekly ~ Tech Op
(Dopping-Undopping),
Change Novellus System
1 B 2 Y N N Y Y Vent the main reaction Weekly  Tech Op
chamber
1 B 3 N N N Y N N Y Verify that the Chamber 4 Weekly LAM-
Clamp Flow (Envision) Engineer
or He Flow Full Scale
(sccm) is set to 50 sccm
2 A 1 Y N N Y Y Replace check valve Six Tech Op
monthly
2 A 2 Y N N Y Y Replace check valve Six Tech Op
monthly
2 A 3 N N N Y N Y Replace check valve Six Tech Op
monthly

as the analysis seemed to be quite simple but these
analysis make a major difference in the availability
of plant.

4. CONCLUSIONS

This research revealed that when reliability-oriented
maintenance was carried out at the production
facility, it maximized the life and utility of plant
and critical equipment for a much longer time.
Even in today’s world, maintenance is considered
as a necessary evil and is thought be a simple
process and a wastage of time. However, this study
proved that by implementation of RCM at the
production facility, the production in the prevalent
conditions was achieved in a most cost-effective
way. The decrease in downtime clearly revealed
that the research proved fruitful, however, little
betterment in future such as replacement of LAM-

4520 unit with advance LAM 6 Rainbow etcher or
replacement of dry vacuum pump model may lead to
more economical and greater levels of production.
Results of the RCM technique implemented on the
plant suggested that the management must go for
advanced predictive maintenance techniques.

This study also suggested to curtail reactive
maintenance and encouraged to perform
maintenance tasks at regular intervals. The planned
labor program was also proposed, which showed
that the labor cost falled from 295200 $/year to
220800 $/year which was 25.2% of the total labor
cost. Insufficient maintenance and operational
procedures and flaws in designs were exposed and
corrected while constructing the fault tree. RCM
planning directed a saving of about 80% of the
total downtime cost as compared to pre-existing
maintenance (RTF). Decreasing the labor cost
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increases reliability of system. The planned spare
parts program for the components of plant was
generated. The results showed that about 22.17%
of the yearly spare parts charges were saved by
implementing RCM. The whole plant underwent
predictive maintenance and gave maximum from
the given input.
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Abstract: In applied sciences, the lifetime’s data models have been constructed to facilitate better modeling and
significant progress towards the reliability analysis or survival analysis. For this purpose, a new distribution “Quasi
Lindley Pareto Distribution (QLPD)” has been introduced. It’s Moments generating function, moments, mean,
variance, coefficient of variation, skewness, kurtosis, survival function, hazard function, and distribution of extreme
order statistics have been discussed. The maximum likelihood method has been discussed for estimating its parameters.
The distribution has been fitted to real life data set to check its goodness of fit to which earlier the Lindley distribution
and Quasi Lindley distribution have been fitted and it is found that QLPD provides closer fits than those by the Lindley

distribution and Quasi Lindley distribution.
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1. INTRODUCTION

The modeling of lifetime data is crucial in many
fields of applied sciences like engineering, biologi-
cal, finance and insurance. Exponential, Gamma,
Weibull and Rayleigh distributions have been de-
veloped for this purpose. Lindley [1] had developed
one parameter Lindley distribution for lifetime data
analysis. Sankaran [2] developed discrete Poisson-
Lindley distribution from Lindley and Poisson dis-
tributions. He also discussed its different properties,
parameter estimation and goodness of fit. Ghitany
et al. [3] worked on Lindley distribution with con-
sidering waiting times before service of the banking
customer’s. Shanker and Mishra [4] derived Quasi
Lindley distribution (QLD). Shanker and Mishra
[5] derived two-parameter Lindley distribution and
discussed its various properties. Shanker et al. [6]
introduced another two-parameter Lindley distri-
bution. Shanker and Amanuel [7] developed new
Quasi Lindley distribution. Shanker and Tekei [8]
determined a new Quasi Poisson Lindley distribu-
tion. Shanker and Mishra [9] developed Poisson
mixture of Quasi Lindley distribution and also de-

Received, June 2017; Accepted, March 2018

scribed various statistical and mathematical prop-
erties, parameter estimation and applications. Lazri
and Zeghdoudi [10] introduced a distribution for
modeling lifetime data called Lindley Pareto distri-
bution (LP) and also discussed its various proper-
ties and application. In this paper, we have derived
Quasi Lindley Pareto distribution and its different
properties are also discussed here.

Let Y be a random variable following the two pa-
rameter Quasi Lindley distribution (o, 0) with the
following probability density function:

0(a+y6)e=0Y
f; a,9)=Wy>0, a>-1,0>0 (1)

Pareto distribution was established by Pa-
reto [11] to elaborate the unequal distribution of
wealth. There are many studies on Pareto distribu-
tion such as the generalized Pareto distribution was
derived by Pickands [12], the beta-Pareto distribu-
tion was discussed by Akinsete et al. [13] and the
beta generalized Pareto distribution was proposed

by Mahmoudi [14].

* Corresponding Author: Asad Ali; F2017204002@umt.edu.pk
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The mixed distribution is one of the most im-  distribution known as gamma Lindley distribution.
portant concepts for developing a new distribu-
tion. For example, Zakerzadeh and Dolati [15] The T-X family of distributions defined by Al-
used gamma (o, 0) and gamma (a + 1, 0) to create  zaatreh et al. [17] is a new method to generate fami-
a Generalized Lindley distribution (GLD). Nedjar  lies of the continuous distributions. The cumulative
and Zeghdoudi [16] determined a new distribution,  distribution function (CDF) or distribution function
based on gamma (2, 0) and one parameter Lindley  (DF) of this family is defined as:

FO»)

G =[P fdt @)

Using Quasi Lindley distribution, (2) becomes Quasi-Lindley X-family of distribution with CDF and
Probability density function (pdf) such that:

602 =1 =m0+ () >
Where § = 1:(:32 ;)

= 6 f» F(y) -0 f(y')
907 = [(a+1)] [{1—F(y)}2] v+ 1_F(y)] x e ~*lr) @

We considered CDF and pdf a Pareto distribution as:

_1_[2 _ kB*
Fo)=1- %] fO=sm v>B
1.1 A Quasi Lindley Pareto Distribution

By utilizing (3) and (4), we get CDF and pdf of Quasi Lindley Pareto distribution (QLPD) with scale
parameter(s) ¢ and y , shape parameter(s) 8, § and k is given by respectively:

Q(y) =1—exp [y—e(%)k—l] [1+(ﬁ){(%)k—1}] y>0,kay6p>0 (5)
and
1) =[2 ] [o -0 () +0(Z)" Jew-0(2)" ©)

The nature of QLPD for different values of its parameters «,y, 8, f and k has shown graphically in
the Fig. 1 (a), (b), (c) and (d). In Fig.1 (d) seven choices of QLPD parameters have been combined for
comparisons.

2. SOME PROPERTIES

Survival Function: The Survival function for random variable Y from QLPD(Y; k,y, «, 8, () is given
as:

s =en [0 1]+ 626 1)
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Hazard Function: The failure rate function has also been called hazard function, determined, by Eq. (6)

over survival function Eq. (7). So, hazard function of QLPD(Y; k, v, «a, 8, B) is:

_ 9k[(a—6)+9(%)k](%)k_1

B B[(1+a)+6{(%)k—1}]

H(y)

Moment Generating Function: The moment generating function of QLPD(Y; k,y, «, 8, B) is:

i 0o i i Logl
o l@= IR (+1, 0) +TG+2, 0)]fz 5

M, (t) =

This function has been utilized to determine i number of moment about origin.

®)

©)

Moments: The i™ moment about origin of random variable Y from QLPD(Y; k,y, «, 8, ) are given

below:

E(y) = (16.:)0() [@-or(t+1, 0)+ri+2, e)]j—;f

(10)

By putting i = 1, 2, 3 and 4 in Eq. (10), first four moments about origin have been derived to

determine the mean, variance, coefficient of variation, skewness and kurtosis.
First four moments about mean are defined as:

1 =m—my

py = my — (my)?

fz = mz — 3mymy + 2(my)>

Hg4 = My — 6mgmy + 3mym, — 4(m1)4
From Eq. (10), we have,

6

my = E0Y) = = |@=0r(p+1, 0) +TG+2, 0) 9%
my = B0 = [@—-or((+1, 8)+1¢ +2, 0)] s—%
my = B0 = [@-or (i +1, 8)+1¢ +2, 0)] S—%
my = E0") = [@—-or (i +1, 8)+1¢ +2, 0)] S_z

From above equations, we have,
p =0

u2 = Var(y)

(11)
(12)

(13)
(14)

(15)

(16)

(17)

(18)

(19)

(20)



A Quasi Lindley Pareto Distribution 37

My = s [(a —or(i+1, e) +TC+2, e)]

[@-er(Z+1, 0)+r¢+2 e)]z—;x

e
% (1+a)

[(a—H)F( +1, 8)+TG+2, e)]

(1+oc)

?rli-‘lm

<(1+a)[(0(—9)l"( +1, 8)+T( +2, e)] >(21)

by = =2 [@-or(i+1 8)+r¢

(1+a)

= J@-orE+1, 6)+r¢+2, e)]i—;x

= [@-or(t+1, 8)+r¢+2, 0) ﬁ +3 (ffa) [@-or(+1, 8)+ré+2, 0] % x

(1+a) (1+a)

R‘

[(a O (1+1, 0)+T( +2, e)]%— <eg (@=O) (3+1, 0)+TG+2, 0)] 1>4(22)

Mean: The mean of random variable Y from QLPD(Y; k,y, a, 8, ) is defined as:

(1+a)

E(y) = = ( )[(a—Q)F( +1, e)+r(—+2 e)] (23)

Variance (Var): The variance of random variable Y from QLPD(Y; k,y, a, 8, [) is obtained as follow:

Vary) = 5 )< >[{(a—9)r( +1, 8)+TG+2, O} —{(w—Or(3+1, 6)+TG+

2, e)} (1+9a')] @4

Coefficient of Variance (C.V): The coefficient of variance for random variable Y from QLPD(Y; k,y, «,
6, B) is obtained as follow:

v =[G (25)
_aa [(a—G)I‘(§+1, e)+r(§+z, e)] B
C'V_\] ef [(a—e)l"(%+1, e)+r(%+z, e)] 1 (26)

Similarly, Skewness and Kurtosis will be determined by using Eq. (21, 22 and 24):
2
Skewness = #—2 (27)
)
kurtosis = ”—‘2* (28)
M2

Order Statistics (OS): Ordering of positive continuous random variables is an important tool for judging
the comparative behavior. Let, Y;,Y,, ..., Y,, are random samples from QLPD(Y; k,y,a, 6, B) and Y,.,, is
the rt" order statistics with pdf given as follow;

4ra () = T AT L — eI (29)
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Oke?

10 0) = e [{B(Ha)}{(y -9 (%)H +0 (%)Zk_l}e"p{ 0 X [1 —exp [ -
r-1 n-

[ G )] xlewlol) -1+ a+1>{<%>"—1}]]

So, the pdf of the smallest OS at r=1, q;,(y) and the largest OS at r=n, q,,,(y) are obtained by:

a0 [} -0 Q) 40 @ Y1+ (- x fewio @) o0

and

Gun(¥) =1 [{B(1+a)}{( —0) ( ) T (%)Zk_l}exp{—ﬁ (%)k}] x [1 — exp [—9 (%)k - 1] [1 +
n-1

G ) 2

3. ESTIMATION OF PARAMETERS

Let, y1,¥5, ..., ¥n be a random sample of size n from the Quasi Lindley Pareto distribution and the
likelihood function of QLPD is defined as:

kK
Oke yl k- Vi 2k-1 (an —6(%)
[B(1+a) [(y 0) ) +6 (B) ]exp { } (33)
Further, the log likelihood function is obtained as follow:
Oke® =9 - 0\<
logL = nlog [ﬁ(ue-a)] +log [;/k—l Ly T+ Bk c I v%* 1] - ?:1{_9 (%) } (34)

By taking partial derivatives with respect to parameters, following estimates are obtained:

Tie = —1 (35)
1
KOSy
Bte- [ o] (36)
Omles ————— (37)
o, () -n
sy (38)

3In[ln B-3¥-; Iny;]-Inn+ln 9—ln[2?:1 ln&]+ln(&)
oo o ikl (39

(QLD) have been fitted and it was found that QLPD
provides better fit than those by LD and QLD. Here
the fitting of the QLPD to the data set have been
presented in the Table 1. The data is regarding the
survival times (in days) of 72 guinea pigs infected

4. GOODNESS OF FIT

The Quasi Lindley Pareto Distribution (QLPD) has
been fitted to a data set to which earlier the Lindley
distribution (LD) and Quasi Lindley Distribution
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Table 1. Data of survival times (in days) of 72 guinea pigs infected with virulent tubercle bacilli, observed and

reported by Bjerkedal [18]

Expected frequency
Survival Time (in days) Observed frequency
LD QLD QLPD

0-80 8 16.14 10.71 10.24
80-160 30 21.91 26.95 27.73
160-240 18 15.39 17.71 17.66
240-320 8 9.00 9.14 8.59
320-400 4 5.47 4.26 4.53
400-480 3 1.80 1.86 2.31
480-560 1 2.29 1.34 0.94
Total 72 72.00 72.00 72.00

with virulent tubercle bacilli, observed and reported
by Bjerkedal [18].

In Table 1, the expected frequencies according
to the Lindley distribution and Quasi Lindley
distribution have also been given for ready
comparison with those obtained by the Quasi
Lindley Pareto distribution. It can be seen that the
QLPD gives much closer fits than the LD and QLD
of Shanker and Mishra [4] and thus provides a
better alternative to the LD and QLD.

5. SUMMARY

In applied sciences, the lifetime’s data models
are constructed to facilitate better modeling and
significant progress towards the reliability analysis
or survival analysis. In this paper, we introduced
five-parameter Quasi Lindley Pareto Distribution
(QLPD). The probability distribution function with
different values of its parameters has been shown
graphically. Several properties such as probability
density function, distribution function, survival
function, hazard function, moment generating
function, moments, mean, variance, coefficient
of variance, skewness, kurtosis and distribution
of extreme order statistics have been derived.
The estimation of parameters by the method of
maximum likelihood has been discussed. Finally,
the proposed distribution has been fitted to a real
life data set to check its goodness of fit to which
earlier the Lindley distribution (LD) and Quasi
Lindley distribution (QLD) have been fitted and
it is found that the QLPD provides closer fits than

those by the LD and QLD. Therefore, it is suggested
to use QLPD as a lifetime’s data model for better
estimation.
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Abstract: Assistive technology has the potential to support persons with dementia (PWDs) in their daily life activities
and provide them quality of life services. This paper proposes a novel mechanism in order to manage disorientation
or time and place problem of PWD through the use of Bluetooth low energy devices, smart watch and smart phone/
tablet. The proposed mechanism was verified in a real environment having the facilities an ordinary PWD avail in his
home environment and also in lab environment. All of the participants were volunteers from research group personal
contacts. Volunteers spend time in the environment and results were generated. Experimental result showed that the
proposed mechanism provided an accurate real time ubiquitous monitoring of PWD. Successful detection of PWD
presence in real time and notification to caregiver observed in all cases.

Keywords: Dementia, mobile technology, low energy sensors, real time monitoring through wearable

1. INTRODUCTION

The world population has moved towards a greater
portion of elderly people. Elderly population is
facing different physical and mental problems due
to the decline in health condition. The most common
problems are Alzheimer and dementia. According
to World Health Organization (WHO) 47.5 million
of the world’s population is experiencing dementia
and in each year 7.7 million people are adding
to this figure [1]. Dementia mostly effects older
population and it is the foremost cause of the
disability and dependency among the population.
Dementia directly affects the part of the brain which
is involved in learning. Dementia, the most serious
form of memory disorder, is a group of symptoms
caused by different disorders. Alzheimer, stroke,
brain injury that affect the brain are different causes
of dementia.

Dementia syndrome creates different types of
physical, social and economic burden on family
and caregivers. Dementia effects differently in each
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person. Three major stages of dementia have been
identified so far, namely, early stage dementia,
middle stage dementia and late stage dementia.
More than half of the persons with dementia
(PWDs) may face intellectual decline state. In
this case PWDs lose their ability to remember, to
comment, to make judgment and they may not be
able to act independently. In all three major stages
the most unfavorable problem faced by dementia
patient is forgetfulness. Due to the forgetfulness
problem the patient faces problems in performing
ADL (activities of daily life).

In the middle stage of dementia the patient’s
forgetfulness problem may become severe, even
patient may be lost in its own home environment.
The patient may wander in its own home
environment and even may face difficulty in finding
different places (such as bedroom, washroom,
lounge, etc.). As a result, PWD may be in one place
in sitting or standing position alone and could not
find a rest place. The inability of dementia patient
to perform a series of tasks which are required
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to complete a particular job (such as making a
cup of tea, changing clothes, brushing teeth, etc.)
makes their life difficult. It is often observed that
dementia patient, if sitting in a particular place or
doing some activity, remains involved in the same
activity which in turn may be harmful for their
health. For example a PWD may continue to sit in
front of television (TV) even he has watched his
favorite TV show and no program of his interest
is running on TV. This sitting may create different
postural problems such as hunchback, forward hip
tilt, muscle fatigue, aching muscle, and corns.

To conclude, the proposed system aims to
detect the condition of disorientation of time and
place for PWD using Bluetooth low energy (BLE)
bacons, smart watch and mobile phone. BLE
beacons are small devices which are positioned
on a place which is relatively suitable in particular
environment [2]. Bluetooth beacons are most
suitable in indoor environment position as (Global
Positioning System) GPS signals (the most widely
used outdoor positioning technology) may not work
in indoor environment due to the presence of walls
and other obstacles. The algorithm proposed in the
system analyzes the signals received from smart
watch on smart phone/tablet and takes appropriate
action.

1.1. Problem Statement

PWDs face a lot of challenges even when they are
present in their own home environment; as a result,
different types of psychological disorders such as
aimless movement, repetitive locomotion with no
identifiable goals develop in their personality. One
of the problems with PWDs is that they become
disoriented with time and place. Thishappensusually
at the early stage of dementia and becomes worse
in the late stages of dementia. The ultimate cause
of this behavior may be the destruction of memory
cells in the brain and trouble in recognizing people
and objects. They also face difficulty in judging the
passing time, passing events and confuse day and
night. The other problem related to disorientation
of day and time are that PWDs often get ready for
appointments which are far away and they think
that an event which has taken place in past days
has just happened. These types of inabilities took
PWD as well as their caregiver in a very frustrating
situation. As a consequence the PWDs ability to
function may reduce. Management strategies with

the PWD having disorientation of time and place
have been proposed in medical science such as
hanging calendar with their bedside wall, placing
labels, signs and directional signs on different
place in a PWD environment. This is observed that
more familiar environment leads to more safe and
satisfied to PWDs.

1.2. Outcomes of the Problem

Dementia patient feels unsafe in the unfamiliar
places and this may lead to a PWD in a worse
condition. If PWD is present aimless in an
environment it can be harmful to his health. For
example sitting on a sofa with long hours may
increase the risk of heart disease, diabetes, obesity,
and more. The condition becomes worse for a PWD
if he is sitting in an uncomfortable place such as
stool, floor mat, wash room seats, toilet seat, etc.
Remaining in an uncomfortable posture may cause
neck pain, headache, low back pain, fatigue, Joint
stiffness, pain etc.

2. RELATED RESEARCH

Assistive technology has the potential to provide
care to PWDs in their different problems. Research
has proposed several assistive solutions to address
the challenges faced by PWDs in the following areas
such as medication adherence system, memory loss
problem, incontinence problem, wandering, remote
control operating problem and sleepiness problem.

PWD’s most troubling problem is forgetfulness.
Due to forgetfulness the caregiver as well as a
PWD face different problem in order to manage the
activities of daily life. Proper medication at proper
time is very critical for the health of PWDs. The
study by Moshnyaga et al. [3] assists caregiver
as well as PWD in order to get proper medication
at proper time. The system uses Kinect as visual
sensor, speaker, reed-switches, sensor, actuators
and (light-emitting diode) LEDs to assist PWD and
sends notification to caregivers about medication
intake.

In order to improve quality of life of dementia
patients the technique of memory places has been
used [4]. Method of Loci and augmented reality
technique were used which help PWD to create
their own memory places. This work exploited the
fact that a PWD can also learn new things and use
this phenomenon in their application. Engagement
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in meaningful activities may play a positive vital
role to improve the memory problems of PWDs.
MemPics program has been developed for PWDs
for Long term care residents [5].

One of the most occurring problems of PWD is
wandering. Due to their memory decline the PWD
often wander in their familiar places and could not
find the safe way to reach their destination. The main
problem of wandering behavior is that nobody can
predict at what time or in which situation wandering
behavior will occur and at which intensity it
will affect the PWD. This problem makes the
detection of wandering a challenging task [6]. The
framework proposed by Ou et al. [7] transmits the
GPS trajectory from the device worn by elderly to
caregiver smart device or laptop ubiquitously. The
caregiver remains aware about the presence of its
loved one anytime anywhere.

Wang et al. [8] proposed usability study of
WanderHelp application. The application helps
PWD to lessen the risk of wandering and as a result
endures the safety of PWD. On the basis of spatial
and temporal dimensions the PWD environment
has been divided and then three types of zones
have been created, namely, green zone, red zone
and amber zone. As soon as the location of PWD
is detected in danger zone the location of elderly is
send to caregiver mobile.

A wandering monitoring system has been
introduced by Sansrimahachai [9]. This system
analyzes the travelling pattern in real time. The
stream event input is based on GPS data obtained
from mobile device. Speed, altitude and heart-rate
data was also used as stream input. In this work, the
geolocation data was processed dynamically as soon
as collected without any storage. Message oriented
middleware (MOM) provides infrastructure support
in message transportation between servers and
clients. Geolocation data combined with heart rate
sensor data is sent to wandering detection system
(WDS) through MOM. WDS continuously and
dynamically detect wandering episode over stream
events.

The Alziomo app [10] provides geofencing
and activity recognition for PWD and detects
fall through the use of Android smart phone. The
caregiver may set certain predefined activities and
physical zones as dangerous for PWD and may

associate the notification upon these activities
recognitions.

Operating mobile phone may be a difficult task
for PWD as they cannot keep track of sequence of
activities in order to complete a job. The system
proposed by Sasaki [11] detects the repetitive
incorrect button pressing of remote control through
smart phone antenna. The smart phone antenna
receives the electromagnetic signals from PWD
remote control and input these signals to the
algorithm which detects the phase change of the
waves. In case of detection of phase change the
smart phone will send an alert to PWD caregiver to
inform them that their loved one is having problem
in operating remote control. Through this way the
behavior problems of elderly can be detected.

An assistive system using sensors to detect
soiled diaper for PWD is proposed by Wai et. al
[12]. The sensor deployed/attached to diaper senses
the wetness event and immediately send an alert to
nursing staff. The system provides context-aware
intervention of wetness event so that caregiver
could monitor patient’s diaper condition anywhere
anytime. The reminders are sent to caregiver along
with the location of PWD. Therefore, the system is
applicable to a nursing home in which more than
one patient needs to be monitored continuously.
The context of patient is detected through sensors
attached in patient bad or wheelchair. This helps
caregiver to care a PWD without any annoyance
and waste of time.

Sleep monitoring and support system for early
dementia patients through the use of sensors placed
on patient’s bed and PIR (passive infrared sensor)
sensor on bedroom wall is presented in [13]. The
bed sensor is used to detect in and /out of the base
status and PIR sensor is used to pick up the motion
of PWD in his room. The sleep pattern data obtained
from sensor has been visualized to support PWD.
This work also proposed a set of measures that can
be used to assess the quality and quantity of sleep.

Android based mobile application has been
developed [14] to support a PWD in different tasks
such as calling caregiver or medical professional
in case of emergency and playing mind games to
improve mental skills. The application detects fall
using built in sensor on mobile device.
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3. RESEARCH DESIGN AND
METHODOLOGY

In PWDs the disorientation of time and place is an
issue which creates health problems for them as
well as it is a great challenge for caregiver to cope
with this. Disorientation of time and place problem
may be minimized by using different methods such
as providing visual cues in the environment, putting
a clock and simple calculator with PWDs, putting
easily readable labels in PWDs environment,
etc. Mostly the PWDs are accompanied by their
caregiver. The absence of caregiver may create
problems for PWDs. No real time ubiquitous
method has been proposed in this situation. The
use of pervasive assistive solution to provide real
time monitoring for the detection of episodes of
disorientation which also may notify the caregiver
about the severity of situation holds much attraction
to provide assistance to PWD and caregiver.

3.1. PWDs Specific
Challenges

Need and Technical

The episode of disorientation may occur anytime
with PWDs. In order to monitor a PWD aimless
presence in his home environment and to notify
about the episode of disorientation to caregiver (and
PWD himself) it is necessary that PWDs presence
in its home environment should be observed in real
time manner. BLE has the potential to detect the
presence of PWD in his home environment. BLE
technology enables smart devices to perform some
action when in close proximity to a beacon. When
PWD worn smart device reaches to close proximity
to these BLE devices then smart devices may
perform action which has been programmed in it.

3.2. Required Features and Advantages

In order to detect the presence of elderly, the system
should report the PWD’s aimless presence in real
time. The system should inform caregiver (as well
as PWD) about the danger situation must be done in
seamless way so not to create any sensory overload
and without imposing constraints to parties which
are involved in the process.

The anticipated features of the proposed system
include:

¢ Real time monitoring of PWD in his home
environment

e Providing ubiquitous notification to
caregiver about the situation

The benefits of acquiring the proposed system are:

e Caregiver does not need to be present in
PWD environment

e (aregiver may give instruction to PWD
through some pre-define SMS, voice
message or even he may call to his loved
one if he finds PWD in uncomfortable
position.

e PWD doctor or Psychologist may use the
data of PWD’s presence to see which area
in PWD’s environment is mostly chosen by
him

3.3. Placing BLE Devices in Home Environment

Different BLEs may be installed in the PWD
environment such as:

Kitchen
Washroom-1
Washroom-2
Garden/Lawn area
Bedroom-1
Bedroom-2

Car porch

Living Room/TV lounge
. Terrace /Balcony
10. Hallway

11. Study

I B e

Different BLEs installed in the home
environment so that elderly presence can be
detected. Fig. 1 depicts a possible placement of
BLE beacons a home environment.

3.4. Home Environment Zone Division

On the basis of the criticality of PWD’s presence,
the home environment has been divided into the
following four zones.

3.4.1. Highly Risk Zone

Highly risk zone is the area of PWD home
environment in which the aimless presence of PWD
is considered very unsafe and dangerous even for
a short period of time. Kitchen, store and wash
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rooms are the places in PWD environment which
are considered in highly risk zone. The other areas
of PWD environment including in highly risk zone
may be boundary areas and car garage of home.

3.4.2. Moderate Risk Zone

Moderate risk zone is the area of PWD home
environment in which the aimless presence of
elderly is considered at low level of risk. The PWD
may be present in the locations of this area in order
to perform his daily life activities like watching TV
or reading books in library. The caregiver may set
the danger time for elderly presence according to
specific elderly needs.

3.4.3. Low Risk Zone

It is the safer area in PWD environment in which
presence of PWD is considered at very low risk.
The time slot of presence of elderly will be greater
as compared to highly and moderate risk zone.

3.4.4. No Risk Zone

It is the safest area in PWD environment in which
presence of PWD is considered at resting position.

Caregiver

45

Fig. 1. Possible Placing of Bluetooth beacons (Green
circles show BLE beacon placing)

The time slot of presence of elderly will be greatest
in this zone.

3.5. System Architecture

To overview the proposed architecture a system
diagram is presented in Fig. 2. The proposed
architecture mainly has a network of miniature
BLEs installed in the PWD environment, smart
watch which is worn by the PWD and a smart
phone which is available in the PWD environment.
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The caregiver has desktop application for profile
building and watch PWD activity data, and smart
phone to receive messages about danger situation.
The details of the components of the system are
given below.

3.5.1. BLE Network

Each BLE beacon may broadcasts its ID; the
RSSI (received signal strength indication) may
be used if a network of BLE nodes is deployed
in an environment. RSSI can be used to extract
position information about the BLE device as
BLE beacons can only broadcast their IDs not any
other information. The BLE receiver can calculate
the distance of BLE by solving the free space lose
equation. This work exploits the method used to
find the position information of the respective BLE
[15]. According to proposed architecture every
BLE be installed on different position in the home
environment of a PWD (for example as described in
the Fig. 2) so that beacons may be received on smart
watch. Every BLE has a unique identifier which
will act as its ID. Every beacon will send a scanning
message to master beacon every A seconds interval.
The Bluetooth available on smart watch will act as
a Master Beacon and the other deployed BLEs in
home environment will act as Slave Beacon. The
processing flow of the proposed system starts with
the Slave BLE beaconing. The algorithm which
will run of smart watch is given below.

3.5.2. Smart Watch Application

The smart watch application listens to BLE installed
in the environment. As PWD moves in its home
environment with smart watch on his wrist, different
BLEs may communicate with smart watch. As soon
as the smart watch enters in the range of BLE, the
BLE starts communication about its presence. This
ID actually tells the location of PWD in its home
environment. The BLE communicates its ID with

Algorithm:

Step-1 Start pairing with Slave BLEs

Step-2 Receive signals from paired slave BLE
Step-3 Discard signals which have lower RSSI if
signals are received from more than one BLE
Step-4 Prepare data packet containing the ID of
BLE and RSSI

Step-5 Add time stamp to data packet

Step-6 Send data packet to smart phone

smart watch, upon receiving the ID signals from
smart watch the application installed on wrist watch
adds a few parameters and then send this data packet
to smart phone which is already paired with it. The
function of smart watch is like a bridge which sends
the location information to smart phone of PWD.

3.5.3. Mobile Application

The mobile application running on smart device
such as smart phone or tablet plays vital role in
proposed architecture. The smart phone should be
present in home environment of PWD or PWD may
be trained to put this device near him. The main
algorithm to detect the danger situation is installed
on smart phone. The mobile application provides
infrastructure support for receiving the data from
PWD worn smart watch. The application runs
on mobile phone as selected by caregiver. Upon
receiving the data from smart watch it calculates
the occurrence of danger situation.

If application receives beacon from Master
BLE then it starts the detection algorithm. The
algorithm will wait for the next beacon and upon
receiving the next beacon from the Master BLE
the time difference of the current profile will
be calculated. If this difference is less than the
threshold set by the caregiver then no action will be
taken and algorithm will set the position of elderly
profile with total time reflecting the presence of
PWD in a specific region of the home. This process

Algorithm:

Step-1 Receive data packet(s) form Master BLE.
Step-2 Mark PWD presence in respective zone
(Highly Risk Zone, Moderate Risk Zone, Low
Risk Zone, No Risk Zone)

Step-3 Accumulate data packet(s) with the same
source, calculate time interval and update time
interval and profile variables

Step-4 Match time interval with threshold time
(set by caregiver)

Step-5 If (time interval > threshold time) then
send alert to caregiver or PWD (depends upon
caregiver choice) with PWD presence information
in critical zone and time interval.

Step-6 If (time interval < threshold time) go to
step-3.

Step-7 Maintain PWD profile data through profile
variables and send it to cloud database (on daily/
weekly/monthly basis)
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will continue in coming times and time counter will
reflect the total time elapsed in a same position. If
the elapsed time found to be equal to or greater than
the preset threshold time then the situation will be
set at danger situation.

3.5.4. Web-based Desktop Application

The web based application intended to provide
support to caregiver in order to maintain a PWD
specific need’s profile. It has an easy interactive
interface which enables a caregiver to perform
different actions which may improve the quality
of life of PWD. The caregiver may login to the
web based application anytime anywhere to create
or edit the profile of its loved one. The caregiver
may create the critical zones according to its choice
and set the danger time slot. This time slot will be
used by the mobile application to detect the danger
situation. The caregiver may send PWD mobility
data to medical professional for better treatment of
PWD.

3.5.5. Profile Building

Caregiver may interact with the web application
in order to create PWD detailed profile in which
he can specify the special needs of the PWD. All
PWDs may have different needs and their time
and place profile may reflect diverse needs. Profile
building facility makes caregiver freedom over
specifying the special needs of his loved one. At
any time caregiver may alter the profile and edit
any information regarding his priorities.

3.5.6. Notification to Caregiver

As soon as the mobile device detects a danger
situation it will inform caregiver about the situation.
Mobile device may send an alarming message to
caregiver about the position of elderly. The action
to be taken in danger situation will be based on the
preference set by caregiver. Caregiver may set a
reminder voice message in order to inform PWD
to change his position if PWD is found in trouble
or may take appropriate action depending upon the
health/mental status of PWD. The reminder to PWD
in this case may be in the form of a voice message,
in a loud sound so that PWD may hear it easily.
The text of the message may be set and altered by
caregiver anytime depending on the mental health
status of a specific PWD.

The profile will be maintained on daily basis
and will be saved in a cloud database which can
be used for future processing of some other task.
The profile may be used by the doctor of PWD in
order to find out the facts about PWD mobility in
his home environment.

4. RESULTS
4.1. Experimental Evaluation

The main objective of this evaluation is to discuss
the performance of the proposed mechanism. The
system has been tested to evaluate its effectiveness
and how it can detect the presence of PWD in its
home environment and provide alerts to caregiver
about danger event. The system tested for the
following parameters.

Is system providing real time detection of elderly
presence in his home environment?

Is system detecting context aware real time danger
situation?

Is system providing alert to caregiver in case of the
detection of danger situation?

Is system providing caregiver the facility of defining
user specific profile?

Is system providing enough support to caregiver to
define four risk zones?

Is system supporting doctor to view the mobility
pattern of PWD?

The smart watch used in the system evaluation
was supported by Android OS having android
Wear platform. The compatible beacons with smart
watch were used. The mobile application has been
developed on an Android smart phone having
Marshmallow 6.0 API. Web application was hosted
on a Linux PC with 3.10GHz Intel Core 13-2100
processor and 4 GB memory. For the initial study
the research group tested the proposed system in
a real environment as well as lab environment.
The evaluation of the mechanism was done on the
following parameters:

e Test case
e Functional Testing and Usability Testing
e Performance Testing
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e Security and Compliance Testing
e Compatibility Testing

e Recoverability Testing

e Device Testing

4.1.1. Test Case Participants and Test
Environment

The experimental setup for test case-1 and test-
case-2 have been built in a home having 4 different
rooms, one kitchen, 4 wash rooms, a lawn area, a
car garage, a store room, and boundary wall area
on three sides. Different BLEs were installed
in the testing environment. Initially the ranges
of every BLE beacon have been tested for their
possible communication. Every BLE was checked
whether it is working perfectly or not (it is giving
beacons to its Master BLE about its presence). A
total of 18 BLEs were installed in the environment.
Every volunteer spent a total of 20 hours in the
environment in different timings of the day. For
the system testing initially the algorithm was set to
send notification to caregiver if volunteer presence
is found in a zone in a short period of time (5 min,
7min, 9 min, 10 min, etc.).

Every beacon was set to send beacon on every
10 second hence a total of 6 beacons may be received
in one minute interval from a BLE. Transmitting
power of every beacon was analyzed and it is made
sure that Bluetooth of smart watch is receiving
the beacons from every BLE in the environment.
The presence of participant was considered in a
particular zone from which beacon it is getting the
high RSSI.

Test cases: Research group created several test cases
in order to check the performance of the proposed
mechanism on mobile devices. Beside with the flow
of a use case various business rules are also tested.

The following activities were communicated to
perform during this test case.

e  Watching TV for at least half hour
e Afternoon sleep for one hour
e Usual washroom activities

e Making breakfast and afternoon meal ready
to cat

e Walk in the car porch area for 30 minutes
e Taking two rounds of inside boundary of

home
e Ordinary walk inside the environment
e Dishwashing in kitchen
e Visit in store room once
e Spend some time in lawn area

Test case-1: Intest case-1 two male volunteers spent
12 hour times in the specially built environment
which was discussed above. Both volunteers
spend the time in the environment and performed
activities of daily life which were communicated
to them beforehand. Each volunteer performed at
least 7 activities so that its presence in real time
may be observed and the communicated through
the system. In this test case the notification was first
delivered to volunteer in the form of loud voice
message which was preset by research group in the
mobile application. Upon receiving the notification
through voice the volunteer was advised to push
a button provided on mobile application for the
indication of successful event.

Test case-2: In test case-2 two female volunteers
spent 16 hour times in the specially built
environment which was discussed above. Both
volunteers spend the time in the environment
and performed activities of daily life which were
communicated to them beforehand. Each volunteer
performed at least 7 activities so that its presence in
real time may be observed and the communicated
through the system. In this test the notification was
not delivered to volunteer through voice instead
a volunteer a group member himself called the
volunteer to inform about the event.

The result from these test cases have been
observed satisfactory and based on these results
functional and usability testing with different
volunteers has been done.

4.1.2. Functional and Usability Testing

The system has been evaluated with 16 technology
experts (mean age = 37 years, SD = 3.9) who were
either the users of mobile technology or the persons
who belong to the field of software development
and 16 undergraduate student participants (mean
age = 24 years, SD = 2.21). The expert participants
acted as caregiver and student participants acted
as dementia patient. The research group used
department of computer science building for the
evaluation purpose as the building had necessary
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equipment and gathering study participant was very
much convenient there. The same experiment was
repeated in two consecutive days, with total of &
participants each day, in order to get an acceptable
number of results. For the experiment two class
rooms, three teachers’ rooms, two wash rooms,
and a kitchen were selected as these locations were
available in the close proximity in the department
of computer science. BLEs were installed in these
locations and paired with smart watches. This
arrangement reflected the setting of an ordinary
dementia patient’s home environment.

The participants of the study were called
through personal invitation. Their consent was
taken before involving them into the study. The
purpose and objectives of the study were made
clear to all of them.

All of the participants were invited in a 4 hours
long session. The research group explained the
overall working of the proposed system in detail.
Each expert participant of the group was paired
with one student participant. Expert participants
were explained the use of web application
installed on the desktop computers of the lab. The
participants were then allowed to login to the web
application with their mock IDs. The process of
profile building for a specific dementia patient was
demonstrated to them in detail and given a sheet
on which dementia levels were listed so that they
can select any one level for their patient’s profile
and may set appropriate time duration for patient’s
presence. They were given choice on creating a
patient’s specific profile reflecting the dementia
levels as indicated in Table 1.

Expert participants were requested to set a short
interval of time (all intervals less than 13 minutes)

Table 1. Clinically Defined Dementia Stages

Levels Dementia Stage

Level-1 No Cognitive Decline

Level-2 Very Mild Level

Level-3 Very Mild Cognitive Decline

Level-4 Mild Cognitive Decline

Level-5 Moderate Cognitive Decline

Level-6 Moderately Severe Cognitive Decline
Level-7 Very Severe Cognitive Decline

for each zone so that results can be obtained without
waiting too much. Each student participant had
their smart phone on which the proposed mobile
application was installed. Each participant was
provided a smart watch to be worn throughout the
experiment. Each participant was given a schedule
to be followed to remain in a specific area so their
presence in that specific area can be recorded and
communicated through mobile application to their
peer expert participant.

The same process on mobile application was
also explained to them so that they can build
their patient’s profile on their ease. Each expert
participant built one mock profile to mimic one
elderly dementia patient. Student participants
also installed proposed mobile applications on
their mobile phones. Smart watches were given to
student participants and their role of participation
was explained to them. Student participants saved
their peer’s mobile numbers on student participant
mobile applications. Expert participants saved the
mobile numbers of their peer student participants
on their mobile phones as the notification will
be received on their pone by these numbers. All
students participant were asked to strictly follow
the schedule of presence in the environment.
This schedule which was handed over to student
participants is reflected in the Table 2.

The research group did several functional
testing during the development of the desktop
application, smart watches application and mobile
application. Desktop application was tested
according to the parameters which were necessary
to be observed in the system. The user interface
was designed in a manner so that caregiver and
medical professional do not feel any difficulty
in operating the application. The smart watch
application was built so that it can receive and
send BLE beacons and may send these messages
to smart phone application. The main algorithm
which detects the episode of disorientation runs
on mobile phone so special contribution was
given to it so that algorithm runs successfully.
For usability testing the three applications (smart
watch, mobile phone and desktop) have been tested
on the basis of learnability, easy to use, error rate,
satisfaction, interface and design and user friendly
so that system can be used with its full context
of use. During the usability testing the experts
suggested valuable improvement in the design of
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Table 2. Schedule Given to Student Participants

Managing Disorientation of Time and Place in Dementia Patient Evaluation

Date:-

Student Participant Name:

Time Slots Time Zone Time Duration Check List
Time Slot-1 10:00 AM to 10:15 AM High Risk Zone 15 minutes Yes / No
Time Slot-2 10:20 AM to 10:40 AM Medium Risk Zone 15 minutes Yes / No
Time Slot-3 10:45 AM to 11:05 AM Low Risk Zone 15 minutes Yes / No
Time Slot-4 11:10 AM to 11:20 AM No Risk Zone 15 minutes Yes / No
Time Slot-5 11:30 AM to 11:50AM High Risk Zone 15 minutes Yes / No
Time Slot-6 12:15 PM to 12:35 PM Medium Risk Zone 15 minutes Yes / No
Time Slot-7 12:40 PM to 01:00 PM Medium Risk Zone 15 minutes Yes / No
Time Slot-8 01: 00 PM to 01:20PM Low Risk Zone 15 minutes Yes / No

the application. Functional testing was done on the
basis of efficiency, system performance, control
and flexibility, and context and purpose. All expert
participants were given a list on which they were
asked to report the received message’s exact time at
which they received messages. The list which was
given to their peer participant was then shared to
them so that they can match the time of event and
the time of received messages.

After experimental session a carefully designed
7 points Likert scale questionnaire [16], containing
ratings from strongly disagree to strongly agree,
was given to each expert participant to take their
views about the system. This questionnaire was
designed with the help of benchmark questionnaires
SUS [17] and SUMI [18]. Their responses against
usability attributes and system performance were

Table 3. Participants Response Summary Reflecting Mean,

then analyzed. Their response against efficiency,
system performance, control and flexibility,
context and purpose, learnability, easy to use, error
rate, satisfaction, interface and design and user
friendly have been summarized in the Table 3. It
was observed that expert participants were mostly
satisfied with system performance (mean = 6.69,
SD = 0.602) and error reconciliation rate (mean
= 6.69, SD = 0.602). Most participants found the
system difficult to use (mean = 5.69, SD = 0.704)
and suggested valuable improvement in the design
of mobile application and desktop application.
Interface and design also received a lower rating
as compared to other attributes. All attributes were
rated in the range of 5 to 7, no attributes received
low rating, which reflects that all the participant
were very much in the favor of the system. In order
to depict the responses variability a graph has been

Median, Minimum, Maximum and Standard Deviation

System Control Context

Inter-

Efficiency Perfor- and Flex- and Pur- ;‘;ﬁ;‘; g::y to E‘;zr tSi':l):isfac- face' and g::ern dly
mance ibility pose Design
N 16 16 16 16 16 16 16 16 16 16
Mean 6.06 6.69 6.00 6.44 6.06 5.69 6.69 6.38 5.88 6.00
Median 6.00 7.00 6.00 6.00 6.00 6.00 7.00 6.00 6.00 6.00
Minimum 5 5 5 6 5 5 5 5 5 5
Maximum 7 7 7 7 7 7 7 7 7 7
Std. 0.680 0.602 0.516 0.512 0.680 0.704 0.602 0.619 0.806 0.516

Deviation
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Fig. 3. Participants Response Summary with Mean and Standard Deviation

shown in Fig. 3.
4.1.3. Performance Testing

The performances of the applications have been
tested under different conditions. Initially a less
number of BLEs were installed in the PWD
environment so that performance of the system may
be checked and as the performance was observed
satisfactory more BLEs were installed which
overall cover a PWD environment. The notification
capability of the application was checked in
different conditions.

4.1.4. Security and Compliance Testing

As the applications were in their evolutionary
stages no security and compliance test has been
done. The research group is planning to conduct
a comprehensive security and compliance test
in order to ensure that application’s data and
networking security requirements are met as per
standard guidelines.

4.1.5. Compatibility Testing

Since the algorithm to detect episode of
disorientation runs on mobile application and this
mobile application runs as a background process
it is necessary to check that the voice notification
is allowed all the time on mobile application and
also mobile phone is not in silent/vibrate mode so
that voice notification as well as call sound can be

heard by PWD. This is made sure that the algorithm
doses not suspend its working during any voice
call and/or any other application. The PWD may
use his smart watch anytime without disturbing the
BLE signal receiving process. Different tests on
screen size of mobile devices, screen resolution and
network connectivity were also done.

4.1.6. Recoverability Testing

Recoverability parameters such as crash recovery
and transaction interruptions have been checked up
to some initial level. Obviously both smart watch
and mobile phone should be power on during the
PWD observation time. This is the responsibility of
the caregiver to keep the BLE and mobile devices
charged so that no interruption observed during the
process on battery basis. This was observed during
the test cases that if battery of any device involved
in the process discharges the whole process is
disturbed and algorithm needs to recover itself from
this situation.

4.1.7. Device Testing

The research group used Android smart watch with
android Wear operating system, the compatible
BLE beacons, android smart phone running
Marshmallow 6.0 version and Linux PC with i3
processor. No other devices were used to run the
system but in future the research group is planning
to use BLE beacons form other commercial vendors
and different mobile devices running the operating
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system other than Android OS.

S. DISCUSSION AND IMPLICATIONS

The experimental results showed that the proposed
mechanism is providing real time aimless presence
detection in a home environment. The presence of
participants was recorded through the proposed
architecture and then matched with the previously
discussed profile. As every participant strictly
observed the discussed profile of his presence the
experimental checking was made possible. The
system produced satisfactory results against each
participant’s presence. The system has also been
checked for sending the notifications. The system
produced real time notification to caregivers’
mobile devices in all cases. The system provided
caregiver the facility to build four different zones in
a home environment. All the parameters described
in experimental evaluation section were tested in
initial study and pleasing results were found.

The evaluation of the proposed study has some
limitations. The results were evaluated with small
number of participants who were not dementia
patient. One of the reasons was that the research
group found only a small number of dementia
patients in their contacts and the research group
had limited number of recourses through which the
experimental setup was not feasible to perform. The
research group is planning to do the evaluation with
real dementia patients in future. The evaluation has
been performed on Android devices only, no other
devices has been used. The proposed work needs to
be tested in other platforms.

6. CONCLUSION

This paper presents application and implementation
of context aware aimless presence detection of
PWD in its home environment using Bluetooth
low energy (BLE) beacons. Mobile devices are
used with BLE beacons which capture the beacons
from BLE and then this data is used to find the
presence of PWD. PWD may observe the episode
of disorientation of time and place and may be
aimlessly present in different location in his home
environment. This problem may lead to serious
health issues and caregiver may need to be present
24 hours with PWD. By using assistive technology
systems on PWD mobile device real time presence
in home environment is monitored. The proposed

system assists caregiver by providing alerts/
notifications if the danger situation is detected. The
caregiver may build a PWD special profile fulfilling
the special needs a particular PWD and may alter
the profile anytime anywhere according to the
need of PWD. In this way the proposed system can
enhance the quality of life of PWD and caregiver.
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Abstract: Formal languages and automata theory have a strong association with the core of information in the area of
computer science. However, the courses on formal languages and automata theory is a challenging task and students
generally do not find these courses very attractive and experience intricacy and impediment in learning the concepts.
These intricacies stem from the difficult and unusual abstract concepts and the essential mathematical background.
This paper presents a didactic strategy to simplify the hardness of the courses on formal languages and automata
theory and aids to increase the interest and commitment of students in these courses. The proposed strategy supports
a more imperative learning of the topics in formal languages and automata theory in an effective and fruitful way. The
strategy initially evaluated and primary results are quite encouraging.
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1. INTRODUCTION

The formal languages and automata theory (FLAT)
is a core of computer science curriculum [1, 2], and
usually offered at undergraduate level. FLAT has
a significant role in different areas, particularly in
the theory of computation, artificial intelligence and
compiler construction. However, many students
usually find these courses tedious and complex [3, 4,
5]. Students usually find FLAT courses to be archaic
and cannot associate their topics to other courses
in the computer science curriculum or computer
applications [6], and therefore students taking a
course on FLAT be likely to be unenthusiastic
and are unmotivated. Verma [7] argues that this
frequently leads to student disappointment and high
dropout rate in FLAT courses than other courses.

The FLAT courses are mostly introduced
without the use of computers and generally do not
include any programming [8]. A very few FLAT
courses comprised of practical project such as the
development of lexical analyser for a compiler. In
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fact, the induction of practical aspects of the FLAT
courses is infrequent and typically embraced in
courses that include further topics like parsing.

Normally the conventional approaches are used
to introduce the FLAT courses, which are generally
based on the integration of lectures with tutorials.
Conventional chalk-and-board approaches are
followed to teach students the different concepts
of FLAT courses. With tutorials the students study
the FLAT concepts by working through exercises
which are presented for assessment.

It has been observed that a large majority of
students is less motivated in understanding the
concepts of FLAT courses. The lack of interest
is not only due to the difficulties of the topics
themselves but also due to the facts that the
orientation and method of teaching many of the
topics in FLAT courses are not towards computer
science but biased towards mathematics. In most
of the computer science undergraduate curriculum
a Discrete Mathematics is a perquisite of FLAT
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56 Muhammad Shumail Naveed & Muhmmad Sarim

courses.

In order to increase the learning of students in
FLAT courses, this paper presents a didactic strategy
based on an amalgamation of existing techniques
with some new concepts. The central aim of the
proposed strategy is to overcome the complexity
and abstractness of topics by turning the FLAT
course more computer-oriented and interesting.

The paper is organized as follows. In section 2
the related work conducted in the support of FLAT
courses is discussed. The main facets of a proposed
strategy are described in section 3. The results of
the initial evaluation and discussion of a proposed
strategy are illustrated in section 4. Finally, section
5 describes the conclusion.

2. RELATED WORK

A lot of work has been conducted to increase the
learning of FLAT courses. In [9], a strategy based
on constructivist approach is defined by integrating
different teaching approaches to increase the
interest of students and the initial results of its
application are quite satisfactory. In [10], D’antoni
et al. elucidate automatic feedback in the learning
of deterministic finite automata constructions
by analyzing the binary and counterexample-
based feedback. The initial response of automatic
feedback is quite encouraging.

Moura and Dias [11] introduced L-FLAT, a
Logtalk Toolkit for teaching formal languages and
automata theory. It supports regular expressions,
finite state automata, context-free grammar,
pushdown automata and Turing machines. L-FLAT
units are defined using object-oriented aspects of
Logtalk. The significance of L-FLAT in pedagogical
environment is increased by bracing Mooshak, a
web-oriented application which supports automatic
ranking of presented programs.

The FSM is described to present students with
the prospect to work and verify the designs by using
regular expressions, state machines and grammars
[12]. In [13], the use of pen-based computing to
promote the learning in formal languages and
automata theory is proposed. Dol [14] suggests the
use of Think-Pair-Share, which is a cooperative
learning strategy to increase the students learning
about the course.

Educational software tools are used to augment
teaching strategies and particularly software
simulators present association between theory and
practice. Several educational software tools have
been designed to support the simple and interactive
learning of formal languages and automata theory.
SELFA (Software for Learning Formal languages
and Automata theory) is an educational simulation
tool, developed to improve the standard of teaching
in formal language and theory of automata courses
[15]. The endeavour of SELFA tool is to make it
simple to teach the concepts of the subject, whose
level of abstraction make the process complex.

Thoth is technique which helps in teaching
FLAT courses [16]. It can simulate push-down
automata, Turing machines and other classical
concepts like regular expressions, finite automata
and context-free grammars. The tool is specially
designed to allow easy interaction with different
concepts of FLAT courses and allows students
to easily experiment with different designs and
observe the step-by-step evaluation of algorithms.
Thoth has a simple and friendly user interface
which allows the easy and rapid design of the
automata. The interface of Thoth is available in
English, German, French and Spanish.

FLUTE (Formal Languages and aUTomata
Environment) is one of an important effort made
to simplify the learning of formal languages and
automata [17]. Basically FLUTE is an intelligent
tutoring system that helps students in learning
individually about FLAT.

Nobrega et al. [18] described to use a Semantic
Wiki as a tool to help FLAT course by associating
tools like JFLAP. Its main objective is to increase
the engagement of students in FLAT course.

JFLAP is one of an educational tools used in
FLAT courses. Several studies [19, 20, 21] have
been conducted on the use of JFLAP in FLAT
courses and reported significant improvement in
controlling the hardness of these courses. Jarvis and
Lucas [22] have modified JFLAP through which it
is possible to develop Java programs that change
the actual automaton itself and found it very useful
in increasing the student’s capability to understand
fundamental concepts like Church-Turing thesis
and the undecidability.
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Automata Tutor is an online tool that aids
students to comprehend essential notions in the
theory of computation, such as regular expressions
and finite automata. It also provides feedback when
students define wrong solutions, and also supports
instructors in organizing large classes by grading
homework assignments. The tool has been used
in several universities by many students. The
Automata Tutor is analyzed and it has been reported
that students were more engaged with the course
content by interacting with the tool [23]. Similarly,
the use of a tool increased average grade on the
assignments of homework and teachers enjoyed the
tool.

de Souza et al. [24] introduced a teaching-
learning methodology to aid the formalism model
construction about FLAT. According to that
methodology, for every topic of FLAT, the instructor
must recommend a simulator development as
classwork or homework to help the student in
formalism learning. A simulator based Multi-
Formalism Modeling is developed and include
icon-based interface and the initial results of the
proposed methodology are quite positive.

A Combined Methodology based on simulator
development is introduced to provide the knowledge
required in the theoretical computer science
area during the classes of FLAT, compilers and
computer science theory [25]. The methodology
was statistically analysed and found very effective.
Neeman described the use of software testing
techniques to elucidate some concepts of the theory
of automata. The method utilizes equivalence
partitioning and provides a guide for the various
concepts of automata theory [26].

3. DESIGN & METHOD

The topical research on FLAT courses including
the studies referred in the previous sections
demonstrate that the abstract nature of concepts and
notations involved in the course, hard background
of mathematics, conventional style of teaching
and student’s perception on the irrelevancy of a
FLAT course with the computer science are the
contributing factors behind the hardness of FLAT
course.

The contemporary solutions for FLAT courses
usually addressed the single or a few issues whereas

the didactic strategy presented in this paper aims
to overcome the intrinsic complexity of FLAT by
considering the multiple issues involved in the
learning of formal languages and theory of automata
and perhaps this is a main novelty of the proposed
didactic strategy. Principally, the proposed strategy
is based on five principles.

3.1 Ilustration of the Course in Linking with
Computer Science History

Adding the details of the historical development
of the theory of computing in conjunction with
the topics of the formal language and automata
theory has recognized very useful and encouraging
for students [9], and therefore it is a first principle
of the proposed strategy. The course on FLAT
is not based on history of computer science; but
it can be augmented by adding details related
to the historical background in which the topic
appeared as a new discipline. Including historical
information would help the students in discovering
how several concepts developed over time, and
how research works and contribute to the expansion
of a new field. For example, when introducing the
concept of procedure and Turing-Church thesis it
is useful to describe significant essentials about
Alonzo Church and Alan Mathison Turing. So, the
students come to know that both Alan Mathison
Turing and Stephen Cole Kleene did their doctorate
under the direction of Alonzo Church and therefore
their research dimensions were following similar
targets. Avram Noam Chomsky initiated the area of
formal language theory in 1950s to define formal
description of the structure of natural languages
[27], so during introducing the types of grammar
and particularly the context-free grammar it is
fruitful to describe some pertinent work and
development made by Noam Chomsky in the area
of linguistics. Different methods like biographical
notes, conventional lectures and videos may be used
to describe the historical development; however, it
is important to consider the cognitive load while
including these details.

3.2 Pair Programming

Students usually encounter anxiety when they
begin to learn a course on FLAT and therefore
students are motivated and encouraged to work in
a pair. Working in a pair is a second principle of
the proposed strategy. Pair programming has been
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largely utilized in computer science education
because of the benefits it provides to students [28].

Pair programming is an active research
discipline and one of a useful area of Extreme
Programming. In this method, two programmers
work together at one computer on the same task. A
person who holds the keyword is called the driver
and the person who sits alongside the driver is
called navigator. The basic duty of a driver is to
develop the code. The navigator reviews the code
and looks for possible errors that a driver leaves the
code by mistake.

During FLAT course, the students are motivated
to work in a pair as it is favourable for students
and increased their confidence and performance.
During problem solving, the driver develops the
logic and solves the problem; while the other, the
navigator analysed the logic. The students switch
roles frequently.

3.3 Induction of Software Tools for Active
Learning

The conventional chalk-and-board education
style used to teach the concepts in FLAT courses
is hard for students to learn the different concepts
and proofs [29, 30], and therefore the pedagogy
of FLAT courses is shifting from pencil and paper
environment to a technological environment which
use educational software to work with different
concepts in the course [19]. Morazan and Antunez
in [12] described that FLAT courses should be
taught by using tools to define computation. In
many areas of computer science, the visualization
tools, simulators and other educational software
are productively used to illustrate and visualize the
abstract concepts. The third principle of a proposed
strategy is to use different software tools to teach
the FLAT courses. The use of suitable software
would allow the students of FLAT courses to work
and experiment the concepts that would be hard
and complex to do on paper, and to get immediate
response to the problem solving. Chuda and Rodina
in [31] reported that the use of software tools like
simulators in FLAT courses can significantly affect
the pedagogical process.

Large varieties of tools have been developed
to stimulate students’ interest and help them in
comprehending the FLAT concepts. These tools
help students to easily learn and experiment the

concepts which are usually tedious to do on a
paper. Many visualization tools allow animation of
different constructs and proofs and most of these
tools are freely and widely available. Simulation
of automata for educational purposes is itself a
significant area in computer science education
research [32]. Chesfievar et al. [1], discussed the
main aspects of different educational software used
for teaching FLAT and categorized these tools into
multi-purpose tools and single-purpose tools. The
multi-purpose tools and single-purpose tools are
both helpful in the active learning of FLAT courses.

RegeXeX (Regular expression exercises) is one
of a useful tool that can be used in active learning
of regular expressions [33]. It provides a collection
of exercises controlled by a system and provides
advice to students on the precision of solutions.
RegeXeX is also very useful during lectures to
describe how the regular expression is generated.

CAVE (Constructive Algorithm Visualization
Environment) is a pedagogical help to support
instructors to describe the construction of
deterministic finite automata and combining DFAs
using different operators [1]. FSME (Finite State
Machine Explorer) provides an environment that
allows the students to construct finite state machines
and verify them on different inputs. It also provides
the conversion between equivalent classes of finite
state machines.

MACHO is a graphical simulation tool of
deterministic finite state automata. It accepts
the definition of deterministic finite automaton
and displays its transition diagram and simulate
the working of any input string. It uses colourful
animation to increase learning and could be used to
enhance the learning of FLAT courses.

Mealy and Moore machines are the essential
components of FLAT courses and these machines
can be introduced with TAGS (Transducer
Automata Graphical Simulator) which allows
defining and running these machines [34]. It also
allows the rewinding of simulation. The tool also
allows stepwise or continuous simulation.

The FSA Simulator is a program developed to
enable students to work with finite state automata
[35]. It also allows comparing the languages of
two automata. FSA simulator is one of a popular
tool and could be used in FLAT courses. Proof
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Checker is a graphical environment that allows
students to generate deterministic finite automaton
and verify its correctness [36]. Proof Checker is an
elegant tool that may be used to aid the students in
comprehending the FLAT courses.

Formal Language and Automata Package
(FLAP) is a simulation tool to design and
simulate finite automata, pushdown automata and
Turing machines [37]. It also supports numerous
deterministic and nondeterministic dialects of
these automata. The tool allows the simple and
easy generation of automata by simply clicking
and dragging of a mouse. JFLAP is free and
interactive educational software to learn the topics
in formal languages and automata theory. It is used
to support the FLAT contents, including regular
languages, context free languages, unrestricted
grammars, pumping lemmas and Turing machines
and recognized as a useful tool to reduce the gap
between students and FLAT contents [5].

The Abstract Machine Simulator is another
tool designed to help student to comprehend finite
state automata and transducers [38]. It accepts
the description of an automaton in tabular form.
Text based and graphical simulation modules are
available in the system.

Language Emulator is another powerful tool
for the simulation of finite state automata, Mealy
machine and Moore machines [39]. The tool is
available in English and Portuguese. It accepts
the description of the automaton and simulates its
behaviour. It also allows the conversion of NFA
to DFA, minimization of finite automaton and
conversion between Mealy machine and a Moore
Machine.

The Turing Machine Simulator is a tool for
the simulation of Turing machine [40]. It allows
the stepwise simulation of the Turing machine
with descriptive comments.  Turing Machine
Simulator was originally developed by McFall
and Dershem to design and simulate finite state
automata and Turing machines [41]. The tool
allows both nondeterministic and deterministic
automaton. It also permits the use of sub-machines
in the definition of an automaton. Turing’s world
is another tool developed to design and simulates
Turing machine and very effective for pedagogical
purpose. It also supports sub-machine for complex

Turing machines.

Turing Building Block is a tool developed by
Luce and Rodger to design and simulate Turing
machines [42]. It also supports modular design. The
tool includes a graphical editor for interactive and
visual designing of a machine.

Interactive Pushdown Automata Animation is
a tool developed by McDonald to design and
simulate pushdown automata [43]. The tool
allows instantaneous and stepwise simulation.
It also supports high graphics and very effective
for learning. Finite State Automata Simulator
is another tool to design the deterministic and
nondeterministic finite state automata [44]. The
tool allows instantaneous and stepwise simulation.

Finite State Machine Simulator [45] is a tool
developed to design and simulates deterministic
and nondeterministic finite automata in a visual
manner. It also supports the conversions of a
nondeterministic finite state automaton to an
equivalent deterministic finite state automaton
and also supports the minimizing of a finite state
automaton.

Java Finite Automata Simulation Tool is a
very helpful tool to design and simulate finite state
automata, pushdown automata, Turing machines
and other forms of automata [46]. The tool also
supports nondeterministic and deterministic
machines. SimStudio is a simulation tool developed
for finite state automata, pushdown automata and
Turing machines [31]. The tool also supports
nondeterministic and deterministic machines.

Apart from the above tools, there are other
tools like FAdo, IPAA (Interaction Pushdown
Automata Animation), Visual Turing, Minerva,
DEM, JCT and A to CC which are highly amenable
for comprehending the FLAT courses. Though
there are several tools for learning FLAT courses
and it’s possible to use multiple tools to introduce
the concepts; however it is recommended to use
a single or minimum tools to cover the topics in
a course otherwise it would increase the learning
load.

3.4 Computational View of a Course

The mathematical nature of FLAT makes the
courses more abstract and difficult for students
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[7, 39]. The students of computer science
undergraduate programs usually have no strong
background of mathematics and consequently they
have little interest and motivation in FLAT courses.
However, it is possible to increase the interest of
students and reduce the hardness by introducing
the FLAT courses in the context and application of
computer science and this is the central theme of
a fourth principle of a proposed didactic strategy.
Devedzic et al. [47], argued that interest of students
can be increased by illustrating them where they
can implement the knowledge they have acquired.
The applications helpful in the realization of the
fourth principle of a proposed didactic strategy
include formal verification and logic programming
[7], programming languages, query languages,
data definition languages, regular expressions-
based text searches and communication protocols
[48]. Finite state automata and regular expression
can be introduced to describe the lexical analyser,
nondeterministic finite automaton can be used to
model a critical processing with a binary semaphore
[49]; finite automaton may be used in user interface
design; grammar can be used in the definition of
word processors and programming languages;
pushdown automaton can be used to describe
the syntax analyser and halting problem can be
introduced in connection with antivirus problems.

Model-based testing is a central element of
contemporary test automation. In this technique a
software is evaluated by analysing the run time
behaviour against predications defined by a proper
specification. The well-established techniques use
finite state machines as a foundation to select test
inputs [50].

Partial order reduction is a technique used
for concurrent asynchronous systems and use
model checking [51]. Model checking is a
technique to verify sequential circuit diagrams
and communication protocols. In this system,
proportional temporal logic is conventionally
used to define the specifications, and the system is
modelled as a state-transition graph.

3.5 Use of Heuristics in Problem Solving

Construction of different machines and logics in
FLAT courses are usually non-trivial for beginners
because there is no mathematical formula or well-
defined recipe for their construction, and every

problem has its own requirement and entails a
different approach for its solution and consequently
it is usually very hard for beginners to apply the
knowledge of one problem in the direct solution of
other problems. However, it is possible to define
some heuristics as shortcuts to ease the construction
of automata and other problems. Use of heuristics
in FLAT courses is a fifth principle of the proposed
strategy. These heuristics work as an educated
guess or a rule of thumb to understand and define
solutions more quickly.

The heuristics can be easily identified with
experience, observation and judgment and every
course instructor needs to establish his own heuristics
for FLAT courses and therefore the paper does not
define any exhaustive list of heuristics. However,
the authors have established and experienced the
following heuristics for FLAT courses.

1. Although the finite state automaton can be
constructed in any arbitrary fashion; however,
it is better to construct the automaton in top-
down and left-right manner as shown in the
example illustrated in Fig. 1.

Fig. 1. Sample finite automaton for heuristic 1 [52]

This heuristic not only increased the
understandability of a finite automaton, but
also helps students in tracing the strings.

2. Any language defined by a finite automaton
can be constructed with the regular expression,
and the regular expressions always generate
the regular languages. Therefore, the shape of
transition graph of an automaton should follow
some regular or symmetrical pattern. Although
the structure of transition graph solely depends
on the structure of an underlying language, yet
it is better to construct the transition graph in a
form of rectangle, square, pyramid, diamond,
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oval or their combination. As an example,
consider a finite automaton shown in Fig. 2.

. o o oo ba hoa hoa b oa b

-,

Fig. 2. Sample automaton for heuristic 2 [53]

Above automaton only accepts the strings a,
aab, and bab and it is apparent that it follows
one of a prescribed shape.

3. Ifanempty string is a part of a regular language,
then the initial state of its deterministic finite
automaton should be a final state or one of a
final state of a machine. As an example, consider
an FA (shown in Fig. 3) developed over the
alphabet £ = {0, 1}, accepting all strings with
an even number of 0’s and even number of 1°’s:

Fig. 3. Sample finite automaton for heuristic 3 [54]

In this example, the empty string is a valid string
in a language; therefore, the initial state is also
a final state of a machine. The same heuristic
can be used in a definition of a pushdown
automaton. If a context-free language includes
empty string, then its respective pushdown
automaton usually contains an empty move
from the first input state which may check the

stack and switch to the acceptance of a string.
As an example, consider the Fig. 4.

{ START

. i \ A
PUSH X —<ﬁ‘EAU
B

ACCEPT

REJECT

Fig. 4. Sample pushdown automaton for heuristic 3 [53]

This pushdown recognized a language a"b".
The language includes an empty string and the
first input state of the pushdown automaton
check the e-input and accepts it after verifying
the stack.

4. Ifaregular language is finite, then its’ respective
regular expression never contains a closure and
similarly the equivalent finite automaton never
contains a loop. Conversely, if a language is
infinite, then its respective regular expression
and its equivalent finite automaton should
contain the loop(s) which could either be a
direct or indirect.

Consider a language {aa, aabb}*{b}. The
language is infinite and therefore its regular
expression (i.e., (aataab)'b)) contains a closure
and the respective finite automaton contains a
loop as shown in Fig. 5.

-
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Fig. 5. Finite automaton involving indirect loop [55]
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In the definition and use of heuristics, it is important
to realize that heuristic is simply an educated guess,
but not a firm rule so the exceptions are always
possible.

4. PRELIMINARY EVALUATION AND
DISCUSSION

A small study is conducted to determine whether
the proposed solution is justifiable and fruitful to
reduce the complexity of FLAT course and increase
the interest of students. The study comprised of
two parts. In the first part, an online survey was
conducted in which the undergraduate computer
science students of Pakistan who have taken a
course on FLAT were asked the following question:

“Formal language and automata is one of a useful
and influential subject/course of computer science”

The respondent can reply with 5-item Likert
Scale. During the survey, 183 responses are
received from the different regions of Pakistan.
The number of respondents participated from the
different regions of Pakistan and shown in Fig. 6.

majority of students disagree with the usefulness of
FLAT course. The same information can be better
understood with the Fig. 8.
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Fig. 7. Region wise response of participants

The feedback received from the students
indicates that 24% of students strongly disagreed
and 39% are disagreed with the useful and influence
of FLAT course, whereas 20% agreed, 4% strongly
agreed and 13% neither agreed nor disagreed with
the significance of FLAT courses.
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Fig. 6. Geographical locations of respondents

During online survey, 23% response is received
from Balochistan, 33% from Sindh, 19% from
Punjab, 9% from Khyber Pakhtunkhwa and 3%
from Azad Jammu & Kashmir.

The region wise responses received from the
partcipants are shown in Fig. 7.

It can be seen that a large majority of students
do not recognize the FLAT course, as a useful and
influential subject of computer science and the large

Fig. 8. Percent wise illustration of feedback

The overall response received from the survey
suggest that undergraduate computer science
students of Pakistan do not recognize the FLAT as
a useful and persuasive course which implied the
need of a didactic strategy that could increase the
performance and motivation of students. Therefore,
as a second part of an evaluation a small study is
conducted. During the study, 64 students in the
undergraduate computer science program who
have already studied different subjects including:
introduction  to  computing, programming
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Table 1. Results of evaluation

S. No. Group Students Pass Fail Mean Std. Deviation Std. Error
1 Control 32 17 15 50.09 20.31 3.59
2 Treatment 32 20 12 58.81 19.30 3.41
fundamentals,  object-oriented  programming  study. Table 1 shows the summary of the results.

and discrete structures in previous semesters are
selected and randomly divided into a control group
and treatment group. A same instructor to both
group of studies offers a course on formal language
and automata theory of three credit hours.

During the study, a conventional approach is
followed for the control group, while the proposed
strategy described in the previous section is
utilized in a treatment group. For the realization of
first principle, the historical notes outlined in the
previous section and many other historical notes
are followed to introduce the course. Traditional
lectures with multimedia-oriented lectures are
delivered to link the FLAT course with the computer
science history.

During problem solving and class activities,
the students were motivated to work in a pair. It is
suggested that different concepts in FLAT courses
can be introduced in the context of a particular
programming language and it is also widely
recognized that automata play a significant role in
the design of the compiler [9,54] . So, during the
evaluation of proposed strategy the FLAT course is
introduced in the context of programming language
and compiler construction. A small grammar
of C-type language is developed to introduce
the context-free grammar and its recognition is
described by introducing pushdown automaton and
parsing. Similarly, the lexical aspects of a designed
programming language are described by the use of
finite automata and regular expressions.

JFLAP is mainly used to introduce the FLAT
course to treatment group; however a slight concept
of RegeXeX is also introduced to the students of
treatment group. During the course, students of
treatment group are introduced with different
heuristics which help them to understand the
problems and generate their solutions.

After the completion of course, the control and
treatment groups are internally evaluated in this

The pass rate in the control group is 53.13 whereas
62.5 in the treatment group. Fig. 9 illustrates the

1 - 1
1

T
Trasfmant graup

mark=

contral group

Fig. 9. Box plots of marks

box plots of marks obtained by both groups.

The quartiles of the box plots show that the
performance of students in the treatment group is
much better than the students of a control group.

The significance of a proposed didactic strategy
is analysed by applying the independent sample
t-test on the marks secured by the students, and the
calculated t-value is 1.76, and p-value is .042, so
the result is statistically significant at p <.05.

Maintaining the interest of students is one of
a main challenge in FLAT courses. So, in order
to identify whether the proposed didactic strategy
increased the interest and motivation of students,
the following question has been asked before the
exams to the both groups of students:

“I am enthusiastic about this course”

The students can reply on Likert scale ranging from
1 (strongly disagree) to 5 (strongly agree). The
feedback received from the students is shown in
Fig. 10.
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Fig. 10 shows that interest and motivation level
of students in the treatment group is much higher
than the control group.

@ Control Group B TreatmentGroup
20
18 17

16 Tz
14

12

Interest Level

7 7

Strongly Disagree
Disagree

oN K O

Neither Agree Agree Strongly Agree

nor Disagree

Students’ Interest in FLAT Course

Fig. 10. Students interest in FLAT course

Overall, the results acquired from the initial
evaluation suggest that the proposed didactic
strategy is useful to simplify the hardness of the
course on formal languages and automata theory
and useful to increase the interest of students. The
results of evaluation naturally implied that the
abstract nature of the notions involved in the FLAT
course, traditional style of teaching and student’s

Table 2. Comparison of didactic strategies

perception on the irrelevancy of a FLAT course
with the computer science are the major factors
behind the hardness of FLAT course.

The results obtained from the initial evaluation
of the proposed strategy are quite encouraging. The
comparison of a proposed didactic strategy and the
other strategies is shown in Table 2.

The results shown in Table 2 indicate that the
proposed study is quite fruitful and supportive in
increasing the performance of students in FLAT
courses and thereby comparable to the other
didactic strategies.

5. CONCLUSION

The courses on formal languages and theory of
automata present various issues for the instructors.
Top among these is the student disappointment and
high dropout due to the abstract nature of a course
and material, students’ perception on the irrelevancy
of FLAT course in computer science and the firm
background in mathematics. This paper presents a
didactics strategy and reports on its initial evaluation.
In its current state, the strategy is based on five

S. No. Study Method Results
1 . No practical study is Proposed model was judged on observation and on
Pillay [2] .
reported projected benefits
2 Chesnevar et al. [9] No practical study is Propos'ed model was analyzed on observation and
reported on projected benefits
3 , . Detailed study is . .
D’antoni et al. [10] conducted Statistically significant, p < 0.005
4 Moura, P. & A.M. Dias . Proposed model was analyzed on observation and
No study is reported .
[11] on projected benefits
5 Morazan and Antunez No study is reported Proposed model was analyzed on observation and
[12] yISTep on projected benefits
6 Castro-Schez et al. [15] Two studies are Average pass rate of students in two studies is 61%
conducted
7 Nobrega, G., F. Lima & . Proposed model was analyzed on observation and
D. Freire [18] No study is reported on projected benefits
o .
8 Neeman [26] Survey based questions 60% students understood the major concepts of
FLAT.
9 . . Proposed model was analyzed on observation and
Singh and Isah [27] No study is reported on projected benefits
10 Brown and Hardisty Classroom experience Mean score of control group is 30. T-test was
[33] P statistically significant with a p-value of 0.034
11 Proposed Strategy Practical study is Average pass rate of students is 62.5 and results

conducted

are statistically significant with a p-value of 0.42
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rational principles. The proposed strategy initially
applied to a small group of students and the results
are quite satisfactory. The initial results suggest
that illustration of FLAT course in linking with
computer science history, motivating the students to
work in a pair, use of software tools during lectures,
introducing the computational view of a course
and the use of heuristics for problem solving can
overcome the intrinsic hardness of FLAT courses
and may increase the interest of students. Further
study is underway in four dimensions i) definition
of viable methods for the pairing of students ii)
comparative analysis of FLAT tools iii) analysing
the significance of constructivism in FLAT courses
iv) evaluation of proposed didactic strategy on a
large group of students.
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Abstract: This paper discusses the material and method of designing the electric circuits of Pulse Electric Field (PEF)
hardware that can accommodate Direct Current (DC) voltage with modulation frequencies that could be controlled.
The main circuit has several parts that are input, processor, and output. The keypad is used to set the frequency, the
duty cycle, the number of Pulse with Modulation (PWM), and time variables. A microcontroller will process these
parameters as the processor. The outputs consist of a display, separator, driver, and chamber. The separator is used to
secure the processor. The driver is a voltage regulator for the circuit. A PEF chamber is used to treat the sample. The
sample used in this study is 40 mL of water for hardware testing. The test procedure is using + 128 VDC as the voltage
source with a variant value of frequency, duty cycle, and time. This test aims to get the best value of these variables
that produces optimum condition during the extraction process. Thus, it can be concluded that the hardware is able for
the extraction of water-based processes. It can operate over a voltage range from 15 VAC to 128 VAC (up to 172 VDC
after rectification), the frequency in 1 Hz to 5 Hz, duty cycle of 1 % to 5 %, and the treatment time in 10 s to 25 min.
This PEF hardware design could be used for the microalgae as the water-based raw material by electric shock method.

Keywords: Electric shock, extraction, microalgae, microcontroller, Pulse Electric Field.

1. INTRODUCTION

Nowadays the usage of energy depends on fossil-
fuel energy. As we know, that it is kind of non-
renewable energy which is decreasing significantly.
The main problem of biofuel development from
the renewable natural feedstock is the depletion of
fossil energy and greenhouse effect [1]. Palm oil
is one of the most common raw materials used to
produce biodiesel as biofuel in addition to soybean
oil and sunflower oil. In Indonesia, the use of these
raw materials for energy conversion contradicts the
fulfilment of the food sector, although palm oil is
the best biodiesel feedstock in quality and quantity
to replace fossil diesel fuel [2].

To overcome this problem, cheap raw materials
such as used cooking oil and palm oil distillate are
being utilized. Also, microalgae recently explored as
promising new biodiesel feedstocks [3]. Microalgae
are simple cellular microorganisms that live in an
aquatic environment. They need enough light,

Received, April 2017; Accepted, June 2018

water, and CO, to bring photosynthesis in high
biomass productivity [4]. They can be cultivated
in extreme media, such as in wastewater, and CO,
supplied from flue gas [5]. Meanwhile, the lipid
content is potentially converted into biodiesel.

Conversion of microalgae into biodiesel (oil
extraction) is a problem to be solved. Some methods
that can be used for algal oil extraction include:
mechanical, electrical and chemical methods [6]. In
mechanical method, pressurized conditions are used
to remove oil from the main cells of microalgae.
In chemical methods, chemical solvents such as
n-hexane [7] and CO, are used in supercritical
conditions [8]. Both of these methods utilize dry
microalgae as raw materials, which require high
energy and take more time in the drying process.
Electrical methods use electrical energy to move
algal oil out of the algal cells. One of the proposed
electrical methods is the Pulse Electric Field (PEF),
which extracts algae oil by disrupting the cell wall
of microalgae in an electric field [9].

* Corresponding Author: Prima Asmara Sejati; prima.asmara.s@ugm.ac.id
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According to [10], PEF is a method that widely
used in non-thermal food processing by using high-
intensity electric shock. PEF was applied to the
liquid material. The process is short between one
microsecond to a millisecond with short pulses. The
process of PEF is based on short pulse applications
at high voltages (20 kV.em™ to 80 kV.cm™) to the
food placed between two electrodes. PEF was
categorized as a non-thermal process because the
food was processed at room temperature or below
for a few seconds. It can minimize the loss of any
nutrients caused by heating.

The main purpose of PEF method is to extract
the lipid content by applying an electric field to
destruct the cell wall of microalgae. By using
this technology, energy was obtained from a high
voltage of source stored in one or more capacitors
and released through the food material to produce
electric fields required. The energy stored in the
capacitor could be released quickly with a very high
power. Therefore, the objective of this research is to
design a PEF device for the water-based microalgae
extraction process. The indicator of the PEF
performance can be concluded by analyzing the
sample behavior and device stability by varying the
voltage input, switching frequency, and treatment
time. The proposed design is laboratory scaled and
expected to be used in the next research.

2. MATERIALS AND METHOD

This section explains the materials and method used
to build PEF hardware. The PEF can accommodate
Direct Current (DC) voltage with controlled
frequencies. It is used for the water-based extraction
process. The PEF system diagram design is shown
in Fig. 1.

In Fig. 1, keypad is used for user input to set the
variables and parameters that need to be adjusted in

INPUT PROCESS

AVR |
MICROCONTROLLER |

KEYPAD

L

Fig. 1. PEF system diagram

the PEF operation. These variables are frequency,
duty cycle (¢, and t{w,), the number of Pulse with
Modulation (PWM) waveform, and treatment time.
The next part is the PEF system processor that
will process the Input variables and parameters.
This study used AVR ATMEGA16 microcontroller
as a processor which controls the voltage output
waveform. Further, the last part is the outputs. This
part consists of several sections. Liquid Crystal
Display (LCD) used as an indicator for the user.
The optoisolator is used to secure the processor
circuit from overvoltage and short circuit. Next, the
MOSFET gate driver is used to drive the N-Channel
MOSFET and voltage through PEF chamber. PEF
chamber is used to place the water-based sample
for the extraction process. It is related to further
studies that will apply the PEF hardware for the
extraction process of the water-based sample. A 40
mL of sample is used for PEF hardware testing.

In hardware testing, the voltage value is fixed at
+ 128 VDC with a variant value of frequency, duty
cycle, and treatment time. This test aims to get the
best value of these variables that produce optimum
conditions during the water-based extraction
process. The design and testing of PEF hardware is
described in the next section.

3. RESULTS AND DISCUSSION

This section describes the process of hardware
testing presented in several stages. These stages are
the series of experiments that aim to produce PEF
hardware that could be used for the water-based
extraction process.

3.1. Design of PEF Chamber
The PEF chamber is designed at the first stage. The
size of this chamber affects the calculation of the

electric field needed for the extraction process and

OUTPUT

LCD DISPLAY

OPFTO
ISOLATOR

MOSFET ELECTRODE
GATE DRIVER CHAMBER
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determines the hardware to be used. This calculation
is given by Equation (1) [11]:

E=L
d

Where E is the electric field strength, V is
the voltage source, and d is the gap between two
parallel plates. This PEF chamber consists of eight
pieces of 100 mm % 180 mm x 1 mm stainless steel
sheet . These are arranged vertically and placed in
165 mm x 145 mm % 42 mm acrylic containers that
is shown in Fig. 2.

In PEF chamber, the distance between the
plates is one mm and there is one mm thick glass
that is placed between the plates. This glass is used
as a translucent insulator and heat-resistor between
the plates. According to Equation (1), it aims to get
the electric field of 1.28 kV.cm™' when the voltage
passing through the plates is 128 VDC.

In the PEF chamber, eight plates are arranged
alternately with the order of the electrode (-) and
(+) so that the plates will be charged (-) in the end
plate. This configuration is shown in Fig. 3.

Figure 3 shows that electrodes are marked in
red and given a positive voltage, while the gray

165 mm s
8 e ]

Fig. 2. Design of PEF chamber

is connected to ground. The installation of PEF
Chamber is shown in Fig. 4.

The composition of the electrode plates is
placed inside a three mm acrylic container.

3.2. Design of Transformer

In the electronic parts, the main step is to design the
transformer by using two step-down transformers

100 mm

Fig. 3. Electrode and polarity

P
Iy
Pt <2
} -"f‘__; "J

Fig. 4. PEF Chamber installation
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32 V5 A CT to produce the voltage as needed in
the extraction process. Ampere meter is used as an
additional instrument to determine the load current
measurement.

Both transformers are connected in series to
gain a larger voltage. This configuration produces
two times the voltage which is generated by one
transformer. The serial transformer circuit diagram
is shown in Fig. 5.

PLN ! ' O§
| —
= CT

220V 5 i 4 32V

TR2,
€ sy
& cr
5 i 4 32V

O3

Fig. 5. Serial transformer circuit diagram

Fig. 5 shows how to obtains 128 VAC
transformer output voltage with 5 A current. Thus,
the maximum electric field can be applied 1.28 kV/
cm (AC), assuming that there is no change in the
voltage when rectified.

3.3. Design of Rectifier

The rectifier circuit consists of full-wave diode
bridge used to cope with high loads. The circuit of

=
30— vs

B1
VAC oD EVF)
' N

VDC
putput

+|C1
-H

L
L
GND

Fig. 6. Rectifier circuit diagram

rectifier is shown in Fig. 6.

The DC output voltage value generated may
reach 172 VDC due to the capacitor added in this
circuit.

3.4. Design of Processor and User Interface

The ATMEGAI16 chip processor serves as a
controller chip that sets a variable frequency, timer,
and duty cycle. The user interface design is shown
in Fig. 7.

O\ N
LY L

Fig. 7. User interface design

The keypad is used to set a variable of input.
LCD is added to display the variable and as a user
interface.

3.5 Design of Separator and MOSFET Driver

This section serves to get the optimum performance
and behavioral voltage control circuit in the
PEF chamber. The separator section used two
optocoupler TLP521 as a non-contacted connector
between the controller and the driver that also
functions as a conduit logic to MOSFET Gate
Driver (MGD) circuit, as shown in Fig. 8.
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Fig. 8. Optocoupler separator circuit

i a;



Pulse Electric Field Extraction 73

In Fig. 8, OC1 and OC2 are two optocouplers
working alternately by a square wave pulse with
the voltage level of 5 V sent from PORTD.6
microcontrollers. When the wave of logic is one
(high), then optocoupler OC1 would be active,
and OC2 would be inactive. Otherwise, when the
wave of logic is zero (low), then the optocoupler
OC1 would be active, and OC2 would be inactive,
and its run continuously. This process will generate
the output waveform and become the input, but the
level is boosted to 12 V and separated electronically
from the input. Strengthening the voltage level has
to be done, considering that the MGD components
used requires 12 V voltage levels to work. The
MGD circuit is shown in Fig. 9.

$ Ic1 VDG
! o o E-
= Vi -1"..:‘ 8
P2 4 VB =
m—'{ FMIM
— Voo
separator ve B Dz K
; e ’_l
£ COM LD ANMAN—
MOSFET VDCH
Gate Driver

Fig. 9. MOSFET gate driver (MGD) circuit

The driver circuit in Fig. 9 only uses a single
MOSFET. It merely uses part of the low side. The

reason for using this configuration is that when
two MOSFETs (high side and low side) parts are
used, the part that cannot handle the load is that of
the step-down transformer. Based on the results of
previous trials, the high-side MOSFET part was
frequently damaged.

3.6 Assembling PEF

Earlier described are compiled into a PEF device.
The overall integration of the input part, processor,
and output is shown in Fig. 10 and Fig. 11.

Figure 10(a) is an input voltage from the
transformer 5 A; this input is used to generate a
voltage of 128 V in the extraction process. Figure
10(b) is a power supply that provides power to the
circuit. Figure 10(c) shows the part of the 5 A serial
transformers circuit. Figure 10(d) is an interface,
which is used to set parameters and to see the
information on the LCD. Ampere meter is used to
read the current value indicated in the Fig. 10(e).
Fig. 10(f) is part of the rectifier that serves to rectify
AC into DC voltage. Separator and MOSFET gate
driver circuit are shown in Fig. 10(g) and Fig 10(h)
shows a microcontroller as a processor. Figure
11 shows the assembled PEF unit and the PEF
chamber.

Figure 11(a) is an assembled PEF unit as
described before. Figure 11(b) is an oscilloscope, an
additional instrument for measuring the frequency

Fig. 10. PEF Assembly unit, (a) Input from transformer 5A, (b) Power supply, (¢) Serial Transformer 5A, (d) Interface, () Am-

pere meters, (f) Rectifier, (g) Separator and driver, and (h) Microcontrollers
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Fig. 11. Overall PEF set, (a) PEF assembled unit, (b) Oscilloscope, and (¢) PEF chamber

used in the extraction operation. Fig. 11(c) is the
PEF chamber, a place to put the sample for the
extraction process. After PEF is assembled properly,
then the experiment is made to test the ability of
the designed PEF for the extraction process.

3.7 PEF Test

To test PEF, 100 mL of 7 % salt water as a sample
was used. Then the tests were made for a variety of
experimental variables with the voltage from 15
VACto 128 VAC (up to 172 VDC after rectification),
the frequency from 1 Hz to 8 Hz, the duty cycle
from 1 % to 15 %, and treatment time from 10 s to
15 min, aiming to determine the value of the fine
parameter for optimum operation condition.

The first test used various VAC input voltages
intended to assess the device’s performance against
increasing input voltages. The data in Table 1 shows
the results of the PEF testing.

This test was performed for 30 s for the
increasing values of voltage. When the input is
set to 15 VAC, the current measured is 5 A, the
sample was unreacted and the device was in a
stable condition. This condition happened until the
input value was 32 VAC. After voltage was set to

64 VAC, device condition was stable, the voltage
measured was 92 VDC with 6 A current, at this
moment in the PEF chamber some bubbles began
to appear. When the input voltage was raised to 128
VAC, the voltage rise to 180 VDC, and current was
8 A, where the device’s condition was still steady
and more bubbles appeared.

The second test was performed with varying
duty cycle values, with the static input of 128 VAC
and frequency of 1 Hz. The data in Table 2 shows
the results of the second PEF testing.

From the data of the second experiment it
could be seen that the changes in the duty cycle
value brought changes to the current flowing. The
output was stable in 172 VDC, where the device
was relatively stable for each change made, but the
sample on the PEF chamber was unreacted.

The third test performed using varying
frequencies and duty cycle values, while input was
static in 128 VAC with time treatment of 1 min. The
data in Table 3 shows the results of the third PEF
testing.

The last test performed using varying time of
treatment, while input was static in 128 VAC, the
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Table 1. PEF testing in frequency 1 Hz and 1 % duty cycle with time of treatment 30 s

75

AC Voltage (V) Current (A) DC Voltage (V) Sample Behavior Device Performance
15 5 unreacted stable
18 5 unreacted stable
25 5 unreacted stable
32 5 unreacted stable
64 6 92 bubbles appear stable
128 8 180 bubbles appear stable

Table 2. PEF testing with 128 VAC, frequency 1 Hz, and time of treatment 30 s

Duty Cycle (%) Current (A) DC Voltage (V) Sample Behavior Device Performance
5 11 172 unreacted stable
4 10 172 unreacted stable
3 9 172 unreacted stable
2 8 172 unreacted stable
1 7 172 unreacted stable

Table 3. PEF testing with 128 VAC and time of treatment 1 min

Duty Cycle

Freq. (Hz) (%) Voltage (V) Current (A) Sample Behavior Device Performance
1 1 172 7 unreacted stable
2 2 172 7 bubble appears stable
3 3 172 8 bubble appears more stable
5 5 172 6 bubble appears more stable

Table 4. PEF testing with 128 VAC, frequency 1 Hz, and 2 % of duty cycle

Time (s)  Voltage (V) Cu(i:; nt Sample Behavior Device Performance
300 172 9 bubbles appear stable
600 172 9 bubbles appear. stable
water level rise pulsing as frequency
900 172 9 bubbles appear. stable
water level rise pulsing as frequency
1200 172 9 bubbles appear. stable
water level rise pulsing as frequency
sample coagulates
1500 172 9 bubbles appear. stable

water level rise pulsing as frequency
sample coagulates
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frequency was 1 Hz, and the duty cycle was 2 %.
The data in Table 4 show the results of the last PEF
testing.

The data from Table 3 and Table 4 shows that
the device works steadily. Changes in the frequency
and the duty cycle values give some effects on
the testing tool, mainly the changes in the current
passing through the circuit. The length of treatment
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Fig. 12. Effect of frequency to yield of microalgae oil
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Fig. 13. Effect of the duty cycle to yield of microalgae oil
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Fig. 14. Effect of time to yield of microalgae oil

time affects the extraction of the sample. From the
experiments, it is known that the extraction process
is marked by the emergence of bubbles in PEF
chamber, arise in water level, pulses in the frequency
and the coagulated sample. This coagulated sample
is the result of extraction performed by this device.

The device can run well with no damage for
various combinations of these variables. Therefore,
this circuit can be used in the process of collecting,
testing, and analyzing data. By using this design and
vary the duty cycle, switching frequency, and the
treatment time, the experimental result shows these
variables can affect the extracted lipid amount [12].
Fig. 12, Fig 13, and Fig.14 show the experimental
data of this effect.

The results concluded that the lipid yield would
increase by enlarging the duty cycle and treatment
time also reduces the switching frequency due to
the device limitation as described before (1 Hz to
5 Hz frequency, 1 % to 5 % duty cycle, and 10 s to
25 minutes treatment time. However, the detailed
analysis and mathematical modeling of this
behavior data will be conducted in another research
[13].

4. CONCLUSION

The PEF Hardware is designed to have the ability
to do the water-based extraction processes. It can
operate over a voltage range from 15 VAC to 128
VAC, the frequency from 1 Hz to 5 Hz, the duty
cycle from 1 % to 5 %, and a treatment time from
10 s to 25 min.

5. FUTURE RESEARCH

In the future research, the PEF will be implemented
into microalgae extraction processes, aiming to
extract microalgae into biodiesel feedstock in the
form of lipids.
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Abstract: The soft spinel ferrite system Ni Cd FeO4 (x=0.0, 0.2, 0.4, 0.6) have been synthesized by the co-
precipitation method. The prepared samples are characterized by the x-ray diffraction (XRD) and FTIR techniques.
The XRD data have been used to obtain lattice constants, average crystallite size, specific surface area, dislocation
density and strain of the nanoferrites. The data also provided the cation distribution, indicating that Fe** occupies both
the A and B-sites. The elastic properties of this system are studied through infra-red spectroscopy and XRD data. The
force constants for tetrahedral (k,) and octahedral (k) sites are estimated along with the Poisson’s ratio and the Debye

temperature (6).
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1. INTRODUCTION

Spinel nanoferrites are considered superior to other
magnetic materials because they have low eddy
current losses due to high electrical resistivity. The
possibility of preparing ferrites at the nano-scale has
extended the application in biotechnology as well
as in medicines. Polycrystalline nanoferrites are
important because of their well-defined structural,
electrical and magnetic properties that depend
upon several factors like synthesis techniques,
cation substitution and their microstructure. In
these polycrystalline materials, doping of minor
cations can alter the properties of the entire final
product. The ferrites constitute of iron oxide along
with other metal with a general formula MeFe O,,
where Me is divalent metal ion such as Cd*", Mn?*',
Mg?*, Ni** and Co** etc.[1]. It is well defined that
in inversed spinel structure the Me" divalent metal
cation (likeCd*") occupies the tetrahedral A-site.
Recently, a study of Cd-Ni nanoferrites describing
the fabrication, structural and electrical studies has
been carried-out by Arshad et. al. [1]. There is a
very little work on the elastic properties of Cd-Ni
spinel nanoferrites as compared to their dielectric
and magnetic properties. In continuation of this
work, the investigation of the elastic properties

Received, January 2018; Accepted, June 2018

of Cd*" substituted Ni*" nanoferrites is reported.
In the present work, a technique discussed by
Modi et. al. [2] based on IR-spectroscopy was
used to investigate the elastic behaviour of spinel
nanoferrites. Infrared or IR spectroscopy deals with
the IR region of the electromagnetic spectrum with
a larger wavelength compared to visible light. The
IR spectrum of a sample under study is recorded
by passing a beam of IR light through the sample.
When the frequency of the IR matches with the
vibrational frequency of a bond or collection of
bonds, absorption occurs. An instrument called
Fourier Transform Infrared Spectroscopy (FTIR) is
used to record the wavelength/energy at which the
absorption occurs. This technique is mainly used to
determine the functional groups in molecules. More
detail is available on the Wikipedia. The results of
that study are presented in this paper.

2. EXPERIMENTAL

2.1 Preparation of Materials

The Cd doped nanoferrites with the formula Ni
Cd Fe,O, (x= 0.0, 0.2, 0.4, 0.6) were prepared by

a co-precipitation technique. The detail is already
published by the authors [1] along with dielectric

* Corresponding Author: Asghari Magsood; asghari.magsood@mail.au.edu.pk
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characterization of these samples. In summary, the
prepared material was characterized by the x-ray
diffraction technique at room temperature. The
lattice was fcc with the lattice constants varying
between 8.351 to 5.595 A depending upon the
replacement of Cd*" in Ni, Cd Fe O,. Similarly
the average crystallite size varied in the range of
21 to 28nm. The x-ray density, porosity, dislocation
density, strain on the lattice and specific surface area
of the nanocrystallites were also determined using
the standard relations [1]. The obtained values of
these parameters are tabulated in Table 1.

2.2 Characterization

The x-ray diffraction patterns of the samples
were made using Cuk, . radiation source for
determining crystal structure and related properties
at room temperature. FTIR spectra were recorded
from 300 cm to 900 cm for all the samples by
taking KBr and sample in the ratio 99:1 respectively

at room temperature.
3. RESULTS AND DISCUSSION

3.1 Cation Distribution and Structural Related
Properties

Fig. 1 shows the x-ray diffraction patterns of all the
samples and it confirmed the single phase spinel
structure. A nonlinear increase in lattice constant is
observed with increasing cadmium concentration.
This increase in lattice constant is expected in view
of the larger size of Cd as compared to Ni and is
already discussed by Arshad et. a/ [1]. Here the
cation distribution in the Cd-Ni nanoferrites sample

[ETET]
i

|? ) (511) (440
(L F~3]

MM"" WW«M«M
M,WWW"Mwm

-1-IIZI|
(220} Iu, (400 511}

Inbixresity (@)

T T ¥ T ¥ T d T T T
o 0 A S0 a0 70 1]

2 i (Degrie)

Fig. 1. Indexed XRD pattern of Cd-Ni nanoferrites

is under taken. NiFe O, is reported to be inversed
spinel structure. In inversed spinel structure the
cadmium and nickel ions due to their high crystal
field stabilization prefer tetrahedral and octahedral
sites respectively while the iron ions are equally
distributed among A and B-sites [2]. The distribution
of cations for the initial composition was achieved
using equations (1-3) and is presented in Table 1.

The average cation radii as a function of Cd?**
concentration of A-site and B-site can be calculated
using the relation [3].

14 =[x Tcacay + (1 — X)Trea] (1)
1 2

5 =3[ (1 =01y + (1 + )T pecs)] @
where r_,, 7, and r, are the radii of Cd, Ni

and Fe respectively. lonic radii values used in the
calculations are: Cd** (0.86 A), Ni** (0.69 A), Fe**
(0.49 A) and Fe*?(0.645 A) as mentioned by Desai
et.al [3].

Using the above values oxygen positional
parameter (u) can be estimated through the
following expression [3].

r=(u-0.25)a(1.732) - R, 3)

where a is the measured lattice constant and R
(1.40 A) is the oxygen ionic radius.
The lattice constant can be calculated using the
formula [4]

Aep = (2/@) {[ra + Rol +V3 [r5 + Rol} 4)

The observed (a) and theoretical (a,) lattice
constants, r, Iy, u and R are tabulated in Table 2
For completeness of the parameters that could be

determined from the x-ray diffraction data, the

Table 1. Cation distribution for (Cd ** Fe, *"), [Ni, >

Fe, "1, 0.”
Composition  A-Site B-Site
x)
0.0 Fe ** Ni *Fe *
0.2 Cd, " Fe, " Ni S Fe **
0.4 Cd, " Fe,’*  Ni > Fe >
0.6 Cd, **Fe " Ni *Fe >
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Table 2. X-ray diffraction related parameters: Observed lattice constant (a), theoretical lattice constant (a,), aver-

age crystallite size (7,

), measured density (p_), x-ray density(p, ), volume of unit cell (Vol.), specific surface area

(S.s),avg. cation radius (r,), avg. cation radius (r,), oxygen position parameter (u), dislocation density and strain on
the lattice of Ni, Cd,_Fe O, nanoferrites. The detail is already published by the authors [1].

Composition (x) x=0.0 x=0.2 x=0.4 x=0.6
Observed lattice constant a_ (A) 8.351 8.354 8.465 8.595
Theoretical lattice constant a, (A) 8.419 8.515 8.610 8.706
Average crystallite size 7, (nm) 24.24 21.21 28.24 28.18
Measured density pm (g.cm™) 2.173 2.182 2.188 2.191
X-ray density px (g.cm?) 5.352 5.586 5.604 5.578
Vol. of the unit cell (A)? 582 583 607 635
Specific surface area S.s (m? g) 114.09 129.68 97.22 97.44
Average cation radius r, A) 0.490 0.561 0.633 0.702
Average cation radius r, (A) 0.667 0.663 0.658 0.654
Oxygen position parameter u 0.381 0.385 0.388 0.391
Dislocation density (m*)x10" 1.17 2.22 1.25 1.26
Strain % 0.1432 0.1635 0.1229 0.1233

average crystallite size, density related properties,
specific surface area, dislocation density and strain
on the lattice are also mentioned in the same table.
The detailed investigation is already published by
our group [1].

—Q
- E 0 Oxygen
E Asite: (Cd,¥ Fey, ™),
! Bsite: [Niy,> ey s
:

e

L
y
LN

Fig. 2. Diagram of crystal structure of Cd- Ni spinel
ferrite, showing tetrahedral (A) and octahedral (B) sites.
Ref: Crystallization in Spinel Ferrite Nanoparticles,
Advances in Crystallization Processes, Yitzhak Mastai
(Ed.), ISBN: 978-953-51-0581-7, Intech

3.2 Force Constants, Elastic Moduli and Debye
Temperatures

The crystal structure of Cd-Ni spinel ferrite is shown
in Fig.2 along with A and B- sites. The distribution
of cations is tabulated in Tablel for different values
of ‘x’. Fig. 3 shows the FTIR spectra of pure Ni-Cd
ferrite and the composition with x =0.2, 0.4 and 0.6
in the range 300 cm™ to 900 cm™'. The absorption
band at 397 cm™ is attributed to stretching vibration
of Fe-O bond at octahedral sites. The absorption

T

Wave Number (cm)

Fig. 3. FTIR spectrum of Cd-Ni nanoferrite.
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band near 580 cm™ is characteristics of intrinsic
stretching vibration of metal-oxygen (Me-O) bonds
present at tetrahedral sites [3, 5]. However, the
absorption bands at tetrahedral and octahedral sites
are shifted to slightly higher wave number with
increasing the cadmium concentration and may be
due to distortion in the structure because the lattice
constant increased.

Using the values of vibration frequencies,
force constant can be estimated [5]. Force constant
(k) is the second derivative of potential energy
with respect to inter nuclear separation. They are
associated with the unit displacement of a Me-O
in the tetrahedral A-site and octahedral B-sites.
The force constant for A-site (k) and B-site (k) are
estimated using the relations [2, 6].

k,=7.62xM; xv? x1077N/m (5)

k, = 10.62 x (%) X v2, x 1077 N/m ()

where M, and M, are estimated from the

cation distribution equations and are the molecular
weight of cations on tetrahedral A and octahedral
B-sites respectively. The values of force constants
are shown in Table 3. It can be observed that the
values of force constant k, and k both increased
with the increase in cadmium concentration. This
increase in the force constants may be due to the
difference of ionic radii of Cd*', Ni*" and Fe** ions.
The combined radii of Cd** and Ni** are greater than
the Fe** ion. A similar result has been discussed by
Modi et. al.[2].They introduced a new technique to
study the elastic properties of spinel nano ferrites
based on infrared spectroscopy. The bulk modulus
(B), the elastic or the Young’s modulus (Y) and
Rigidity (R) modulus as well as Debye temperature
(0,) and Poisson’s ratio (o) of Ni_ Cd Fe,O, where
x = 0.0, 0.2, 0.4, 0.6, were calculated from the
longitudinal elastic wave velocity V| and transverse
elastic wave velocity V, and x-ray density, using the
following relations taken from [3.5,7]. The results
are indicated in Table 3.

The bulk modulus (B) of solids in-terms of

Table 3. FTIR related elastic parameters: tetrahedral band position (v,), octahedral band position (v,) tetrahedral
force constant (k ), octahedral force constant (k ), average force constant (kavg), longitudinal elastic wave velocity
(v,), transverse elastic wave velocity (v,), mean elastic wave velocity (v,,), mean atomic volume (v, ), bulk modulus
(B), rigidity modulus (R), Young’s modulus (Y), Poisson ratio (c) and Debye temperature (0,) of Ni,  Cdx Fe O,.

Composition (x) x=0.0 x=0.2 x=0.4 x=0.6
Tetra. band position v, x10* (m) 580.15 583.3 587.85 589.25
Octa. band position v, X102 (m™) 393.50 396.87 398.62 399.30
Tetra. force constant & <102 (Nm™) 1.431 1.739 2.064 2.375

Octa. force constant £ x102 (Nm) 0.941 0.952 0.956 0.955

Avg. force constant kavg %102 (Nm™) 1.186 1.345 1.510 1.663

Long. Elastic wave velocity v, (ms™) 5150.9 5368.6 5640.6 5888.2
Trans. Elastic wave velocity v, (ms™) 2973.8 3099.5 3256.6 3399.6
Mean Elastic wave velocity v (ms™) 3301.5 3441.1 36154 3774.2
Mean atomic volume v, x10° (m?) 6.255 6.268 6.522 6.827
Bulk modulus B (GPa) 142.01 161.02 178.31 193.41
Rigidity modulus R (GPa) 47.34 53.66 59.43 64.46
Young’s modulus Y (GPa) 127.71 144.88 160.46 174.04
Poisson ratio o 0.35 0.35 0.35 0.35

Debye temp. 6, (K) 450.58 469.47 486.59 500.50
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stiffness constants may be given by:
1
B =[Ci1 +2Cy;] (7

The stiffness constants C, and C,, were defined
by Waldron [5, 8] that with cubic symmetry like
in garnets and spinel ferrites C |, = C,, for isotropic
materials therefore, B = C|,. The force constant (k)
is associated to the stiffness constant [5, 8]:

k

Cy=- ()
a

where £ is the average force constant estimated as:

ke+ko
kavg = (tT) ©)
The values of the transverse elastic wave velocity
(V,) and the longitudinal elastic wave velocity (V)
can be calculated as follows [5, 8]:

Vi = (C1/px)"? (10)

The distinction in transverse elastic wave
velocity (V) and longitudinal elastic wave velocity
(V) as a function of Cd*" composition are shown in
Table 3. It can be seen that both V_and V| increase
with the substitution of Cd** ions. The values of V..
and V, are used to compute the elastic moduli of
the spinel nanoferrites samples using the following
relations [5, 8]:

3/V3m = 1/V3L+2/V3T (12)
1

Op = &[ 3Na/41rVA | v (13)

R=p,V?; (14)

=% (15)

Y=(1+0)2R (16)

Table 3 shows the measured values of different
elastic moduli for the nano-ferrites. It shows that
R, B and Y-moduli increased with increasing the
Cd** concentration. It is due to the strengthening
of interatomic binding between the various atoms
of the spinel lattice with increasing Cd*" content.
According to Modi et. al.[2] the strengthening of

interatomic bonding suggests that the deformation
in given solids is difficult and they have the strong
affinity to spring (analogues to planes with in a
solid held to-gather by atomic bond), back to its
equilibrium position [6]. Similar results are reported
by Mazen et. al. in Li-Mn ferrites [8].

However, the Poisson’s ratio (o) remains
constant for different compositions of ferrite
samples and equal to 0.35. This value lies between
the range (-1 to 0.5) which is in agreement with
the theory of isotropic elasticity as discussed by
Wooster [9]. The Debye temperature (0,) was
estimated by using equation (13) as stated above,
where V, is the mean atomic volume given by:

Va= (M/px)/q

‘M’ is the molecular weight, p_is the x-ray density,
q is the number of atoms in the formula units (i.e.
7) and N_ is the Avogadro’s number.

(17)

The measured values are listed in Table 3. The
increase in ‘0 suggests that due to cadmium ion
substitution the lattice vibrations are hindered.
This might be the reason that length of interatomic
bonding increase with the replacement of nickel
ions by cadmium ions. An increase in the size of
the lattice constants was noticed from the x-ray
diffraction (Table 1) in confirmation with the above
statement. It is interesting to note that the average
mean sound velocity increases almost linearly with
the Debye temperature (Table 3). Similar results
were also reported by Mazen et. al. [8] for Li-Mn
ferrite system and Ravinder et. a/ [10] for Ni-Cd
ferrite system. This confirmed the relationship
between acoustic parameter (i.e., average mean
sound velocity) and the thermodynamic parameter
(0,) in this system.

4. CONCLUSIONS

The Ni,_Cd Fe O, (0 < x < 0.6 samples with the
step size of 0.2) nano-sized particles were prepared
successfully with co-precipitation method and
the detail is published by the authors already [1].
The cation distribution has been estimated by
x-ray diffraction. The process of functional group
has been identified by Fourier transform (FTIR)
spectra and the tetrahedral and the octahedral
bond positions are determined. The force constants
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corresponding to tetrahedral (k ) and octahedral (k )
positions are estimated. Both k and k  increase with
Cd concentration. The elastic bulk modulus (B),
Young’s modulus (Y) and rigidity modulus (R) are
dependent on Cd concentration and approximately
increase linearly.
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