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Abstract

The purposes of this study were to investigate chemical properties, colour properties, colour fastness to washing
and light as well as the comparing silk yarn dyeing from annatto seed extract with laboratory process. The research
process included chemical measurement, wavelength measurement of the extract, silk yarn dyeing in the
laboratory, color shades measurement with CIELAB, the test of color fastness to washing and light, and the color
comparing between dyeing in the model and in the laboratory. Findings indicate that annatto seed extract was
acid as its average pH 4.37 and composed of tannin, a phenolic compound, structured as disubstituted hydroxy
aromatic (o — para hydroxyl aromatic) and anthraquinone, as a flavonoid compound. The color of the silk yarn
after dyeing with annatto seed extract was orange — yellow with brightness (L*) was between 73.01 and 73.53 as
the result of dyeing with Ca 4%, Alum 0.01% and the annatto seed extract. The red — green (a*) was between
31.80 and 32.17 and most of which was red as the result of dyeing with Ca1%, Alum 0.05% and the annatto seed
extract. The yellow- blue (b*) was between 63.92 and 64.64 and most of which was yellow as the result of dyeing
with Ca 1%, Alum 0.025%, and annatto seed extract. The colour fastness to washing of the dyed silk yarn was
good meanwhile the colour fastness to light was between fair and good. The colour properties of dyeing in the

model was not different from one in the laboratory.

Keywords: natural dye, annatto seeds, silk yarn dyeing
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Abstract

The demand of testing the potential infected patient of “new corona virus” or COVID-19 has been enormously
increased as the virus is still continuously and immensely spread in many countries. The popular method of testing
is to analyze the genetic material of the virus with reverse transcription - polymerase chain reaction (RT-PCR).
Recently, the chest x-rays have been introduced to diagnose the infection as it is considered to be easier and
crucial method in this circumstance, especially when combine with a deep learning that can recognize and detect
the abnormality of lung parenchyma, in which considered to be the signature of COVID-19 effectively. The purpose
of this article is to adapt the mask region-based convolutional neural networks (Mask RCNN) to segment the regions
that had been affected by the virus by using computed tomography (CT) scan on the chest. The prediction of the
tissues regions that have been damaged will help the medical team to classify if the patients are in ‘mild” or
‘danger’ situation easier. From the model test result processed on google cloud platform, this model F1 scores

equivalent to 89% and has the average of speed inference at 9.71 second.

Keywords: coronavirus 2019, deep learning, image segmentation, chest computed tomography.
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Abstract

Face masking is widely used in print media, digital media and various online images for privacy and security
protection. This research proposes an innovative face-blurring method focusing on large face blurring in large image
size which usually requires a high degree of blur level to anonymize face. This great blur causes the face to be flat
or very smooth and lack of visual dimension. Therefore, this research exploits the local structural similarity between
large blurred and original images with Gaussian filter and contrast adjustment to adaptively create an opacity map
for smoothly and appropriately blurring of face components. The details of main components are then very blurry
and difficult to recognize personal identity while other parts of the face are less blurred. This adaptively face
smoothing can improve a sense of dimensional perception and help to visually anonymize the portrait more
natural resulting in the higher average value of structural similarity to the original image. The proposed method

can be further applied to an aesthetically image censoring.

Keywords: Image Smoothing, Face Blurring, Structural Similarity
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Abstract

This research proposed a hybrid energy harvesting system (HEHS) based on Suspension Energy Harvesting using
a regenerative shock absorber (RSA) with SC/Battery hybrid energy storage system (SCB-HESS) based regenerative
braking system (RBS) for the middle electric vehicle (MEV). In the regenerative braking mode, the artificial neural
network (ANN)-based RBS control mechanism was utilized to optimize the switching scheme of the three-phase
inverter and transferred the braking energy to be stored in the energy storage devices. Furthermore, a
supercapacitor-based RSA is capable of harvesting the vehicular suspension-vibration energy and converting it into
electrical energy to extend energy storage devices. The experimental total energy harvesting efficiency of the
supercapacitor-based RSA ranges between 21.74% and 49.93%, with an average total efficiency of 31.93%. In
addition, the research findings revealed that the proposed hybrid energy harvesting system based on SCB-HESS-
based RBS with suspension energy harvesting using RSA enhanced the regeneration efficiency of 31.75% compared

with SCB-HESS-based RBS MEVs.

Keywords: Electric Vehicle (EV), Brushless DC (BLDC) motor, Neural Network (NN), Regenerative Braking System

(RBS), Supercapacitor, Suspension-vibration energy.
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[. INTRODUCTION

Rapid economic growth and rising affluence
contributes to an increase in private-car ownership,
which consequently contributes to increased toxic
vehicular emissions. At present, most battery electric
vehicles are run on electrochemical batteries (i.e. the

[11-[6].

electrochemical batteries suffer from a number of

main energy storage system) However,
drawbacks, including high cost, short life cycle, limited
driving range and low power density as well as
subsequent diminished regenerative braking efficiency.
The present state of energy harvesting that efforts to
convert lost energy into an available form does not
focus on the vehicle but on components instead

(1], [4].

potential for the present automotive industry by

Energy harvesting technology has significant

improving vehicle energy efficiency and fuel economy.
For electric vehicles technologies, regenerative braking
energy, and the vehicular suspension-vibration energy
[7].

Furthermore, a bulky energy storage system (ESS)

are the main targets of energy harvesting
containing multiple battery packs is required to meet
the vehicle regenerative braking efficiency.

To overcome the drawbacks, a hybrid energy
storage system (HESS) based on multiple battery and
supercapacitors (SC) was utilized to improve vehicle
acceleration and prolong the battery life span [3].
Different energy management strategies have been
proposed in literature for optimal power split strategies

in HESSs [1]-[6]. Majority of the prior work is proposed

for fuel cell systems hybridized with SC and/or batteries.

Similar energy management techniques can be
adopted for battery/SC hybridization. Strategies that are
based on heuristics or empiric experience can be easily
implemented by rule-based control algorithms [4]-[6]
or using fuzzy logic methods [1], [4]. The simple filter-
based or frequency-based power split strategies have

been implemented in [11] and [12].
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For a conventional EV, a significant amount of
energy is consumed in urban driving cycles by braking
[1], [2]. To improve the performance of EVs, the
regenerative braking system has been developed. It
utilizes the electric motor, providing negative torque to
converting kinetic energy to electrical energy for
recharging the energy storage devices. The dissipation
of kinetic energy during braking, by an electric vehicle
can be recovered advantageously by controlling the
power electronics for total energy management
onboard the vehicle. Therefore, regenerative braking is
an efficient technology to improve the efficiency of
electric vehicles. Various attempts to satisfy the control
performance needs for regenerative braking have been
presented in the literature, such as rule-based
strategies [5]-[6], PID control strategies [3]-[5], and
neural network approaches [4]. in the regenerative
braking condition, the DC-link voltage is boosted. Hence,
the ANN controller-based RBS program transferred the
braking energy to store in the SC. [5]-[6]. Specifically,
the battery/SC HESS scheme utilizes the high power
density of an SC and the high energy density of a
battery. Nevertheless, a high-power electronic interface,
e.g. the bidirectional DC/DC converter, is required to
connect the battery and the SC, rendering it cost-
ineffective [1]-[6]. Moreover, the high-power electronic
interface induces the power dissipation and the
subsequent diminished regenerative braking efficiency
[6].

In  practice, shock-absorber vibration energy
corresponds to road roughness and vehicle speed [7],
[8], and [10], experimented with the hydraulic damper
with a permanent-magnet synchronous machine and
variable resistors; Despite extensive studies focused on
regenerative shock absorbers (i.e. electromagnetic,
hydraulic and mechanical schemes) [9]-[15] and [18],
The electricity produced by the generator is stored in

supercapacitors to charge the battery and extend the



range of EVs. The mechanical properties of the full-
scaled fabricated prototype were studied by utilizing a
mechanical testing and sensing fixture. An average
power output of 3.701 W in 1Hz-3 mm sinusoidal
vibration input and a peak efficiency of 51.1% and
average efficiency of 36.4% were achieved in a bench
test [141-{16].

Several designs of energy harvesting suspension
systems have been presented and optimized in order
to ensure an improved performance for different
applications. Moreover, regenerative braking has
already been available and applied to hybrid and
electric vehicles commercially. However, both the
energy harvesting suspension systems and regenerative
braking  technology is still under continuous
development. It can be concluded through studies that
both energy harvesting methods have limitations such
as total weight increases, extra space requirements,
system losses, efficiency losses, costs, etc. In this
respect, optimizations continue for more light weighted
designs with choosing the more suitable material
selection, power electronic interface, suitable switching
control and dimensional designs [71, [17].

Specifically, this research experiments with the
proposed a HEHS based on suspension energy
harvesting using regenerative shock absorber (RSA). The
proposed RSA composed of three main parts; the
suspension vibration energy, conversion mechanism
and energy storage modules with SC/battery Hybrid
Energy Storage System (SCB-HESS) based RBS, in the
regenerative braking condition, the DC-link voltage is
boosted. Hence, the ANN-based RBS program with

suitable switching pattern of three phase inverter
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transferred the braking energy to store in the SC, both
the energy harvesting was utilized to extend the battery

life and the driving range for MEV.

Il. THE SCB-HESS REGENERATIVE MODE
In the SC-enabled regenerative braking mode, the
DC-link voltage is boosted and power diode becomes
forward-biased a boost circuit of the three-phase
inverter can be formed. High sides of the switches of
the half-bridge are turned off and the low sides of the
[6]. The

regenerative braking energy is then transferred and

switches are pulse width modulated
stored in the SC module (Figure 1 b) Conventionally, an
additional buck-boost DC/DC converter is deployed to
transfer the braking energy to the SC, as shown in Figure
1, (@ SC-enabled regenerative braking mode by

regenerative shock absorbers, and (b) SC-enabled

regenerative braking by RBS.

lll. THE CONVERSION MECHANISM

The  conversion mechanism  converts the
bidirectional between the inner and outer cylinders in
linear motion (up-down movements) into a
unidirectional rotation to drive the generator shaft.
Figure 2(a) illustrates the prototype and 3D model of
the RSA, consisting of two cylinders, bevel gears,
overrunning clutches, rack-pinions, a shaft and internal
gear as shown in Figure 2(b) [15].

In Figure 2(b), the shaft with two pinions is
assembled without being stationary. The unidirectional
overrunning clutches (CSK-PP type) are fitted to the

shaft and fixed into the pinions [15].
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Figure 1 The conversion mechanism of the proposed system (a) SC-enabled regenerative braking mode by regenerative shock

absorbers (b) SC-enabled regenerative braking by RBS
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Figure 2 The prototype and 3D model of the RSA: (a) outer,

and (b) inner structure

Upon vibration, the alternating pattern of
movement between the inner and outer cylinders in
linear motion induces the upward and downward
movements of the racks. The racks then transmit the
vertical movements to the left-right pinions. Given the

rack and pinion assembly, the two pinions rotate in
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directions opposite to each other [15]. The dual
overrunning clutches alternately engage and disengage
the shaft (i.e. if one overrunning clutch engages, the
other disengages), This, results in the unidirectional
rotation motion of an output shaft, independent of the

movement of the racks, as shown in Figure 3.

Racks move upwards
and downwards

Pinions ratate in
opposite directions

Overrunning clutch \
embedded into pinions \

"
Shaft moves in single
fixed direction rotation

Figure 3 The conversion mechanism with bidirectional

linear motion into a unidirectional rotation



IV. SYSTEM POWER ANALYSIS
In this study, the conduction and switching losses of
the dc—dc buck converter is considered for buck mode.
The dc—dc buck converter power electronic interface
conduction losses of the high-side switch is computed

as

Pon,H = Igut X Ron,H X ‘:;z.ut (1)
m
The dc-dc converter conduction losses of the low-

side IGBT can be written as

Vou
PonL = Igut X Rop, X (1 - Tnt) (2)
where Vi, is the input voltage, and Vyy; is the
output voltage. P,p g is the high-side IGBT on
resistance, Py, 1, is the low-side IGBT on resistance.

The switching losses of dc-dc converter can be

expressed as:

1 1
_V I t.+t + _VZC
PSW,loss :fs <2 Cl Ll( r f) 2 C oss> (3)
+QchargeVG + V0,

Coss is the output capacitance of IGBT. Qcparge is
the gate charge due to charging the gate capacitance
by cate voltage. Q- is the reverse recovery charge.
Vi is the gate voltage. t, and ty are the rise-time and
fall-time transitions of IGBTs during switching periods.

The total power losses in HESS are the sum of

power losses in the dc—dc buck converter, inverter,

motor, during braking and the SC/battery as

PHESS,loss = Fon,n + Pon,L + Psw,loss + PDiode
+ PInv.Mot,loss + Pbrake
+I3cRsc + Ifge ()

where Pp, moti0ss 1S the power of losses at power

level (P). Since the total power loss is obtained, the
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efficiency can be calculated with the following

equation

— VourXlour (5)
(VourXlouT)*+PHESS,l0ss

n

where Voyr is the output voltage. Ipyr is the
output current.

This part investigates the effects of the RSA scheme
parameters (e.g. damping force, excitation force) on the
output power efficiency. Specifically, the damping force

(Fg) of the RSA can be expressed as

Fy=F= meqjc'+'CL =m,+2m, +

J
l_‘zq“‘]pg"’]b +]s+2]p
TZ
1.5xk2
+ -5 X
BgPpgPpBrpt?r?(Re+Ry;)

(6)

x

where Fy is the damping force, F is the excitation
force, x is the excitation speed, and By, Bpg,Bb, Brp
are the efficiency of the generator, planetary gearbox,
bevel gear and rack-pinion, respectively. m, and
m,are the mass of the outer cylinder and the rack,
while, Jg, g, Jb. s Jp are the inertia of the generator,
planetary gearbox, bevel gear, shaft and pinion
respectively. k, is the rotary damping coefficient, R; is
the Internal resistor of each phase of the generator
charging circuit, R, is external resistors, 7 is the radius
of the pinion, [ is the planetary gear ratio and Cj, is the
linear damping coefficient[15].

The mechanical efficiency (Bm) of the RSA is

expressed as

ﬁm = Bgﬁpgﬁbﬁrp (7)

Substituting (2) into (1) yields

Bmpinput =P (8)
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where Py is the electrical power, which comprises
the fragment charge captured (Pcgptureq) and the
fragment lost to the internal resistance (Pj,g) of the
generator, which can be calculated as:

P = Pcaptured+Plost

Thus, the electrical efficiency of the RSA s
calculated by

P captured

Be = (10)

Pcaptured+Plost

The linear damping coefficient can be calculated as

follows:

(11)

where Cpis the linear damping coefficient, AW is
the mechanical work input of the RSA, W and A are the
frequency and amplitude of the sinusoidal vibration,

respectively.

V. DESIGN OF BEACH TEST EXPERIMENTAL

In this research, a 20 kW BLDC motor [6] was
selected since it has higher power to weight ratio
efficiency compared to other motors. For example, in
comparison to an induction motor, the 20 kW BLDC
motor has a weight of 40.5 kg., which is lighter than the
20 kW BLDC motor which has a weight of 102.5 ke. For
this reason, it is lighter, smaller, and more suitable for
installation in middle electric vehicles with a weight
range of 400-800 kg and suitable for an average running
speed of 30-85 km/h. Details for the beach test

experimental are shown in Figure 4.

34
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Figure 4 Test bench experiment of regenerative braking system.

VI. EXPERIMENTAL RESULTS AND DISCUSSION

Figure 5 shows the simulation and experiments of
the relationship between speed and the time spent
using the braking range of 9.26 seconds at a pre-braking
speed of 34.84 km/h to evaluate the supercapacitor
pressure before/after braking which results from the
simulation found that during the previous period and
after braking for 9.26 seconds at an average speed of
34.15 km/h before the braking speed, SC voltage is
increased after braking to 5.8 v, where Table | shows
the experimental results, kinetic energy before braking
and the energy stored after braking at the speed before
braking, averaging 9.41 m/s at the time of braking at 9
seconds. The energy stored after braking averages at
3,215.02 joules. The kinetic energy that occurs before
braking averages at 27,250.90 joules.

The RSA bench-test experiments carried out subject
to sinusoidal vibration given variable frequencies (2.0,
2.5, 3.0, 3.5 Hz) and amplitudes (3, 6, 9 mm) for the
force-displacement loops. The experimental platform
of the RSA prototype using HS-5042-AF2 electronic
shock absorber testing system and a UTD2102CEX-EDU
digital oscilloscope to record the voltage signals from
the generator. Due to the dimensional limitations, the

maximum amplitude of the prototype RSA is 9 mm.



Table 1 Experimental and Simulation Specifications

Total
Speed Duration
kinetic Energy
before of
Set energy recovered
braking braking
before (@)]
(m/s) (s)
braking(J)
1 9.60 27,490.43 9.24 2,240.31
2 9.71 28,523.75 9.28 2,811.49
3 9.55 27,233.27 9.24 3,286.39
4 9.59 27,531.91 9.32 3,491.02
5 9.52 27,438.08 9.25 4,127.75

The efficiency of the proposed method can be
evaluated by comparing the SOC of the hybrid energy
storage device. (SC and batteries) during the driving
cycle of MEV, Figure 5 shows the comparison of
simulations and experiments for the charge status of
the SC and battery under 2 conditions: the system
recovers braking using SC with the charge status of the
SC and the battery starting at 87.2% and 82.6%. The
system recovers braking using battery with the SOC of
SC and batteries starting at capacitors 96.1% and 85.5%.

The multi-layer feed-forward ANN provide
satisfactory ANN capability in this proposed scheme.
The inputs comprise the vehicle speed, states of
charge (SOC) of the SC and the battery, and the
number of brake situation per drive cycle. The
regenerative braking force of the front wheel are the
outputs of the ANN algorithmic scheme. Five neurons
in hidden layer are analyzed. Meanwhile, the hidden
layer of the algorithmic scheme consists of five
neurons whose activation functions are of sigmoid
function [6].

The artificial neural network (ANN)-based RBS
control mechanism was utilized to optimize the
switching scheme of the RBS’s three-phase inverter. In
the regenerative braking mode, the ANN-based
SC/battery RBS transferred the braking energy to be
stored in the SC [6].
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In the first case, the initial SOC value of the SC and
the battery are set at 80.2% and 82.4% respectively.
Therefore, the SC voltage is still far from the safety
threshold of 939%, braking with the battery will not be
activated. Consequently, there will be only SC used to
store energy from braking in this case. With the SC
status and battery in this case, Figure 6 shows the
second case of braking, in which the SOC of the SC is
set to an initial value of 96.2%, in this case, since the
capacitor status (SOC) of the capacitor exceeds the set

safety threshold.

40
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. F il 9265
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Figure 5 The simulation and experiments of the speed and time

spent using the braking range of 9.26 seconds.

A Simulation (Battery Only)

»
o
o
)
T T T

—— Experimental (Battery Only)

SOC of Battery (%)

72.08 A A

0o 100 200 300 400 500 600 700

Time (Sec)

800 900 1000

Figure 6 The initial SOC of 83.2% (Battery)
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Table 2 tabulates the opUma[ simulation Table 2 Experimental Optimal Simulation Parameters
parameters of the RSA scheme. The RSA scheme was of the RSA
Parameter Value

simulated using MATLAB based sinusoidal vibration

under variable frequencies (2.0,2.5,32.0, 3.5 Hz) and

Shaft inertia J 3.251 kg mm?®

amplitudes (3, 6, 9 mm) for the force-displacement Bevel gear inertia | 4811 kg mm
loops. The sinusoidal vibration (x) function can be Planetary gearbox inertia [ 0.22 kg cm?
expressed as, where x is the sinusoidal vibration, t is the Rotor inertia of generator J ¢ 0.5 kg cm’
period time of frequency, A and W are the amplitude The mass of outer cylinder e 401 ks
The mass of rack M- 0.197 kg

and frequency of the sinusoidal vibration, respectively.

Figures 7(a)-(c) illustrate the simulated force-

Pinion inertia | p

32.275 kg mm?

The rotary damping coefficient ke

0.0512 V s/rad

the planetary gearbox ratio i 1:35
displacement loops of the proposed RSA scheme
associated with 3, 6 and 9 mm amplitudes, given the 100 o e
80 — 7::“2
frequencies of 2.0,2.5, 3.0, 3.5 Hz. The simulation results &o {/ \\ """""" oy
indicated that the regenerative shock absorber satisfied o \/ ——— *s\,\
2 20 = R R P
the requirements for conventional shock absorbers, g o Q\ N
©-20 D \ )
particularly terms of in damping and elasticity [10]. The P s —_— L \
) ) . . -60 =Rz e O //’
orientation of the force-displacement loops is non- P R 4
-80 \\
horizontal and oblong-shaped, while the mass inertia is 100 =3 g o 15 35 AE
Amplitudes (mm)
related to the negative slope. In addition, the ideal @)
force-displacement loops could be achieved with the 200 —
160 —— | 25H
optimal simulation parameters [10], [11] 120 _— —~ 3.0H:
The simulation results also revealed that the s 2 _," ——= e
< 40 V.- ———— _::&:\
vibrational frequency is positively correlated to the g o RN
force-displacement loop slope, given 3, 6, 9 mm 0 "\_._ Rl _/",7
amplitudes. In other words, the loop slope increases 1:2 i S A
with an increase in the excitation frequency. The non- %5 so 255 0 2.5 5.0 7.5
Amplitudes (mm)
horizontal loops are attributable to the masses of the (b)
outer cylinder (m;) and the rack (m,) as well as the 200 —— [
160 A e NG| XY
inertia of the moving parts, i.e. the pinions, shaft, bevel 120 (_/ P —— \\ St
80 - __:}
gears, planetary gearbox and generator, as estimated by g 40 Xl - ‘~§
8 o k S
Eq. (1). By comparison, the simulated mechanical work & -a0 Vi_ -
input of the RSA (AW) (i.e. inner-loop area) increases 120 e
160 \_' =

with an increase in amplitude (3, 6, 9 mm), given the

same excitation frequency.

12 -4
Amplitudes (mm)

(@

12

Figure 7 The simulated force-displacement loops under the
frequencies of 2.0, 2.5, 3.0, 3.5Hz given the amplitude of: (a) 3

mm, (b) 6 mm and (c) 9 mm
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Figure 8 illustrates the 9 mm-amplitude
experimental force-displacement loops of the RSA
scheme, given the frequencies of 2.0, 2.5, 3.0, 3.5 Hz.
The inner-loop area represents the mechanical work

input (AW) of the RSA.
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Figure 8 The experimental (bench test) force-displacement
loops under frequencies of 2.0, 2.5, 3.0, 3.5Hz given amplitude

of 9 mm

The average experimental linear damping

coefficient (CL) is 1731.4 Ns/m, given 9 mm amplitudes.
resembles the

The experimental result closely

calculated result of 1811.4 N s/m, calculated by (11).

270
. simulatedl]]]]] Measured (The proposed system)

240
Esinulatedfff Heasured (SCB-HESS with RBS)

- % simulatedMeasured (RSA)
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180 171,51
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3.18 3.79
Driving time (hour)
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Figure 9 The driving range of the EV with RSA only, with the
SCB-HESS with RBS only, with the proposed system (RSA with
the SCB-HESS-based RBS)
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Figure 9 compares the driving ranges and duration
(drive cycle) of the EV without the RSA only, with SCB-
HESS-based RBS, with the proposed system, given that
one drive cycle is 8140.41 m with a total travelling time
of 882.10 seconds. In the absence of the RSA only, the
vehicle could travel 105.96 km (13 cycles) while, under
the SCB-HESS-based RBS condition, the distance
travelled by the EV was 126.33 km (15.5 cycles).
Meanwhile, the distance logged by the vehicle with
proposed system was 175.24 km (215 cycles), an

increase of 48.91 km (6 cycles) compared to that of the

RSA only vehicle.

VII. CONCLUSION
In this paper, a hybrid energy harvesting system was
proposed based on a regenerative braking system and
Suspension

Regenerative Shock Absorber with SCB-HESS-based RBS

Energy Harvesting using Mechanical
for middle electric vehicles (MEV). In the regenerative
braking mode, the DC-link voltage is boosted, and ANN-
based RBS program transfers the braking energy to store
in the energy storage devices.

In this study, experimental were carried out for an
RSA prototype fabricated and bench-tested subject to
sinusoidal vibration. The experimental RSA total
efficiency (B) was in the range of 21.74% -49.93%, with
an average total efficiency of 31.93%. The total
efficiency was positively correlated with the vibrational
frequency and amplitude. The maximum total
efficiency of 63.22% was achieved at 3.5 Hz frequency
and 9 mm amplitude, to comparatively assess the
performance of the proposed hybrid energy harvesting
system, the simulations were carried out under the
NYCC drive cycle. The results showed that the
regeneration efficiency was improved about 31.75% in
comparison with SCB-HESS-based RBS.

The proposed SCB-HESS-based RBS with suspension

energy harvesting is capable of harvesting the braking
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energy and the suspension vibration energy used for

renewable energy applications to extend the battery

life and the EV driving range.
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Abstract

In the contention resolution of the IEEE 802.11 DCF algorithm with constant contention window, there may be
wasted slots at the end of the frame. This paper proposes two algorithms to improve the performance of IEEE
802.11 DCF algorithm with constant contention window by using the method of reducing the wasted slots at the
end of the frame. The first algorithm is reducing wasted slots at the end of last frame (RLF) and the second
algorithm is reducing wasted slots at the end of every frames (REF). Based on the results, it is found that the REF
algorithm offers superior performance and the RLF algorithm performs better than the IEEE 802.11 DCF with
constant contention window algorithm. We can conclude that both proposed algorithms can improve system
performance, especially when there are large amounts of slots per frame. The appropriate number of slots per

frame should be used in order to ensure optimal system performance.

Keywords: |EEE 802.11 DCF, Reducing wasted slots, Contention resolution
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Abstract

Rearing Betta splendens is one of the most popular aquarium hobbies around the world. There are many loT
solutions done so far to monitor the water quality of the aquarium. Some machine learning and loT based solutions
are also available to do regression on the sensor data. In this paper, we propose a new framework and algorithm
to predict the abnormalities in water quality which may affect the health of the fish. The algorithm proposed in
this paper uses a local maxima niching genetic algorithm for optimization which effectively finds the local maxima
on the new data streaming in and provides the approximate timestamp on the next possible water change or
treatment to avoid the fish from getting infected. Many existing timestamp methods are seasonal but in terms of
optimization in terms of unpredictable environment such as water, there needs a better technique for optimization.
The qualitative and quantitative results proved that the health of fish using the proposed framework had better
living conditions and avoided the attack of parasitic infections than those in existing and normal captivity methods.

The accuracy of the proposed methodology increased by 5% within the variations made.

Keywords: Smart Aquarium, Genetic Algorithm, Water Quality, Betta splendens
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I. INTRODUCTION

Agquarium keeping is one of the most affordable and
therapeutic hobbies around the world. Hobbyists
normally make various types of aquariums like
freshwater, marine, aqua-scape and crustaceans. Most
of the freshwater aquariums use tropical fish species
originated from the south east Asia. There are many
instances of creating unsuccessful aquarium where the
mortality rate of fish purchased is more. This is mainly
due to poor water quality and mismanagement of the
aquarium system [1]. The biochemical and ecological
factors play a vital role in maintaining the fish stress-
free and free from parasitic attacks. There are many
tropical fish available in the market but Betta
splendens is chosen for the experiments in this paper.
The technology proposed in this paper will be useful

for hobbyists, aquarium retailers and Betta breeders to

maintain better living condition for the B. splendens in

captivity.
Table 1 List of Abbreviations
Acronym Expansion
loT Internet of Things
B.splendens Betta splendens
GA Genetic Algorithm
SVM Support Vector Machine
NB loT Narrow Band loT
co2 Carbon dioxide
pH Hydrogen lon concentration
H2CO3 Carbonic acid
SVR Support Vector Regression
ESM Electric Smart Meter
€6) Carbon Monoxide
Cc Centimeter cube
csv Comma Separated Values
Ich Ichthyophthirius multifiliis
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A. Betta splendens

Betta splendens is the scientific nomenclature for
the Siamese fighting fish. It is predominantly bred for
pet aquariums of hobbyists and for fish fighting as a
hobby. It is originated from Thailand. This species is
known for its aggression due to low levels of Serotonin
[2]. B.splendens is an affordable ornamental tropical
fresh water fish available in market with various types
of fins and vibrant colors. The frequency and intensity
of the pelvic fin flickering and tail beating is used for
male-male and male-female interactions [3]. Therefore,
the health of the fins is more responsible to
communication than appearance. This species of
aquarium fish is more sensitive towards diseases due to
poor water quality [4] like bacteria infected fin rot [5],
Ichthyophthirius multifiliis and other parasitic infections
[1]. Factors like pH, Ammonia, dissolved CO2 needs to
be in the teleost recommended ratio as the excess
presence of any of these may turn poisonous for the
fish [6].
B. Internet of Things
Internet of Things (IoT) is spanning its wings in all
domains and transforming the usage of industries and
lifestyle. It reduces power consumption and increases
the robustness and connectivity to the accessible data
across the globe [7]. 10T is used as a bridging tool with
Machine learning techniques to manage and predict
data in many cases. A new evolutionary algorithm
based supervised learning framework is proposed in this
paper to maintain water quality and predict the
condition of agquarium to prevent parasitic attacks and
increase the lifespan of B.splendens in captivity. Some
external and submersible sensors coupled with
ATMEGA microcontrollers are used in this methodology.
Normally there is a recommended weekly replacement
of water with 20% of the total capacity of the captive

aquarium tank [4].
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i) External Sensors; DHT 11 sensor is used to
measure the atmospheric temperature and relative
humidity. MQ9 sensor is used to measure the
concentration of carbon monoxide in parts per million
from the surface of the aquarium.

ii) Submersible Sensors; Water temperature and pH
are measured using submersible sensors. PHC4502C is
used to measure from the pH voltage measured by the
potentiometer in the sensor and DS18B20 is used to
measure water temperature. Source code is given in
https://github.com/ferdinjoe/ Water-Quality-

Management.

C. Multi-Objective Genetic Algorithm

Genetic Algorithm is a widely used evolutionary
algorithm which mimics the human evolution theory of
Charles Darwin [8]. This algorithm is used to evolve data
and speculate the possibilities of future outcomes.
Multi objective genetic algorithm is available to evolve
based on multi dimensions and multiple fitness
functions [9], [10]. Multi objective genetic algorithm has
scope in all types of data including images and videos
for graph based searching of pattern recognition [11].
There is a need for a local maxima based optimization
for time series data obtained for loT systems in

aquarium.

D. Support Vector Machine

Support Vector Machine (SVM) or Support Vector
Networks was invented by Vladimir N. Vapnik and
Alexey Ya. Chervonenkis in 1963 for linear classifiers.
Later Vapnik developed the algorithm to be used by
nonlinear classifiers. For this purpose, he developed
Support Vector Networks with Corinna Cortes [12]. This
formed the base for the modern day Support Vector
Machine classifier used for many supervised learning
based machine leamning applications. LIBSVYM toolbox

[13] is used for the experiments in this paper.
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Let the data fed into SVM is represented as follows.

{x1,y1} {x2, y2 30, v} (1)

A hyperplane can be drawn over these points in

(1) with a normalized vector as in (2).

(2)

w.x—b=0
The soft margin of this hyperplane is given as

max(0,1 — y;(w.x; — b)) 3)

Therefore the hard margin is given as

(w.x;—b) =1 (4)

<n

This applies for the limit of 1 < I

The time series data in the loT sensors are made as
vectors in this form. These vectors are converted to the
type of chromosomes explained in section IIl. This is
because we propose a new way of creating
chromosomes based on the vectors and hyperplanes.

In this paper a new local maxima based niching
genetic algorithm is used to manage water quality and
predict the quickest possible time to change water in
the captive tank is proposed in a framework which has
given promising results to increase the lifespan of B.
splendens in small captive nano tanks. The remaining
part of the paper is organized as the existing methods
and other related literatures reviewed in related work,
proposed methodology and results in qualitative and
quantitative aspects. Prior to results, the experimental
setup and various algorithm tried for optimization and

their performance are listed in Experiments section.



Il. LITERATURE REVIEW

loT based aquaria has been developed and
proposed with various technologies and environmental
control. Most of the literatures given below are used
for monitoring and storing the data collected from the
sensors and thereby operating actuators.

A study on B. splendons was done by [6] and it used
many sensors and actuators to observe the behavior of
the fish in a small unheated aquarium tank. This is a
controlled environment as it was taken to the region
where it is not conducive enough to raise tropical fish.
The report on this study says that there is an aggressive
behavior in the species where the movement was less
and tank size is smaller. This indicated in a dominant -
submissive relationship. The same behavior was
observed in aggressive Midas cichlids [14] and semi
aggressive zebra danios [15]. The most lethal
abnormalities include pH going beyond 8, increase in
ammonia due to accumulation of fish waste and
increase in acidity of water by H2CO3 due to dissolved
co2.

loT based aquarium system named FishTalk was
proposed in [16]. This is an NB loT based system
developed with various sensors and actuators. This
includes water level, temperature and actuators like
filters and fish feeders. This is a mobile based monitor
for water quality sensors in the aquarium and it is
proven cost effective than many other systems
developed earlier. This monitoring gave a way of
calibrating sensors to work specific to the loT based
aquarium systems, intelligent feeding system and the
analytics to understand the effects of loT message loss
and delays in domestic aquarium systems rearing
tropical species. Python is used to develop the analytic
system of FishTalk. Smart cloud based loT system for
domestic aquarium systems was developed using
Arduino Nano [17]. This has limited functionalities but

has fully automated system to feed and to change

51

TNI Journal of Engineering and Technology
Vol.8 No.2 July - December 2020

water periodically. A cloud based system was
developed to control the actuators of feeder and water
changing model from being in any remote location. This
is developed as an application using mobile app with
firebase cloud as backend. A smart live aquarium
monitoring using Raspberry Pi was developed in [18].
This uses a webcam server of raspberry pi and connects
to the heater, feeder and temperature sensor. It is
developed as an loT application to watch the condition
of the tank live using the webserver with an android
app as front end and thereby doing the necessary
actions. Similar loT based smart fish aquarium is
developed in extensively in various literatures like [19].

Application of machine learning techniques in loT
are discussed extensively in [20]. It is a survey which
spans over the machine learning in loT applications
using the domain of Edge, Fog, cloud and distributed
computing. SVM, Naive Bayes and K Nearest neighbor
algorithms are used in smart agriculture or smart
farming. The feature selection or reduction methods
like Principal Component Analysis and Canonical
Correlation Analysis on time series and sequential data
obtained from loT data. SVR is used to find the future
progression of sequential data and single class SVM is
used for classification of various conditions in the loT
applications. In a nutshell, analytic algorithms are used
to retrieve knowledge from the collected data, feature
selection from the given data and the choice of
algorithm depends on the data collected. A decision
support system for machine learning to improve loT
based smart meter is proposed in [21]. The method
proposed to improve decision support was compared
using methods like Naive Bayes, Random Forest and
Decision Trees. The data driven decision support
system for ESM to work more efficiently using an loT
ecosystem. Most of the existing methodologies in loT
are spanning towards agriculture and even to crop

centric domains [22].
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loT system for rearing B. splendens is proposed in
[16] and [23]. The latter developed as an loT based
application and shows insights on data collected. It also
describes about the literatures on how Acquasmart
system is developed. The performance metrics used in
includes

The

the literatures discussed in this section

accuracy, F-score, correlation factor etc.
architecture proposed in this paper is promising enough
with the data analytics obtained qualitative and
quantitative for data scientists working on smart
aquarium and develop monitoring system to have a
fully automated system to control the environment of
B. splendens in small Nano tanks. The performance of
this proposed architecture is validated quantitatively
against various experimental setup and parameters

involved in all phases of the system development. A

proposed in [24]. This gives an insight on the
optimization approach mentioned in the proposed

methodology listed below.

IIl. RESEARCH METHODOLOGY

The proposed methodology includes an loT based
architecture and a machine learning based evolutionary
algorithm to predict the possible abnormalities in the
water quality and conduciveness of B. splendens to suit
the environment.
A. loT Based Architecture
The loT based architecture is given in Figure 1. This
presents the sensors and actuators attached to the
microcontrollers and the means of collecting data from

the tank taken for experimentation. The choice of

research on water contamination detection wusing  sensors and actuators used in this proposed framework
genetic algorithm is was based on the features to be extracted and the
minimum common data collected by most of the
frameworks in the existing methodologies.
pH Sensor )
Rdiding Uno Filteroc mMoter with Inlet and Outlet
D518B20

DHT 11 LDR Sensor

CO Sensor

Transmit through USB

Processing
Serial Port

Fish Tank

Machine
— | earning

Figure 1 loT architecture of the proposed methodology

The proposed loT architecture uses Arduino Uno

connected to a PC via USB interface. An external
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hanging filter is added with a capacity of 260 liters per

hour. This filter is attached to the experimental



aquarium of size 1500 cc. The aquarium has water
added to 1000 cc. PHC4502C is used as a probe from
the Arduino as a pH sensor. The pH volt from the sensor
is calibrated to provide pH values with the range 1-14.
This calibration is done with NaOH, distilled RO water
and battery acid whose pH values are known. pH, LDR
and CO sensors are connected to the analog pins in the
microcontroller and other sensors are connected to the
digital pins. Adafruit, One Wire and Dallas Temperature
libraries are used to get data from DHT 11 PHC4502C
and DS18B20 sensors respectively. DHT 11 sensor is
used to record the external temperature and relative
humidity and DS18B20 is used to record water
temperature. MQ-9 sensor is used to record the CO
concentration in ppm. LDR sensor is used to record the
light intensity on the transparent face of the aquarium.
These data are transmitted to a PC via USB interface

and connected to Processing software.

B. Machine Learning

The data collected from the sensors are transmitted
through USB interfacing in Arduino and read through
Processing software which parses the string transmitted.

i) Data Collection; The string data obtained from
the microcontroller is concatenated with the
timestamp and stored in a CSV file. The data stored in
the CSV file as database are processed using Python in
Jupyter Notebook. Pandas library is used to parse the
data stored in the database. This is done
simultaneously from all the experimental tanks.
Separate CSV files are used for each tank. When it is
populated using pandas in python, all the files are
taken together with tank ID as identifier. The proposed
genetic algorithm is used after taking a minimum of 500
readings. While taking the 501st reading, the previous
data form chromosomes in the population set
generated for the genetic algorithm proposed. The

training and testing data is collected over a span of six
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onths and each month had an average of one million
entries. When the entries are flooding the csv files, they
were stored in mongo DB database in json format.
Approximately 24 million data entries were stored for
producing classifier models and perform optimization.
The first  four-month data with uncontrolled
environment setup is used to label manually and used
for training. This accounts to 16 million entries. Labels
were required only when abnormality is observed and
water change was done due to poor water quality or
medication added due to parasitic attacks.

a) Data Cleaning, The data collected in the
mongo DB database was found to be inconsistent with
missing values. These missing values are filled with a
median values and those with incomplete or too less
data recorded are ignored and removed from the
database. Data cleaning is done in this way and made
sure that all data entries have all data fields filled.

ii) Feature Extraction; Most of the training are done
using the evolutionary algorithms like ant colony
optimization, particle swarm algorithm and genetic
algorithm. The combination of timestamp and data
acquired by the sensors are collected. The sensors
provided both the internal and external environment
of the system. In the preliminary experimentation, the
performance of genetic algorithm was found to be
better than other algorithms tried. Normal genetic
algorithm with every timestamp as chromosome in a
population is better in predicting water change but
failed to predict the insufficient water quality with
respect to the parasites. So we used a niching based
genetic algorithm similar to [25] for calculating the
environment of the aquarium based on the classes a)
normal, b) abnormal water quality and c) parasitic
attack based abnormality. The fitness score is done by

a hybrid SYM based regression. The machine learning

framework is given in the Figure 2 below.



TNI Journal of Engineering and Technology
Vol.8 No.2 July - December 2020

Training

Collected Data

}

Testing

Extract Features

|

Population
generation

Ensemble SVM

Fitness Solution

Find Local Maxima

MNext Generation

Crossover &
Mutation

Classifier Model

Optimal Solution

Figure 2 Machine Learning Framework

This framework has the optimization and fitness
function applied. The optimization is done using a local
maxima niching genetic algorithm where the SVM used
finds the fitness score.

i) Training Data; Samples of B. splendens in nano
size tanks were taken with different sub species and
different water conditions by varying the pH values.
Some were observed to get affected by fin rot, swim
bladder and ich diseases predominantly due to poor
water quality and parasitic attacks. These samples were
rescued and treated as per expert advice using
medications like bath in Potassium permanganate
solution, Methylene Blue solution and feeding with
spirulina based algae mixture. The water condition and
the sensor data obtained are recorded for each disease
and subjected to training using an Ensemble SVM. This
Ensemble SVM will create a classifier model based on
the labels given to training data. This model is used as

a map for calculating the fitness score for each

chromosome in the testing data. The genetic algorithm
parameters are chosen based on hybrid algorithms
reported in [26], [24] and [27].

iv) Proposed Local Maxima Niching Genetic
Algorithm

Initially the first 500 readings of sensors and
timestamp data are taken. Each part of the timestamp
like day, hour, minute and sensor data are taken
column wise and concatenated for every 50 readings.
chromosome in the

A sample population is

represented below.

<pH1, pH2, pH3...pH50> <iTempl, iTemp2, iTemp3 ...
iTemp50> .. <dayvall, dayval2, ....dayval50 >

There are 10 parameters with 50 readings each. So
there are 500 genes taken in the population. In the
the data enclosed in

above chromosome, <>

corresponds to a particular data. The crossover and
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mutation are done within the subset of genes alone.
Crossover and mutation does not apply to the genes’
subset of timestamp data.

For each generation, the population is taken to
Ensemble SVM and fitness score is calculated. Among
the scores in the fitness solution, the local maxima are
chosen. The chromosomes above the average fitness
score are retained for the next generation and the
below average chromosomes are subjected to
crossover and mutation.

a) Crossover; Crossover of the above average
chromosomes are done based on a tournament
selection process. Initial experimentation showed that
tournament selection method is quick enough to
converge the population with optimal local maxima
than random selection. The subset of gene is selected
based on a threshold ratio set for each subset.
Timestamp subsets are given negative threshold to
avoid those genes’ set to perform crossover. A two-
point crossover is done and that gives rise to 4 new
chromosomes with respect to that gene. This count is
a part of the permutation taken for the combination of
genes subset performing crossover. As a result of
crossover there will be above average chromosomes
from previous generation, crossed over chromosomes
and below average genes waiting to get mutation.

b) Mutation; Mutation is performed on a single
gene. The single gene in a gene subset is chosen and it
is converted from decimal to binary. Using a random

probability, the bit which needs to mutate is identified

and flipped. Then the mutated gene’s chromosome

The Figure 3 above shows the external aquarium setup.
This includes the sensors and microcontroller used to
measure the atmospheric conditions surrounding the

aquarium.
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will replace the below average chromosome which it
actually mutated from. As a result of this mutation
there will be same amount of chromosomes in the
previous population and the chromosomes obtained
Therefore, the number of

USiﬂg crossover.

chromosomes increases with each generation forward.

IV. RESULTS AND DISCUSSION
The experiments carried out for the proposed
framework consists of internal and external aquarium
setup. This setup is done in four tanks for four different
samples of fish. The external sensors are used to
measure environmental conditions outside the
aquarium and internal setup is to measure the water

quality and the livable conditions of the fish.

Figure 3 External Aquarium setup. 1. DHT 11 sensor, 2. CO

sensor, 3. Light intensity sensor, 4. Breadboard to bridge

Arduino with sensors and 5. Arduino Microcontroller
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Figure 4 Internal Aquarium Setup. 1. pH sensor, 2. Water

temperature sensor, 3. Indian Almond leaf, 4. Betta Fish, 5.
Coarse gravel and marble base and 6. External hanging filter

coupled with surface skimmer.

The internal setup of the experimental aquarium is
given in Fig. IV above. It consists of external hanging
filter with surface skimmer. Surface skimmer is used to
extract the oily substances on the surface of water. The
oily substances come from the pheromones secreted
by the fish and breaking up of food and fecal wastes of
the fish. Oily surface is responsible for the blockade for
atmospheric oxygen from mixing with water. This
condition is peculiar for Nano sized captive aquaria. The
rear and side walls of the aquaria are wrapped with
polymer sheets with 100% opacity. This is done to
decrease the aggressiveness of betta. B. splendens are
prone to aggressiveness when they get exposed to

mirrors, glasses, other fishes outside and some bright

56

objects [28]. This aggressiveness is increased due to the
drop in serotonin hormone in the fish. When the
captive aquaria are covered with opaque polymer
sheets, aggression of B. splendens males are proved to
be controlled [29]. This reduces the stress buildup in
the fish taken for experimentation. The total setup of
the aguarium is given a polymer shield to limit the light
exposure inside the tank. This is a manually controlled
environment to aid an environment for the fish to be
with less stress and conduciveness to survive. Indian
almond leaf is added to provide necessary minerals
soluble in water. Moon tail B. splendens are used in the
experiments. Indian Almond leaf is responsible in
maintaining the quality of water conducive for B.
splendens to survive [30]. Increase in serotonin will
effect in lifespan of B. splendens within itself. As a
result of this controlled environment setup, the water
quality and the effect of parasites due to external
factors are taken into account for the prediction of
water change time using machine learning algorithms.
A DC motor is connected with a base sump and water
supply. It is automated to change 25% of water weekly
by default. It will initiate water change of 30 % when
the machine learning module predicts any abnormality
and maintains the water quality. The proposed
methodology is applied on 3 out of 4 tanks with less
control over the environment. The proposed method
is validated against the existing methodologies with the

following configurations.
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Table 2 Experiment configurations

S.No Evolutionary Technique Classifier Classifier Parameter
1 Ant Colony Optimization SVM in LIBSVM Radial basis function
2 Ant Colony Optimization SVM in LIBSVM Polynomial kemel
3 Ant Colony Optimization Ensemble SVM Naive Bayes for timeseries subset and polynomial kernel
for sensor data
4 Ant Colony Optimization Ensemble SVM Naive bayes for timeseries and rbf kernel for sensor data
5 Particle Swarm Optimization ~ SVM in LIBSYM Radial basis function
6 Particle Swarm Optimization ~ SVM in LIBSYM Polynomial kernel
7 Particle Swarm Optimization ~ Ensemble SVM Naive Bayes for timeseries subset and polynomial kernel
for sensor data
8 Particle Swarm Optimization ~ Ensemble SVM Naive bayes for timeseries and rbf kernel for sensor data
9 Proposed Local Maxima SVM in LIBSVM Radial basis function
Niching GA
10 Proposed Local Maxima SVM in LIBSVM Polynomial kermnel
Niching GA
11 Proposed Local Maxima Ensemble SVM Naive Bayes for timeseries subset and polynomial kernel
Niching GA for sensor data
12 Proposed Local Maxima Ensemble SVM Naive bayes for timeseries and rbf kernel for sensor data

Niching GA

Identical tanks with same species of fish belonging
to the same age group were used to check the
performance of the algorithm. Pandas library was used
for data collection and cleaning. Numpy was used as a
support for ga library used for genetic algorithm. The
usage of this library was customized based on the
proposed genetic algorithm. Scikit learn was used to
create the ensemble classifiers in the fitness solution.

After providing a manually controlled environment
to one of the sample aquaria, the vital parameters of

the water quality remained constant. Internal and
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External temperatures had its ideal variance and pH
remained between the range of 6.5 - 7. The water
when maintained with lesser transparency and more
soluble solids and minerals, the water in the aquarium
appeared as in the Figure 5 below. The color of water
is not transparent due to the mixing of soluble iron,
calcium and other vital minerals from the almond leaf.
This is obtained 8 hours after the setup of the
aquarium. Remaining three aquaria are not controlled

with any of the above factors.
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Figure 5 Ideal condition maintained

possible water change. This has been compared with
some normal evolutionary methods like Ant colony
optimization, particle swarm optimization, normal
genetic algorithm and crowding multi objective genetic
algorithm coupled with various classifiers and their
parameters as shown in the configurations mentioned

in the experiments section above. The accuracy

obtained for primary experimentations and the
proposed methodology is given in Table 3.
The tanks with no manual control over environment
are taken to collect data and processed to predict the
Table 3 Accuracy obtained for each experimental configuration
S.No Evolutionary Technique Accuracy
1 Ant Colony Optimization with SVM - rbf kemel 66.0%
2 Ant Colony Optimization with SVM — polynomial kernel 63.55%
3 Ant Colony Optimization with Ensemble SVM combination 1 62.67%
4 Ant Colony Optimization with Ensemble SVM combination 2 61.11%
5 Particle Swarm Optimization with SVM — rbf kernel 54.55%
6 Particle Swarm Optimization with SVM — polynomial kernel 58.22%
7 Particle Swarm Optimization with Ensemble SYM combination 1 75.58%
8 Particle Swarm Optimization with Ensemble SVYM combination 2 70.22%
9 Proposed Local Maxima Niching GA with SVM - rbf kernel 76.12%
10 Proposed Local Maxima Niching GA with SYM — polynomial kernel 73.77%
11 Proposed Local Maxima Niching GA with Ensemble SYM combination 11 74.55%
12 Proposed Local Maxima Niching GA with Ensemble SVM combination 12 79.70%
The proposed methodologies gave better Clouding of water due to over feeding, external dust

accuracy with the second combinations of Ensemble
SVM. The confusion matrix of the best performing
methodology listed in Table 3 is given in Table 4 with
the split of class-wise accuracies. Combination 11 and
12 corresponds to the respective ensemble SVM
configuration mentioned in Table 2. There are few

challenges in the approximation of timestamp data.
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mixing with water changes the condition of water and

prepares a non seasonal trend. The proposed
methodology is considerably successful in managing
this issue by dynamically creating niches by the local
maxima. So it will be automated to change niches over

the course of time also.
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Table 4 Confusion Matrix for Local Maxima Niching GA with Ensemble SVM combination 12. Accuracy listed in percentage of

instances tested

Normal Water change due to poor Water change due to
water quality parasitic attacks
Normal 88.55 11.45 0
Water change due to poor water 11.53 78.69 9.78
quality
Water change due to parasitic 16.68 11.45 71.87
attacks

The data collected was huge in number and
storage space and the evolutionary algorithms took
many generations over time for each decision to make.
Despite the fact of time consumption, this methodology
used less water consumption than manual water

change scheduled once in a week.

Figure 6 Fin rot observed due to fungal attack and parasite ich

Table 5 Vulnerabilities observed with various pH level

S.No pH value range Vulnerabilities

1 65-75 Nil

2 76-11 Irreversible Fin rot, mortality, Parasites

3 <6.5 Poor water quality, ich, fungus, parasites, mortality, inadequate oxygen, increased carbonic

acid, increase in CO and methane emission

Various vulnerabilities are listed in table 5.  helped to increase the inter class distance between
Thought parasites flourished below and above the  the classes by the classifier used in the proposed

normal pH range, other sensor data as features  methodology.
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Table 6 Conditions of fish observed with various methodologies

S.No Evolutionary Technique Final status Diseases observed and treated
1 Ant Colony Optimization with Alive Ich, fin rot
SVM — rbf kernel
2 Ant Colony Optimization with Died - 1 month Ich, Nitrate poisoning
SVM - polynomial kernel
3 Ant Colony Optimization with Alive Fin rot
Ensemble SVM combination 1
4 Ant Colony Optimization with Died - 2 months Ich, swim bladder
Ensemble SVM combination 2
5 Particle Swarm Optimization Died - 1 month Ich, Nitrate poisoning
with SVM - rbf kernel
6 Particle Swarm Optimization Died - 3 months Fin rot
with SVM - polynomial kernel
7 Particle Swarm Optimization Alive Fin rot
with Ensemble SVM
combination 1
8 Particle Swarm Optimization Alive Gasping due to CO2 concentration
with Ensemble SVM
combination 2
9 Proposed Local Maxima Niching  Alive NIL
GA with SVM - rbf kernel
10 Proposed Local Maxima Niching  Alive Gasping due to CO2 concentration
GA with SVM - polynomial
kernel
11 Proposed Local Maxima Niching  Alive NIL
GA with Ensemble SVM
combination 11
12 Proposed Local Maxima Niching  Alive NIL
GA with Ensemble SVM
combination 12
13 Ideal conditions with controlled  Alive NIL
environment
14 Normal instructions followed by  Died — 1 month Ich, fin rot, swim bladder

beginner in hobby
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Figure 7 Performance of various water quality parameters of proposed methodology with respect to cumulative mean of all other

methodologies. Orange series belongs to proposed and blue belongs to existing methodologies. (a) Total water changes done over

every week due to poor water quality, (b) Total water changes done due to parasitic attacks, (c) Oxygen — CO2 cycle maintained

and (d) Diseases observed and treated.

The qualitative results from Figure 7 clearly shows
that the proposed methodology hold better in
maintaining water quality of the captive aquaria of B.
splendens when compared to many other
methodologies tried. The mean of all the existing
methodologies are compared against the performance
obtained in proposed methodology. There was less
water changes for the tank using proposed
methodology which resulted in 80% savings in terms of
water usage. The 02 - CO2 cycle also maintained
optimum using the proposed methodology. This
system holds good even to leave the aquaria
unattended during vacations provided an automatic
digital feeder is attached to the tank. However, the

amount of food consumed and wasted also contributes
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to decrease in water quality. Water quality due to food
wastage is not considered in the experiments reported

in this paper.

V. CONCLUSION

The proposed loT framework and its machine
learning approach of genetic algorithm as a product
proved to predict abnormalities in water condition and
poor water quality. This triggered in necessary water
change automatically using a small DC sump motor.
The accuracy reported in the results looks promising
and increases the healthy lifespan of B. splendens.
There are still some issues in finding the local maxima
niche when it comes to the timestamp data. The local

maxima found in one generation has to be constant or
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close to the concordant values. Else the accuracy in
predicting water change for poor water quality and
water change for parasitic attack will have an under-
fitting of classification and thereby the accuracy of the
proposed  methodology  dropped  considerably.
However, with the accuracy factor obtained, the
healthy lifespan of B. splendens increased when
compared to water change and monitoring done by
human intelligence as per recommended settings. The
proposed method holds good for tanks with single
male B. splendens. The calibration of the classifier will
change for huge water sources housing the fish in large
quantities like breeder facilities and retailer’s tanks. This
research area has scopes to expand to various other

species, tanks with mixed species, schooling fish species

in fresh, marine and brackish water ecosystems.

ACKNOWLEDGEMENT
This paper is a combination of research and hobby
interests of the author. The results and contributions in
this paper are done to express the fun at work and to
encourage happiness index among research fraternity.
Special thanks to Amalor Sancho Ferdin for permitting
to conduct experiments with his favorite betta named

Blueberry.

REFERENCES

J. B. Gratzek, “Parasites associated with ornamental fish,”
Veterinary Clinics of North America: Small Animal
Practice, vol. 18, no. 2, pp. 375-399, Mar. 1988.

E. D. Clotfelter, E. P. O’Hare, M. M. McNitt, R. E. Carpenter,
and C. H. Summers, “Serotonin decreases aggression via
5-HT1A receptors in the fighting fish Betta splendens,”
Pharmacology Biochemistry and Behavior, vol. 87, no. 2,
pp. 222-231, 2007

T. L. Dzieweczynski, R. L. Earley, T. M. Green, and W. J.
Rowland, “Audience effect is context dependent in
Siamese fighting fish, Betta splendens,” Behavioral

Ecology, vol. 16, no. 6, pp. 1025-1030, Sep. 2005.

62

(8]

[15]

F. Dore, L. Lefebvre, and R. Ducharme, “Threat display in
Betta splendens: Effects of water condition and type of
agonistic stimulation,” Animal Behaviour, vol. 26, pp.
738-745, Aug. 1978.
R. Schneider and B. L. Nicholson, “Bacteria associated
with fin rot disease in hatchery-reared Atlantic salmon
(Salmo salar),” Canadian Journal of Fisheries and
Aquatic Sciences, vol. 37, no. 10, pp. 1505-1513, Oct.
1980.
A. Dolan, “The effects of aquarium size and temperature
on color vibrancy size and physical activity in
bettasplendens,” Maryville College, Maryville, TN, USA,
Tech. Rep. 53309811, 2015.
F. J. J. Joseph, “loT based weather monitoring system for
effective analytics,” International Journal of Engineering
and Advanced Technology, vol. 8, no. 4, pp. 311-315,
Apr. 2019.
S. W. Mahfoud, “Niching Methods for Genetic Algorithms,”
Ph.D. dissertation, University of Illinois at Urbana
Champaigne, Urbana, IL, USA, 1995.
C. M. Fonseca and P. J. Fleming, “Genetic algorithms for
multiobjective optimization: formulation, discussion and
generalization,” in Proc. 5th International Conference on
Genetic Algorithms, Urbana-Champaign, IL, USA, Jun.
1993, pp. 416-423.
K. Deb, “Multi-objective genetic algorithms: Problem
difficulties and construction of test problems,”
Evolutionary Computation, vol. 7, no. 3, pp. 205-230,
Sep. 1999.
S. Auwatanamongkol, “Pattern recognition using genetic
algorithm,” in Proc. 2000 Congress on Evolutionary
Computation, La Jolla, CA, USA, Jul. 2000, pp. 822-828.
C. Cortes and V. Vapnik, “Support-vector networks,”
Machine Learning, vol. 20, no. 3, pp. 273-297, 1995.
C. Chang and C. Lin, “LIBSVM: A library for support vector
machines,” ACM Transaction on Intelligent Systems and
Technology, vol. 2, no. 3, pp. 1-27, Apr. 2011.
R. G. Oldfield, “Gonad development in Midas cichlids
and the evolution of sex change in fishes,” Evolution &
Development, vol. 13, no. 4, pp. 352-360, Jul. 2011.
S. P. Basquill and J. W. A. Grant, “An increase in habitat
complexity reduces aggression and monopolization of
food by zebra fish (Danio rerio),” Canadian Journal of

Zoology, vol. 76, no. 4, pp. 770-772, Apr. 1998.



[16]

[17]

(21]

[22]

(23]

[24]

[25]

Y. B. Lin and H. C. Tseng, “FishTalk: An loT-based mini
aquarium system,” IEEE Access, vol. 7, pp. 35457-35469,
2019.

Y. H. Cheng, W. Q. Chen, K. H. Lin, and Z. Y. Zhou, “Smart
cloud loT aquarium,” in Proc. 13th International
Conference on Advanced Information Technologies (AIT
2019), Taichung, Taiwan, Mar. 2019, pp. 274-278.

S. Kori, S. Ayatti, V. Lalbeg, and A. Angadi, “Smart live
monitoring of aquarium - An loT application,” in
Information and Communication Technology for
Intelligent Systems, Singapore: Springer, 2019, pp. 1-9.
Y. Kim, N. Lee, B. Kim, and K. Shin, “Realization of loT
based fish farm control using mobile app,” in Proc. 2018
International Symposium on Computer, Consumer and
Control (IS3C), Taichung, Taiwan, Dec. 2018, pp. 189-192.
M. S. Mahdavinejad, M. Rezvan, M. Barekatain, P. Adibi, P.
Barnaghi, and A. P. Sheth, “Machine leaming for
Internet of Things data analysis: A survey,” Digital
Communications and Networks, vol. 4, no. 3, pp. 161-
175, Aug. 2018.

J. Siryani, B. Tanju, and T. J. Eveleigh, “A machine learning
decision-support system improves the internet of things’
smart meter operations,” JEEE Internet Things Journal,
vol. 4, no. 4, pp. 1056-1066, 2017.

S. Trilles, J. T. Sospedra, O. Belmonte, F. J. Z. Soria, A. G.
Pérez, and J. Huerta, “ Development of an open
sensorized platform in a smart agriculture context: A
vineyard support system for monitoring mildew disease,”
Sustainable Computing: Informatics and Systems, vol. 28,
pp. 1-11, Dec. 2020, doi: 10.1016/ j.suscom.2019.01.011.

G. S. Sampaio, G. M. F. Correia, and L. A. D. Silva,
“AcquaSmart: An environment big data analytics and
Internet  of Things to education and research,”
International Journal for Innovation Education and
Research, vol. 7, no. 1, pp. 93-104, Jan. 2019.

Y. Xuesong, S. lJie, and H. Chengyu, “Research on
contaminant sources identification of uncertainty water
demand using genetic algorithm,” Cluster Computing,
vol. 20, no. 2, pp. 1007-1016, Jun. 2017.

S. Avila, L. Krahenbuhl, and B. Sareni, “A Multi-niching
multi-objective genetic algorithm for solving complex
multimodal problems,” in Proc. 9th Workshop on
Optimization and Inverse Problems in Electromagnetics,

Sorrento, ltaly, Sep. 2006, pp. 115-116.

63

[27]

(30]

TNI Journal of Engineering and Technology
Vol.8 No.2 July - December 2020

C. Ding, L. Chen, and B. Zhong, “Exploration of intelligent

computing based on improved hybrid genetic algorithm,”
Cluster Computing, vol. 22, no. S4, pp. 9037-9045, Jul.

2019.

X. Wang and R. Qing-dao-er-ji, “Application of optimized

genetic algorithm based on big data in bus dynamic

scheduling,” Cluster Computing, vol. 22, no. S6, pp.

15439-15446, Nov. 2019.

M. Potegal, “The reinforcing value of several types of

aggressive behavior: A review,” Aggressive Behavior, vol.

5, no. 4, pp. 353-373, Jan. 1979.

T. Ichihashi, Y. Ichikawa, and T. Matsushima, “A non-

social and isolate rearing condition induces an
irreversible shift toward continued fights in the male
fighting fish (Betta splendens),” Zoological Science, vol.
21, no. 7, pp. 723-730, Jul. 2004.

S. W. Lee, R. Farhan, W. Z. M. Wendy Wee, and C. O.
lbrahim, “The effects of tropical almond, Terminalia
catappa L., leaf extract on breeding activity of Siamese
Gourami, Trichogaster pectoralis”, International Journal
of Fisheries and Aquatic Studies, vol. 4, no. 4, pp. 431-

433, 2016.



TNI Journal of Engineering and Technology
Vol.8 No.2 July - December 2020

N1SNASDUENTIOULIZHI19IATIUY ZigBee LoRa waz IEEE1888 d15U

n1suszgnaldlussuuuimsnisdaniswasanuluguyu

] QJZ

5UINT Bunans’ nouale alue

2ydngnsIminssulvsauuiny AagImnNTIumIans unineraenaluladsivaemansite, dsminaswal, Ussnalne

*Qﬁwuéﬂizmumu 8@ : tanakorn.i@rmutsv.ac.th

Fusiuatiu: 28 nanau 2563; Suunanuatundly: 2 Sunau 2563; nausuunaau: 8 5uAL 2563

weunseaulas: 25 Sunau 2563

UnAnga
FEUUUIMITNITIANINAIUlUgNsUaILNIRsgIU IEEE1888 Usenaumeuen1ssne o Ndssuuinwazinang (Gateway,

6W) Tneeulesiussuuiiiousmsdoeyasegeliusednsain uenanlidelissuuliameluaniuiiaig 9 laediuuinldau

o w

ZigBee Fafivodninlunisdeanssrosduintu smuuluunanuifaiauinisee1essuusyning ZigBee 1USs LoRa W1u

gunIalsIuTIndeya (Aggregator, AG) wazdwiolugeszuuluninsgiu IEEE1888 16 lnananismaaeuwuseandu 3 dw

Fail (1) msTasiiannuussdayaaiifuld (Received Signal Strength Indicator, RSSI) Tunsél ZigBee fif RSSI wiinduile

3

v
a o

fnssgUnsnivaudyyranfisifuaielueinsieus 5 89 20 wns wagnsdl LoRa fdyyiunsevaquluiiuiivaaeugeandi
sE8¥ 573 WATHEA1 RSS! AU -95.1 dBm (2) MInadeugUnsaistusdeyanuiinsdldsteyauvuatinanedie
AU 700 faduiituly dedidhdsdnga 100% uinsdluvuduidnadsduiadios 60 % uax (3) MmadeunmLAg
TnewUSsudleuszertiadousis (hop) seianangiundesuins (Server) Tuszozsing 1 933 Aaatlundu (Round Trip
Time, RTT) lsiifu 100 fad3unit usinsdl 18 929 wutan RTT Wiaduinnnt 4 wh dsdunaneaeuiannsarluduuus

1191599 UUKATHLL e lrTAuwmuzanlunisvenessuusslulusunanle

A1a1Ag . Bumesilnvesassnds sTuuUImInNsIansnaau Sasrdwnsdndingudoya IEEE1888

64



TNI Journal of Engineering and Technology
Vol.8 No.2 July - December 2020

Performance Testing between ZigBee, LoRa and IEEE1888 Networks

in Community Energy Management System

Tanakorn Inthasuth' Kritsana Sureeya®

"2Telecommunication Engineering Program, Faculty of Engineering,

Rajamangala University of Technology Srivijaya, Songkhla, Thailand

*Corresponding Author. E-mail address: tanakorn.i@rmutsv.ac.th

Received: 28 October 2020; Revised: 2 December 2020; Accepted: 8 December 2020
Published online: 25 December 2020

Abstract

The Community Energy Management System (CEMS) with IEEE1888 standard comprises buildings with metering
systems and gateways (GW), which are linked to the system for efficient data management, and wireless systems
installed in various places, which ZigBee is mostly used with the limitation only on short-range communication.
Therefore, this paper presents the system development that extends the transmission from within ZigBee range to
LoRa through aggregator (AG) and enables the transmission to be forwarded to the system with IEEE 1888 standard.
The test results can be divided into 3 parts as follows: (1) Received Signal Strength Indicator (RSSI). For ZigBee,
RSSI value increases from 5 to 20 meters upon an additional repeater is installed within the building. For LoRa, the
maximum coverage in the test area reaches 573 meters with RSSI value equal to -95.1 dBm. (2) AG test. The result
finds that in the case of data transmission is consistent with the period of 700 milliseconds and higher, the success
rate is 100%. However, in the case of random transmission, the success rate is only 60%. (3) GW test, which is
conducted by comparing the hop between GW and server. For the distance of 1 hop, the Round Trip Time (RTT)
value does not exceed 100 milliseconds. Nevertheless, for the distance of 18 hops, the RTT value increase more
than 4 times. Consequently, the tests in this research can be used as a guideline for design and development to

optimize the future system extension.

Keywords: Internet of Things, Energy Management System, Packet Delivery Ratio, IEEE1888.
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POST /axis2/services/FIAPStorage HTTR/1.1
Content-Type: text/xml charset=UTF-8
User-Agent: FIAPUploadAgent (Arduino HCU)
Host: 192.168.1.10

S50APAction: "http://soap.fiap.ore/data”
Content-Length: 867

<txml version=*1.0" encoding="UTF-8"7>
<soapenv:Envelope xmilns:soapenv="http://schemas.xmlsoap.org/scap/envelope/” >
<soapenv:Body>
<ns2:dataRQ xmlns:ins2="http://soap fiap.org/” >
<transport xmlns="http://eutp jp/fiap/2009/11/" >
<body:=
<pointSet id= “http:/fereen.ruts.ac.th™>
<point id="http://ereen.ruts.ac.th/be6,/f 10/ win-lab/sensor/temperature“ >
<value time="2020-03-30T13:00:00+07:00” >25</value>
</point>
<point id="http://green.ruts.ac.th/b66/fl 10/ win-lab/sensor/humidity“ >
<value time="2020-03-30T13:00:00+07:00” >50</value>
</point:>
<point id="http//green.ruts.ac.th/b66/f10/win-lab/sensor/illuminance” >
<value time="2020-03-30T13:00:00+07:00” »100<Avalue>
</point:
<point id="http://green.ruts.ac.th/b66/fl10/ win-lab/sensor/pir™ >
<value time="2020-03-30713:00:00+07:00” >1 </Avalue>
</point>
</pointSet:
</body>
</transport>
</ns2:dataR0Q=>
</soapenv:Body:

</soapenviEnvelop>

U7 13 Uuuumsdsdegaaninandludmheiudeyaniuuinsgu IEEE1888 Tngldaulnsinaea WRITE
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HTTP/1.1 200 OK

Content-Type: text/xml charset=UTF-8
User-Agent: FIAPUploadAgent (Arduino HCU)
Host: 192.168.1.10

S50APAction: "http://soap.fiap.ore/data”
Content-Length: 308

<fxml version="1.0" encoding="UTF-8" 7>

<soapenv:Body>

<header:>
<OK/>
</header>
<ftransport>
</ns2:dataR5>

</soapenv:Body:

</soapenviEnvelop>

<soapenviEnvelope xmlns:soapenv="http:/schemas.xmlsoap.org/socap/envelope/” >

<ns2:dataRs xmlns:ns2="http://soap.fiap.org/” >
<transport xmlns="http://eutp.jp/fiap/2009/11/" >

JUT 14 sUnuumsmeundudegannmiaivieyaludunandniuunnsgu IEEE1888 Tagldelnsinaea WRITE
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nquieyafigyniely dwwalviniseenuuuszuudes
Ailsisdnveinsussivaussousme
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PER = e 100% @
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PLR =Tt % 100% ©
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ntotal = nsuccess + nerror + nloss (4)

e
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(Packet error ratio)

PLR  fe dnsdumsaymevesngudeys
(Packet loss ratio)

eess A8 UUNGUTRYaNdIdS

N, A8 WILNGUUBLARANAN

n, Aa TuuNgutayagyY
oSS 9 VAR VA

wag n,,,, Ao IIUNGUTELANAWI VNN
otal a U
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