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Abstract

The presented work explores the performance analysis of a Seabin, which
is used for automated water cleaning, through Markov decision process
and mathematical modelling. With the rapid increase in waste disposal
into water bodies, the need for automated systems to maintain cleanliness
without human intervention becomes essential. Seabin, installed at various
locations, rely on the proper working of critical components, including the
catch bag, pump, outer shell, filter, and power source. This paper develops
a state-based mathematical model to evaluate the key parameters such as
component wise reliability, mean time to first failure (MTTF) and sensitivity
analysis for system’s MTTF. Performing sensitivity analysis recognizes the
behaviors of different components failure on the overall performance of the
system. Finally, on the basis of obtained results author provide valuable
recommendations to enhance the efficiency and reliability of the Seabin.
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1 Introduction

Plastic waste and water contamination have ended up becoming the urgent
environmental demanding situations, significantly impacting aquatic ecosys-
tems and biodiversity global. The ever-increasing manufacturing of plastics,
coupled with inefficient waste management systems, has caused the accu-
mulation of significant amount of particles and waste in rivers, lakes, and
oceans. Globally, over three hundred million tonnes of plastic are produced
yearly, with a huge portion ending up in water bodies, where it poses intense
risks to marine lifestyles, ecosystems, and human fitness. Plastics break down
into micro plastics, which could persist inside the environment for hundreds
of years, getting into the food chain and affecting each aquatic species and
humans. This pollution now not only threatens biodiversity however also
disrupt critical environment services, consisting of water purification and
carbon storage, exacerbating weather trade and water shortage troubles. This
is quite clear from the Figure 1 (https://www.tiredearth.com/news/water-poll
ution-causes-effects-and-solutions) given below.

In India, the scenario is in particular alarming. With fast urbanization
and industrialization, rivers like the Ganges, Yamuna, and Brahmaputra have
grown to be the hotspots for plastic pollution. Research shows that the Ganges
itself contributes approximately 1.2 billion kilograms of plastic waste to the
oceans every twelve months, making it one of the top ten most polluted rivers
inside the world. The effects of unrestrained plastic garbage are also being
felt in coastal areas, where damaged coral reefs and dwindling fish population
are the results. Millions of people whose livelihoods depend on agriculture,
tourism and fishing are directly impacted by these issues. Moreover, despite
numerous government initiatives like Swachh Bharat Abhiyan and plastic
ban, the lack of infrastructure for waste segregation, collection and reutilizing
keeps making the problem worse. Water contamination from plastic and
related pollution poses severe public health risks such as hormonal imbal-
ances and carcinogenic effects. This stresses how instantly sophisticated,
automated solutions are needed to combat plastic pollution and re-establish
the health of India’s waterways.

The increasing production of waste and pollutants and the poor waste
control system have worsened the issue, highlighting the want for imme-
diate change. While mechanical solutions like litter capture systems are
being examined, their long time period effectiveness remains uncertain. With
increasing level of particles and pollutants in water bodies, there may be
the urgent want for efficient and automatic solution to cope with the hassle.


https://www.tiredearth.com/news/water-pollution-causes-effects-and-solutions
https://www.tiredearth.com/news/water-pollution-causes-effects-and-solutions
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Traditionally, waste collection from ports, harbours, and marinas has been a
manual and labour-intensive method. The introduction of the Seabin has sig-
nificantly converted this scenario by presenting an automated and sustainable
method for collecting floating particles, micro plastics, and oil contaminants.

The Seabin gadget operates with the function of drawing water and waste
into its filter bag, trapping solid waste and returning clean and clear water
back to the environment as shown in Figure 2. This tool, frequently anchored
to docks or piers, adapts to tidal adjustments and operates continuously,
collecting up to twenty kilograms of particles within a day. By integrating
advanced features such as oil-absorbing filters and a software system for
debris monitoring, the Seabin not only removes waste and other pollutants but
also helps track pollution trends, pollutants weight for better waste manage-
ment strategies. The Seabin is intended to be placed in enclosed spaces, such
as ports and marinas and uses a motorized water pump to move water through
the device and gather debris in a bag made of natural fiber. The catch bag is
also composed of eco-friendly hessian fiber. Its efficacy and dedication to
addressing micro-plastic pollution sustainably are demonstrated by its ability
to capture plastic as small as 5 mm. In addition to assisting in the preservation
and upkeep of marine life, the system is made to need less human labour. Like
any artificial solution, it can have drawbacks of its own. The trap bag, oil filter
and submersible pumps are some of the essential parts that greatly affect its
performance.

Beyond assessing the Seabin’s lifetime, functionality and reliability, this
study explores its several operating modes by incorporating mathematical
modelling into the system. By quantifying transitions between various system
states and identifying probable failure mode, the modelling framework offers
a thorough insight of the system’s performance under various circumstances.
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Through a combination of empirical data from field research and theo-
retical models, the paper provides a thorough assessment of the Seabin’s
strengths and weaknesses. Discussion about automated systems’ contribution
to aquatic ecosystem preservation and sustainable marine waste management
are intended to be furthered by this analysis.

The novelty of this work is that no study in the past has ever been
done by any researchers to determine the performance of the Seabin system
through reliability approach under random operating conditions. The authors
have utilized the Markov state based model to build the mathematical model
and solve the equations with the help of the Laplace transformation. The
authors have determined the various reliability measures such as reliability
and MTTF of the system. Also, authors performed the sensitivity analysis to
identify the main critical components of the system.

2 Literature Review

This literature review’s primary aim is to explore and evaluate previous
studies on marine waste collection technologies, with a particular emphasis
on automated system such as Seabin. This review focuses to contextualize the
development of the Seabin, explore its operational principles, and evaluate its
contribution to reduce plastic pollution in aquatic environments. Furthermore,
it identifies gaps inside the current body of knowledge that this study aims to
address.

Marine waste control has been a persistent worldwide challenge, on the
whole pushed by the increasing production of plastic and useless waste
disposal structures. Early approaches relied closely on manual and hard work-
in depth methods, which, while powerful on a small scale, were inefficient
for addressing large volumes of debris. The need for scalable solution was
highlighted in studies such as those presented by Parker-Jurd et al. [1],
which prompted the creation of mechanical devices, such boom barriers
and litter traps. Despite offering temporary respite, these systems frequently
lacked effectiveness and flexibility in a variety of aquatic environments. Wang
et al. [2] used surveys in the East Indian Ocean, South China Sea and Pearl
rivers to examine the dispersion of atmospheric micro plastic concentrations
throughout the ocean. They found that one of the main causes of oceanic
micro plastic pollution is the atmosphere, which can carry micro plastics
over great distances. Kandare et al. [3] focused on developing a high-tech
tool to solve waste management problems in fresh water settings, particularly
in rivers like India’s Ulhas River. The three main focuses of their program
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were increasing public awareness of environmental protection, preventing
additional pollution through political and social means and cleaning previ-
ously polluted waters with stae of art technological procedures. The system
employs a garbage collection technique and makes recommendations for
future enhancements, such as the employment of innovative remote control
technologies for improved monitoring the complete automation of the process
to minimize human labour and utilization of renewable energy sources like
solar and wave power. The study emphasizes how crucial it is to manage
fresh water resources sustainably by using proactive societal and techno-
logical measures. Hundekar and Ahmed [4] described the Swachh Bharat
Abhiyaan’s Clean Ganga Mission, which aims to preserve and revive the
Ganga River. Among the measures used to improve water quality are the
Namami Gange Programme, wastewater treatment, riverside development
and public participation. The effort tackles issues such as pollution, industrial
waste and sewage. Infrastructure improvements, pollution control strategies
and community engagement are remarkable achievements.

Using a motorized pump to pull garbage into an environmentally friendly
jute bag, Gupta et al. [5] investigated the operation of the Seabin, a floating
waste collection device encased in water bodies. The Seabin is positioned as
a sustainable solution to water contamination tanks to its enhanced IoT fea-
tures, which include infrared sensors and Node MCU boards, which enable
automatic monitoring and effective pollution removal. Qureshi et al. [6]
emphasized the Seabin’s low energy consumption and biodegradable jute
bags, which can be composted after use, as examples of its sustainability. The
Seabin can remove oil and floating garbage from water, is more economical,
and is more efficient than hand trash collecting. Additionally, it promotes a
circular economy by producing new Seabin by recycling the marine plastic
garbage that has been collected. By adding rotating motion in addition to
translational motion. Gulati et al. [7] improved Seabin design and increased
garbage collection by producing centripetal forces. They created a real-
time water quality monitoring system that uses wireless sensors to detect
parameters like pH and temperature, and they added corn-straw fiber pads
for more efficient oil-water separation. This method improves water quality
monitoring and rubbish collection efficiency. Mukhtar et al. [8] assessed
how well Seabin collected oil, debris, and micro plastics while incorporating
enhancements such as improved filers and renewable energy sources. The
study examines the advancements in buoyancy force analysis and River Trash
Collector Systems (RTCS), which improve waste capacity and operation in
high-flow rivers and provide scalable solutions for lowering river pollution,
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while contrasting Seabin with alternative waste management strategies. A
thorough review of the Seabin was given by Kulkarni et al. [9], who empha-
sized its capacity to filter floating debris and micro plastic in placid waterways
like ponds and oceans. The study emphasizes the sustainability of the catch
bag by highlighting its incorporation of recyclable materials and its potential
for solar-powered operation. It also covers the strategic use of Seabin and the
advantages they have for society, such as increased employment and better
cleanliness. A Programmable Logic Controller (PLC) and Arduino were used
by Yunianto et al. [10] to implement an automated waste collection system
in order to combat water pollution caused by plastic and other floating waste.
Real-time garbage detection, collection and monitoring are accomplished by
the system using sensors including LDR, ultrasonic sensors and a GSM SIM
900 A module. When the bin is full, SMS notifications are sent. Although
the mechanical design, which includes lifting mechanisms and DC motor,
is effective at cleaning coastal areas, sensor performance at night might be
further enhanced.

Ma et al. [11] overcame the drawbacks of conventional techniques by
creating a mass sink function in Open FOAM to model the Seabin’s water
pumping mechanism. The movement of floating debris was successfully
modelled by combining waste action and water pumping simulations with
the overset grid technique, confirming the simulation’s accuracy under varied
environmental conditions. Vigneswaran et al. [12] created an affordable River
Water Trash Collector (RWTC) prototype that is driven by a 220V motor and
environmentally friendly flow generators. The system effectively removes
debris by adjusting flotation, strain gradient, and flow velocity, capturing
up to 1 kg of water waste each day. After debris is removed, the system
returns cleansed water, offering a long-term solution to the problem of water
pollution. Shaw et al. [13] used resources including plastic bottles, mosquito
netting and a homemade water pump to develop a low-cost environmentally
friendly Seabin prototype. By efficiently collecting floating water waste, this
prototype shows that it is suitable for a variety of water bodies, including
ponds and lakes. It operates independently and lessens dependency on pricey
technology because it doesn’t require external power source. Its promise as a
scalable and cost-effective remedy to water pollution is demonstrated by the
design, which encourages a circular economy by recycling collected waste
to create more Seabin. An eco-friendly maize straw material with superoleo-
phobic qualities was presented by Tan et al. [14] as a means of extracting oil
from liquid mixtures. Because of its chemical resistance and environmental
sustainability, modified maize straw is a perfect way to clean up oil spills and
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cope with the disposal of agricultural waste. Land-based solutions that target
the main sources of marine plastics and provide high-quality, affordable, and
recyclable results were highlighted by Winterstetter et al. [15]. While long-
term strategies concentrate on systemic changes, like cutting back on plastic
usage and investing in waste management infrastructure, short-term solutions
use technology in conjunction with community-driven initiatives to create
jobs and financial incentives. They also call for international cooperation to
scale local effort for significant change.

There are still gaps in the literature despite the encouraging results.
The majority of research has concentrated on Seabin’s immediate operating
effectiveness, paying little attention to its reliability over extended periods
of time and in a range of environmental circumstances. Additionally, little is
known about how mathematical modelling may be used to forecast system
performance and identify possible failure states. To fill up these gaps, this
study offers a thorough assessment of Seabin’s lifetime, overall performance
and reliability by fusing mathematical modelling with real data from subject
survey. By way of investigating its operational states, failure modes, and
transitions, this research aims to contribute to the developing discourse on
sustainable marine waste control and the integration of automated structures
in retaining aquatic ecosystems.

3 System Description

The Seabin system is designed to remove floating debris, micro plastics, and
oil pollutants from water bodies. In controlled environments like marinas,
harbors, and ports, water circulation is limited and pollution accumulates.
Depending on environmental conditions, maintenance frequencies, and the
quality of components used, the Seabin has a life expectancy of 5-10 years.
There is a detailed description of its main components.

(a) Catch Bag (Filter Bag)

Purpose and Operation: The catch bag is the main component in
collecting waste. It is made from durable marine-grade mesh and has
a holding capacity of 20 kilograms of debris and can remove particles
as small as 2 mm. Failure of this component takes the system into the
degraded state only.

Lifespan: Depending on the amount of debris collected, the catch bag
lasts 6 to 12 months.

Impact of Failure: On the failure of the bag, waste collection mecha-
nism is stopped, and the bag needs to be replaced by another one.
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(b) Pump
Purpose and Operation: The purpose and operation of the pump is to
draw water and debris into the Seabin. It can process up to 25,000 litres
of water per hour. The failure of this component takes the entire system
into a completely failed state.
Lifespan: A good quality pump at least lasts 3—5 years, but exposure to
debris or insufficient maintenance can reduce its lifespan.
Impact of Failure: Seabin becomes completely useless if pump fails.
Cleaning and debris removal are important preventive measures for
increasing it lifespan.

(¢) Outer Shell (Body)
Purpose and Operation: The outer shell protects the internal compo-
nents of the Seabin. It is made from rust-free material. Failure of this
component takes the system into a completely failed state.
Lifespan: If not exposed to excessive physical damage the outer shell is
designed to last the full lifespan of Seabin.
Impact of Failure: Excessive physical damage causes the system to fail.

(d) Filters
Purpose and Operation: The purpose and operation of the filters are to
absorb oil and fuel. The filter can absorb up to 1 litre of oil. The failure
of this system takes the system into a degraded state.
Lifespan: Depending on the level of oil pollution in the water, oil-
absorbing filters last 2-3 months.
Impact of Failure: Failure of these filters reduces the system’s capacity
to manage chemical pollutants.

(e) Power Source
Purpose and Operation: The Seabin consumes 500W daily and is
powered by a 115-230V power source. During power outages, backup
systems run the system. When the main power supply and backup
system fails the system fails to function.
Lifespan: UPS batteries need to be replaced every three to four years.
Impact of Failure: When the pump is stopped by a power outage, the
Seabin stops working. In the event that a backup system also fails, the
Seabin won’t work until the power is restored.

Proper maintenance and attention to component lifespans are required for
optimal performance of the Seabin system. The seamless interaction of
its hardware and software components makes preventive maintenance a
cornerstone of reliability.
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Figure 2 Data flow representation of Seabin.

3.1 Assumptions of the System

The following assumptions are taken all the way through the discussion of
the model.

* Initially, all the components of the system are in perfect working
condition.

* All the failure and repair rates of the components of the system are
assumed to follow an exponential distribution.

* Upon failure of the component immediate repair is offered to the
system’s components.

* As soon as the failed component is repaired it starts performing it’s
working.

* Only one component can fail at a time and failures of the components
are independent of one another.

3.2 Notations and State Description

The description of the different notation that authors used in the manuscript
is given in the following Table 1 and Table 2.

3.3 Description of the System States

The authors have utilized the Markov model to formulate the mathematical
model of the Seabin system. It has various components such as pump, outer
shell, power source, catch bag and Filter. The failure of some components
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Table 1 Notations

Notation Description

t Time variable

s Frequency Variable

Pi(t) Likelihood of the system being in the i*" state.

Pi(s) Laplace transformation of P;(t)

Ap/Nos/Aps/Acv/As  Represents the failure rate of pump/ outer shell/ power source/catch

bag/ Filter
tp/ tos [ 1ps/ b/ Represents the repair rate of pump/ outer shell/ power source/catch
bag/ Filter
R(t) Reliability of the system
MTTF Mean time to Failure
Table 2 State descriptions

Notation Description

So Symbolizes the good working state of the system.

S1 Symbolizes the failed state of the system due to the failure of the pump.

So Symbolizes the failed state of the system due to the failure of the outer shell.

S3 Symbolizes the failed state of the system due to the failure of the power source.

S4 Symbolizes the degraded state of the system due to the degradation of the catch
bag.

Ss Symbolizes the failed state of the system due to the failure of the pump after the
degradation of the catch bag.

Se Symbolizes the failed state of the system due to the failure of the outer shell
after the degradation of the catch bag.

S7 Symbolizes the failed state of the system due to the failure of the power source
after the degradation of the catch bag.

Ss Symbolizes the degraded state of the system due to the degradation of the filter.

So Symbolizes the failed state of the system due to the failure of the pump after the
degradation of the filter.

S10 Symbolizes the failed state of the system due to the failure of the outer shell
after the degradation of the filter.

S Symbolizes the failed state of the system due to the failure of the power supply
after the degradation of the filter.

S12 Symbolizes the degraded state of the system due to the degradation of catch bag
and filter.

S13 Symbolizes the failed state of the system due to the failure of the pump after the
degradation of filter and catch bag.

S1a Symbolizes the failed state of the system due to the failure of the outer shell
after the degradation of filter and catch bag.

Sis Symbolizes the failed state of the system due to the failure of the power source

after the degradation of filter and catch bag.
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degrades the performance of the Seabin and failure of some components takes
the Seabin into the failure states. During operation, due to the failure of its
various components, a Seabin transitions into different states with different
probabilities. The state Sy represents the perfect working state of the system.
The states (S4,Ss, S12) represent the degraded states of the system. The
states (S1, Sy, 53, S5, 56, S7, 59, S10, S11, S13, S14, 515) represent the failed
states of the system. Table 2 provides an overview of these states with best
suitable description.

3.4 State Transition Diagram

The state transition diagram of the Seabin system is given below in Figure 3.

Initially, all the components of the system are in good working con-
dition. When any component of the Seabin fails, it transitions from one
state to another state. The Seabin remains functional in both good state
and degraded states, which are represented by the states (S, Sy, Sg, S12)
while it becomes non-functional in the failed states which are represented
by (51, SQ, 537 S5, 56, 57, Sg, SlO, 5117 513, 514, 515). UpOIl the failure or

Sy
A
ps
H s
fy
A
Hy
Hep /1(‘,7 P4 (l) S 4

N~ [)“' ﬂ /7 lLl”S lLl l 22
A /11’ A A s

Figure 3 State transition diagram of Seabin.
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the degradation of any component, immediate repair facility is offered to
bring the system back in the good working condition. All the failure and
repair rates of the system’s components are assumed to follow an exponential

distribution.

4 Mathematical Framework of the Model

Within this section, the authors have given the Chapman- Kolmogorov differ-
ential equations which have been generated from the state transition diagram
of the model. Assuming the system makes the transition at time ¢ + Aft,
and letting At — 0, the following set of the differential equations can be

generated as shown below.

Po(t 4+ At) = (1 = ApAt) (1 — Aos At) (1 — N\psAt) (1 — ApAt)
X (1 — )\fAt)Po(t) + MpAtpl (t) + MosAtPQ(t)
+ /LpSAtpg (t) + MCbAtP4(t) + Ly At Py (t)

Py(t + At) — Py(t)
At
= tpPr(t) + o5 Po(t) + pips P3(t) + pen Pa(t) + 1y Pa(t)

+ ()\p + Aos + )\ps + Aep + )\f)Po(t)

Now taking limit At — 0, we get:

d
|:dt + )\p + )\os + Aps + )\cb + )\f:| PO(t)

= tpPL(t) + posPa(t) + ps P3(t) + pep Pa(t) + ppPs(t) (1)

. :
[dt + pp | Pi(t) = M\ Po(t) ()

; :
[dt + t1os| Palt) = MosPo(1) 3)

; )
I:dt + Hps PS(t) = /\psPO(t) (4)

d
|:dt + fhep + )‘p + )\os + Aps + )\f:| P4(t)

= Ao Po(t) + 1pPs(t) + pros Po(t) + pips Pr(t) + pgPra(t)  (5)
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.
dt Mp_

4, ]
dt ,Uos_

4]
dt :u’ps_

d
dt

= pepPr2(t) + ppPo(t) + piosPro(t) + ppsPr1(t) + ApPo(?)

d
dt

<,
dt Hos
24
dt iups

d
dt

= )\Cbpg(t) + )\fP4(t) + Npplg(t)

Ps(t) = ApPa(t)

Ps(t) = AosPal(t)

Pr(t) = Aps Pa(t)

+>\cb+)‘p+)‘os+>\ps+/'bf:| PS(t)

[ n Mp] Po(t) = Ay Ps(t)

Pio(t) = Nos Ps(t)

Pri(t) = A\ps Ps(t)

|: + lep + )\p + )\os + )\ps +,uf:| P12(t)

+ ,uosP14(t) + )\pSP15(t)

4., ]
at " 7]
d

th  fos |

a0
dt MPS_

With the Initial condition,

Pi3(t) = \pPra(t)

P14(t) = /\osP12(t)

Pi5(t) = Aps Pra(t)

(6)
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Taking Inverse Laplace transformation of Equations (1)—(16), the follow-
ing set of equations is obtained.

[+ Ap + Aos + Aps + Aep + Af] Po(s)

=1+ ppPi(8) + fios P2 () + fips P3(s)
+ tenPa(s) + py Pa(s) (18)
[s + 1] P1(s) = ApPo(s) (19)
[s + tos| Pa(s) = AosPo(s) (20)
[s + pps] P3(s) = ApsPo(s) (21)

[$ + fteb + Ap + Aos + Aps + Af| Pa(s)

= A Po(s) + ppP5(8) + posPs(s) + pips Pr(s) + pupPra(s)  (22)
[s + 1p] P5(s) = ApPa(s) (23)
[s + f1os) Ps(s) = XosPa(s) (24)
[s + paps| Pr(s) = Aps Pa(s) (25)

[s+ Aeb + Ap + Aos + Aps + 1] Ps(s)
= Mcb?u(s) + ,upg(s) + Mospil()(s) + ,Upspill(s) + )\f?()(s) (26)

[s + pp] Po(s) = ApPs(s) 27)
[S + Mos]Pil()(s) = )\03?8(5) (28)
[s + t1ps] Pr1(s) = Aps Ps(5) (29)

[S + tep + )\p + Aos + )\ps + Mf]Pim(s)
= Ay Ps(s) + Ay Pa(s) + p1pPr3(s)

+ t1os P1a(8) + pps Pr5(s) (30)
5 + 1] Prs(s) = ApPra(s) 31)
[5 + tos] Pra(s) = Xos Pr2(s) (32)
[5 + f1ps] Prs(5) = Aps Pra(s) (33)
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The solution of above set of Equations (18)—(33) gives the expression for

different state probabilities as follows.

-5 1
Fols) = 72 34
ols) = 7 (34)
—_— T o
Pi(s) = 7, o) (35)
3
B Heb A f Af—
= — P,
3(s) T w1 4(s5) + 7 o(s) (36)
Acbi )\fi
Puas) = 7 Ba(s) + 7 37
12(s) T 5(s) + 7 4 (5) 37)
where,
’upAp ,uos)\os :U'psAps
T = |s+ T VIR WIS N B B
1 Heb D 0s ps T U f S+ php S+ Uos S+ fips
(38)
_ \ .
S+ Aeb + Ap + Aos + Aps + 115 — PebAch — HpAp
Tl S + M
_ HosAos - Mps)\ps
S+ Uos S + Hps
_ . . X
S+ feh + Ap + Aos + Aps + Ap — PpAp  HosAos  [psAps
S+ lp S+ Uos S ps
T3 ==
_’u’f)\f o /’Lf)‘cb,uchf
L T T2Ty
(40)
:U’f)‘cb)\f
B Pt g, 41
4 |: ch + T1T2 :| ( )
S+AP+AOS+)\p5+)\Cb+)\f— /MJ P HosNos _ Mps ps
T S+ pp S+ pos S+ Hps
5 pr—

ke Ty ppAp pppeTy

T; T,  TLhs

42)
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A system’s possibility of being in a working state (upstate) or a
failed/non-working state (downstate) is defined by its upstate and downstate
probabilities, respectively. The system’s upstate probability is the sum of its
probabilities of working in both its good and degraded states, whereas its
downstate probability is the sum of its probabilities of all states in which it is
not working. The system’s upstate probability is given in Equation (43) and
system’s downstate probability is given in Equation (44).

Pup(s) = Po(s) + Pu(s) + Ps(s) + Pia(s) (43)
7 11
Piown(s) = > _ i Pi(s)+ > _ P +ZP (44)
=1 =5 =9 =13

5 System’s Performance Measures

The authors obtain the various reliability performance measures of the Seabin
system in this section.

5.1 Reliability of the Seabin System

Reliability of the system is defined as the probability that system will per-
form its intended task for a specified period of time when operated under
prescribed conditions [16-20]. Let random variable 1" denotes the time of
the failure of the system. Then the reliability of the system is given by the
following Equation (45).

R(t) = P(T > t) (45)

The Equation (45) describes the reliability is the probability that the
system can’t fail before the time period ¢. For finding the reliability of the
Seabin system, set all the repair rates equal to zero, i.e., set i, = 0, tos =
0, pps = 0, ptep = 0, pey = 0 in Equation (43) and then take inverse Laplace
transform of the equation, one can easily obtain the time dependent reliability
of the Seabin system as shown in Equation (46).

R(t) = e~ PrHlostAna)t (46)

For the analysis of the performance of the Seabin, we set the failure rate
as Ay = 0.111, A, = 0.021, Aoy = 0.0082, A, = 0.500, A\,s = 0.023. These
failure rates have been taken as failure rate/month.
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From Equation (46), it is quite clear that Seabin’s reliability mainly
depends on the pump, outer shell, and power source. Now we want to see
the effect of the different failure rates of the pump, outer shell and power
supply on the system’s reliability.

5.1.1 Reliability of Seabin w.r.t fluctuation in the failure rates of
the pump

Here, reliability of the Seabin is obtained by varying the failure rates of

the pump and keeping the failure rates of the other components fixed. The

obtained results are shown in the following Table 3 and Figure 4.

Table 3 Reliability of Seabin w.r.t fluctuation in the failure rates of the pump
R(t) R(t) R(t)
Aps = 0.023 Aps = 0.023 Aps = 0.023
Aos = 0.0082  Aos = 0.0082  Aos = 0.0082

Time(t) Ap=0017 X\, =0021 X, =0.025
0 1 1 1
1 0.95 0.95 0.95
2 0.91 0.90 0.89
3 0.87 0.85 0.84
4 0.82 0.81 0.79
5 0.79 0.77 0.76
6 0.75 0.73 0.71
7 0.71 0.69 0.67
8 0.68 0.66 0.64
9 0.64 0.63 0.60
10 0.62 0.59 0.57
1.05
1001
095 ——\i‘ix
0.90 X
=foss \\\'
E o0 Ny | A,=0.017 / .
% 0.75 '\ / =0.025
E 0.70 N\ = sl
065 - l}
0.60 >
0.55 :
0 2 4 6 8 10

Figure 4 Reliability of Seabin w.r.t fluctuation in the failure rates of the pump.
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5.1.2 Reliability of Seabin w.r.t fluctuation in the failure rates of
the outer shell

Here, reliability of the Seabin is obtained by varying the failure rates of the

outer shell and keeping the failure rates of the other components fixed. The

obtained results are shown in the following Table 4 and Figure 5.

Table 4 Reliability of Seabin w.r.t fluctuation in the failure rates of the outer shell

Figure 5

R(t) R(t) R(t)
Aps = 0.023  Ape=0.023 A, = 0.023
Xos = 0.0078  Aos = 0.0082  Aos = 0.0086

Time (t) Ap = 0.021 Ap = 0.021 Ap = 0.021
0 1 1 1
1 0.95 0.95 0.95
2 0.90 0.90 0.90
3 0.85 0.85 0.85
4 0.81 0.81 0.81
5 0.77 0.77 0.77
6 0.73 0.73 0.73
7 0.70 0.69 0.69
8 0.66 0.65 0.65
9 0.62 0.62 0.62
10 0.59 0.59 0.59

1.0 -

N 2. =0.0078

0.9 < 2, =0.0082
;2 Ea N A, =0.0086
E’ 08 / -
.§ ..
& "~

07 ,5\,
- ~.

06 .

0 2 4 6 8 10

Reliability of Seabin w.r.t fluctuation in the failure rates of the outer shell.
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5.1.3 Reliability of Seabin w.r.t fluctuation in the failure rates of
the power source

Here, reliability of the Seabin is obtained by varying the failure rates of the

power source and keeping the failure rates of the other components fixed. The

obtained results are shown in the following Table 5 and Figure 6.

Table 5 Reliability of Seabin w.r.t fluctuation in the failure rates of the power source
R(t) R(t) R(t)
Aps = 0.019 A =0.023  Aps = 0.027
Aos = 0.0082  Aps = 0.0082  A,s = 0.0082
Time(t)  Ap =0.021 Ap = 0.021 Ap = 0.021

0 1.00 1.00 1.00
1 0.95 0.95 0.95
2 0.90 0.90 0.89
3 0.86 0.86 0.84
4 0.82 0.81 0.80
5 0.78 0.77 0.76
6 0.74 0.73 0.71
7 0.71 0.69 0.67
8 0.68 0.66 0.63
9 0.64 0.63 0.60
10 0.61 0.59 0.57
1.0 4 y
-\ .
A, =0019
.. = A, =+0.023

g \\u\\/ P

g A N 2,, =0.027

E '\. 7

"%
05 ,
0 2 4 6 8 10

Figure 6 Reliability of Seabin w.r.t fluctuation in the failure rates of the power source.
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5.2 Mean Time to First Failure (MTTF) of the Seabin System

System MTTF plays a very crucial role in the overall planning of maintenance
strategy of a system [21-23]. It is the average time that a system takes to fail
for the first time to fail. It is often considered that greater is the value of the
system’s MTTF the greater is the system reliability and lesser is the value of
the value of the system’s MTTF the lesser is the system reliability [24]. To
compute the MTTF of the Seabin set all the repair rates equal to zero, i.e., set
tp =0, ftos = 0, pips = 0, ptepy, = 0, pcy = 0 in Equation (43) and then take
the limit s — 0, one can obtain the expression for the MTTF of the system as
given in Equation (47).

—~ 1 -
)\p+)\os+Aps+)\cb+)\f

Ac
(Ap + Aos + Aps + A + Al;)(Ap + Xos + Aps + Af)
Af
Ap + Xos + Aps + Ab + A Ab + Aos + Ap + Aps)
Af Aeh
Ap =+ Aos + Aps + Acb + Ap)(Aeh + Aos + Ap + Aps)
(Ap 4 Aos + Aps)

+

B
MTTF =

I

Af Aeh
Ap + Aos £ Aps + Acb + Ar)(Ap + dos + Aps + Af)
(Ap + Xos + Aps)

1

(47)

Now set the failure rates as Ay, = 0.111, A, = 0.021, A5 = 0.0082, A, =
0.500, Aps = 0.023 in Equation (47) and vary each failure rate sequentially
from 0.01 to 0.09, one can obtain the follow Table 6 and Figure 7 as given.



Table 6 MTTF of Seabin w.r.t fluctuation in the failure rate

Understanding Reliability indices of a Seabin

Failure Rate Ay Ap Aos Y Aps
0.01 19.15 2427 1851 19.15 2551
0.02 19.15 19.53 15.63 19.15 20.32
0.03 19.15 16.33 13,51 19.15 16.82
0.04 19.15 14.04 11.90 19.15 1445
0.05 19.15 1231 10.64 19.15 12.62
0.06 19.15 10.96 9.62 19.15 11.21
0.07 19.15 9.88 8.77 19.15 10.08
0.08 19.15 8.99 8.06 19.15 9.15
0.09 19.15 8.25 7.46 19.15 8.38

2

2]

22 X b 1

o \ //L/
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Figure 7 MTTF of Seabin w.r.t fluctuation in the failure rates.

‘ Variation in the failure rate I

5.3 Sensitivity of the MTTF

The sensitivity of the mean time to failure indicates how alterations in system
factors impact MTTF [25]. To demonstrate its effect on system MTTEF, it
is commonly computed as the partial derivative of MTTF w.r.t a parameter.
To calculate the sensitivity of the system MTTF, differentiate equation (47)
w.r.t each failure rate sequentially and set the failure rates as A, = 0.111,
Ap = 0.021, A5 = 0.0082, A, = 0.500, \,s = 0.023 and vary each failure
rate sequentially from 0.01 to 0.09 and keep the other failure rates fixed, one
can easily obtain the following Table 7 and Figure 8 as given.

263
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Table 7 Sensitivity of MTTF w.r.t fluctuation in the failure rate
OMTTF) OMTTF) OMTTF) OMTTF) OMTTF)

Failure Rate

Oeb Oy Oos OAy Ops
0.01 0.00 —589.12 —342.93 0.00 —650.77
0.02 0.00 —381.46 —244.14 0.00 —413.11
0.03 0.00 —266.99 —182.61 0.00 —285.33
0.04 0.00 —197.26 —141.72 0.00 —208.82
0.05 0.00 —151.66 —113.17 0.00 —159.42
0.06 0.00 —120.22 —92.45 0.00 —125.68
0.07 0.00 —97.64 —76.94 0.00 —101.61
0.08 0.00 —80.87 —65.03 0.00 —83.85
0.09 0.00 —68.07 —55.69 0.00 —70.37
O(MTTF) O(MTTF)
/ oA, OA,
0 n L4 / = L4 w w
% -100 ] O(MTTE) e
| oA, e

& [ -200 ¥

a P \ BMTTF)

E -300 $ o4

=
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o= [ J

;«E -400 N O(MTTF)

2 / or.

@A -5004 / !
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-700 . . . . )
0.02 0.04 0.06 0.08 0.10

Variation in the failure rates I

Figure 8 Sensitivity of MTTF w.r.t fluctuation in the failure rate.

6 Result and Discussion

In this paper, the authors have analysed the performance of a Seabin using
a reliability approach and Markov modelling. The authors have developed
a stochastic model of a Seabin by considering its components, such as the
catch bag, filter, outer shell, pump and power source. The failure and repair
rates of these components are assumed to follow an exponential distribution.
By varying the failure rates of the components of the Seabin, the following
results have been obtained.
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* Table 3 and Figure 4 validate how the reliability of a Seabin decreases
over time due to the fluctuating failure rates of its pump. While all
scenarios start with perfect reliability 1.0, systems with higher failure
rates experience a sharper decline, with noticeable differences emerging
as time progresses. At ¢ = 10, reliability drops to 0.62 for the lowest
failure rate scenario, compared to 0.59 and 0.57 for higher failure
rates. This highlights the critical role of the pump’s reliability in the
overall system’s performance, emphasizing the need for robust design
and timely maintenance to ensure sustained operation.

» Table 4 and Figure 5 show the reliability of a Seabin over time, con-
sidering fluctuating failure rates of the outer shell while keeping the
failure rates of the other components fixed. Initially, all reliability values
are 1, indicating perfect functionality. However, as time progresses, the
reliability consistently decreases in all the scenarios, with no significant
difference across the three columns, suggesting that the failure rates of
the outer shell have a uniform effect on the system’s performance. At
t = 10, the reliability is 0.59 in all cases, indicating a steady degradation
of the Seabin’s performance over time, irrespective of the specific failure
rate condition for the outer shell.

» Table 5 and Figure 6 show the reliability of a Seabin over time, con-
sidering fluctuating failure rates of the power source while keeping the
failure rates of the other components fixed. Initially, all reliability values
are 1, indicating perfect functionality. As time progresses, the reliability
decreases consistently across all scenarios. At ¢ = 10, the reliability
drops to 0.61 for the lowest failure scenarios, compared to 0.59 and 0.57
for the higher failure rate scenarios. This indicates that fluctuation in the
power source have a significant impact on the Seabin’s overall reliability,
with higher failure rates leading to a faster decline in performance.

* Table 6 and Figure 7 show the mean time to failure (MTTF) of the Seabin
as function of fluctuating failure rates, varying sequentially from 0.01 to
0.09. The results show that the MTTF remains constant at 19.15 for the
variations in the failure rate of catch bag and filter. However, the MTTF
decreases as the failure rates of the pump, outer shell and power source
increases. The MTTF of the system is lowest with respect to the variation
in the failure rate of the outer shell.

* Table 7 and Figure 8 show the sensitivity of the MTTF of the Seabin
with respect to variations in the failure rate of the system’s components.
The system is least sensitive to the variation in the failure rates of the
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catch bag and filter. However, the system’s MTTF is most sensitive to
the failure rate of the power source and pump.

7 Conclusion

Based on the analysis and findings, the authors conclude that the failure rates
of the outer shell, pump and power source have the significant impact on the
Seabin’s performance. The system’s MTTF is very low w.r.t variation in the
failure rate of the outer shell (\,5) and it is constant w.r.t variation in the
failure rate of catch bag (\.) and filter (Af). Similarly, the Seabin’s MTTF
is very sensitive w.r.t the variation in the failure rate of the power source (\;)
and pump (). The slight increase in the failure rates of the power source
and pump drastically decreases the system’s MTTF.

Therefore, to improve Seabin’s performance, it is essential to lower the
power source, outer shell and pump failure rates using strong design tech-
niques, like incorporating redundancy, using materials with high durability,
and guaranteeing predictive maintenance. All things considered, a focused
reliability growth approach focused on the power source, outer shell and
pump will have the biggest influence on prolonging the system’s operating
life and guaranteeing steady long-term performance.

8 Future Scope of the Study

* IoT sensors may be incorporated into future projects to enable predictive
maintenance and real-time monitoring of Seabin components.

* To improve reliability and performance in a range of climatic situations,
more study might concentrate on improving the materials and design of
Seabin components.
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