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PREFACE

Mathematics in Industry Study Group is a collaborative problem-solving platform, uniting applied
mathematicians to address real-world challenges across industries. Originating at Oxford University in
the 1960s, this format has been instrumental in fostering practical solutions globally. At Universiti
Teknologi Malaysia (UTM), we take pride in being pioneers, having introduced this study group to
Malaysia since 2011. Our commitment continues and is evident in the recent organization of the 4"
Malaysia Mathematics in Industry Study Group (MMISG2023) held at Menara Razak, Universiti
Teknologi Malaysia, Kuala Lumpur, from November 20" to 22", organized by UTM Centre for
Industrial and Applied Mathematics (UTM-CIAM). It was also made possible through the joint efforts
of UTM Department of Mathematical Sciences, Faculty of Science; the Institute of Mathematics for
Industry at Kyushu University, Japan; and MYHIMS Solutions LLP.

In general, the primary objective of Malaysia Mathematics in Industry Study Group-MMISG is to
bridge the gap between academia and industry in Malaysia. It is a platform for STEM researchers to
apply their expertise to solve industrial relevant problems, fostering a collaborative spirit between the
two domains.

At MMISG2023, five industries, namely Ranhill SAJ Sdn Bhd, Total Logistic Services (M) Sdn. Bhd.,
MYHIMS Solution LLP, Langkawi Development Authority (LADA), and Ifactors Sdn. Bhd. presented
their industrial problems. The problems spanned from model reconstruction at archaeological sites to
cutting-edge developments in the logistic industry, and from forecasting volatility of agricultural
commodity prices to optimizing operations processes.

To tackle the array of industrial issues, five cohesive sub-groups were formed, each guided by selected
domain advisors. Within each group, members (termed as contributors) comprising of mathematicians,
engineers, computer scientists played crucial roles in identifying key scientific issues and mathematical
challenges. More than 50 contributors from ten institutions, both local and international, including
Universiti Teknologi Malaysia, Universiti Malaya, Universiti Teknologi MARA, Universiti Malaysia
Sabah, Universiti Kebangsaan Malaysia, Universiti Malaysia Terengganu, Universiti Malaysia Pahang
Al-Sultan Abdullah, Universiti Teknologi Petronas, Kyushu University, Japan and Universitas Negeri
Malang, Indonesia participated. Online discussions were also conducted with UTM-CIAM international
partner at Oxford Centre for Industrial and Applied Mathematics (OCIAM). This collaborative effort
harnessed the expertise from various institutions, enriching the event with a wide spectrum of
mathematical and statistical approaches, all unified in the common goal of effective problem-solving.
This initiative seamlessly aligns with UTM's mission to actively engage in both local and global
networks, fostering partnerships with diverse organizations and industries to drive innovation through
innovative solutions. The MMISG2023 has once again proven to be a pivotal event in fostering
collaboration between academia and industry and further solidifies the event's reputation as a catalyst
for innovation and problem-solving. It is evidenced from the positive feedback received from the
participants: industrial representatives and contributors.

In addition to the solutions and recommendations generated for the industry, MMISG2023 has also
catalyzed other significant outcomes, highlighting its impact as a significant program of Mathematics
in Industry. Preparations are underway for Memorandum of Understanding and Letters of Collaboration
between UTM-CIAM and the participating industries. Furthermore, technical reports have been
published, and the MI Lecture Note serves as another avenue for disseminating MMISG outputs.
Moreover, MMISG2023 marked the beginning of a larger project focused on system development for
Ifactors Sdn. Bhd. The continuation of studies initiated during MMISG2023 is anticipated, with the
expectation of yielding even more impactful results for the participating industries.

Chief Editors: Zaitul Marlizawati Zainuddin, Arifah Bahar
February 2024
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HISTORY OF MALAYSIA MATHEMATICS IN INDUSTRY (MMISG)

Mathematics in Industry Study Group is a collaborative problem-solving platform, uniting
applied mathematicians to address real-world challenges across industries. Originating at
Oxford University in the 1960s, this format has been instrumental in fostering practical
solutions globally.

At Universiti Teknologi Malaysia (UTM), we take pride in being pioneers, having introduced
this study group to Malaysia since 2011. The second MISG was held in 2014 and the third in
2015.

MMISG 2011
The 1% MMISG was attended by 4 industries with 6 problems.

i) Optimal Placement of Security Cameras in In-door Spaces from MIMOS Bhd.

i)  Efficient Reasoning in Conceptual Graph Knowledge Representation Model from
MIMOS Bhd.

iii)  River Pollution Problem in Iskandar Malaysia Region from J-Biotech

iv)  Cardiological Problem from KPJ Johor

V) Fouling in Heat Exchangers of Refineries from Petronas Penapisan (Melaka) Sdn. Bhd.

vi)  Oil Refinery Water Supply from Petronas Penapisan (Melaka) Sdn. Bhd.

MMISG 2014
The 2™ MMISG was attended by 6 industries with 6 problems.

i)  Mathematical Modelling and Optimization for Biological-based Treatment of Taman
Timor Oxidation Pond, Johor from J-Biotech

ii)  River Pollution Attenuation in Aquifers Using Bank Infiltration Technique from
National Water Research Institute of Malaysia (NAHRIM)

iii) Development of early warning system for rice blast and brown planthopper (BPH), pest
and disease of rice from Malaysian Agricultural Research and Development Institute
(MARDI)

iv)  Coronary Bifurcation — Effect of Stent on Blood Flow from KPJ Johor

v)  Green Propulsion Regenerative Electromagnetic Suspension System (GPRESS) from

PROTON

vi)  Cost Effective Minimum Water and Energy Networks for The Industries from
PROSPECT

MMISG 2015

The 3¢ MMISG was attended by 7 industries with 7 problems.

i)  Modelling Thiophene and Pyran -4-ONE to Early Signs of Ganoderma Infection in Oil
Palms from Agri-D Sdn. Bhd.
ii)  Optimal Stock Level and Inventory Policy from EP Manufacturing Berhad (EPMB)



iii)  Subsea Cable Laying Problem from Ifactors Sdn. Bhd.

iv)  Multi-Sensor Imaging System for Target Detection from IR Technic Sdn. Bhd.

v)  Modelling of Optimal Conservation of Giant Clam Species in Johor Islands from J-
Biotech

vi)  Modelling and Optimization of Clay-based Product for Green Cleansing from MIFF
Marketing Sdn. Bhd.

vii) Magneto-Rheological Semi-Active Suspension System (MaRS) from PROTON

Our commitment continues and is evident in the recent organization of the 4" Malaysia
Mathematics in Industry Study Group (MMISG2023) held at Menara Razak, Universiti
Teknologi Malaysia, Kuala Lumpur, from November 20" to 227, 2023.
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PROGRAMME SCHEDULE

Time Activity Venue
20 November 2023 (Monday)

Menara Razak Seminar

0830 - 0915 Registration & Morning Tea Hall/Banquet Hall
0915 — 0945 Opening Ceremony/Photo Session
0950 - 1010 Ranhill SAJ Problem Presentation
1015 — 1035 MYHIMS Soluthns Problem
Presentation
Menara Razak Seminar
1040 — 1100 Ifactors Sdn th Problem Hall
Presentation
1105 -1125 TLS Problem Presentation
1130 - 1150 LADA problem Presentation
1200 — 1400 Lunch Break Banquet Hall
1400 — 1730 Group Formation/Group Discussion Room 2, 3,4,5,7
1530 — 1600 Afternoon Tea Banquet Hall
21 November 2023 (Tuesday)
0830 — 1230 Group Discussion Room 2, 3,4, 5,7
1000 — 1030 Morning Tea Banquet Hall
1230 — 1400 Lunch Break Banquet Hall
1400 — 1730 Group Discussion Room 2,3,4,5,7
1530 — 1600 Afternoon Tea Banquet Hall
22 November 2023 (Wednesday)

0830—-1100 Group Discussion Room 2, 3,4,5,7
0930 — 1000 Morning Tea Banquet Hall
1105 -1200 Output Presentation to The Industry Room 2, 3,4,5,7
1205 - 1215 Closing Ceremony Banquet Hall

1215 Lunch Banquet Hall
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EVENT PHOTOS

R

MMISG2023 group photo following the opening ceremony, at Dewan Seminar Menara Razak, UTM Kuala Lumpur.
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Industry representatives presenting their industrial problems to the participants of MMISG2023.



Intense discussion among industrial representatives, domain advisors and contributors of respective industrial
problems



The dedicated organizing team of MMISG2023 comprising of staff from UTM-CIAM, UTM
Department of Mathematical Sciences, Faculty of Science and UTM- Malaysia-Japan International
Institute of Technology
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MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP
(MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

Transient Modeling of Subsea Cable Laying

Industrial Representative:
Kamarudin Ismail', Putri Aidila Sofia Abu Bakar'®

Contributors:

Zainal Abd Aziz®, Sharidan Shafie', Ahmad Razin Zainal Abidin',
Shaymaa M. H. Darwish!, Mohd Hazmil Syahidy Abdol Azis', Nik
Zetti Amani Nik Faudzi!, Noorehan Yaacob!, Dzuliana Fatin Jamil',
Daisuke Tagami’, Auni Aslah Bin Mat Daud*, Norazaliza Mohd
Jamil®

The installation of subsea cables, involving the deployment of cables on the ocean floor, is
significantly influenced by environmental factors such as ocean currents and seabed
characteristics. Modeling this process is crucial during both planning and operational phases,
as it enables accurate predictions and control over cable placement, thereby minimizing risks
and ensuring the effectiveness, safety, and environmental sustainability of subsea installations.
The challenge in such modeling lies in the dynamic nature of the ocean environment, which
includes fluctuating currents, waves, and winds, coupled with the complexity of varying seabed
terrains, requiring the consideration of transient effect. This report proposes the development
of' a dynamic model for cable laying that accounts for wave motion and the irregularities of the
seafloor, merging theoretical research with practical applications and experience, creating
relevant and applicable models for real-world operations. The model development is structured
into three phases. The first phase involves a steady-state model focused on a rough seabed,
omitting the impact of waves. This model is based on the Euler—Bernoulli equation that aims
to predict the cable layout at a specific time, considering initial tension, cable properties, and
fluid dynamics. The complexity is reduced by introducing a non-dimensional set of equations,
which scales down all engineering parameters to two key factors: fluid hydrodynamic drag and
cable bending stiffness. Applied across various sea depths and using MATLAB for numerical
solutions, the finding suggests that cable elevation increases with depth. The second phase
tackles a time-dependent issue, factoring in significant wave motion on a hypothetically flat
seabed, thus leading to a highly nonlinear formulation that requires the inclusion of a transient
model. In the final phase, the report integrates both models to represent water depth as a
function of time and arc length for more comprehensive insights. Expected results from this
integration are anticipated to enhance the accuracy and practicality of the developed model in
the real cable installation operation.
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MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP
(MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

3D Shape Reconstruction of Charcoal Chamber Monument

Industrial Representative:
Rasanubari Asmah Rahmah Abd Hamid'*

Contributors:
Taufiq Khairi Ahmad Khairuddin', Zulkepli Majid', Mohd Ali

Khameini Ahmad!, Abd Manan Samad?, Ismail Ma’arof®, Shota
Shigetomi’

Langkawi Island is a world-class tourism destination as it contains various historical assets and
because of this, Langkawi Island has been recognized as one of the world-class Geopark sites
by UNESCO. As a world-class Geopark area and site, Langkawi Island provides 38 Geosites
for tourists to visit. One of the tourism assets found in the Geosite area is the charcoal chamber
monument in Kubang Badak, Bukit Menora. According to historians, there were originally 12
charcoal chamber monuments but, as time has passed, only three of these structures have
endured, and they too have weathered the years, with only partial sections of their original
construction remain. The agency Langkawi Development Authority (LADA) then has been
entrusted to preserve and conserve these valuable relics for tourism activities and local
economy development. The main purpose of this study is to redevelop the complete charcoal
chamber monument by using the combination of three-dimensional (3D) modelling in
geoinformation and also mathematical modelling. Specifically, the objective of this research is
to develop a 3D model of the remaining historic charcoal chamber using Geospatial technology
before simulating the partial data from the model with the appropriate mathematical
formulation, in order to generate the complete 3D model of the monument. Besides, geometric
modeling involving common surfaces such as elliptic paraboloids and hemispheres will be used
in developing and predicting the actual dimensions of the charcoal chamber. Apart from that,
Mathematica and Matlab software will be used to display the 3D model of the charcoal
chamber. Based on the latest information during the discussion session held, three 3D models
of the charcoal chamber have been proposed at the end of this MMISG 2023 workshop.
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MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP
(MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

Predictive Modeling of Pipe Burst Towards Sustainable Non-Revenue Water

Industrial Representative:
Aida Natasah Sulaiman'' , Nur Nabilah Jamal'!, Norazlina Ismail'!

Contributors:
Norhaiza Ahmad!, Zainol Mustafa?, Arifah Bahar!, Zaiton Mat

Isa!, Istas Fahrurazi Nursyirwan', Mohamad S.J. Darwish!, Tan
Lit Ken', Hafizah Farhah Saipan @ Saipol', Aniza Akaram',
Ramhya Kathirayson?

Pipe burst is one of the major contributors to water loss in water supply systems that
significantly increase the Non-Revenue Water (NRW) level. The water authority has set a
target to reduce NRW to 25.5% by 2024. Although the NRW level is currently close to the
target at approximately 25.40% or 457 million liters per day (MLD) as of September 2023,
there is a need for ongoing monitoring to prevent any potential increase in NRW if water losses
are not effectively controlled. The key challenge identified is the timely detection and
prediction of pipe bursts, as this is crucial for the organization to make informed decisions in
monitoring water losses and minimizing the time taken to address and rectify pipe bursts. In
response to this challenge, two approaches are suggested with the primary focus on the
statistical approach, alongside with the Artificial Neural Network (ANN) model. For the
statistical approach, the Exponentially Weighted Moving Average (EWMA) Control Charts is
used to identify transient signals related to pipe bursts. Data preprocessing has been conducted,
and the control charts have been applied to detect anomalies associated with pipe bursts.
Feature-based data also been implemented to further enhance the detection capabilities. The
study concludes that a combination of dynamic thresholding based on weekly patterns, targeted
analysis of reliable Flow data, and adaptive parameter settings in control charts, particularly
with a focus on shorter time series, enhance the effectiveness of pipe burst detection. The
findings recommend a pragmatic approach to address the challenges posed by variations and
trends in water monitoring data, providing valuable insights for proactive water system
management and minimizing the impact of false alarms in anomaly detection. Additionally,
utilizing pressure, flow, and CPP pressure data as inputs, an Artificial Neural Network (ANN)
model is trained to predict pipe bursts. By learning from historical data where instances of
bursts are correlated with specific patterns in these parameters, the ANN can quickly analyze
current data upon receiving a complaint call and predict the likelihood of a forthcoming burst.
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The escalating carbon emissions from transportation, particularly from medium-duty and
heavy-duty trucks, pose significant challenges to the automotive supply chain logistics sector.
Notably, the transport sector accounts for a substantial 28.8% of total fossil fuel combustion
emissions, exceeding the global average. In response, Malaysia has committed to ambitious
targets, aiming for net-zero emissions by 2050 and a 45% reduction in CO2 intensity relative
to GDP by 2030. In accordance with this, industries, including Total Logistic Services (M)
Sdn. Bhd. (TLS) are mandated to comply with regulations to mitigate carbon emissions. As
part of the Toyota Tsusho Group, TLS is engaged in a three-year strategy focusing on route
optimization, eco-driving training, vehicle maintenance, and transitioning to electric trucks to
tackle this challenge. In addition, TLS is also exploring avenues to further reduce the carbon
emissions from their medium-duty and heavy-duty trucks. The discussion begins by
examining the formula used to calculate carbon emissions, analyzing the parameters
influencing carbon emissions, and proposing initiatives associated with these parameters.
Additionally, the discussion also delves into tools used to measure carbon emissions. In
conclusion, it is asserted that the formula for calculating carbon emissions is adequate for
estimating the emissions from trucks without the need for specific tools. The controllable
factor identified is fuel efficiency, which is closely linked to driving style. Consequently,
initiatives aimed at improving drivers' driving style are recommended.

14



MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP
(MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

Price Forecasting Model for Main Vegetables in
Malaysia

Industrial Representative:
Aimi Athirah Ahmad®

Contributors:

Shariffah Suhaila Syed Jamaludin', Fadhilah Yusof®,
Roslinazairimah Zakaria’, Mohd Mahayaudin Mansor>,
Nor Hamizah Miswan?, Siti Rahayu Mohd Hashim’,
Siti Mariam Norrulashikin!, Siti Rohani Mohd Nor!,
Hanita Daud!?, Razik Ridzuan Mohd Tajuddin?,
Syabhrizal Salleh®, Ruzaini Zulhusni Puslan!

A substantial portion of household income in Malaysia is allocated to food expenditures, and
chili is a staple ingredient in Malaysian cuisine. Fluctuations in chili prices directly affect the
cost of living for individuals and families, impacting their purchasing power and overall well-
being. Forecasting chili prices helps in effective supply chain management. Producers,
distributors, and retailers can plan and adjust their operations based on anticipated price trends.
This, in turn, contributes to the country's efficiency and stability of the chili supply chain. This
study emphasizes the importance of comparing various forecasting models to identify the most
accurate predictors of chili prices. The goal is to develop a model that can contribute to more
informed decision-making in crop production and market interventions, ultimately promoting
stability in the chili industry and ensuring sustainable practices. Statistical models and time
series forecasting models, which include multiple linear regression (MLR), AutoRegressive
Integrated Moving Average with exogenous inputs (ARIMAX), and machine learning
algorithms that consist of Support Vector Regression (SVR), Random Forest Regression
(RFR), Artificial Neural Network (ANN) and Long Short Term Memory (LSTM) were tested
and compared. SVR and RF under machine learning algorithms performed best as the
forecasted model followed by ARIMAX. ARIMAX models, extension of the ARIMA model,
effectively capture and predict patterns by incorporating significant exogenous variables.
Overall, the results show that the price of fertilizers, Movement Control Order (PKP) season,
and chili production significantly affect the prices of chilies.
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1.1 Introduction

Subsea cable laying, essential in the development of global communication and power
networks, involves deploying cables on the ocean floor, a process influenced by a range of
environmental factors, including ocean currents and seabed characteristics. Cable laying
modeling is vital in planning and operation as it enables precise prediction and control of cable
placement, minimizing risks and ensuring efficient, safe, and environmentally responsible
subsea installations.

Ifactors is a subsea cable installer that provides services to Telco operators and oil and
gas companies that need to install subsea cable for their IT or DATA network infrastructure.
The types of cable installed are mainly fibre optics and composite. Ifactors is the only local
installer that has experience in laying deep water (>2000m) and also the only Malaysian
company that carries the ISO 9001:2008 certification. Among the projects handled by Ifactors
were, Deep Water repair (>2500m) in Indonesia, Deep Water lay from Bali to Jawa Island,
Indonesia and also Petronas platform interconnection with shore in Turkmenistan and
Peninsular. With over a decade of experience, including cable laying in challenging locations
like the deep waters, Ifactors has emerged as a leading service provider in the cable laying
sector in the Asia Pacific Region. This study focuses on the cable laying challenges encountered
by Ifactors.

Installing subsea cables is a routine responsibility for engineers, involving the

placement of cables and pipelines beneath the ocean floor. The laying process is a critical and
perilous phase for the cable, demanding meticulous control to prevent any damage while
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optimizing the speed of installation. During cable installation, a common challenge is the
occurrence of false slack. Submarine cables are usually deployed by lowering them from a

laying vessel into seawater until they reach the seafloor. Throughout this process, the cables are
subjected to various forces, requiring careful consideration in cable design. While the
conventional approach involves analyzing cables during installation with the assumption of a
horizontally flat seafloor, the real seafloor is marked by roughness. Bathymetric maps of the
seafloor reveal faults, folds, and on-bottom channel systems. These irregularities may lead to
the development of false slack in certain areas or cause cable hanging in others, ultimately
resulting in cable failure. Despite engineering methods that can partially mitigate seafloor
roughness, it is essential to consider the actual seafloor conditions during the cable-laying
process.

The laying of undersea communication cables spans nearly all of the Earth's oceans.
The establishment of this global communication infrastructure is becoming more commercially
competitive, where technical considerations like the speed and precision of cable laying can
yield substantial commercial advantages. In this environment, the viability of high-speed cable
laying is crucial, as is a comprehension of the temporary dynamics involved in the cable laying
process when the cable ship adjusts its speed. Forecasting the transient behavior of the cable
during installation necessitates a nonlinear time-domain analysis. Once this analysis is
conducted, its verification presents a challenging problem.

Effective cable laying operations demand the prevention of elevated dynamic tensions,
as they can lead to adverse consequences. While numerous researchers have addressed the static
and dynamic facets of the cable laying process, only a limited number have delved into
comprehensive cable dynamics due to challenges associated with the interaction between the
cable and the ship in waves.

Hence, to initiate the subsea cable installation, Ifactors company must ascertain the
optimal quantity of cable necessary for the successful completion of the laying process in
challenging seabed conditions. This determination is contingent on establishing the suitable
hydraulic brake speed and manually regulating the residual tension of the cable. The objective
of this study is to develop a mathematical model and conduct a numerical simulation capable
of offering a reliable prediction for the transient behaviour of cables laid in non-flat seabed
environments. This includes considering the impact of wave excitation, cable/ship interaction,
and cable elasticity.

In the initial phases, the study employs a steady-state model across different water
depths to replicate the seabed shape and wave heights. Following this, the research advances to
develop a dynamic model designed to enable real-time control of the cable laying operation in
challenging sea conditions. The dynamic model aims to address the impact of wave excitation,
cable/ship interaction, irregular shape of seafloor and cable elasticity.
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1.2 Problem Statement

The process of subsea cable installation faces challenges, such as the occurrence of false slack,
where irregularities in the rough seafloor can lead to cable failure. Submarine cables, typically
deployed from laying vessels, are subject to various forces that necessitate meticulous cable
design. The conventional approach assumes a flat seafloor; however, the actual seabed is often
marked by roughness. This fact underscores the importance of considering the real conditions
of the seafloor during cable laying. Another primary problem in optimizing cable laying
operations is the prevention of heightened dynamic tensions, which can lead to serious adverse
consequences. This issue becomes more pronounced in adverse weather conditions.

High-speed cable laying requires a comprehensive understanding of the dynamic
changes that occur when adjusting the speed of the cable-laying ship. Accurately predicting the
cable's transient behavior under these conditions involves complex nonlinear time-domain
analysis, posing significant challenges in verification. To tackle these issues, incorporating
transient modeling phase-by-phase is crucial, particularly focusing on dynamic loading
conditions and the movements of the laying vessel. Despite the extensive exploration of static
and dynamic aspects of cable laying in many research studies, there exists a noticeable research
gap in the in-depth study of the intricate interactions between the cable and ship, particularly in
wave-influenced environments. This gap is a major challenge to developing precise and reliable
models for subsea cable installation, crucial for real-world operations.

1.3 Methodology

Our methodology comprises three primary phases: The initial phase involves modelling cable
laying on a rough seafloor without considering the wave effect, and this model operates in a
steady state. The second phase focuses on developing a transient cable laying model that
incorporates the wave effect but assumes a flat seabed. The third phase involves the integration
of both models.

1.3.1 First phase: Modelling cable laying in irregular seafloor

The increasing use of cables in deep-ocean engineering highlights the significance of
determining cable configurations as crucial parameters in the design process. This study
focuses on creating a model for the cable laying process from a vessel, employing a steady-
state model depicted in Figure 1. This model, extensively discussed by Howison (2005),
utilizes the Euler—Bernoulli model for the displacement of a slender nearly straight beam.
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The primary goal is to ascertain the cable's shape from the point it passes through a
'tensioner’ at the vessel to the moment it reaches the seabed. The cable experiences an initial
tension 7, applied by the vessel and buoyancy forces as it descends to the seabed. The arc-
length (s) is defined as 0 at the vessel and —L at the seabed, where L represents the cable's
actual length between the two points. The sea depth is denoted as A(s), and 6(s) represents
the angle between the curve and the x-axis.

dx p dy . P ae
ds ds _ Sme ds (1)

(with k is the curvature)

Take into account a small segment of length ds on the beam, as depicted in Figure 2. The
forces exerted on the element's boundaries consist solely of the internal elastic forces at its
ends, along with a body force characterized by components f and f; per unit length. In a
state of equilibrium, the forces' disparity must be nullified. Consequently, the equilibrium

equations can be expressed as:

dF, dF,
o Tegs T

dM ) _ )]
I Fsin@ + Fy,cos8 =0

The body force fx and f; can be expressed through terms of a drag force, fz and a buoyancy
force, fb, represented by the following equations:

fa = CqApy,U?

fr = ApgA

(€))

where

pw 1s sea water density.

U represents the velocity of the object in relation to the fluid,
A denotes the cross-sectional area of the cable,

Cua is the drag coefficient, and

g stands for gravitational acceleration.

Finally, by taking into account the constitutive equation given as
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dM_ dé
ds ds

“4)

with ET represents the cable bending stiffness, the governing equation for this particular
problem can be written as

d?e L _
EIF—Fxsmsme + F,coscost =0
dF, y (5a)
s - C44p,U? sinsin 6
(5b)
dF, Apad
. —BApg
ds (5¢)
ax
5 —coscos 0 (5d)
dy
— =sin6 (5¢)
ds

Here, the unknown parameters are 6, Fx, Fy, X and Y, and also there is one second-order
equation. Therefore, the required boundary conditions are

dae
ats=0;0=0,Y=1,X=0T=T, ,ats=—1;9=0,£=0,Y=0 (6)
s=0
Y: s
X=0
=8,

s=-—L

Y=0

0=
d&_
E_U

Figure 1: Layout of the cable
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Fy(s + ds)

\M(S +(35}

Fi(s + és)

fyds

Fy(s)

M(s)\

Figure 2: Forces and moments on an element of a beam (Howison, 2005)

Iy 8s

Before directly addressing the governing equation, a crucial step involves transforming the
system of equations into a scaled or non-dimensionalized format. This allows the grouping
of all engineering parameters, facilitating the simplification of any necessary assumptions
beforehand. For example, consider Equation (5¢), having a scale of F,~ fOFAA, and s~s,$

(where F; and § are the non-dimensional variables, while f, and s, are the scaling factor) so
that:

dFy fo dﬁ; 1 dﬁ'; ApgA
Y = ApgA L2 = ppga——2 = 7
as  PIN S Tas TP s TS M

If fo is taken as AgA h(s) and s, as L h(s), the equation becomes:

1dF, _
Lds ®)

(for simplicity, the upper mark (A) for dimensionless variable is ignored).
Therefore, this equation, in fact all Equations (5a—¢), can be converted into dimensionless
equations by scaling the force variables (Fx and Fy) by AgA4h, the space variables (X and Y)

by 4 and the arc length (s) by LA. The final non-dimensional governing equation can be
written as:
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1 o
L—Zh(s)gﬁass — F; sinsin® + F,coscos6 =0

—-F . s=asinsinf

L X

1
o =1 ©

1

7 X.s =cos cos 0

-Y,=sin6
in which o and f are coefficients of:
CaApwU? .
a= ApgA (hydrodynamic drag)
and (10)

El . }
B = m (bending stif fness)

(a subscript variable with a comma in front (,s) means a derivative with respect to the
variable).

Now, the dimensionless boundary conditions become:

ats=0;0=0,Y=1,X=0T=T, ,

(11
ats=-1;,60=0%=0,y =0
ds

The governing Equation (9-11) is straightforward and can be solved via a numerical
approach except that the second order term makes the solution rather complicated. If one
considers an extra equation of:

so that the governing equation becomes:
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Vs = W(—Fxsin 0+ F, coscos@ )

F, ¢ = Lasinsin

(13)
Xs= Lcos 6

Yy =1Lsin6

This set of equations was solved numerically using MATLAB software as shown in
APPENDIX A. The results of the solution are discussed later in Section 1.4.

1.3.2. Second phase: Transient model of cable laying under wave effect on flat
seabed

It is noted that the cable laying problem demands an analysis beyond the steady-state model
as it involves many variables that often makes the real operation of cable laying
unpredictable. For such concern, wave motion effect should be introduced, which leads to
a variable sea depth depending on time, /(7).

V\
SEA WATER V% —»
LEVEL s

Vool p

SEABED

Figure 3:Time-dependent problem for cable laying (source: Prpi¢-Orsi¢ and Nabergoj,
2005)

As the contact points (one at the sea bed and another is at the tensioner of the vessel) changes
due to the wave motion, most of the variables are also depending on time, for example X(7),
Y(¢) and L(?). Moreover, additional variables of boat speed (U) and the cable motor speed
(V) need to be considered.

In this phase we will follow a model developed by Prpi¢-Orsi¢ and Nabergoj (2005). Figure
4 illustrated the three Cartesian reference systems: OXY (an inertial system fixed to the
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Earth), oxy (equilibrium axes moving with the mean velocity of the cable-laying ship), and
0'x'y’ (a local system attached to the cable). The transformation rule between these systems
can be expressed as:

t| | cosf sinf||i (14)
n| | —sin@ cosé||j

and
|:t:|_|:—cosﬁi sin9:| [I]
n| | sin@ cosf@||]J
(15)

Here, t and n represent the tangent and normal unit vectors in the local system. The unit
vectors i, j, and I, J correspond to the moving and inertial systems, respectively. The angle
O(p , t) between the cable element and the horizontal axis is a function of time ¢ and the
stretched arc length along the cable p. This length, measured from the shipboard connection
point, comprises the unstretched distance s and the elastic elongation. The relationship
between the stretched and unstretched arc lengths is given by dp=ds(1+¢), where ¢ is the
uniaxial strain in the cable. Relations (14) and (15) permit expressing any point in any of
the three coordinate systems.

ro (1)

J lr
YY Repn

3p=0s (1+¢&)

Figure 4: coordinate systems (source: Prpi¢-Orsi¢ and Nabergoj, 2005)

From Figure 4, the following geometric compatibility relations are obtained (Prpi¢-Or8i¢
and Nabergoj 2005):
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Jx dx 1

— = — = cosf
ap ds 1+ ¢

dy dy 1 .
- == = sin#f.
ap as 1 +¢

(16)

Now the summing of the forces parallel to the tangential axes results in

1 d
T+dT — T +wsinfdp + —pCrm———V?d
p+3pCs N P

= pcAdp

ar . . 1 d s
— t+wsind + -pCrm Vo = p-A;

dp 2 V1+e

dr 1
— 4 wsind+ —pCradV1+eV?=p.A(l+e)
ds 2 (17)

and in the direction of the normal axes,

. 1 _
Td9+wcos6‘dp—5,oCD Vo IValdp = pA,dp

d
V1 + e

d | d _
Td——i-wcosG— EpCpivn |Vi| = pcAn

P J1+¢
do 1
Td— + wcosf — E,oCDdx/l + eV, |V,
5

= p.A,(1 .
PeAn(l +¢) a8)

The details of derivations and definitions of parameters in dynamic equilibrium condition,
Egs. (17) and (18) can be found in (Prpi¢-Orsi¢ and Nabergoj 2005).

Note that, the work done by Prpi¢-Orsi¢ is actually an extension to the earlier works by Vaz,
M. A., & Patel, M. H. (1995) and Patel, M. H., & Vaz, M. A. (1995), considering a towed
cable and a laid cable, respectively, with the assumptions of continuous, inextensible and
flexible (negligible bending stiffness) conditions. These works will be the progressing steps
of our modelling effort to complete the final nonlinear dynamics model by Prpi¢-Orsi¢ and
Nabergoj (2005) to include the complete behaviour of stretched cable being laid, accounting
for the effects of transient, wave excitation, cable/ship interaction and cable elasticity.
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1.3.3. Third phase: Transient model of cable laying under wave effect on rough
seabed

In this phase Equations (9) and (10) will be combined with equations (17), (16) and (18)
where the depth /(s, #) will be a function of time ¢ and the stretched arc length s. Possibility
to include the numerical model developed by Trapper, P. A. (2022) will also be considered.
Trapper proposed a simple numerical technique, particularly adopting finite difference

discretization, for calculating the internal force envelope diagram as shown in Figure 5. The
capability of the proposed model to consider several scenarios of a pipe-lay across different
types of seafloor irregularity can be utilised.

vl &5y P %

O R}, . of wghs

z

Figure 5: Numerical model of pipeline by finite difference approach (source: Trapper, P.
A., 2022)

1.4 Results and discussions

14.1 First phase results

Numerical solution for Equation (12—13) gives 6, Fx, Fy, X, Y and also L. For calculation
purposes, the two parameters a and f were given a presumed value (without comparing to
any engineering parameters) so as to ease the analysis. The main objective is to get the
general idea of the cable behaviour as the defining parameters change.

Figure 6 plots the shape of laying cables in a 2D plane with different water depth, starting
from the point (0,1) as the cable passes through the tensioner of a vessel, to the point (-X,0)
as the cable touches the sea bed. In this case, both a and £ are taken as 1, and the initial
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angle between the cable and the horizontal surface (6) is 1 radian. The value of the water
depth A(s) is set to vary from 0 to 1 in order to observe the effect on the cable shape. The
depth is calculated from seafloor where h(s)=0 to sea surface. It can be seen that increasing
the depth reduced the amount of cable being laid, indicating higher elevation in the seafloor
in that particular area.

0.9 R
0.8 - .
07 1
0.6 - .
h(s) =05 4
04 g
03 F q
02t .

0.1 1

-1.2 -1 -0.8 -0.6 0.4 0.2 0

Figure 6: Shape of cables in different water depths

1.4.2 Second phase results

At present, the first model, as outlined in Vaz, M. A., & Patel, M. H. (1995), is under
development, as detailed in APPENDIX B. This model treats a towed cable as continuous,
inextensible, and flexible, without considering bending stiffness.

Basically, the implemented algorithm in Vaz’s model involves dividing the total cable
length into n straight elements, connected by pin-nodes, to approximate the solution to the
governing equation. This process transforms the integral operations in the cable
configuration equations into summations over n terms, leading to a set of nonlinear ordinary
differential equations that require iterative solutions. This method simplifies the problem
by converting the original partial differential equations into a connected series of ordinary
differential equations. Using a large number of elements effectively transforms the model
into a chain assembly.
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While the final running codes provided in APPENDIX B still require improvements and
updates, the current progress of the codes has successfully plotted the initial configuration
of the cable (before acceleration), as shown in Figure 7. Next, the iterative part of the
nonlinear analysis will be updated, and validation will be conducted using the results
available in Vaz, M. A., & Patel, M. H. (1995). This will be followed by an update on the
model from Patel, M. H., & Vaz, M. A. (1995), which considers a cable being laid. Finally,
the model by Prpi¢-Orsi¢ and Nabergoj (2005), which takes into account the stretching
effect of the cable, will be incorporated.

-100 — —

Depth [m]

-150 — —

00 | | | |
-300 -250 -200 -150 -100 -50 a

Layback [m]

Figure 7: Initial cable configuration by Vaz’s model

143 Third phase results

As highlighted earlier, this phase will involve developing a transient model of cable laying
under the coupling influence of wave effects and a rough seabed. As of now, this phase
has not been conducted but is planned for future works.

1.5 Conclusion and Recommendations

A mathematical model for cable laying was created, incorporating the impact of a non-flat
seafloor and wave motion. The derivation of the model unfolds in three phases. The first
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phase involves a steady-state model of a rough seafloor, neglecting wave effects. The
formulation is based on the Euler—Bernoulli equation derived by Sam Howison, predicting
the cable layout at a specific time with known initial prescribed tension, cable properties,
and fluid behaviour. To simplify the formulation, a non-dimensional set of equations is
derived by scaling all engineering parameters, resulting in two defining parameters related
to fluid hydrodynamic drag and cable bending stiffness. The model is applied with varying
sea depths, and numerical solutions are obtained using MATLAB. Results reveal a higher
cable location with increased depth. In the second phase, the model addresses a time-
dependent problem, incorporating significant wave motion while assuming a flat seafloor.
This entails a highly nonlinear formulation requiring resolution. In the third phase, both

models are integrated, introducing a time-dependent water depth / as a function of time ¢
and arc length s.
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APPENDIX A
function [1,Xn] = cablelal()
fn = 'cableIFactor';
alf = 1; % hydrodynamic drag
bet = 0.01; % bending stiffness
T0 = 1; % tension
kap = -0; % curvature at boat
thetastar = 1; % angle at boat (alternative bc)
h =1; % water depth
x_guess = linspace(0,1,100);

y_guess = [0; 0; 0; 0; 0; 01;
1 guess = 1;

solinit = bvpinit (x_guess,y guess,1l guess);

solinit.y(l,:) = atan(solinit.x+1); % approximate solution
solinit.y(2,:) = (l+(solinit.x+1).72).7(-1);

sol = solinit;

options=bvpset ('Vectorized', 'on', 'FJacobian',@fjac2, 'NMax',10000) ;
sol = bvp4c(@geg2,@gbc2,sol,options) ;

1l = sol.parameters;

s = sol.parameters*sol.x;
theta = sol.y(1l,:);

Fx = sol.y(3,:);

Fy = sol.y(4,:);

X = sol.y(5,:);

Y = sol.y(6,:);

figure(l); clf;
plot (s, theta,s,Fx,s,Fy);
plot (s, theta);
xlabel ('x"'); ylabel('y'");
10 = (2*T0-1).7(1/2);
hold on; plot(s,atan((s-s(1))./(T0.72-10.72).%(1/2)), 'k=-=");

figure(2); clf;
plot(X,Y);

save (fn) ;

figure(2); clf;
set (gcf, 'Paperpositionmode', 'auto', 'units', 'centimeters', 'position', [2 2 20 10]);
plot(sol.y(5,:),s0l.y(6,:), " 'linewidth"',2);
xlabel ('x"'); ylabel('y'");
ylim ([0 11);
shg;

% print (gcf, '-depsc2', fn, '-loose");
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function res = gbc2(ya,yb,1)

res(l,:) = vya(l,:);
res(2,:) = ya(2,:);
% res(3,:) = yb(2,:)-kap;
res(3,:) = yb(l,:)-thetastar; % ( alternative bc )
% res(4,:) = yb(3,:).*cos(yb(l,:))+yb(4,:).*sin(yb(1l,:))-TO0;
res(4,:) = yb(3,:)-T0; $ (alternative bc )
res(5,:) = ya(6,:);
res (6, :) yb (6, :)-h;
res(7,:) yb(5,1:);
end
function [dfdy,dfdp] = fjac2(x,y,1)

theta = y(1,:);
psi = y(2,:);

Fx = y(3,:);
Fy = y(4,:)7
X = y(5,:);
Y = y(6,:);

dfdy = [0 1 0 0 0 0;

1./bet.*( Fx.*cos(theta) + Fy.*sin(theta) ) 0 1./bet.*
( sin(theta) ) 1l./bet.*( -cos(theta) ) 0 0;

l.*alf.*cos(theta) 0 0 0 0 0 ;
00O0O0O0O;
-1l.*sin(theta) 0 0 0 0 O ;
l.*cos(theta) 0 0 0 0 01,

dfdp = [psi;
1/bet.*( Fx.*sin(theta) - Fy.*cos(theta) ):
alf*sin(theta);
1;
cos (theta) ;
sin (theta)];

end

function dydx = geqg2(x,y,1)
theta = y(1,:);
psi = y(2,:);

dydx(1l,:) = 1l.*psi;
dydx (2,:) = 1l./bet.*( Fx.*sin(theta) - Fy.*cos(theta) );
dydx (3,:) = l.*alf*sin(theta);
dydx (4,:) = 1.*1;
dydx (5,:) = l.*cos(theta);
dydx (6,:) = l.*sin(theta);
end
end
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APPENDIX B

o

THIS PROGRAM IS STILL UNDER DEVELOPMENT AND PROGRESSING.
VALIDATION OF THE RESULTS IS YET TO BE MADE IN COMPARISON
WITH THE RESPECTIVE JOURNAL ARTICLES (VAZ, PATEL, 1995)
DATE: 15/12/2023

o e

oe

clear, clc

% USER INPUT

g = 9.81;

V_0_x = 0.463; % initial ship speed
vV 0y = 0;

diameter = 0.0264;

L total = 360;

n = 3;

rho = 1;

CdUser = 2.054;

CfUser = 0.01;

cable weigth per length = 10.59;
hydrodynamic_constant = 0.6173; % Hopland at LH

% ALLOCATE VARIABLES

N = zeros(n, 1);

theta 0 = zeros(n,1);
theta = zeros(n,1);
theta dt = zeros(n,1);
theta dtdt = zeros(n,1);
T_ds = zeros(n, 1);

T 0 = zeros(n, 1);

H = zeros(n, 1);

H 0 = zeros(n, 1);

V_0 = zeros(n, 1);

C f = zeros(n, 1);

C d = zeros(n, 1);

vt = zeros(n, 1l); % normal midpoint velocities

vn = zeros(n, 1l); % tangential midpoint velocities

w = zeros(n, 1); % cable’s weight in sea water per unit length
rho_bar = zeros(n, 1);

= ones(n, 1)*L total/n;
d = ones(n, 1)*diameter;

o

Coordinates
= zeros(n, 1);
= zeros(n, 1);

X

Apply local properties

= C_f + CfUser;

= C_d + CdUser;

w + cable weigth per length;

Elﬁ Q oe
I Q

Initial conditions
0=V 0+ V 0 x;
t 0=-vV0 x; % [Eg2al

X < oo
o)

)

% theta Eqg(1l3a)

for i = 1:n
theta 0(i) = acos( .
sqrt( 1 + 1/4 * ( hydrodynamic_constant / V_0(i) )"4 ) - 1/2 * (

hydrodynamic_constant / V_0(i) )"2
)

end

theta = theta 0;

32




MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP (MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

S
S

theta dt Eq(13b)

for i = 1:n

theta dt 0(i) = 0;

end

[
S

vt Eqg(l0a)

for i = 1:n

sumTerm = 0;
in-

for j =1 1
sumTerm = sumTerm + theta dt(j) * L(j) * sin( theta(i) - theta(j) )
end
vt(i) = - x dt_0 * cos( theta(i) ) + sumTerm;
end
% vn Eg(10b)
for i = 1:n
sumTerm = 0;
for § = 1:n-1
sumTerm = sumTerm + theta dt(j) * L(j) * cos( theta(i) - theta(j) )
+ theta_dt (i) * L(i) / 2;
end
vn(i) = x dt 0 * sin( theta(i) ) + sumTerm
end

o

S

x0_dtdt (assumed)
0;

x0 dtdt =

S

S

o
S

TIME MARCHING START HERE

Eg(lla

)
for i = 1:n

H(i) = - 1/2 * rho * C £(i) * pi * d(i) * vt(i)"2 - w(i) * sin( theta(i)
T ds(i) = H(i);

end

S
S

Guess value of N

for i = 2:n

N(i-1) = T 0(i) * sin( theta(i) - theta(i-1) )
- N(i) * cos( theta(i) - theta(i-1) )
end
disp('try!!")
% Eq(1l2)
for i = 1:n
sumTerm = 0;

for 3 = 1:i-1

sumTerm = sumTerm + L(J) * ( ..
theta dt(j)"2 * sin( theta(i) - theta(j) )
+ theta dtdt(j) * cos( theta(i) - theta(j) )
) 7
end

theta_dtdt (i) = ...
2/ L(i) * ( ...
-1/ (2= rho_bar (i) ) * rho * C_d(i) * d(i) * vn(i) * abs ( vn(i)
+ w(i) / rho _bar(i) * cos( theta(i) )
- x0 dtdt * sin( theta(i) )
+ 2 * N(i) / rho bar(i) / L(i)
- sumTerm

)i

end

o

S

o

S

Calculate x & y

assume initial location

)

) 7
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x (1) = 0;
y(1l) = 0;
for 1 = 2:n
X (i) = x(i-1) - L(i)*sin(theta(i-1));
y(i) = y(i-1) - L(i)*cos(theta(i-1));
end
Xy

plot(x,y,'r.-")
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INDUSTRY PRESENTATION SLIDES

i?&:rons

OBJECTIVES IF; TORS

To work with MYHIMS to develop a software to assist the lay of
submarine cable from end to end

The goal of this workshop is to build upon the existing static modeling
techniques established in 2015 by adding transient modeling«o subsea
cable laying, with a specific focus on dynamic loading conditio 1S
vessel motions. This enhancement aims to facilitate more accuff
predictions of cable behavior in the critical TDZ and to enable mo:ra.

precise control of cable laying operations, particularly ciurll‘ﬁbad weéth

The workshop attempts to merge theoretical research with ‘prat
applications and experience, creating relevant and applicabl&§ L S fo'%
real-world operations. The effort is set to propel the local subsﬁ:d‘-dable
laying industry forward, promoting more effective, secure, and *
environmentally friendly practices, with an enhanced focus on mltﬂ_'a?rng .
risks in the TDZ and confidently handling challenging weather condmons
In addition to facilitate operational decision making, more precise
modelling can also facilitate route planning, risk assessments, and
operational strategies in challenging environments.
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INTRODUCTION isAcrors

IFACTORS Sdn Bhd is a company specialized in the field of
submarine cable infrastructure for power and telecommunication

A Malaysian company, 100% owned by Bumiputra established in the
year 1998 in Kota Kinabalu, Sabah

More than 15 years experience in the field of submarine cﬂﬁ‘-
|nfrastructure in particular telecommunication and power in
|
Providing a full turnkey in house solution including:
Design of long haul telecommunication network
Design of telecommunication infrastructure in particular submarlné =
Marine survey for submarine cable infrastructure 4
Implementation and commissioning of submarine telecommunication

system
Maintenance of submarine cable system

INTRODUCTION ifkcrors

IFAgTORS is an ISO Certified company and a Petronas registered
vendor

EpQUALITY
o A %,
& %,

Bed) |
150

9001:2008
UKAS

REGISTERED COMPANY

QUALITY
MANAGEMENT

o7

A

‘\.\“'J' ALITY oy
3 “

150
14001:2004

QUALIT
0““: Vi

A %,
L
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THE TEAM ielcrons

Track Record I?&cfons

Experienced team lead by a technical management team of more than 20 years in the
Industry

Associated with international company of more than 100 years experience in the industry

Long term maintenance of more than 7 years contract with leading telcos in Indonesia

= Attending to more than 25 operation of submarine cable cut repair including deep
water repair operation in Bali

Design and laying of 200km of submarine cable in deep water Java ség between Bali to
Java Island at max water depth of 2800m Qir

Layin? of 80km of submarine cable between Kinyali to MCRA platforms i
gehalf of Technip for Petronas.

Laying of 200km submarine cable between Kerteh to ANGSI platfcr

Relocate of submarine cable in Takbai Bay Thailand and rebury to thgd;u'i'ca{&?pth*)f 45&
for Time.

Design and lay of 220km of fibre optic cable for SKO-PETRONAS from BCQ{&‘! RC
and NC3-CPP

Design and lay of 100km of fibre optic cable for Telekom Malaysia

Design and build fibre optic cable link from Labuan to Mainland Sabah for Sabah
Electricity Sdn Bhd
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INTRODUCTION I?&crons

+ |[FACTORS Sdn Bhd
Partners

J General Eahl " Global Marine

INTRODUCTION I?ktn'ons

. IFACTORS Sdn Bhd

Indonesia

the world in your hand
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Certification ifAcrors

Ay

Global Marine

Kararul Rizal Mol Neziv

¥

actors Sdn Bhd N

Global Marine

Nardin Alunsd Sah

IFactors Sdn Bhd

. Universal Quick Jointing

(UG) Only

A
wlan @b
Al

Submarine Telecommunication Network
Implementation Project

Network Design

Submarine Cable System Design
Desktop Study and Marine Survey
Engineering Design

Cable and Equipment Production
Network Infrastructure Implementation

Commissioning
Maintenance
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i?kcrons

Cable Laying Concept

+ MODULAR EQUIPMENT AND MACHINERIES
« INDEPENDENT OF CABLE LAYING VESSEL
+ CERTIFIED JOINTERS ON BOARD

Cable Laying Concept

STANDARD EQUIPMENT ON BOARD

*Hardware (and Software) related to the management / control of the cable
installation, .

sLinear Cable Engine -
*Cable Capstans: Estimated 5 tons (maxi.) capacity with 2m diam%ﬁ,
Cable Chute ! "
=Cable Tanks (total number is depending on the cable ship capgcity)

*Various types of cable guides, floats, buoys, grapnels and
consumables(ropes, shackles, stoppers etc.)

*Diving equipment plus hand operated jetting tools (subjective)
«Test and Jointing Room

* Ploughing Machine

ROV
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Cable Laying Equipment i?‘icrons

Cable Laying
Container
d Cable Plow,
M nt and

| ‘. | Menitoring
™ Container
e a——— R A ;

Deck A-
Crane Frame
[ Cable
, Chute
Cable !
Tank
Submarine Cable Plow

Capstan = -r
Linear )
Machine il
Modular Cable Tank mmﬂs
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i?&crons

MLN1

a
&crons'

IFACTORS SDN BHD

“specialized in submarine network systems”

“specialized in submarine network systems”

INSTALLATION METHODOLOGY mrons

SHORE END PROTECTION

ARTICULATED PIPES
- Rocks and Thin Layer of Sand

POST LAY BURIAL WITH TRENCHER

JPZ.F .

. ENHANCED CABLEARMOR
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INSTALLATION METHODOLOGY I>kcﬂ)‘:‘sb

5. SHORE END TRENCH

6. PVC PIPES OR ARTICULATED
PIPES IN TRENCH

INSTALLATION METHODOLOGY mrons

Pilot line from ship to beach

Cable is paid out with buoys to beach

Plough is floated to the beach

Submarine cable is inserted into plough

Ship begins pulling plough

Divers cut off buoys

43



MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP (MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

INSTALLATION METHODOLOGY mrons

Two options (subject to survey repo

. Check Surveyor laying computer
—  DGPS satellite navigation system
—  DP dynamic positioning system
2. Final test of plough functions in control container

3. Plough deployment —
4. Ship begins pulling plough

NSW - Fibre Optic Cable Type IF. TORS

Double Armored Light Weight

Single Armored
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SUMMARY ifxcrons

* [IFACTORS is a proven company in
providing full turnkey for the
implementation of submarine cabler
network _ "@qﬁ .y

- IFACTORS offers the alternativess uf’ég;?*‘
with better cost effectiveness with@
tolerating quality

THANK YOU
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OUTPUT PRESENTATION SLIDES

L

i .3
IFASCTORS )

e UNIVERSITI TEKNOLOGI MALAYSIA

Transient Modeling of

Subsea Cable Laying MMISG2023

INDUSTRY : 8 » —m
Kamarudin Ismail 4™ Malaysia Mathematics in

Putri Aidila Sofia Abu Bak
utri Aidila Sofia Abu Bakar Industry Studv Group

MMISG TEAM:

Zainal Abd Aziz, Sharidan Shafie, Ahmad Razin Zainal

Abidin, Shaymaa M. H. Darwish, Mohd Hazmil

Syahidy Abdol Azis, Nik Zetti Amani Nik Faudzi, 20 — 22 November 2023

Noorehan Yaacob, Dzuliana Fatin Jamil, Auni Universiti Teknologi Malaysia
Aslah Bin Mat Daud, Norazaliza MohdiJamil, Kuala Lumpur

Problem Statement

= Another primary problem in optimizing cable laying operations is the prevention of
heightened dynamic tensions, which can lead to serious adverse consequences. This
issue becomes more pronounced in adverse weather conditions.

* High-speed cable laying requires a comprehensive understanding of the dynamic
changes that occur when adjusting the speed of the cable-laying ship.

* Accurately predicting the cable's transient behavior under these conditions involves
complex nonlinear time-domain analysis, posing significant challenges in
verification.

* To tackle these issues, incorporating transient modeling phase-by-phase is crucial,
articularly focusing on dynamic loading conditions and the movements of the
aying vessel.
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Methodology
First phase:

Modelling cable laying in irregular seafloor

a, Fy(s + 8s)

A

\‘_\ln+&\>
h, L -.
/ Fy(s) Fy(s +8s)
T - L
- > [ b5

s=-L

y=0 A { = Fy(s)

6=0 M(s)

de \

= =0

Figure 1: Layout of the cable

Figure 2: Forces and moments on an element of a beam (Howison. 2005)

Methodology
Second phase:
T

ransient model of cable laying under wave effect on flat seabed

It is noted that the cable laying problem demands an analysis beyond the steady-state model as it involves
many variables that often makes the real operation of cable laying unpredictable. For such concern, wave
motion effect should be introduced, which leads to a variable sea depth depending on time, /(7).

i
o[d v
t r a Y
« L7 v
SEA WATER s . ¥ Rpn g
LEVEL

& d

y

SEABED

Figure 3:Time-dependent problem for cable laying (source: Prpic-Orsic and Nabergoj, 2005)

Figure 4: coordinate systems (source: Prpic-Orsié and Nabergoj. 2005)
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Methodology

Second phase:
Transient model of cable laying under wave effect on flat seabed

From Figure 4, the following geometric compatibility relations are obtained (Prpi¢-Or$i¢ and Nabergoj 2005):

dx  ax 1
— = ——— =cosf
dp osl+e
dy dy | .
— = ——— =sinf.
dp ds l+¢
T dT =T + fosinfdp + L0 Crn—2_v2d T 46+ icosOdp — +p Cp ——V, Valdp = fcAndp
+ =T+ wsin p+§p /ﬂﬁ, P 2 NiETS c
— do 1
= peArdp T +wcosh — —pC| |/ =p,

56 — D ——=Va |Val = pcA
ar o 1 d N dp 2!’ D T+ n |Va PecAn
T+lt's1n9+§pc,r Vi = pcAs do |
P vite T Hweost = SpCpd VeV, |Vl
dr 1 $ -
I+uvsmﬂ+ip(),-ﬂd\/l+;:V,2=;:‘.A,(l+b:) = Al +£).

Remark

Meanwhile, for the third phase, the combination
between the first and second phases is working on.
This phase will develop a transient model of cable
laying under the coupling influence of wave effects
and a rough seabed. As of now, this phase has not
been conducted but is planned for future work.
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- Results and Discussion

Figure 6 plots the shape of laying cables in a
2D plane with different water depth, starting
from the point (0,1) as the cable passes
his) os ) through the tensioner of a vessel, to the point
(-X,0) as the cable touches the sea bed. It can
be seen that increasing the depth reduced the

amount of cable being laid, indicating higher

" ! oe o0 o o ¢ elevation in the seafloor in that particular
area.

Figure 6: Shape of cables in different water depths

Results and Discussion

°r T T T T T T The current progress of the codes has successfully
. plotted the initial configuration of the cable (before
acceleration), as shown in Figure 7.

E WL . _ Next, the iterative part of the nonlinear analysis will
s : be updated, and validation will be conducted using
o ’ _ the results available in Vaz, M. A., & Patel, M. H.
(1995). This will be followed by an update on the

L I I | 1 1 model from Patel, M. H., & Vaz, M. A. (1995), which

considers a cable being laid. Finally, the model by
Prpic-OrSi¢ and Nabergoj (2005), which takes into
account the stretching effect of the cable, will be

- incorporatec‘-

Layback fm]

Figure 7: Initial cable configuration by Vaz’s model
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Conclusion

A mathematical model for cable laying was created, incorporating the impact of a non-flat seafloor and wave motion.
The derivation of the model unfolds in three phases.

ES

The first phase involves a steady-state model of a rough seafloor, neglecting wave effects. The formulation is based on
the Euler-Bernoulli equation derived by Sam Howison, predicting the cable layout at a specific time with known initial
prescribed tension, cable properties, and fluid behaviour. To simplify the formulation, a non-dimensional set of equations
is derived by scaling all engineering parameters, resulting in two defining parameters related to fluid hydrodynamic drag
and cable bending stiffness. The model is applied with varying sea depths, and numerical solutions are obtained using
MATLAB. Results reveal a higher cable location with increased depth.

In the second phase, the model addresses a time-dependent problem, incorporating significant wave motion while
assuming a flat seafloor. This entails a highly nonlinear formulation requiring resolution.

In the third phase, both models are integrated, introducing a time-dependent water depth /2 as a function of time 7 and arc
length s.
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3D Shape Reconstruction of Charcoal Chamber Monument

Industry Representatives : Rasanubari Asmah Rahmah Abd Hamid'
(Langkawi Development Authority (LADA))

Study Group Contributors ~ : Taufiq Khairi Ahmad Khairuddin', Zulkepli Majid',
Mohd Ali Khameini Ahmad', Abd Manan Samad?,

Ismail Ma’arof®, Shota Shigetomi’

1.1 Introduction

Langkawi Island boasts a distinctive tourism asset known as the Charcoal Chamber
Monument in Kubang Badak, Bukit Menora. This historical site has a rich legacy dating back
more than 150 years and was utilized for the production of coal, primarily from mangrove wood.
According to historians, there were originally 12 charcoal chamber monuments in existence [1].
However, as time has passed, only three of these structures have endured, and they, too, have

weathered the years, with only partial sections of their original construction remaining.

In light of this historical significance, it falls upon the Langkawi Development Authority
(LADA) to undertake the responsibility of preserving these relics. They serve as tangible
evidence of the presence of a Siamese village on Langkawi Island, dating back to approximately
1841. By safeguarding and conserving these charcoal chambers, LADA not only ensures the
preservation of this invaluable historical heritage but also contributes significantly to the
tourism potential of Langkawi. These chambers stand as a testament to the island’s rich past
and have the potential to be a compelling attraction for visitors seeking a deeper connection to

Langkawi’s history and culture.
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Figure 1. One of the remaining charcoal chamber monument (Left) in Kubang Badak,
Bukit Menora versus the complete replica of the charcoal chamber monument (Right)

found in Sungai Petani, Kedah.

Preserving the historic Charcoal Chamber Monument necessitates a comprehensive
approach that begins with accurately documenting its dimensions and shape. To achieve this,
the use of advanced techniques, such as the creation of a three-dimensional model and the
application of mathematical model, has been proposed. Creating a three-dimensional model
involves using modern technology, such as laser scanning or photogrammetry, to capture
precise measurements and detailed images of the monument from various angles. By generating
a digital 3D representation, preservationists and historians can gain a better understanding of
the monument’s structure, which serves as a vital reference for restoration and conservation
efforts. The application of mathematical model is a scientific and analytical approach that can
aid in reconstructing the monument’s original form and dimensions. This model can provide
insights into the monument’s historical proportions and shape, helping experts determine how

it might have appeared when first built.

1.2 Charcoal Chamber Shape Determination

In this study, the complete structure of a charcoal chamber monument will be

determined based on two methods. The first method is to geometrically model the remaining

charcoal chamber using laser scanning. After that, the complete structure of the charcoal

chamber will be developed based on suitable mathematical models.
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1.2.1 Geometric Model

Laser Scanning technique in geoinformation was previously used to collect the data (size,
dimension, points or locations, colours etc) of the remaining charcoal chamber monument,
located in Kubang Badak, Bukit Menora, Langkawi. The data was analysed to reconstruct and
geometrically model the incomplete chamber in the three-dimensional space. The complete
procedures to achieve this were actually explained in [1]. The left-hand side of Figure 2 shows
one of the surveying stations during the scanning. Specifically, 4 stations have been used to
scan the chamber (see the right-hand side of Figure 2). Next, the left-hand side of Figure 3
presents the set of images after that scanning, that has been processed into the complete model
of the remaining charcoal chamber (see the right-hand side of Figure 3). In this study, further
analysis on this geometric model will be carried out, in order to determine the complete structure

of the charcoal chamber.

Figure 2. The terrestrial laser scanning is used to collect the data (size and dimension)

and capture the 3D image of one of the remaining charcoal chamber monuments.

1.2.2 Mathematical Modelling

Based on the 3D geometric model of the partial charcoal chamber, mathematical modelling will
be used to construct the complete 3D model of the charcoal chamber. Moreover, some methods
in geometric modelling will be considered when constructing the 3D model based on the related
mathematical formulation. These include some concepts in multivariable functions such as the

common surfaces, level curves and intersection between surfaces.
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Figure 3. The set of images on the left are processed to produce the 3D image of the

partial charcoal chamber monuments.

1.3 Results and Discussion

During the study group, geoinformation software called as CloudCompare was used to
further visualize 3D model of the incomplete structure of the charcoal chamber. Based on the
visualization, it was assumed that the remaining chamber was an open cylinder with circular
base. In Figure 4, it can be seen that the partial or incomplete structure of the charcoal chamber

has been further modelled as a circular cylinder.

Figure 4. Further process and analysis of the partial charcoal chamber monument
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Next, using the assumption in Figure 4 and based on historical information (such as in
[1]), the complete structure of the chamber will be developed according to suitable
mathematical formulations. In this case, it is further assumed that the complete charcoal
chamber is built by the combination of a circular cylindrical body and also a dome, as suggested
in the real replica of the chamber in Figure 1. Thus, multivariable functions of two variables

have been used to construct the solid.

By following the technique presented in [3], a solid bounded by a cylinder has been
firstly constructed. After that, another solid representing the dome is also constructed and
attached to the top of the cylinder. However, 3 different solids have been suggested during the
study, where the domes are all different, due to the lack of information about the dome.
Nevertheless, each dome must be completely attached to the cylinder. Therefore, the 3 domes
each is respectively constructed as a circular paraboloid, a hemisphere and a circular catenary

(see Figure 5).

TV

il

e

Figure 5. The 3 suggested complete shape of the charcoal chamber monument that has
circular shape as the base and the combination of the cylinder with the dome (paraboloid

(left), hemisphere (center) and catenary (right)) as the body
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1.4 Conclusion

The 3D complete shape of a charcoal chamber monument has been constructed based on the
geoinformation technique and mathematical modelling. Specifically, three different models of
the complete charcoal chamber have been suggested, where each model is built by the
combination of a cylinder with different domes. In the future, the proposed models need to be

further investigated to decide the actual shape of the original complete charcoal chamber.
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Problem Background

.

Langkawi Island boasts a distinctive tourism asset known as the Charcoal Chamber
Monument in Kubang Badak, Bukit Menora.

This historical site has a rich legacy dating back more than 150 years and was utilized for the
production of coal, primarily from mangrove wood.
According to historians, there were originally 12 charcoal chamber monuments in existence.

However, as time has passed, only three of these structures have endured, and they, too,
have weathered the years, with only partial sections of their original construction remaining.

In light of this historical significance, it falls upon the Langkawi Development Authority (LADA)
to undertake the responsibility of preserving these relics.

They serve as tangible evidence of the presence of a Siamese village on Langkawi Island,
dating back to approximately 1841.

By safegtuardinfg and conservinﬁ_ these charcoal chambers, LADA not only ensures the
reservation of this invaluable historical heritage but also contributes significantly to the
ourism potential of Langkawi.

These chambers stand as a testament to the island's rich past and have the potential to be a

colrppelllng attraction for visitors seeking a deeper connection to Langkawi's history and

culture.
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Problem Statement

« Preserving the historic Charcoal Chamber Monument necessitates a comprehensive approach
that begins with accurately documenting its dimensions and shape.

To achieve this, the use of advanced techniques, such as the creation of a three-dimensional
model and the application of mathematical model, has been proposed.

Creating a three-dimensional model involves using modern technology, such as laser scanning
or photogrammetry, to capture precise measurements and detailed images of the monument
from various angles.

By generating a digital 3D representation, preservationists and historians can gain a better
understanding of the monument’s structure, which serves as a vital reference for restoration
and conservation efforts,

The application of mathematical model is a scientific and analytical approach that can aid in
reconstructing the monument's original form and dimensions.

This model can provide insights into the monument's historical proportions and shape,
helping experts determine how it might have appeared when first built.

.
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Problem Background

» Langkawi Island boasts a distinctive tourism asset known as the Charcoal Chamber

» This historical site has a rich legacy dating back more than 150 years and was utilized for the.
production_of coal, primarily from mangrove wood.

According to historians, there were originally 12 charcoal chamber monuments in existence.
* However, as time has passed, only three of these structures have endured, and they, too,
have weathered the years, with only partial sections of their original construction remaining.

In_light of this historical significance, it falls upon the Langkawi Development Authority (LADA)
to undertake the responsibility of preserving these relics.

* They serve as tangible evidence of the presence of a Siamese village on Langkawi Island,
dating back to approximately 1841.

» By safeguarding and conserving these charcoal chambers, LADA not only ensures the
reservation of this invaluable historical heritage put also contributes significantly to the
ourism potential of Langkawi.

» These chambers stand as a testament to the island’s rich past and have the potential to be a
colr{]pelllng attraction for visitors seeking a deeper connection to Langkawi's history and
culture.
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Problem Statement

Preserving the historic Charcoal Chamber Monument necessitates a comprehensive approach
that begins with accurately documenting its dimensions and shape.

To achieve this, the use of advanced techniques, such as the creation of a three-dimensional
model and the application of mathematical model, has been proposed.

Creating a three-dimensional model involves using modern technology, such as laser scanning
or photogrammetry, to capture precise measurements and detailed images of the monument
from various angles.

By generating a digital 3D representation, preservationists and historians can gain a better
understanding of the monument’s structure, which serves as a vital reference for restoration
and conservation efforts.

The application of mathematical model is a scientific and analytical approach that can aid in
reconstructing the monument’s original form and dimensions.

This model can provide insights into the monument’s historical proportions and shape,
helping experts determine how it might have appeared when first built.
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1.1 Introduction

This report provides valuable insights into the evaluation of predictive modeling for pipe burst
detection, aiming to address concerns, assess feasibility, and ensure a successful and reliable
installation process. The objective is to implement a robust system that leverages on statistical
approach and Artificial Neural Network Model (ANN). Concerns and constraints revolve
around ensuring the accuracy of predictions, minimizing false positives, and optimizing the
integration of these methodologies into existing infrastructure.

In the statistical approach, the study starts by focusing on analyzing historical data,
scrutinizing the quality and patterns of the available data. The main concern lies around the
data's reliability by investigating potential outliers and assessing whether the dataset, confined
to a single year, is sufficient for meaningful predictive modelling. Investigation into utilizing
different types of control charts specifically variations of Exponentially Weighted Moving
Average Control Charts that can detect shifts in signals is considered. The study concludes that
a combination of dynamic thresholding based on weekly patterns, targeted analysis of reliable
flow data, and adaptive parameter settings in control charts, particularly with a focus on shorter
time series, enhance the effectiveness of pipe burst detection. The adaptive parameter strategy
significantly reduces the percentage of points beyond limits in the control charts (0% to 9.1%),
emphasizing its effectiveness in identifying transient signals for pipe burst detection.

In ANN models, historical data serves as the foundation for training the network to
recognize patterns indicative of bursts. These patterns are discerned through correlations
observed within the parameters encapsulated in the historical dataset. The Levenberg-
Marquardt algorithm, renowned for its efficacy in optimizing the neural network's parameters,
is frequently employed for this purpose. Notably, this algorithm is conveniently accessible as a
built-in function within platforms like Matlab, facilitating its seamless integration into the
neural network training process. By leveraging the collective intelligence encoded in historical
data and employing sophisticated optimization techniques like the Levenberg-Marquardt
algorithm, ANN models can effectively discern and anticipate bursts based on underlying
patterns present in the data.
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1.2 Pipe Burst Detection With Control Chart Analysis For Water Monitoring
1.2.1 Introduction

Information on water distribution consists of measurements of water flow and water pressure
recorded at regular time intervals are typically used for water monitoring. In statistical analysis,
these data are presented in the form of continuous interval multivariate time series. In time
series analysis, anomalies refer to observations or patterns in the data that deviate significantly
from the expected or normal behavior. These anomalies can be indicative of unusual events,
errors, or changes in the underlying processes being monitored. These deviations can manifest
as sudden spikes, drops, or irregularities, signaling potential events, errors, or shifts in the
underlying processes being observed.

Pipe burst events can be referred to as "anomalies" or "transients" in the time series data.
A transient, in this context, denotes a brief and temporary occurrence that takes place when
fluid, such as water, is rapidly and unexpectedly released due to a burst pipe. The burst initiates
an uncontrolled and swift flow of fluid, leading to a transient flow condition. This transient
phase is marked by an abrupt surge in both pressure and flow rate, creating a sudden and intense
movement of fluid within the pipe system. In this study, we aim to detect the transient signals
based on the temporal consistency in the time series based on statistical approaches.

1.2.2 Objectives

2.2.1 to identify the transient signals of pipe burst using a statistical approach applied to water
reading measurements obtained at 15 minutes interval on a daily basis.

2.2.2 to determine an effective estimate for the control limits of statistical control charts for
monitoring water distribution.

1.2.3 About Data

The company provides us with measurements from a logger device at a District Metered Area
(DMA) meter in Skudai, Johor. In the context of water distribution systems, these devices are
used to monitor and measure water flow within a specific district or zone. This technology is
employed in water network management to enhance control, efficiency, and leak detection. The
measurements used in the analysis are Pressure Rate (mH), Flow Rate (I/s). Other
measurements are also available but they are not used since they are either aggregated or contain
too many missing data.

The pressure rate (mH), and flow Rate (I/s) data provided show some distinct characteristics.

(1) The recorded data could be affected by (1) the manner that the tap source is closed due
to the pipeburst, or (2) no data transfer on the recorded device due to technical issues.
These phenomena could result in spurious negative or zero values. The data needs to be
treated or pre-processed prior to applying any analysis to avoid biased interpretation.
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(2) The data is recorded at every 15 minute interval. This implies that the sequence data is
in the form of a continuous interval time series data. Thus, the method used for analysis
needs to take into account this characteristic.

1.2.4 Methodology

1. 2.4.1 Data Pre-processing

The recorded data could be affected by: (1) the closure of the tap source due to a pipe burst and
(2) the absence of data transfer on the recording device due to technical issues. These
phenomena have the potential to introduce spurious negative or zero values. The company's
current protocol involves either retaining zero values or substituting (imputing) negative values
with zero. However, the persistence of zero values may give rise to computational challenges
and could potentially lead to misleading information, particularly when consecutive data points
exhibit zero values. Thus, the suggested course of action for addressing potential cases is to
replace the missing values with a minimal value to reflect no flow and or to replace the missing
values with the previous day’s reading.

1. 2.4.2 Exponentially Weighted Moving Average (EWMA) Based Control Charts

Here we have applied two types of control charts suitable for autocorrelated process: a
univariate Exponentially Weighted Moving Average (EWMA) control charts and its
multivariate extension, the Multivariate EWMA to obtain the upper and lower bounds for the
imputed Pressure and Flow dataset.

Similar to many control charts, EWMA type of charts operates on a threshold-based
methodology, simplifying the process of monitoring for deviations and facilitating ease of use
in quality control. The EWMA chart assigns exponentially decreasing weights to past
observations, giving more emphasis to recent data (Sukparungsee et al., 2020).These charts are
particularly useful for detecting small shifts in the process parameter mean.

An EWMA control chart for monitoring the mean of a process is based on the following
statistic.

Zi =AM+ (A1 —-NZ;i_,i =12, (Eq.1)

where 1 is the weighing parameter of the data with , 0 < A<1, and X; is the mean of the process
at time i. At the initial value, Z, = py, where X;(i = 1,2,--+) are independent and normally
distributed observations, the statistics Z; for sampline means X; is used. Then, the mean of Z;
are E(X); = uy, and the variance of Z; is given as follows:

Var(Z;) = of (%(1 —-(1- A)Zi)),i =12, (Eq2)
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From this equation, as i —» oo, then the asymptotic variance is Var(Z;) = o (—), leading to

X \2-2
the control limits:

UCLJLCL = py + H, (ag (ﬁ)) (Eq.3)

where H,is the coefficient of the control limit of EWMA control chart and y,, is the mean of

the process and variance is o'X_2 .

Multivariate Exponentially Weighted Moving Average (MEWMA) chart is a statistical
control chart used in quality control to monitor the mean vector of a multivariate process. It is
an extension of the univariate EWMA chart to handle multiple variables simultaneously. The
MEWMA control chart is known to be sensitive to a small or gradual drift in the process for
two or more numeric variables. Examining the variables in a multivariate sense can be
important especially when the variables are highly correlated. This is because joint out-of-
control conditions can occur without any individual variable violating its control limits when
plotted separately, Niaki et al (2011).

In this chart, let X; be a p X 1 vector of the ith process sample containing the p variate
normal distribution with in-control mean, u, = 0, and covariance matrix Xx. The MEWMA
control chart for monitoring the mean of a process is based on the following statistic:

Zi=2X+1-1Z;i_,,i=1.2,

where A is the weighing parameter of the data, with 0 < A<1. At the initial value we set, Z, =
0, Note that if 27 1is the inverse of the Z covariance matrix, then the plotted value in MEWMA
chartis Q; = Z]25;'Z; and the MEWMA chart signals if the following is satisfied:

Qi =2{2;"Z; > L (Eq.4)

where L and A are the chart parameters to achieve a specific in-control average run length
(ARL).

1.2.5 Results
1.2.5.1 Time Series Plots of Observed vs Imputed Water Monitoring Data

The time series plots presented in Figure 1 below illustrate the Pressure readings derived from
imputed data.

72



MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP (MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

Pressure (imputed)

T T T T T T T T
0 5000 10000 15000 20000 25000 30000 35000

Time

Figure 1: Annual time series plot taken at every 15 minutes interval of raw pressure of the
imputed pressure data. The red horizontal lines indicate the standard measurement level and
the red markers show the time of complaints received by the company.

It can be seen that following imputation, Figure 1 shows a minimum value of at least zero to
reflect the actual pressure readings. The red dot markers indicate the time of the reported
complaints signifying the transient phase. It is observed that all the dots align with sudden surge
in flow rate, indicating an abrupt and intense fluid movement within the pipe system. The flow
time series readings based on the imputed data, plotted in Figure 2.

Flow (imputed)
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Figure 2: Annual time series plot taken at every 15 minutes interval of the imputed flow data
(bottom). The red horizontal lines indicate the standard measurement level and the red
markers show the time of complaint

Following imputation, the flow data reveals a minimum value of at least zero, aligning
accurately with the true flow readings. Overall, the red markers consistently aligned with the
reported complaints, signifying the transient phase. However, it's noteworthy that not all red
markers coincide precisely with the sudden surge in flow rate, suggesting potential variations
or complexities in the observed patterns.

It is essential that we opt to utilize the imputed dataset for analysis to maintain continuity
in our examination and derive more meaningful observations.

1.2.5.2 Trends and Variations in Water Monitoring Data

We conducted additional examinations to explore potential seasonality and trends within the
data. Generally, variations in statistical characteristics, such as mean and standard deviation,
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can be anticipated in pipe flow and pressure. These fluctuations are attributed to the regular
patterns in water usage resulting from human behavior.

((a) (avg 15mins intv) FlowImpute by Week (a) (15mins intv) Flow-Impute by Week
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Figure 3: Violin plot for 15 mins interval weekly data within the year 2022 (a) Flow (b)
Pressure

Figure 3 (a) shows the violin plot for the weekly flow across the year of data monitoring in
2022. Figure 3(b) shows the violin plot for the weekly pressure across the year of data
monitoring in 2022. It could be observed that certain weeks show higher variation than the
others especially for Pressure data. In contrast, flow data more or less show more stable reading
except for some burst of water flow in several weeks.

(a)Average flow -each week of the year (b)Average Pressure-each week of the year
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Figure 4: Average Weekly data each week within the year 2022 (a) Flow (b) Pressure

Figure 4 (a) shows the average flow for every week in 2022. Figure 4(b) shows the average
pressure for every week in 2022. It could be observed that the average flow and pressure is
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different from week to week especially for pressure data. Flow data also show variations but
not as erratic as that of pressure data.

In summary, it can be observed that the plots presented (Figures 3 and 4) indicate
variations in statistical characteristics, specifically in the mean and standard deviation of the
observations. As control charts rely on these parameters to establish control limits (Eq.3, and
Eq.4), the accuracy of the control chart methods may be significantly compromised if applied
directly to the raw monitoring data. Thus, the weekly patterns in water consumption should be
considered so that dynamic thresholds can be set according to real-time behaviour.

In addition, the noticeable shift in observations is more pronounced in the pressure data
compared to the Flow data. Consequently, utilizing flow data in leakage detection analysis is
deemed more reliable, as it is less prone to generating false alarms than the pressure data. In the
next section, we will focus the analysis on flow data for detection of pipeburst.

1.2.5.3 Detection of Pipe burst using Control Charts for Water Monitoring

In this section, the results of the identification on the transient signals of the pipe burst using
EWMA based Control charts are presented based on two approaches.

a) MEWMA and EWMA Control charts on Annual Data
b) EWMA Control charts based on data segmentation and adaptive parameter
settings

a) MEWMA and EWMA Control charts on Annual Data

In this section, the results of detection of pipe burst using the annual water pipe records on two
types of control charts: Exponentially Weighted Moving Average for multivariate data
(MEWMA) and Exponentially Weighted Moving Average for univariate data (EWMA) is
presented. In EWMA, pipe flow and pressure are presented in separate charts, whereas in
MEWMA, the two variables are applied simultaneously.

In MEWMA, pipe flow and pressure are applied together, forming multivariate data for
a single control chart. Various parameter settings are applied to MEWMA. However, the
MEWMA chart (Figure 5) does not seem to show a useful representation of the data, as all the
observations are still contained in the limits. This would not be helpful in detecting the transient
signals as no significant points are detected to indicate the initial pipe burst event. This is likely
due to the large and varying shift parameters between pressure and flow rates over the time
period. When there are varying shift parameters, the chart may become overly sensitive to these
changes, leading to false alarms or a decreased ability to identify genuine shifts.
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Figure 5: MEWMA control chart for both multivariate Pressure and Flow data. No detected
signals beyond the control limits.

In EWMA, the parameters settings for the control charts are shown in Table 1. The control
charts for the pipe flow and pressure data are presented in separate charts.

Table 1: parameter settings for EWMA control charts

MODEL Variables Lambda Sigma Points  Beyond
Limits (%)
EWMA Imputed Flow 0.1 3 89%
0.5 3 78%
0.99 3 64%
Imputed Pressure [0.5 3 88%
0.8 3 84%
0.99 3 81%

The results for EWMA with different settings are as shown in Table 1. This setting shows that
a substantial number of points are contained within the limits. As shown in the last column
‘Points Beyond Limits (%),a subset of the observations are flagged as out of the control limits.
Table 1 also shows that different settings indicate different proportions of flagged out
observations. In particular the higher the value of lambda, the lower proportion of points will
be flagged down. It can be seen from Table 1 that flow data gave a better reading of lowest
proportion points beyond the limits at lambda 0.99 and Sigma as 3, at 64% compared to that of
pressure data at 81%.
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The control charts based on EWMA for flow and pressure is as shown in Figure 6 and
Figure 7:

EWMA Chart
for Flowimpute

80

20

UcCL
LCL

Group Summary Statistics
40

1 2307 5477 8647 12105 15852 19599 23346 27093 30840 34587

Group
Number of groups = 35040 Smoothing parameter = 0.99
Center = 15.33631 Control limits at 3*sigma
StdDev = 0.7870928 No. of points beyond limits = 22644

Figure 6: EWMA control chart for imputed Flow data, using the most optimal settings.

EWMA Chart
for Pressurelmpute
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1 1726 4098 6470 8842 11429 14232 17035 19838 22641 25444 28247 31050 33853

Group

Number of groups = 35040 Smoothing parameter = 0.99
Center = 10.46553 Control limits at 3*sigma
StdDev = 0.08771735 No. of points beyond limits = 28516

Figure 7: EWMA control chart for imputed pressure data, using the most optimal settings

Figure 6 and Figure 7, show the control charts for the most optimal settings for flow and
pressure data. Due to the massive number of data, the control limits and detected points are not
clear.

The EWMA chart appears to successfully detect a number of points beyond the control
limits, than MEWMA chart. However, the detected points are too many, and they may likely to
include false alarm detected points. Also, the detected points detected are not clearly shown in
the graphs due to the massive annual data that is being analysed. In addition, the parameters
used in this control chart are based on the overall parameter value for the annual data, which
does not take into account of the fluctuation that occurs in phases in the data. Consequently, the
detected points can be challenging to identify in the monitoring process.
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In the next section, we continue to use EWMA chart and improve the detection method
by using segmented data with targeted parameter settings based on the feature of the data.

b) EWMA Control charts based on data segmentation and adaptive parameter
settings

In this section, the results obtained from applying EWMA control charts to flow time series on
segmented data is presented. Specifically, water monitoring is conducted on a weekly basis,
employing a shorter time series data to observe transient signals on the control chart. Also, in
contrast to the previous analysis in section 2.5.3(a), here the parameter settings for the control
charts are adjusted to align with the weekly characteristics of the monitored data.

In section 2.5.2, it can be observed that the average flow has been found to vary overtime every
week. A snapshot of the calculated weekly average flow readings, the corresponding estimated
variation and coefficient variation, as well as the complaint indicator can be seen in Table 5 (for
the whole list, refer to Appendix 1).

Table 2: Snapshot of the calculated weekly average flow readings, and the corresponding
estimated variation and coefficient variation

Week Mean Flow Standard Coefficient of Complaint
Deviation Variation (%)

1 16.3 8.5 52.1 1

2 15.8 8.3 52.5 1

8 15.7 6.1 38.9 1

16 15.9 4.9 30.8 1
24 17.6 10.5 59.7 2
40 17.9 11.8 65.9 1
51 15.1 4.5 29.8
52 16.2 8.7 53.7 2

Table 2 provides an overview of the average flow rates observed on a weekly basis,
accompanied by relevant statistical measures in the year 2022. The standard deviation shows
the degree of dispersion around the mean, and the coefficient of variation (CV) expressed as a
percentage, provides insight into the relative variability in comparison to the mean. Higher
standard deviation values implies higher variability; and higher CV implies higher relative
variability. For instance in Week 1, the average flow is 16.3. The degree of variation for other
observed flow values in week 1, around 16.3 is 8.5. Also, the relative variability is calculated
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by the coefficient of variation is 52.1%. A higher CV may suggest increased volatility or
fluctuations within the dataset. For example, a CV value of 50% is more likely to raise concerns
than a CV of 29%.

It can be observed from Table 2, that the mean flow values exhibit some variation across
different weeks, ranging from 14.2 to 17.9. This indicates fluctuations in the average flow rate
over the monitored period. In addition, Weeks 24 and 40 stand out with relatively higher
standard deviations, suggesting increased variability in flow during those periods. Also, higher
CV values, such as those in weeks 24, 40, and 52, indicate greater relative variability. While
the mean flow values vary, there were some consistent patterns or trends over time. Weeks 1 to
5, for instance, show a gradual decrease in mean flow, followed by a slight increase in the
subsequent weeks.

Table 3 outlines the number of complaints received, corresponding statistics and the
parameter settings employed. employed. The selection of parameters in Table 3 is contingent
upon the variations observed in the weekly data, with a specific focus on the coefficient of
variation (CV) values. If the CV for a given week exceeds 55% (indicated by the blue row in
Table 3), the sample standard deviation for that week is utilized as the variation parameter in
the EWMA chart. Conversely, if the CV for the week is below 55% (highlighted by the green
row in Table 3), a constant rate of 15 is applied as the variation parameter in the EWMA chart.
This adaptive approach ensures a suitable adjustment of parameters based on the variability
characteristics of the weekly data.

Table 3: Adaptive parameter settings for EWMA control charts (weekly)

Week Complaint | Coefficient of | Standard Adaptive |Points Beyond
Variation (%) | Deviation Sigma Limits (%)

1 1 52.1 8.5 15 7%

2 1 52.5 8.3 15 1.3%

8 1 38.9 6.1 15 3.3%

16 1 30.8 4.9 15 0.6%

24 2 59.7 10.5 10.5 9.1%
40 1 65.9 11.8 11.8 7.1%

51 - 29.8 4.5 15 0%

52 2 53.7 8.7 8.7 7.6%

It can be observed from Table 6 that this adaptive parameter setting strategy results in a much
lower percentage of points beyond limits, varying from 0% to 9.1%. Notably, the data highlights
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the effectiveness of adaptive control limits in identifying transient signals, with lower
percentages indicating better control over the process. The data underscores the dynamic nature
of the monitored system and the utility of adaptive approaches in responding to fluctuations in
the observed data.

The resulting EWMA control charts from these adaptive parameters for Flow data for weeks
showing different variations of data at varying CV values at Week 24 (CV 69%) as shown in
Figure 13.

EWMA Chart for Week 24

60

20

Group Summary Statistics

1 34 73 117 167 217 267 317 367 417 467 517 567 617 667

Group
Number of groups = 672 Smoothing parameter = 0.99
Center = 17.5669 Control limits at 10.5*sigma
StdDev = 1.269382 No. of points beyond limits = 61

Figure 8: EWMA control chart for week 24 (CV 69%) based on adaptive variation

1.2.6 Conclusions and Recommendations

This report recommends a combination of dynamic thresholding based on weekly patterns,
targeted analysis of reliable flow data, and adaptive parameter settings in control charts,
particularly with a focus on shorter time series, enhance the effectiveness of pipe burst
detection.

In this study, it can be observed that detecting gradual leakage can be challenging
because it often starts with a small amplitude and a slow, incremental increase, making it harder
to notice in the initial stages.

For water monitoring, data pre-processing is important to be carried out due to several
factors: (1) to ensure continuity and meaningful observations (2) to identify any significant
patterns or trends in the data and (3) to identify the most effective and appropriate statistical
tools and parameters to use for the data. The shift in observations, particularly in Pressure data,
underscores the reliability of utilizing Flow data for leakage detection due to its lower
susceptibility to false alarms. The shift in observations, especially in Pressure data, suggests
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that Flow data is more reliable for this purpose and has a lower susceptibility to false alarms.
Therefore, Flow data is recommended over Pressure data for leakage detection.

The analysis also emphasizes the importance of considering weekly flow patterns in
water monitoring for establishing dynamic thresholds in control charts. The use of EWMA
control charts on segmented flow time series with fine-tuned parameters, resulting in improved
control over the process. The adaptive parameter strategy significantly reduces the percentage
of points beyond limits (0% to 9.1%), emphasizing its effectiveness in identifying transient
signals. This underscores the dynamic nature of the system, highlighting the utility of adaptive
approaches in responding to fluctuations in observed data and facilitating the easy detection of
transient signals.

The analysis done in this study can be replicated to test the transient signals in future
data. Hoewever, note that the adaptive parameter settings recommended in Appendix 1 assumes
that the patterns in water measurements is similar from year to year. Thus, further analysis on
the trends and variation of the data from several years need to be carried out to assure that this
assumption is validated.

An alternative approach that can be considered to detect transient signals for water
monitoring is using a form of transformation in the data called differencing in the control charts.
For instance, we can transform the data by the taking the lag of 7 days to detect as an alarm to
calculate the mean and variations for the control chart. By considering this weekly differencing,
trend variation is expected caused by any gradual leakage events while removing the influence
of the gross trend in the monitoring data that can be caused by other factors.

1.3 Pipe Burst Detection With Artificial Neural Network (ANN)

1.3.1 Introduction
Utilizing pressure, flow, and critical pressure data as inputs, an Artificial Neural Network

(ANN) model is trained to detect pipe bursts in water supply systems. By learning from
historical data where instances of bursts are correlated with specific patterns in these
parameters, the ANN can quickly analyze current data and predict the likelihood of a burst
event.

1.3.2 Objectives

(a) Develop an Artificial Neural Network (ANN) model capable of predicting pipe bursts based
on input variables of pressure impute, flow impute, and critical pressure impute.

(b) Use the generated ANN model to validate the predicted value with complaint data
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1.3.3 Methodology
1.3.3.1 Artificial Neural Network (ANN) model

An Artificial Neural Network (ANN) is a mathematical model designed to imitate the structure
and functions of biological neural networks. A basic Artificial Neural Network (ANN) usually
comprises three layers: input, hidden, and output layers, as illustrated in Figure 9. The initial
layer is the input layer, responsible for accepting independent variables. The final layer is the
output layer, responsible for generating output variables. The layers situated between the input
and output layers are referred to as "hidden layers" (Zhu et al., 2022).

The fundamental component of every artificial neural network is the artificial neuron,
which is a simple mathematical model or function. This model follows three basic sets of rules:
multiplication, summation, and activation. At the input of the artificial neuron, the inputs
undergo a process called weighting, where each input value is multiplied by its corresponding
weight. In the middle section of the artificial neuron, a sum function adds up all the weighted
inputs and bias. Finally, at the output of the artificial neuron, the sum of the previously weighted
inputs and bias passes through an activation function, also known as a transfer function (refer
Figure 10). The transfer functions usually have a sigmoid shape, but they may also take the
form of other non-linear functions, piecewise linear functions, or step functions. Here, An ANN
with 2 hidden layers for 3 features or inputs with Sigmoid Symmetric Transfer Function is used.

Input hidden output
layer layer layer

Figure 9: Illustration of a typical neural network model (Zhu et al., 2022)
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Figure 10: Illustration of a typical flow of neural network model

1.3.3.2 Backpropagation method Neural Network based on Levenberg-Marquardt

Although there are several various network models, the backpropagation neural network
(BPNN) is particularly effective in recognizing patterns within practical applications, as
highlighted by Lek & Guégan (1999). The BPNN model aims to minimize the mean square
error between the predicted and expected values by adjusting the connection weights of the
network (Li et al., 2012). BPNN comprises of three layers: input layer, hidden layer, and output
layer. The input signal is forward-propagated from the input layer, via the hide layer, to the
output layer. The difference between the predicted output and expected output of the network
is referred to as the error signal. This error signal is then backpropagated from the output layer
to the input layer in a step-by-step manner across the layer. Throughout this process, the weight
values of the network are adjusted based on the error feedback to make the predicted output
closer to the expected one (Li et al., 2012). The Levenberg-Marquardt (LM) algorithm is
essentially an evolution of the gradient descent algorithm and Newton algorithm, which
significantly accelerate the convergence rate by reducing the iteration process, resulting in more
accurate data. In comparison with the traditional BPNNSs, such as slow convergence speed and
local minimum problems, the convergence rate of the LM algorithm is the fastest of all
traditional or improved networks. The improved BPNNs with the LM algorithm have
demonstrated excellent results as indicated by research from Wang (2013), Hua et al. (2008),
Jian et al. (2012) and Miao et al. (2011). In this study, LM will be implemented.

33 15



MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP (MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

1.3.4 Results

An ANN is employed for predictive modeling, featuring two hidden layers to process three
input features. The Sigmoid Symmetric Transfer Function is applied, and the Levenberg-
Marquardt (LM) algorithm is utilized for optimization. The training data, depicted in Table 4,
offers a glimpse into the input and output layers.

The initial three columns of Table 4 represent the input layer, comprising Pressure,
Flow, and CP Pressure. The last column of Table 4 signifies the output layer, indicating the
occurrence of pipeburst. The training data for the output layer adopts values ranging from 0 to
1. Zero values denote non-occurrence and the value one denotes occurrence of pipeburst events.
Other values in this column are strategically designed to mirror the gradual progression of
pipeburst events. Specifically, output values are set from 0.2 to 0.5 before a reported incident,
escalating to 1 post-complaint. This design aims to capture and reflect the evolving nature of
pipeburst occurrences in the model's training phase.

Table 5 presents the outcomes of the generated artificial neural network (ANN) model's
validation process. The results demonstrate the model's performance in predicting events based
on actual data. Upon validation, it was observed that out of the total 10 complaints considered,
the ANN model accurately predicted the occurrence of events in 7 instances, while in 3 cases,
the predictions deviated from the actual outcomes. This discrepancy underscores the necessity
for further refinement and optimization of the ANN model to enhance its predictive accuracy.

Table 4: Sample training data for ANN input and output layers

PressureImpute | FlowImpute CPPressurelmpute Pipeburst Event
Occurrence
12.6 6.03 12.23 0
12.6 5.72 12.34 0
12.6 6 12.34 0
12.6 5.96 12.34 0.2
10.6 28.71 9.73 0.5
8.7 50.36 5.78 0.5
8.6 51 5.69 0.5
8.5 50.99 5.48 0.5
83 51.49 53 1
8 51.76 5.11 1
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7.8 52.3 4.89

7.6 52.44 4.74

3.8 39.91 2.19

5.8 62.8 1.09 0

7.1 53.98 3.58 0

8.3 45.93 5.73 0

Table 5 ANN model's validation
ANN ANN
LM-15 LM-30
Actual Pipeburst [ Probability of Predicted Probability of Predicted
Event Pipeburst Pipeburst Event Pipeburst Pipeburst Event
Occurrence Occurrence Occurrence Occurrence Occurrence

1 0.78 1 0.74 1

1 0.27 0 0.35 0

1 0.79 1 0.71 1

1 0.93 1 0.92 1

1 0.71 1 0.91 1

1 0.12 0 0.25 0

1 0.96 1 0.92 1

1 0.83 1 0.82 1

1 0.89 1 0.93 1

1 0.0002 0 0.0004 0
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INDUSTRY PRESENTATION SLIDES

Prediction of Pipe Failure Modeling For Sustainable
Non-Revenue Water (NRW)

Introduction Ranhill SAJ Sdn Bhd

Ranhill SAJ Sdn Bhd, a subsidiary of Ranhill Utilities Berhad is an integrated water supply company,
involved in the process of water treatment and distribution of treated water to consumers right up
to billing and collection.

Business Activities

« Collect and retain from the customers charges and fees relating to the supply of treated water for different classes of
consumers.

« Distribution of treated water to domestic, commercial and institutional customers.

+ Operations, maintenance and development of water treatment, reticulation and supporting systems.

Problem Statement:

Pipe burst is one of the major contributors to water loss in water supply systems that significantly increase the
Non-Revenue Water (NRW) level. Water authority aims to reduce the NRW to 25.5% in 2024. Although the NRW
level, as of September 2023, has nearly met the target at approximately 25.40%, monitoring is crucial due to
possibility of increasing NRW % if water losses are not controlled. An effective pipe burst detection and prediction
is essential for the organization to make good decisions in monitoring water losses and minimizing the time taken
to detect the pipe burst.

Therefore, one of the strategies taken by Ranhill SAJ to reduce the NRW % rate is to start with mathematical
approach by proposed statistical hypothesis test for effective leakage recovery. Last but not least by using
statistical analysis and mathematics it is hoped that the model will be able to help organization to made good
decision in manage water losses and minimized the time taken to detect the pipe burst.
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Table 1 IWA standard water balance, adopted from Lambert (2002)

Billed

Billed Metered
Consumption (including

Authorised water exported) Rcvv'cnuc
. : - Water
. Consumption  Billed Unmetered
Authorised _
Consumption Consumphion
Unbilled Metered
Unbilled Cons .
Authorised onsumption
Cons - Unbilled Unmetered
onsumption .
Consumption
System Apparent l{nauthuﬂscd
Input Losses Consumption
Volume o Metering Inaccuracies Non-
Leakage on Revenue
Transmission and/or Water
Distribution Mains (NRW)

Water Losses

Real Losses

Leakage and Overflows
at Utility’s Storage
Tanks

Leakage on Service
Connections up to the
Measurement Point

Project Objective:

1. To suggest the best practices for data pre processing and explain the historical pipe burst event in
2022 based on input factors of water supply in DMA GP03 by using mathematical model.

2. To determine the most effective mathematical model for DMA GPO3 Taman Sri Pulai real-time pipe
burst detection and prediction.

3. To verify the best practices to calculate of commercial losses & physical losses for DMA GP03.
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Project Location

Selection

Major leak cases by districts 2019 — 2022 :
[ DisTRICT | 2019 | 2020 | 2021 | 2022 | Total |

2618
JOHOR BAHRU 636 764 n7 501 2618
MUAR 534 621 506 425 2086 2086
1999 1919
PONTIAN 698 432 453 416 1999 1703
SEGAMAT 461 517 451 490 1919
KOTA TINGGI 348 380 546 429 1703
BATU PAHAT 235 534 501 392 1662
MERSING 368 353 332 359 1412
KLUANG 233 215 258 262 968
JOHOR 3513 3816 3764 3274 _ JOHOR ~ MUAR  PONTIAN SEGAMAT KOTA
BAHRU TINGGI
Prioritize matrix rank :
DISTRICT 2019 2020 2021 2022 Total
JOHOR BAHRU 2 1 1 1 [ + Importantand urgent
MUAR 3 2 3 4 12
SEGAMAT 4 4 6 2 16
PONTIAN 1 5] 5 3 16
KOTATINGGI 6 6 2 3 17 Important and urgent
BATU PAHAT 7 3 4 6 20 Important but not urgent
MERSING 5 7 7 7 26 Not Important but urgent
KLUANG 8 8 8 8 32 Not important and not urgent

1662

BATU
PAHAT

1412

9268

MERSING  KLUANG
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Top 10 Major leak cases by DMA 2019 - 2022

2019 Major leak frequency 2020 Maijor leak frequency

JOO OUTSIDE JOHOR BAHRU 51 PG14 PERMAS JAYA A 47
SKI29 TMN MAS & TAN YOKE FONG 20 BBO6 KELAPA SAWIT 44
SK47 TMN SRI SKUDAI B 13 GPO2 LIMA KEDAI P
BWOS LARKIN DOMESTIC 12 KOS KULAI A 35
JOZ OUTZONE JOHOR BAHRU 12 UT45 SG TIRAM A 34
GP10 TANJUNG KUPANG n SK22 TMN SKUDAI BARU A 33
BW60 ABDUL SAMAD RESIDENTIAL 10 BBO3 SEDENAK LUAR 32
PGOIA PASIR GUDANG INDUSTRI (KELULI) 10 GP50 TAMAN NUSANTARA A 31
Grand Total 183 Grand Total 342
PG14 PERMAS JAYA A 23 BBO6 KELAPA SAWIT 18
SKI3 TMN SRI SKUDAI A 22 GPO3 TMN SRI PULAI A 14
SK47 TMN SRI SKUDAI B 20 SK35 TMN TUN AMINAH E 12
UT45 SG TIRAM A 20 SKI3 TMN SRI SKUDAI A 2
SKO5 KULAI A 15 SK5IB TMN SELESA JAYA B 12
SK22 TMN SKUDAI BARU A 14 UTOT TMN BKT TIRAM n
BBO6 KELAPA SAWIT 12 PGO4 PASIR GUDANG RESIDENTIAL C 9
PG20 TMN SRI PLENTONG n BBO3 SEDENAK LUAR 9
UTOI TMN BKT TIRAM n GPO2 LIMA KEDAI 8
GPO3 TMN SRI PULAI A n SK22 TMN SKUDAI BARU A 8
Grand Total 170 Grand Total n3

GPO03: Rank 59 (2019), Rank 14 (2020), Rank 10 (2021) & Rank 2 (2022)

Current NRW % as September 2023 Report

JOHOR BAHRU 2096 216 1929
MUAR 2032 207 2005
PONTIAN 2807 287 3081
SEGAMAT 3701 36.99 3744
KOTATINGGI 2399 22 278
BATU PAHAT 344 3499 3268 NRW PERCENTAGE DMA'GF0S
MERSING 275 2278 1975
KLUANG 217 29.48 2684 = - e oo

25.12 2540 2379 5 o o -

woy-23 s 0z e
ey nm man e
s wm 20308 e
Pt an e o2
e P .z s
ocea ams sn330 408

T o 2an o
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DMA Background

No. Information Details
Pipe Length 10,144.413 m
Total AC Length (m) : 9,719.426 m

DI50 - 7,922.44 m
AC D200 - 200148 m
1 D250 - 1,206.900 m
D300 - 389.938 m

Total MS Length (m) : 424.987 m

MS D380 - 373.278 m

D250~ 51.709 m
Date Laid : 9/12/1985
Date Capture : 18/03/2004

2 Pipe Age
Age: 37 years

3 Local Authority Maijlis Perbandaran Kulai

Active Account :1,372 Acc
Average Cons monthly : 40,000 m3
Average Billing monthly : 29,649 m3

Domestic Tarif : 1,330 Acc ( 30,756 m3)

Non Domestic Tarif: 41 Acc (1,430 m3) 3%

4 Customer Info

DMA Background

Information

Details

+ Water Treatment Plant: Semanggar WTP n.ng;gZ'SfééuL

BWL3091

« Bkt 75 A > Bkt Skudai 2 > Sri Pulai 1& 2

A . NoPRV ot
5 Water Supply Information Gpss- TSR A D

e varos
e omsseis

Sri Pulai 2
0.46MG/2.00ML
WL 60.0¢

SwiL 5051

* Aquasmart — CP, HP, MNF, Flow

*+ HWM Online - Flow , Pressure

* RMS Monitoring — Res. Information, Res water level
6 System reference

+ 1JMS - Job ID LK (Mp) , NW Complaint , OP Complaint
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Summary Major Leak (LK) Job in 2022

Pipe type & Size CoanaptI:\'nt Job Date On Site Date Lec;)v;t:ite Total Job ID
01-Jan Jalan Rotan 4 AC 150 5:05:09 AM | 5:12.69 AM | 5:15:00 AM | 7:00:00 AM | 10:16:18 AM 1 18 0
02-Jan Jalan Pakis 3 AC 150 5:567:563 AM | 6:01:30 AM | 6:05:00 AM | 6:10:00 AM | 9:42:45 AM 1 10 0
04-Jan Jalan Pakis 18 AC 150 7:36:33 AM | 7:37:10 AM | 8:00:00 AM | 8:05:00 AM |10:23:39 AM 1 7 1
16-Jan Jalan Rotan 2 AC 150 114:33 AM | 115:07 AM | 1:45:00 AM | 2:45:00 AM | 11:10:44 AM 1 2 0
27-Feb Jalan Batai 2 . AC 150 818:04 AM |8:29:49 AM. 8:50:00 AM | 8:55:00 AM | 11:13:44 AM 1 0 0
22-Apr Jalan Pakis 17 AC 150 9:05:35 AM | 9:13:53 AM |10:00:00 AM | 10:30:00 AM | 9:31:28 AM 1 0 0
16-Jun Jalan Pakis 10 AC 150 4:00:26 PM | 4:01:22 PM | 4:25:00 PM | 5:30:00 PM | 10:11:55 AM 2 1 0
17-Jun Jalan Batai 11 AC 150 717:39 AM  |8:00:54 AM| 8:25:00 AM | 8:30:00 AM | 9:53:47 AM 1 8 1
08-Oct Jalan Rotan 2 . AC 150 8:43:05 AM |8:46:34 AM. 9:55:00 AM |10:00:00 AM | 9:14:29 AM 2 12 1
15-Oct Jalan Rotan 3 AC 150 10:08:47 AM [10:09:17 AM| 10:10:00 AM | 10:15:00 AM | 9:16:38 AM 3 2 1

92




MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP (MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

OUTPUT PRESENTATION SLIDES

Ranhill

PREDICTIVE MODELLING OF PIPE
BURST TOWARDS SUSTAINABLE NON-
REVENUE WATER

: 20-22 November 2023

:8:30 - 5:00 pm

: Dewan Semlnar [
Lecture -4

KYUSHU £

Innovating Solution; UKIVEESITY

Presentation Outline

0] Problem Background & Statement
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» Engineering Approach

04 Way Forward/Future Recommendation
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PROBLEM
BACKGROUND &

STATEMENT

PROBLEM BACKGROUND

e Water Supply System (WSS) is a complex process that is composed of multi-hydraulic elements (e.g.,
reservoirs and consumption nodes) which are interconnected together by links (e.g., pumps, valves,
and pipes).

e The water losses in any type of distribution systems have been identified as being dependent on many
factors, including specifications of the WSS pipe network and other internal and external factors such
as the utility provider operational management practice, the level of proficiency and technology
deployed to control the system.

e In the literature, the difficulty of controlling losses in WSS has been acknowledge as there are more
than hundreds methods captured that focus on controlling different types of WSS losses.

e Although it is almost economically impossible to totally eliminate losses in WSS due to the complexity
of these socio-technical systems, but research and effort should be perpetually invested in refining the
understanding, planning, and execution.

PROBLEM STATEMENT

Pipe burst is one of the major contributors to water loss in water supply systems that significantly
increase the Non-Revenue Water (NRW) level. Water authority aims to reduce the NRW to 25.5% in
2024. Although the NRW level, as of September 2023, has nearly met the target at approximately
25.40% or 457 MLD, monitoring is crucial due to possibility of increasing NRW % if water losses are not
controlled. An effective pipe burst detection and prediction is essential for the organization to make
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ABOUT DATA

ABOUT DATA

Two reading devices, DMA meter and Logger provides reading relate to water measurements.

These devices are located at different locations in the area of GP03. However, the readings are
recorded at the same 15 minutes interval.

* DMA meter records: Pressure Rate (mH) and Flow Rate (I/s)
+ Logger: Critical Pressure (Cpp) & High Pressure (Hpp) Rates

MORE THAN ONE VARIABLE (MULTIVARIATE)
Note:

Other readings

-from DMA e.g. 15 m Flow m3, Hourly flow, Daily Flow- they are not included as these are aggregated data from
the original Pressure Rate and Flow Rate data

-Daily Midnight night flow (MNF) located at nearby reservoir. -these data not included in the analysis due to the
distance from GP03 "
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Data Collection and Management Challenges

) 15 minute interval — smaller more costly

) Missing Values — replaced by 0 to indicate no water supply (tap source closed)

) Sources of Missing Values — Pipe replacement, Maintenance (battery replacement, network coverage)
) Data not integrated

BWN =2

DMA Background
No. Information Details
Pipe Length 10,144.413 m
Total AC Length (m) : 9,719.426 m
D150 - 7,922.44 m
ac D200 - 200.148 m
1 D250 - 1,206.900 m
D300 - 389.938 m
Total MS Length (m) : 424.987 m
M5 D380 - 373278 m
D250- 51.709 m
Date Laid : 9/12/1985
2 Pipeikge Date Capture :18/03/2004
Age: 37 years

DATA

PREPROCESSING
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Method

=

3)

15 minute interval — smaller more costly
Missing Values at CPHP — replaced by 0 to indicate no water supply (tap source closed) - to be
changed to 0.01

o Due to maintenance (battery replacement) - estimate using the next day value eg if the missing

value occur at 20 April at 5:00:00 am then it will be estimated by 19 April at 5:00:00 am

o Negative values for pressure - as is - indicate the reverse flow

o Pattern of
Sources of Missing Values — Pipe replacement, Maintenance (battery replacement, network coverage)
but not directly informed from the ‘data logger’
Suggestion Data not integrated - Data Management/Data Science Centre

DETECT PIPE BURST
ENGINEERING STATISTICAL
APPROACH
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PROPOSED
SOLUTION

STATISTICAL
APPROACH

MULTIVARIATE TIME SERIES -INTERVAL -DATASET
METHOD DETECT ANOMALIES

« Atime series is a sequence of numbers over time.

» Recorded data from DMA & Logger are in the form of continuous interval, multivariate time
series.

» Anomalies in time series are values that are highly inconsistent with those expected around
at those time points.

» Types of Anomalies detection for time series data:
retroactive anomaly detection- based on historical data
real-time anomaly detection.

Build approach based on historical data to form basis for real-time
anomaly detection
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L
MULTIVARIATE TIME SERIES -INTERVAL -DATASET

METHOD DETECT ANOMALIES

Statistical
Ap raches

] ]
Decision

Time Series

Threshold Others

Model

Trees

Quality Control * Classification * CART Trees
Charts Models- not etc
appropriate for
single loci

* Non-Linear
Regression Model

Multivariate EWMA Control Charts

A Multivariate Exponentially Weighted Moving Average (MEWMA) chart is a statistical control chart used in quality
control to monitor the mean vector of a multivariate process. It's an extension of the univariate Exponentially
Weighted Moving Average (EWMA) chart to handle multiple variables simultaneously.

The EWMA control chart can be made sensitive to a smalll or gradual drift in the process, whereas the traditional
Shewhart control chart can only react when the last data point is outside a control limit.

The EWMA statistics can be defined, in which A represents the weighting factor attributed to the observations :
zi=xi+ (1 — ADzi_y

The variance of ziis givenby: o) = az(ﬁ) 1-a-»%

Once the process standard deviation is estimated, the control limits are represented by :

UCL = po + Lo 1-(1- %]

7
(2—/'-)[

CL = po

LCL = po — Lo
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MULTIVARIATE EWMA

A Multivariate Exponentially Weighted Moving Average (MEWMA) chart is a statistical control chart used in quality
control to monitor the mean vector of a multivariate process. It's an extension of the univariate Exponentially
Weighted Moving Average (EWMA) chart to handle multiple variables simultaneously.

The EWMA control chart can be made sensitive to a smalll or gradual drift in the process, whereas the traditional
Shewhart control chart can only react when the last data point is outside a control limit.

The EWMA statistics can be defined, in which A represents the weighting factor attributed to the observations :
zi = /xi + (1 — A)zi—y

The variance of ziis givenby: o7 = az(i) 1-a-»¥]

Once the process standard deviation is estimated, the control limits are represented by :

A
UCL = pio + Lo

1-(1 - 2%

(2—2)[

CL = po

LCL = po — Lo ﬁ[l—(l—}')Z'] @UTM

RESULTS

The multivariate chart shows that
the four variables are correlated.
Therefore, the univariate charts
on the separate variables may
not even signal.

MEWMA with ARL(0)=200

1000

F ‘* i The Multivariate EWMA procedure
}' creates control charts for two or
!‘I more numeric variables.

H M é\] \,g Examining the variables in a
M oA multivariate sense is extremely
o i important when the variables are
. o e i e e i highly correlated, since joint out-
' of-control conditions can occur
without any individual variable

violating its control limits when
plotted separately.
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Granger Causality Test INTERPRETATION

The Granger Causality test is used to determine whether or not one time series is useful for forecasting another.
This test uses the following null and alternative hypotheses:
Null Hypothesis (Ho): Time series x(Flow) does not Granger-cause time series y(Pressure).
Alternative Hypothesis (HA): Time series x(Flow) Granger-causes time series y. (Pressure)
e Model 1: This model attempts to predict the Flow in the previous three months and Pressure in the previous
three months as predictor variables.
e Model 2: This model attempts to predict Flow using only Pressure in the previous three months as predictor
variables.

e Pr(>F): This is the p-value that corresponds to the F test statistic. It turns out to be 2.2%e-16.

Since the p-value is 2.2"e-16, less than .05, we can reject the null hypothesis of the test.

19 ©O©UIM

TIME SERIES MODEL

FEATURE BASED NON-LINEAR TS MODEL:
WAVELET INPUTS LSSVR MODEL

Least Squares Support Vector Regression (LSSVR) is a variation of Support Vector
Regression (SVR) that is based on the principles of support vector machines. SVR is a
type of machine learning algorithm used for regression tasks, and it aims to find a
hyperplane that best fits the data while minimizing the error.

The LSSVR model, in particular, uses a least squares loss function to optimize the
parameters of the regression model. In traditional SVR, the optimization problem
involves minimizing the error subject to a certain margin and a penalty for points that fall
outside this margin. LSSVR, on the other hand, focuses on minimizing the sum of
squared errors between the predicted and actual values.

JAN 2022:Pressure Over Flow

101

OUIM
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TIME SERIES MODEL

FEATURE BASED NON-LINEAR TS MODEL:
WAVELET INPUTS LSSVR MODEL

LEAST SQUARES
SUPPORT
VECTOR
REGRESSION
i MODEL
JAN 2022:Préslure Over Flow @UTM

ENGINEERING APPROACH/ APPLIED
MATHEMATICAL MODELLING
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POTENTIAL SOLUTION

SIMULATION AIDED

LOGGER
TOOLS
THEORETICAL WORK
LAB ANALYSIS BASED ON
MATHEMATICAL
MODEL

23

Simulation tools can be employed to analyze various performance indicators, including structural integrity,
hydraulic efficiency, and stress tensor, in the context of asbestos cement/mild steel water pipes.

The preliminary simulation results, given the value of basic, mechanical, and thermal properties of steel as given
in Figure 1 is generated through the utilization of FreeCAD—an open-source parametric 3D CAD (Computer-Aided
Design). The output is shown in Figure 2

P e material 2
Material
Category Sokd
Materal card o cauiestee -
_— (== 1. SIMULATION r
Standard steel material for CalaulX sample caluiations V l =,
R AIDED TOOLS o AN
S e \
\
[ — A
Density 7900.00 ko/m*3 @ Yi
Mechanical Propertes ’5
Young's Mods: 210.006s & ;‘
Poisson Rati: 0.300 [% J
— Z
Thermal Properties Vé
Themal Conductiity: __ 43.00Wimk @ ,q_hmﬂ,,«i’/
Expansion Coeffident: 12,00 umimk &
Specific Heat: _5%0.00 ok @
Figure 2
Figure 1

24
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2: LAB ANALYSIS
Phase 1 : Collecting Info/identify factors
- sample of materials the ruptured part

Phase 1 is to collect ruptured samples, photos of the ruptured location, soil sample,
depth of the pipe, dimensions of the pipe and all other data.

Phase 2 : Lab test/ lab analysis
- Tofind the structural integrity — e.g: elasticity. Using SEM

- Molecular structure - To look into the grain structure of the ruptured sample. The
motivation is to identify the presence of material degradation.

Phase 3 : Comparison
- Compare with new one

To compare the ruptured pipe with the new pipe in terms of thickness, the
presence of rust and others.

2 ©O©UIM

3: LOGGER

Logger works
- The use of raspberry pie
- To get more data (every second)

- To design a low cost logger that can collect pressure, flow data in a predetermined
time-step and transmit the data to the central server for processing and analysis.

Real Time Data Analytics
- Data from various sources will be collected and fused.

- The fused data shall be displayed in a real time dashboard to see pattern and trends.
- The pattern and trend can be used to identify pipe burst.

2 ©UIM
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4: THEORETICAL WORK BASED ON MATHEMATICAL MODEL

No.

References

Remarks

Rajani, B., &
Makar, J. (2000).
A methodology to
estimate
remaining service
life of grey cast
iron water mains.
Canadian Journal
of Civil
Engineering,
27(6), 1259-1272.

Life span of grey cast iron.
A preferred approach to
make decisions on pipe
repair and replacement is
determine the expected
remaining service (residu
life of each pipe segment
and ensure that the

necessary work is performed

before failure occurs.

Design procedures for grey cast iron water mains
The design procedure for grey cast iron mains s outlined
in mm -67 (AWWA 1977) considers a pipe as a rigid struc-
ment. Rigid pipes support loads
s 2 gt bl dispoticely o
from the soil at the sides. Experimental
k (1940) showed that failure of a grey
der combined internal pressure () and an
ige (bearing) ring load () will not occur if

UX/ ( ](1

to

al)

s
2] W= :
el 3D+ k)
20
3] =%
3] 7

where i and D are pipe wall thickness and internal diameter,
respectively. o, 7
e ,

i e el R
grey cast iron pipe.

hoop tension in the
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4: THEORETICAL WORK BASED ON MATHEMATICAL MODEL

No.

References

Remarks

Jing, K., Zhi-
Hong, Z. (2012).
Time Prediction
Model for Pipeline
Leakage Based
on Grey
Relational
Analysis. Physics
Procedia, 25,
2019-2024.

Prediction of initial leakage
time after the supply
network comes into use.
Assists to identify significant
factors (pipe material,
diameter, depth and age)
and build a linear regression
model

According to the results of Gray relational analysis, we select the first four factors which has great
mple, assumi and the
fter the networks come into use ar relationship, independent
 and depth, water supply pipe leakag nultivariate linear regression

va re d

model is established"*
Y=p,+pBD+p,H+pP 5

(m):P is pipe pressure(Mpa): is the initial leakage time after

7, are regression coefficients.

pipe data of a city in North China and establish water supply

Where D is pipe diameter(n
the networks come into use:

fe use time and of predicted value of regression model,

28
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|
4: THEORETICAL WORK BASED ON MATHEMATICAL MODEL

No. |References Remarks

Assuming the convective changes in velocity and com-

3 Verde, C. (2001) Multi-leak detection pressibility to be negligible, and that the liquid density

and pipe cross-sectional area are constant, the motion

and isolation in fluid pipelines. Control and continuity equations governing one dimensional

Engineering Practice, 9(6), 673-682. BB

éH
5 ToA5 +u0lol=0, 1)

@

with H the pressure head (m), @ the flow (m?/s), = the
length co-ordinate (m), ¢ the time co-ordinate (s). g the
gravity (m/s?). A the section area (m?), D is the pipeline
diameter m and b is the speed of sound (m/s). Also,
1t = f/2DA where fis the adimensional friction coefficient.
A leak at point z; of the pipeline with outflow

0l = WHE ®
and 4 3 0, produces a discontinuity in system (1) and (2)
(Zhidkova, 1973). As consequence the pipeline with a

29 ©O©UIM
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Tackling Carbon Emissions: Strategies for Medium and Heavy-Duty Trucks

Industry Representatives  : Raja Dzulfitrie Sa’ad'?
Zainal Azman bin Zawawi'
(Total Logistic Services (M) Sdn. Bhd.)

2

Study Group Contributors : Nur Arina Bazilah bt Aziz', Adibah Shuib’, Zaitul
Marlizawati Zainuddin', Zulkifli Mohd Nopiah?, Zulhasni
Bin Abdul Rahim', Zulkarnain Bin Abdul Latiff', Zaharah
Mohd Yusoff’, Jamaliatul Badriyah®, Syarifah Zyurina
Nordin!, Wan Rohaizad Wan Ibrahim', Shukur Hassan',
Khalid Solaman Almadani'

1.1 Introduction

As a country experiencing rapid industrialization and economic growth, Malaysia faces
significant challenges related to carbon emissions and their impact on the environment. The
nation’s economic development, while crucial for progress, has led to increased carbon
emissions primarily from industries, transportation, and energy production. Emissions levels
across all economic sectors have increased over the 2010-2017 period. CO2 emissions from
the transport sector represented 28.8% of total fossil fuel combustion in Malaysia, well above
the global average of 24.5%. Road transport is also the largest CO2 emitter among all transport
subsectors (International Energy Agency- [EA, 2019).

To address this issue, Malaysia has implemented substantial efforts to address
greenhouse gas (GHG) emissions by making a dedicated commitment to the global community.
Under its National Determined Contribution (NDC) pledge presented during COP26 and
reiterated in COP27, the Malaysian government has pledged to achieve net-zero emissions by
2050. Additionally, there is a commitment to reduce CO2 intensity in relation to GDP by 45%
by 2030 (MIDA, 2023).

This pledge has been incorporated into the 12" Malaysia Plan and the National Energy
Policy 2022-2040 (NEP, 2022). This policy documents the way forward strategically and
outlines key priorities for the energy sector in the coming years. Figure 1 below shows the
action plan for the heavy vehicles segment in the National Energy Policy 2022-2040 (Ministry
of Economy, 2022)
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+ Enhance energy conservation, reduce congestion and enhance environmental

Unlock opportunities from mobility trends in the heavy vel

sustainability with more efficient demand-side management, enhanced fuel Lead Entity:
economy and switching towards cleaner fuels in heavy transport. MITI
+ Enhance synergies between the domestic agricommodity industry and the Core Stakeholders:
transport sector with biofuels penetration, and capture new value pools EPU, MOT, KASA, MPIC, MGTC,
from other emerging high potential fuels of the future in the heavy transport MARii, MOSTI, UPEN (Sabah),
segment. UPEN (Sarawak), SEB, SEC,
PETRONAS

DESCRIPTION OF INITIATIVES Supporting Stakeholders:

+ Implement mini fuel y dard requi on automotive NanoMalaysia, MIMOS, auto-
OEMSs and enforce vehicle fuel economy labelling to complement other industry players
demand-side management programmes such as green freight and eco-driving
programme.

Support timely execution and shifts to alternative modes of transport for

freight.

Impl tati -
Keep pace with developments in fuel of the future including hydrogen,
Liquefied Natural Gas (LNG), biodiesel and heavy EVs with deliberate decision

made to prioritise fuel of the future before at-scale build out of infrastructure 2022-2040 New
enablers.

W

Figure 1: Action Plan for the Heavy Vehicles Segment in Malaysia National Energy
Plan 2022-2040

Under the government's recent policy, industries are mandated to adhere to and follow
regulations aimed at curbing carbon emissions including Total Logistic Services (M) Sdn.
Bhd (TLS).

As an integral part of the Toyota Tsusho Group of companies, TLS is mandated to
participate in the Company Group Wide Carbon Neutrality Challenges, which entail achieving
two primary objectives as shown in Figure 2 below.

Carbon Neutrality

Toyota Tsusho Group
carbon neutrality declaration

f 2019 2030 2050
We aim to be carbon neutral Base year 50% reduction Carbon neutrality
by 2050.
GHG emissions in CO: equivalent
800 {thousand 1-COz}

We aim for a 50% reduction in A50%
GHG* by 2030 compared to 2019.

*Greenhouse gases

Neutral

@ Parent company, domestic and overseas
consolidated subsidiaries “_

® Scope 1, Scope 2

Note: Scope 3 promotes specific initiatives with suppliers and customers to
reduce GHG emissions throughout the value chain. CCUS (carbon dioxide capture, utilization, and storage), etc.

Figure 2: Toyota Tsusho Group Carbon Neutrality Declaration
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At present, TLS has devised a three-year strategy to meet these challenges. This plan
includes several scheduled activities such as optimizing routes, scheduled vehicle
maintenance, implementing a truck aging policy limiting trucks to a maximum of 20 years in
service, providing eco-driving skill training for drivers, setting a maximum idling period of 3
minutes, exploring innovative solutions using mathematical approaches or tools, and
transitioning to electric trucks.

One approach involves employing innovative solutions, notably mathematical
approaches, to identify the factors contributing to carbon emissions. Through this analysis,
TLS aims to effectively address the carbon emission issue by gaining a deeper understanding
of the involved factors.

1.2 Identification of Factors Contributing to Carbon Emissions
1.2.1 Carbon Emission Formula

To ascertain the factors contributing to carbon emissions in heavy and medium-duty
vehicles, an examination of the carbon emission formula has been conducted. This formula has
been obtained from the TLS calculation sheet.

issi distance (km X
Carbon emission = (er}ttsst‘lon) ( )km (m:m of) x (vehicle utilization %)
actor fuel ef ficiency (T) rips
fuel usage

Within this formula, Toyota Tshusho has predefined certain parameters including
distance, number of trips, and vehicle utilization. Consequently, the parameters available for
investigation encompass emissions factor and fuel efficiency. The exploration of factors
influencing carbon emissions will be centered around these two parameters.

1.2.2 Factors Contributing to the Carbon Emissions

As global concerns regarding climate change and environmental sustainability intensify,
there is a growing need to understand and address the factors that contribute to carbon
emissions. Carbon emissions, largely in the form of carbon dioxide (CO2), are a significant
driver of anthropogenic climate change. From the carbon emission formula in Section 1.2.1, the
carbon emission factors can be investigated based on the carbon emission parameter and fuel
efficiency.

1.2.2.1 Emission Factor
An emission factor is a fundamental concept used to quantify the rate at which a
particular pollutant, such as carbon dioxide (CO2), is emitted into the atmosphere per unit of

activity or fuel consumption. It provides a standardized measure of emissions associated with
various industrial processes, transportation activities, energy production, and other human

109



MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP (MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

activities. In most instances, these factors are derived from averages of available data of
acceptable quality, assumed to represent long-term averages for all facilities within the source
category, thus serving as population averages. The emission factor is typically calculated using
empirical data obtained from laboratory experiments, field measurements, or emissions
inventories. It may vary depending on the specific activity or process being analysed. The
general equation for emission estimation is formulated as

ER
E=AXEFx|l—- —
100

where E represents emissions, A signifies the activity rate, EF denotes the emission factor, and
ER stands for overall emission reduction efficiency, expressed as a percentage. ER is further
delineated as the product of the efficiency of the control device's destruction or removal and the
capture efficiency of the control system. Some factors influencing the emission factor,
including fuel type, combustion technology, operating conditions, fuel quality and control
technologies. Table 1 below shows the Carbon emissions factors for different types of fuel
(EEA, 2023).

Table 1: Carbon emission factors for different types of fuel

Subsector units Fuel kg CO: per kg of fuel!
All vehicle types Petrol 3.169
All vehicle types Diesel 3.169
All vehicle types LPG? 3.024
All vehicle types CNG3(or LNG) 2.743
All vehicle types E5* 3.063
All vehicle types E104 2.964
All vehicle types | E85* 2.026
All vehicle types ETBE11° 3.094
All vehicle types ETBE22° 3.021

Accurate estimation of emission factors is essential for assessing the environmental
impact of various human activities and for developing effective strategies to mitigate emissions
and combat climate change. Based on Table 1, one way of reducing the carbon emissions is by
changing the fuel type to the one with low emission factor.

1.2.2.2 Fuel Efficiency

The quantity of emissions generated by medium and heavy-duty vehicles in various
scenarios is influenced by multiple factors such as vehicle class and weight, driving patterns,
vehicle use, fuel category, engine exhaust treatment, vehicle age, and terrain conditions (Clark
et al., 2002). Understanding the complex interplay of these factors is paramount for devising
effective strategies to mitigate carbon emissions, transition towards sustainable practices, and
fostering a more resilient and environmentally conscious global community.

Factors influencing fuel efficiency were investigated, exploring both controllable and
uncontrollable factors as shown in Figure 3 below.
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Uncontrollable factors Controllable factors (short-term)
1. Vehicle design 1. Driving behaviour
2. Maintenance practices 2. Fuel quality
3. Vebhicle load 3. Alternative fuel
4. Route planning
5. Vehicle age Controllable factors (long-term)

1. Engine technology

Figure 3: Uncontrollable and controllable factors in carbon emissions influencing fuel
efficiency

1.2.2.2.1 Uncontrollable Factors

Uncontrollable factors are those that have been either addressed or are beyond the
control of TLS, such as fixed elements or external conditions like weather. However, the fixed
factors such as vehicle age, vehicle load and maintenance schedule could also be further studies
to validate the efficacy of the specified scheme.

i) Vehicle Design

Vehicle design plays a pivotal role in determining the efficiency and environmental
impact of automobiles. Two crucial aspects of vehicle design that significantly influence fuel
efficiency are aerodynamics and weight. Aerodynamics plays a crucial role in the design of
medium and heavy trucks, influencing both fuel efficiency and overall performance.
Streamlined designs that minimize air resistance are essential for reducing drag forces,
especially at higher speeds. For trucks, which often operate on highways and cover long
distances, aerodynamic features such as sloped front ends, side fairings, and aerodynamic
mirrors are implemented to enhance fuel efficiency. The objective is to reduce the energy
required to overcome air resistance, thereby optimizing fuel consumption. Engineers employ
wind tunnel testing and computational fluid dynamics to refine truck designs, ensuring they cut
through the air with minimal resistance.

The weight of a medium or heavy truck is a critical factor affecting its fuel efficiency
and operational cost. Lighter vehicles generally demand less energy to move, translating to
improved fuel efficiency. Truck designers and manufacturers focus on employing materials that
offer strength while minimizing weight, such as high-strength steel and aluminum alloys.
Additionally, advancements in materials technology and manufacturing processes contribute to
the development of lightweight components without compromising structural integrity. Payload
capacity is another consideration, balancing the need for a robust structure with the ability to
carry substantial loads. By optimizing the weight of truck components, manufacturers can
enhance fuel efficiency, reduce emissions, and increase the overall economic viability of the
vehicle.
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Recommendation: While currently classified as an uncontrollable factor, there is potential in
the future to procure more acrodynamic designs featuring optimal truck component weights to
boost fuel efficiency. Additionally, TLS can consider integrating multiple vehicles with varying
weights into their delivery schedule.

ii) Maintenance Practices

Maintenance practices contribute to the longevity and efficiency in the medium and
heavy-duty vehicles. These substantial machines demand meticulous care to ensure optimal
performance, longevity, and fuel efficiency. Proper and timely maintenance is the cornerstone
of ensuring that medium and heavy-duty vehicles operate at their peak efficiency. This is the
current practices in TLS to ensure optimal engine functioning, improving fuel efficiency and
reducing emissions. Regular maintenance practices include scheduled oil changes, which are
essential for preserving engine health and lubrication. This prevents friction-induced wear and
tear, enhancing fuel efficiency. Air filter replacements are equally crucial, as clean filters
optimize air intake, facilitating efficient combustion. Engine tune-ups, involving inspections of
various components and adjustments, ensure that the engine operates at its designed efficiency,
promoting not only performance but also fuel economy. Regular maintenance practices, when
adhered to diligently, contribute significantly to extending the operational life of these vehicles
and minimizing fuel consumption. For the old engine, it is advisable to maintain the catalytic
converter regularly to help reduce the carbon emissions.

Tire maintenance is not to be ignored for medium and heavy-duty vehicles. Properly
inflated tires reduce rolling resistance, the force required to move a tire over a surface. By
maintaining the recommended tire pressure, rolling resistance is minimized, improving fuel
efficiency. Routine tire inspections for wear and alignment issues are also essential. Misaligned
or improperly inflated tires not only compromise safety but can also lead to increased fuel
consumption. Regular tire rotations further ensure even wear, optimizing the lifespan of the
tires and contributing to sustained fuel efficiency. In essence, tire maintenance is a proactive
measure that directly impacts operational costs and the overall environmental footprint of these
vehicles.

Recommendation: TLS may explore the utilization of Operations Research (OR) techniques
to optimize maintenance schedules, taking into account factors like vehicle availability,
resource constraints, maintenance requirements, and operational priorities. This approach
ensures that maintenance tasks are scheduled at optimal times to minimize operational
disruptions while maximizing vehicle uptime. Additionally, proactive preventive maintenance
planning can be conducted by analyzing historical maintenance data, vehicle usage patterns,
and manufacturer recommendations. By scheduling maintenance preemptively based on
anticipated failure rates or usage thresholds, the risk of costly breakdowns and unexpected
downtime can be mitigated.

112



MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP (MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

ii) Vehicle Load

The concept of optimal vehicle load is a fundamental consideration in the carbon
emission investigation for medium and heavy-duty vehicles. For the logistics companies, the
transportation must navigate the delicate balance between payload requirements and fuel
conservation. The weight a vehicle carries, specifically in terms of cargo, is a critical factor
influencing fuel efficiency for medium and heavy-duty vehicles. Carrying unnecessary weights
demands more energy for acceleration and maintaining speed, resulting in increased fuel
consumption. Therefore, careful consideration of cargo weight is vital. Understanding the
payload requirements for a given journey and loading only what is essential not only conserves
fuel but also ensures compliance with safety regulations and enhances the overall efficiency of
the transportation process. One of the proactive measures for enhancing fuel efficiency is the
periodic removal of excess cargo. Regular assessments of payload requirements and ensuring
that vehicles only carry what is necessary contribute to sustained fuel savings. Moreover, this
practice aligns with safety standards and ensures that vehicles operate within their designed
capacities, promoting both efficiency and longevity. In TLS, the vehicle load is already
determined according to their demand and delivery schedule. Therefore, this is not a
controllable factor in this study. However, it is known that heavier loads increase fuel
consumption and emissions, necessitating more energy to transport goods.

Recommendation: By utilizing OR techniques to optimize vehicle loading based on delivery
schedules and demand patterns, it can efficiently load vehicles with the right mix of deliveries
hence reduce the number of trips needed and maximize vehicle utilization, thereby minimizing
carbon emissions per delivery.

iv) Route Planning

The efficiency of route planning is essential for medium and heavy-duty vehicles. The
strategic selection of routes is crucial not only for timely deliveries but also for the optimization
of fuel efficiency. Optimal routes consider factors such as traffic patterns, road conditions, and
potential delays. Leveraging advanced mapping technologies and real-time traffic data, route
planners can identify the most efficient paths for vehicles to navigate. Route planning that
strategically circumvents congested areas helps vehicles maintain a consistent speed, reducing
the overall fuel consumption. This not only conserves resources but also contributes to timely
deliveries, streamlining the logistics process.

Recommendation: TLS can consider alternative delivery strategies such as consolidation,
pooling, or collaborative delivery models to reduce the number of vehicles on the road and
minimize emissions. By consolidating deliveries to maximize route efficiency, TLS can lower
overall carbon emissions.
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V) Vehicle Age

The age of medium and heavy-duty vehicles significantly influences carbon emissions,
with older vehicles typically emitting higher levels of pollutants compared to newer
counterparts. As vehicles age, wear and tear on engine components can lead to decreased
efficiency and suboptimal combustion processes, resulting in increased carbon emissions. Older
engines may lack advanced technologies and emission control systems found in newer models,
further exacerbating their environmental impact. Additionally, aging vehicles may experience
deteriorating fuel efficiency, requiring more fuel to achieve the same level of performance,
thereby contributing to higher carbon emissions. Regular maintenance and periodic upgrades
or replacements of older vehicles with newer, more fuel-efficient models can help mitigate the
impact of vehicle age on carbon emissions, promoting cleaner and more sustainable
transportation practices.

Recommendation: While acquiring newer vehicles may seem like the straightforward solution,
given the high cost involved, it is advisable for TLS to prioritize regular maintenance and
upgrades for their older vehicles. This approach will aid in mitigating the impact of vehicle age
on fuel efficiency and carbon emissions.
In addition, instead of a fixed years service, strategy such as fleet replacement planning could
also be utilized. Fleet replacement planning involves developing a structured approach to
determine when existing vehicles or equipment should be replaced with newer models or
upgraded versions. By systematically evaluating the condition and performance of fleet assets
and making informed decisions about replacement timing and strategy, organizations can
optimize fleet efficiency, minimize operating costs, and ensure the reliability and safety of their
operations.

1.2.2.2.2 Controllable Factors

This discussion will focus on the controllable factors that could be administered by TLS.
They are divided into short-term and long-term factors. Short-term factors here are the factors
that can be adjusted relatively quickly and have an immediate impact on carbon emissions such
as driving behavior, fuel quality and alternative fuel. Meanwhile, long-term factors are those
that require more time and effort to adjust and have a gradual impact on carbon emissions over
an extended period such as fleet replacement plan. Although it takes time to implement and
yield results, they often lead to sustained reductions in carbon emissions over the long term.

i) Driving Behaviour

Efficient driving behavior is a pivotal factor in the quest for sustainability and fuel
efficiency in the realm of medium and heavy-duty vehicles. How drivers operate these
substantial machines has a profound impact on fuel consumption, emissions, and overall
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operational costs. This emphasizes the significance of maintaining optimal speeds and
embracing smooth driving techniques to enhance fuel efficiency.

The speed at which a medium or heavy-duty vehicle is operated is directly linked to its
fuel efficiency. Maintaining optimal speeds is paramount in ensuring that the engine operates
within its most efficient range. Excessive speeds not only lead to increased air resistance,
demanding more energy to propel the vehicle, but they can also result in the engine operating
at less efficient levels. Striking the right balance by adhering to recommended speed limits and
adjusting driving speed based on road conditions contributes significantly to fuel efficiency. By
doing so, drivers can achieve a harmonious blend of performance and economy. Through
observation from the TLS’s fleet management system, the drivers’ speed is recorded and those
exceeding the speed limit of 90 km/hr will be monitored further.

Smooth driving techniques, characterized by gentle acceleration and braking, are
integral to fuel savings. Abrupt acceleration and harsh braking not only consume more fuel but
also contribute to increased wear and tear on the vehicle's components. Gentle acceleration
allows the engine to operate more efficiently, while gradual braking harnesses kinetic energy,
potentially reducing the need for excessive fuel consumption. Driver training programs often
emphasize the importance of smooth driving habits, recognizing that a steady and controlled
approach to acceleration and braking positively influences fuel efficiency, enhances safety, and
extends the lifespan of the vehicle. Minimizing stops, such as unnecessary detours or frequent
breaks, optimizes fuel efficiency. Continuous motion allows the vehicle to operate within its
most efficient range, contributing to overall energy conservation. Moreover, reducing the
number of stops enhances the predictability of delivery schedules, improving the reliability of
logistics operations.

Idling, or leaving the engine running while the vehicle is stationary, is a significant
contributor to unnecessary fuel consumption. Addressing idling time is a crucial aspect of
driving behavior for medium and heavy-duty vehicles. Excessive idling not only consumes fuel
without contributing to forward motion but also increases emissions. Implementing strategies
to minimize idling, such as turning off the engine during prolonged stops, contributes to
substantial fuel savings and aligns with eco-friendly driving practices.

Recommendation: TLS may also consider initiating a carbon emission awareness program for
drivers and providing incentives to those who exhibit exemplary driving behavior.

ii) Fuel Quality

The type and quality of fuel a vehicle consumes plays a foundational role in its overall
efficiency. Medium and heavy-duty vehicles, often equipped with robust engines, are designed
to operate optimally with specific fuel types. High-quality fuels, meeting, or exceeding industry
standards, ensure a cleaner and more efficient combustion process. Clean fuels, such as those
with low sulfur content, contribute to reduced emissions, aligning with stringent environmental
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regulations. Moreover, the compatibility between the fuel type and the engine design is crucial
for achieving peak performance and fuel efficiency.

Recommendation: TLS may consider employing high-quality, cleaner fuels to improve
combustion, thereby reducing carbon emissions. Regular testing can help detect any variations
in fuel quality, enabling prompt corrective action to be taken.

iii) Alternative Fuel

The utilization of alternative fuels presents a promising avenue for reducing carbon
emissions from medium and heavy-duty vehicles. By transitioning away from traditional fossil
fuels to cleaner alternatives such as biodiesel, ethanol, natural gas, or hydrogen, these vehicles
can significantly mitigate their environmental impact. Alternative fuels offer the potential for
lower carbon content, resulting in reduced greenhouse gas emissions during combustion.
Additionally, some alternative fuels, such as natural gas or hydrogen, produce fewer harmful
pollutants like particulate matter and nitrogen oxides, further enhancing air quality. However,
the adoption of alternative fuels is not without challenges. The production and distribution
infrastructure for alternative fuels are often underdeveloped and costly to implement, limiting
their widespread availability and affordability. Additionally, certain alternative fuels may
require modifications to vehicle engines or fuel systems, adding complexity and expense to the
transition process. Moreover, the production of some alternative fuels may still generate
emissions or contribute to other environmental concerns, highlighting the importance of
comprehensive lifecycle assessments when evaluating their impact on carbon emissions.
Another common alternative is to use fuel additives to improve combustion efficiency and
reduce emissions. Certain additives can help optimize fuel performance, leading to improved
engine efficiency.

Recommendation: Given that the adoption of alternative fuels could entail significant
expenses associated with engine modifications and transitioning processes, TLS may initially
explore the use of fuel additives. However, it's crucial to approach the use of fuel additives
cautiously due to potential side effects such as decreased engine performance or increased
emissions.

iv) Engine Technology

For medium and heavy-duty vehicles, the convergence of advanced technology and
emission control systems represents a pivotal step towards sustainability and operational
efficiency. Innovative solutions such as hybrid systems, regenerative braking, and start-stop
systems offer promising avenues for reducing fuel consumption and minimizing environmental
impact. Hybrid technologies seamlessly integrate electric propulsion with traditional internal
combustion engines, optimizing fuel efficiency and curbing emissions. Similarly, regenerative
braking harnesses kinetic energy during braking, while start-stop systems mitigate unnecessary
idling, further enhancing fuel savings. However, despite their transformative potential, these
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technologies may pose challenges such as higher upfront costs and potential maintenance
complexities. Additionally, the integration of advanced systems requires careful consideration
of infrastructure and training to ensure optimal performance and reliability in diverse operating
conditions.

Recommendation: TLS can opt for the new engine technology for their current vehicles in
order to have the latest emission control technology. Although this solution might be costly, it
is still cheaper compared to purchasing new trucks or the electric trucks.

1.3 Emission Analysis and Evaluation

In order to see the relationship between selected factors, a comprehensive analysis of carbon
emissions, fuel efficiency, vehicle age dynamics, and optimization strategies was conducted.
By exploring various analytical approaches and tools, we endeavour to offer insights into
optimizing vehicle assignments and mitigating carbon emissions effectively. This section
serves as a foundational exploration into understanding and addressing key challenges in TLS's
quest for carbon neutrality and operational excellence.

1.3.1 Data

The data obtained from TLS is shown in Table 2 as follows. This data is collected from TLS
fleet management systems. There are 10 trucks varies from 6 to 20 years old. In this data, the
information on the type of roads, the distance and fuel used are given. Based on these
information, fuel consumption and fuel efficiency are calculated using the following formula.

Total distance (km) Total fuel used (I)

Fuel Effici = Fuel C tion =
uel Ef ficiency Total fuel used (1) uet Lonsumption Total distance (km)

Table 2: Data from TLS fleet management system.

Vehicle  Engine Engine Road Km Litre Fuel Fuel Km Litre Fuel Fuel
No. Age Displ  Type (Sept)  (Sept) Efficiency  Consumption  (Oct) (Oct) Efficiency  Consumption
(Km/L) (L/Km) (Km/L) (L/Km) (Oct)
(Sept) (Sept) (Oct)
BPF6316 6 7961  federal = 4366.5 1590 2.75 0.36 48124 17478 2.75 0.36
BPF6318 6 7961  federal = 53356 14754 3.62 0.28 60744  1739.18 349 0.29
BPF6317 6 7961  highwa 137723 2565.15 5.37 0.19 15088.9 36182 4.17 0.24
y
BPF6319 6 7961  highwa 50664 1596.43 3.17 0.32 6140.6 18094 339 029
v
WA4314G 9 7961 fecferal 33684 12029 2.8 0.36 3492.8  1305.8 267 0.37
W5044Q 10 7961 | federal = 77432 249774 3.1 0.32 98222 345143 285 0.35
W3087A 10 7961  highwa 67499  2790.7 242 041 7761.1 27634 281 0.36
y
BJIV4101 16 7961 fedéral 25119 8468 297 0.34 3196.1 1097.9 291 0.34
DEE9884 18 7961  federal 51669 1682.74 3.07 0.33 5683.1 15187 374 027
NBKY957 20 7961  federal = 7677.3 251031 3.06 0.33 75189 23242 324 0.31
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1.3.2 Carbon Emissions Calculation

Using the data in Section 1.3.1 and carbon emission formula in Section 1.2.1, the carbon
emissions for September and October have been calculated and shown in Table 3 and Table 4,

respectively.
Table 3: Carbon emissions in September 2023
. Fuel
Engine Engine Road Distance Fuel Efficiency Fuel . Ca.rbf)n
Veh. No. Age Displacement Type Sept Sept (L) Sept Consumption | Emission
(km) (km/L) Sept (L/km) (kg)
BPF6316 6 7961 federal 4366.5 1590 2.75 0.3636 4255.35
BPF6318 6 7961 federal 5335.6 1475.4 3.62 0.2762 3950.11
BPF6317 6 7961 highway 13772.3 | 2565.15 5.37 0.1862 6873.33
BPF6319 6 7961 highway 5066.4 | 1596.43 3.17 0.3155 4283.27
WA4314G 9 7961 federal 3368.4 1202.9 2.8 0.3571 3224.04
W5044Q 10 7961 federal 7743.2 | 2497.74 3.1 0.3226 6694.12
W3087A 10 7961 highway 6749.9 | 2790.7 242 0.4132 7475.10
BJV4101 16 7961 federal 2511.9 846.8 2.97 0.3367 2266.63
DEE9884 18 7961 federal 5166.9 | 1682.74 3.07 0.3257 4510.52
NBK9957 20 7961 federal 7677.3 | 2510.31 3.06 0.3268 6723.91
Table 4: Carbon emission in October 2023
Engine Engine Road Distance Fuel Flfel Fuel . Ca.rbf)n
Veh. No. Age Displacement Type Oct (km) | Oct (L) Efficiency | Consumption | Emission
Oct (km/L) | Oct (L/km) (kg)
BPF6316 6 7961 federal 4812.4 1747.8 2.75 0.3636 4689.90
BPF6318 6 7961 federal 6074.4 1739.18 3.49 0.2865 4664.58
BPF6317 6 7961 highway | 15088.9 | 3618.2 4.17 0.2398 9697.42
BPF6319 6 7961 highway | 6140.6 1809.4 3.39 0.2950 4854.52
WA4314G 9 7961 federal 3492.8 1305.8 2.67 0.3745 3505.88
W5044Q 10 7961 federal 9822.2 | 345143 2.85 0.3509 9236.31
W3087A 10 7961 highway | 7761.1 2763.4 2.81 0.3559 7402.05
BJV4101 16 7961 federal 3196.1 1097.9 291 0.3436 2943.49
DEE9884 18 7961 federal 5683.1 1518.7 3.74 0.2674 4072.38
NBK9957 20 7961 federal 7518.9 2324.2 3.24 0.3086 6219.34

The analysis of the data above reveals several key insights into the factors influencing fuel
efficiency and carbon emissions. Engine age appears to correlate with fuel efficiency, with older
vehicles generally exhibiting lower efficiency. Road type significantly affects fuel consumption
and carbon emissions, with vehicles traveling on highways demonstrating higher efficiency and
lower emissions compared to those on federal roads. Variation in fuel efficiency among vehicles
suggests the influence of factors such as driving behavior and maintenance practices.

118




MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP (MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

1.3.3 Fuel Efficiency and Vehicle Age Analysis

Figure 4 illustrates the fuel efficiency comparison among vehicles during September
and October. The plot also incorporates engine age to examine the correlation between fuel
efficiency and engine age. The data reveals that while newer vehicles generally exhibit higher
fuel efficiency, there are instances where older vehicles, such as NBK9957 (20 years old),
outperform newer counterparts like BPF6316 (6 years old) in terms of fuel efficiency.

Fuel Efficiency (Sept and Oct) vs Engine Age
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Figure 4: Fuel efficiency for September and October compared with the vehicle age.

This is further proved through correlation test as shown in Figure 5.

In [42]: cor(datas$engine age, data$fuel efficiency oct)

-0.0402794006529332

In [43]: cor(datasengine age, data$fuel efficiency sep)

-0.290728092224943

Figure 5: Correlation test between fuel efficiency in September and October with the vehicle
age.

The negative correlation coefficient values for both results suggest a very weak negative
correlation between engine age and fuel efficiency. In other words, there appears to be a slight
tendency for fuel efficiency to decrease slightly as the engine age increases, but the relationship
is extremely weak. This means that engine age alone may not be a significant predictor of fuel
efficiency for the medium and heavy-duty vehicles being studied. Other factors, such as
maintenance practices, driving conditions, and vehicle technology, likely have a more
substantial influence on fuel efficiency than engine age alone. Therefore, while there may be a
minor trend indicating decreased fuel efficiency with older engines, it is not a strong enough
relationship to draw definitive conclusions about the impact of engine age on fuel efficiency in
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this context. Additionally, given the relatively small sample size, the results may lack accuracy
and robustness.

1.3.4 Carbon Emissions and Fuel Efficiency Analysis

Fuel efficiency refers to the amount of energy extracted from a fuel source relative to
the amount of fuel consumed during operation. Vehicles with higher fuel efficiency can travel
longer distances using the same amount of fuel, resulting in reduced fuel consumption per unit
of distance or work done. On the other hand, carbon emission refers to the release of carbon
dioxide (CO2) and other greenhouse gases into the atmosphere as a byproduct of fuel
combustion.

In theory, there exists a direct relationship between fuel efficiency and carbon emission
where higher fuel efficiency typically leads to lower carbon emission. This is because vehicles
that can extract more energy from a given amount of fuel produce fewer emissions per unit of
distance travelled. However, the relationship is not always straightforward. Various factors can
influence carbon emission independently of fuel efficiency, such as engine technology, fuel
type, vehicle weight, driving conditions, and maintenance practices. Additionally,
improvements in fuel efficiency alone may not necessarily result in proportional reductions in
carbon emission if other factors influencing emissions remain unchanged.

Figure 6a) and 6b) show the relationship between carbon emissions and fuel efficiency
for September and October 2023 in TLS.

Carbon Emission and Fuel Carbon Emission and Fuel
Efficiency (Sept) Efficiency (Oct)
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Figure 6a): Carbon emission and fuel Figure 6b): Carbon emission and fuel
efficiency in September 2023 efficiency in October 2023

It is observed in Figure 6 that there is variability in both fuel efficiency and carbon
emission values across the sampled vehicles. Upon examining the relationship between fuel
efficiency and carbon emission, no clear linear trend emerges. While some vehicles with higher
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fuel efficiency exhibit lower carbon emissions, this pattern is not consistent across all vehicles.
This suggests that factors beyond fuel efficiency alone play a role in determining carbon
emission levels, such as vehicle technology, driving conditions, and maintenance practices.
Further analysis may be necessary to fully understand the complex relationship between fuel
efficiency and carbon emission in medium and heavy-duty vehicles.

In practice, achieving significant reductions in carbon emission often requires a
multifaceted approach that includes improving fuel efficiency, adopting cleaner fuel sources,
implementing emission control technologies, optimizing vehicle design, and promoting
sustainable driving practices. By addressing these factors holistically, it is possible to maximize
fuel efficiency while minimizing carbon emission, leading to more environmentally friendly
and sustainable transportation systems.

1.3.5 Vehicle Assignments Analysis

Presently, TLS has devised a three-year strategy to meet the carbon emission challenges.
This plan includes pre-determined vehicle load, routing, delivery schedule and staff assignment.
However, based on the sample vehicle data from TLS as shown in Table 5 and Table 7 below,
high fuel efficiency vehicle is assigned to the shorter distance. Therefore, alternative measures
must be explored to address the impact of these pre-determined parameters on fuel consumption
and emissions. One potential strategy involves optimizing vehicle assignments. It is anticipated
that by reassigning fuel efficient vehicles to the longer routes, can help reduce fuel consumption
and emissions associated with transporting goods.

Table 5: Data from TLS in September 2023

Fuel Fuel Total
SEPTEMBE Distance Fuel . Efficiency | Carbon
o Consumption q e
R (km) (Litre) . (km/Litre | Emission
(Litre/km)
) (kg)
BPF6316 4366.50 1590.00 0.364 2.75 4261.20
WA4314G 3368.40 1202.90 0.357 2.80 3223.77
WYR2942 7433.40 2790.70 0.375 2.66 7479.08
NBK9957 7677.30 2510.31 0.327 3.06 6727.63
BJV4101 2511.90 846.80 0.337 2.97 2269.42
BPF6318 5335.60 1475.40 0.277 3.62 3954.07
W5044Q 7743.20 2497.74 0.323 3.10 6693.94
BPF6317 13772.30 | 2565.15 0.186 5.37 6874.60
BPF6319 5066.40 1596.43 0.315 3.17 4278.43
W3087A 6749.90 2790.70 0.413 2.42 7479.08
DEE9884 5166.90 1682.74 0.326 3.07 4509.74
Total Carbon Emitted 57750.97
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By prioritizing the assignment of the most fuel-efficient vehicles to cover longer distances,
potential gains in operational efficiency and environmental sustainability could be achieved.
Table 6 presents the proposed vehicle reassignment plan, organized from the most fuel-efficient
vehicles to the least. Through this reassignment strategy, a notable reduction in total carbon
emissions of 2.96% was attained, decreasing from 57,750.97 kg to 56,039.83 kg. This outcome
underscores the efficacy of proactive measures such as vehicle reassignment in mitigating
environmental impact while enhancing operational performance within the logistics framework.

Table 6: Vehicle reassignment in September 2023

Distance Fuel . Fuel Efficiency Tot? ! .Carbon
SEPTEMBER Consumption . Emission (kg)
(km) (Litre/km) (km/Litre)

BPF6317 13772.30 0.186 5.37 6874.60
BPF6318 7743.20 0.277 3.62 5738.28
BPF6319 7677.30 0.315 3.17 6483.26
W5044Q 7433.40 0.323 3.10 6426.12
DEE9884 6749.90 0.326 3.07 5891.41
NBK9957 5335.60 0.327 3.06 4675.60
BJV4101 5166.90 0.337 297 4668.13
WA4314G 5066.40 0.357 2.80 4848.87
BPF6316 4366.50 0.364 2.75 4261.20
WYR2942 3368.40 0.375 2.66 3389.10
W3087A 2511.90 0.413 242 2783.25
Total Carbon Emitted 56039.83
Carbon Reduction 1711.15

Table 7: Data from TLS in October 2023

OCTOBE | Distance Fuel Effli?cl;::lcy Fuel Consumption | Total Carbon

R (km) (Litre) (km/Litre) (Litre/km) Emission (kg)
BPF6316 4812.40 | 1747.80 2.75 0.363 4684.10
WA4314G | 3492.80 | 1305.80 2.67 0.374 3499.54
WYR2942 | 6710.20 | 1590.64 4.22 0.237 4262.92
NBK9957 | 7518.90 2324.2 3.24 0.309 6228.86
BJV4101 3196.10 | 1097.90 291 0.344 2942.37
BPF6318 6074.40 | 1739.18 349 0.286 4661.00
W5044Q 9822.20 | 3451.43 2.85 0.351 9249.83
BPF6317 | 15088.90 | 3618.2 4.17 0.240 9696.78
BPF6319 6140.60 1809.4 3.39 0.295 4849.19
W3087A 7761.10 | 2763.40 2.81 0.356 7405.91
DEE9884 5683.10 1518.7 3.74 0.267 4070.12
Total Carbon Emitted 61550.62
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In a parallel investigation conducted using data from October as shown in Table 7, the
total carbon emissions were computed to be 61,550.62 kg. Following the implementation of
vehicle reassignments, aimed at optimizing efficiency and reducing emissions, the new total
carbon emissions were significantly decreased to 59,749.96 kg, representing a notable reduction
of approximately 2.93%. This data is presented in Table 8, showcasing the effectiveness of
strategic vehicle reallocation in achieving environmental sustainability goals within the
logistics operation. Through such initiatives, not only can carbon emissions be curtailed, but
operational efficiency can also be enhanced, exemplifying the potential benefits of proactive
measures in the pursuit of a greener and more efficient transportation landscape.

Table 8: Vehicle reassignment in October 2023

OCTOBE | Fuel Efficiency | Fuel Consumption | Distance Total Carbon

R (km/Litre) (Litre/km) (km) Emission (kg)
WYR2942 4.22 0.237 150(?8'9 9585.81
BPF6317 4.17 0.240 9822.20 6312.17
DEE9884 3.74 0.267 7761.10 5558.34
BPF6318 3.49 0.286 7518.90 5769.39
BPF6319 3.39 0.295 6710.20 5299.00
NBK9957 3.24 0.309 6140.60 5087.04
BJV4101 291 0.344 6074.40 5592.17
W5044Q 2.85 0.351 5683.10 5351.93
W3087A 2.81 0.356 4812.40 4592.16
BPF6316 2.75 0.363 3492.80 3399.68
WA4314G 2.67 0.374 3196.10 3202.27
Total Carbon Emitted 59749.96
Carbon Reduction 1800.66

1.4 Tools for Measuring the Amount of Carbon Emitted

A discussion was also held regarding the methodology for quantifying carbon emissions
from medium and heavy-duty vehicles. It was observed that there are currently no available
tools specifically designed for this purpose. Instead, the carbon emission formula was deemed
adequate for measurement.

Additionally, there is a contention regarding the existence of a tool aimed at reducing

carbon emissions. However, it has only undergone testing with small vehicles, and there is no
evidence supporting its effectiveness for medium and heavy-duty vehicles.
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1.5 Conclusion and Recommendations

In conclusion, our investigation into carbon emissions and fuel efficiency in medium and
heavy-duty vehicles has provided valuable insights into strategies for reducing environmental
impact while enhancing operational efficiency within the logistics sector. Analysis of the data
revealed a correlation between fuel efficiency and vehicle age, albeit with a weak negative
correlation, indicating that newer vehicles tend to exhibit slightly higher fuel efficiency.
Additionally, while no clear linear relationship was observed between carbon emissions and
fuel efficiency, it was evident that factors beyond fuel efficiency alone influence emissions
levels.

Our findings show the importance of proactive measures such as vehicle reassignment, route
optimization, and the adoption of cleaner fuels to mitigate carbon emissions. By prioritizing the
assignment of the most fuel-efficient vehicles to cover longer distances, significant reductions
in carbon emissions were achieved, highlighting the potential impact of strategic planning on
environmental sustainability.

Furthermore, driving behaviour emerged as a critical factor influencing fuel efficiency and
carbon emissions. Gentle acceleration, smooth driving, and maintaining optimal speeds were
found to contribute to fuel savings and reduced emissions. As such, investing in driver training
programs and promoting eco-driving behaviours can play a pivotal role in achieving emission
reduction targets while optimizing fuel efficiency. Providing incentives based on efficient
driving style could also serve as a method to instill this value among drivers.

Considering these findings, we recommend the implementation of comprehensive
mitigation strategies that encompass vehicle reassignment, route optimization, adoption of
cleaner fuels, and driver training initiatives. By adopting a multifaceted approach to address the
complex interplay between fuel efficiency, carbon emissions, and driving behaviour, logistics
companies such as TLS can achieve significant reductions in their carbon footprint while
simultaneously enhancing operational efficiency and sustainability.
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2.0 OUR MISSION & VISION

| mall 1] e -
“ -
OUR VISION '

To be a premier world-class logistic provider with
excellent customer service and prompt delivery.
Offering the fullest range of services, freight
forwarding, warehousing, distribution, consultations
and transportation for domestic and international
customers.

WS BliroTAL LOGISTIC SERVICES (M) SON BHD W vaive Logistic Provider 4

2.0 OUR MISSION & VISION

To achieve this, we always @mphasize on constant and
MISSION systematic training programs for our staff and workers

conducted both locally and overseas. This is to provide a better service to
our customer from time to time and fulfils the company mission & vision

VALUE ADDED ONGOING
DEVELOPMENT
OF THE LOGISTIC

TEAM
CONTINUOS
IMPROVEMENT

QUALITY DRIVEN
SERVICES

3rd PARTY
LOGISTIC LEADER

s JlToTAL LOGISTIC SERVICES (M) SDN BHD Value Logistic Provider 5
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3.0 MANAGEMENT STRUCTURE

+ Recount Depariment
+ Corparate & HPD Deparment

+ IT & System Department

+ Safety Department

+ Sacurity Dapartmart

+ Total Quality Management Department

+ Import Depariment
+ Export Department

~Engne Sub Assembly
~welding Sub Assembly

+Transpart Zoae 1

“Transpert Zome 2

+Bukit Raja Logistc Centre - CXD
- Bukit Rajs Logiatic Gentre - VIOV
~Shah b Wasehouse - SATE

- Sevendah Logisti Centre - SLC

+ Bangi Wareheuse

*Seramban Logisti Centra - SBLC
Klang Logistic Centre - KL

Tis BliroTaL LOGISTIC SERVICES (M) SDN BHD Y value Logistic Provider

4.0 HISTORY & MILESTONES

6'7".\\ 9 3 /;
“Z,10 YEARS — 1 Qfﬂr 30 YEARS —
@
m . Erg?g(:::;’;‘ﬂ‘ﬂﬂ! at Port *  New project Sub Assembly for ASSB
ﬂ 5YEARS e @ 20 YEARS | @

Opening new warehouse at
« Opening 2nd warehouse at Port Seremban (SBLC)

@ B * Luning ew Tk . ik
« TLS started forwarding + Opening of new 180,000 sqt Transportation for Toyota
business at Subang Indah = dedicated Logistic Centre in Bukit

Beruntung to cater for Perodua TLS
receives IS0 9001 (Quality) & IS0 @
14001 (Enwironment) certification.

|
« Start 6 staff = Inwoduce 15t Transport Milkrun :
‘ « Opening Klang Logistic Centre (KLE)

concept for Denso, Malaysia

+ Total 40 staff

= New Forwarding office at Bukit
al

2023
« Opening 15t Bonded Warehouse

at Shah Alam (SA18) Kayu Hitam, Kedah

* Opening of New Serendah Logistic

\ Centre (NSLC)
= Total 80 staff =
- Managed washouses oowarog
offices, 130 lorries & more than
= New opening of Bukit Raja b B

Logistic Centre (BRLC)

= Receives Certificate IS0 9001
(Quality) & 1S0 14001
(Emvironment)

= Total 500 staff

e

5 10 20 30

veARs [l vEArs [l vEArs [Réell YEARS

Tis BllToTAL LOGISTIC SERVICES (M) SDN BHD Y vatve Logistic Provider 7
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5.0 BRANCHES & LOCATION

- No.1-Gate 4, Jalan Keluli 2/KU2,
“ WL\_._ Kawasan Perindustrian Bukit Raja, 41050
EEDRs Klang, Selangor Darul Ehsan.

Tel :03-33613333

unly
- "W Fax: 03-33613334

BUKIT RAJA LOGISTICS CENTER (BRLC)
OPERATION IN BRLC BRLC WAREHOUSE

- OFFICE + 290,970 sqft
+ WAREHOUSE

» TRANSPORTATION

SUB ASSEMBLY

Tis §liroTAL LOGISTIC SERVICES (M) SDN BHD J/ Vatue Logistic Provider g

5.0 BRANCHES & LOCATION

Tis BlIroTaL LOGISTIC SERVICES (M) SDN BHD Y vaiue Logistic Provider
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6.0 SCOPE OF SERVICES

FORWARDING WAREHOUSING TRANSPORTATION SUB ASSEMBLY

é Ts Y4 74 2\ T )
= (4% .
(TeT DA [ WO
1'_ Impodrts;:_ixport . CKD Warehouse w:;:lﬁlol_sfeE (Port to - Assembt.y
ANSpOanon - Bonded Warehouse Milkrun (J,\uto Parts) ) Proces?lng
- Custom Clearance - Export & Import = Inspection
- Large Cargo Warehouse
Transportation -

J

Ns BliTo7AL LOGISTIC SERVICES (M) SON BHD W Vatue Logistic Provider 19

J/

6.1 FORWARDING

TLS is a member of the Selangor Freight Forwarders & Logistics
Association (SFFLA)

IMPORT & EXPORT BUSINESS

-Customs Clearance

-CBU,CKD and Part by Part

*NVOCC Business

-Door to Door / Project Deliveries

-Heavy Machinery Transportation and installation Service
-Specialist in RO -RO Car Carrier Service to East Malaysia and Muara Ports
-Regular RO-RO Car Carrier Service From Japan to Far East Ports

-Load Loader carrier

TLS FORWARDING OFFICE
1. Bukit Tinggi, Klang, Selangor
2. Bukit Kayu Hitam, Kedah

Tis §froTaL LOGISTIC SERVICES (M) SDN BHD Y vatve Logistic Provider
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6.2 WAREHOUSING
LIST OF WAREHOUSE :

WH ADDRESS

Shah Alam 1B Warehouse Lot 10, Jalan Pahat 16/8A, Seksyen 16,
(BONDED) Shah Alam
Serendah Logistics Center Lot 4240, Jalan Kesidang 5, Jalan Mohd
(SLC) Taib, Kaw. Industri Sg.Choh, Selangor

Block D1&D2, Lot 3, Jalan P/10, Kaw.
Perusahaan Seksyen 10, Bandar Baru Bangi.

Klang Logistic Center ~ No.7, Jalan Permata 8A/KS 09, Taman
(KLC) Perindustrian Air Hitam, Klang
Seremban Logistic Center No.23, Jalan Industri Galla 3, Taman
(SBLC) Perindustrian Galla, Seremban.
Bukit Raja Logistics Center No.1-Gate 4, Jalan Keluli 2/KU2, Kawasan
(BRLC-HQ) Perindustrian Bukit Raja, Klang

BANGI

Nis HliroraL LoGISTIC SERVICES (M) SDN BHD Y vatue Logistic Provider 12

6.3 TRANSPORTATION

TLS MILK RUN

Logistic Dept, Perodua Mfg.
1)MILK RUN P2 Center, Sg.Choh, Locked Bag
226, Rawang
Lot 2,Jalan P/1, Seksyen 13,
Bandar Baru Bangi

2)MILK RUN DENSO

No.1-Gate 4, Jalan Keluli E_ - 4

- - Y
3)MILK RUN TOYOTA 2/KU2,Kawasan Perindustrian ﬁ

Bukit Raja, 41050 Klang,
Selangor Darul Ehsan.

Ns JllroTAL LOGISTIC SERVICES (M) SDN BHD Y valve Logistic Provider 13
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6.4 SUB ASSEMBLY

w2 “Beyond Logistics™

Logistics

OBJECTIVES

MISSION
& VISION

STRATEGY F

L — e —
s JlIroTaL LOGISTIC SERVICES (M) SDN BHD Y valve Logistic Provider 14

7.0 1SO CERTIFICATION

LRQA

CERTIFIED
1SO 9001

LRQA

CERTIFIED
1SO 14001

1SO 9001:2015 (QMS) CERTIFICATION

Total Logistic Services (M) Sdn. Bhd. has been certified by Llyods Quality
Assurance to the following Quality Management System Standards :

1SO 9001 : 2015

EN ISO 9001 :2015

BS EN I1SO 9001:2015

MS ISO 9001 : 2015

The Quality Management System is applicable to :

Provisions of warehousing, freight forwarding and transportation services.

ISO 14001:2015 (EMS) CERTIFICATION

Total Logistic Services (M) Sdn. Bhd. has been approved by Llyods Quality
Assurance to the following Environmental Management System Standards :
1SO 14001 : 2015

MS ISO 14001 : 2015

The Environmental Management System is applicable to :

Provisions of warehousing, freight forwarding and transportation services.

LRQA o 1ISO 45001:2018 (OHSMS) CERTIFICATION
CERTIFIED * @ 3; Total Logistic Services (M) Sdn. Bhd. has been approved by Lliyods Quality
luKkas | Assurance to the following Occupational Health & Safety Management System :
1SO 45001 | | Mamasgachr 1SO 45001 : 2018
0001 The Occupaticnal Health & Safety Management System is applicable to :
Provisions of warehousing and transportation services.

—
Nis BljroTaL LOGISTIC SERVICES (M) SDN BHD J/ vaiue Logistic Pravider 15
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8.0 Problem Study

Problem Background

€O: converted emission amount** (thousand-t CO:)

Company Group Wide o B
Carbon Neutrality o d
Challenges 2

= Carbon Neutrality by 2050
= Reduction in greenhouse gas

emissions by 50% (benchmark Nedtral
2019 data) 3
[ CCus (carbon dioxide capture, utiization, and ';:orxyl, et I
*4 Cow cope 1 and Scope 2 emissions from the Toyota Tsusho Group; calculated using
the greenhouse gas protocol
Tis BliToraL LOGISTIC SERVICES (M) SDN BHD Y Valve Logistic Provider 16

8.0 Problem Study

Problem Background
TLS Plan Towards Challenges (3 years plan)

1 rReduce
100%|
30% Co2
2 change reduction
3 Eliminate | |2 z =
Zrs %
Gl L -

Activities 2023 2024 2023

= Utilize Routing

= Truck Aging Policy > Max truck age = 20 years
" Eco Driving Training > Internal & External

= Truck Idling Monitoring > Policy : Max 3 mins idling

®  Co2 Emission Study

= Carbon Reduction Innovations > i.e Exhaust Catalyst, Alternative Fuel
= EV Trucks

s BljroTAL LOGISTIC SERVICES (M) SDN BHD \ vatue Logistic Provider 17
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8.0 Problem Study

Problem Statement

®* Truck Aging vs Co2
* Efficient truck life time
* Impact of age on carbon emission

o—0

Tis fljroraL LOGISTIC SERVICES (M) SDN BHD W vatue Logistic Provider  1g

THANK YOU

TOTAL LOGISTIC SERVICES (M) SDN. BHD.
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OUTPUT PRESENTATION SLIDES

l'_s .' l TOTAL LOGISTIC SERVICES (M) SDN BHD | I I I I S G 2 0 2 3
L} Valus Loguic Provider 4" Malaysia Mathematics in Industry Study Group

Malaysia Mathematics in
Industry Study Group 2023
(MMISG2023)

The Influence of Vehicle Age in Mitigating Carbon
Emissions from Medium-Duty and Heavy-Duty Trucks

20t — 22nd November, 2023
Universiti Teknologi Malaysia (UTM), Kuala Lumpur.

MMISG2023 is a
collaborative problem -
solving workshop where
academia and
researchers (known as
Contributor) tackle real
life problems shared by
he industries

Univ. PadjadjaranGuest Lecture: Graphs& Optimization.15 October 2023, by: Assoc. Prof. Ts Dr Adibah Shuib, KPPIM, UiTM
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TLS’s Objective

To achieve 50% CO2 reduction by 2030

To find way to measure accurate CO2 emission
- through mathematical formulation or tools.

l Trucks and buses: the climate threat

A disproportionate source of emissions

Share of the fleet Share of CO, emissions
- dgimy WR Gy
2% 28% o

@ Trucks and buses @ Cars and vans

Abooming sector Trucks and buses will

e
eatup CO, savings
Increase in truck activity in 2020-2050
from electrifying cars and vans

-
= 2% until 2030
Increase in bus activity in 2020-2050

Addressing the heavy-duty climate problem
https/fwww transportenvironment org/wpcontent/uploads/2022/05/2022_09_Addressing._heavy-duty_climate_problem_final pdf

136



MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP (MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

* Transportation in Malaysia accounted for 8% of real gross domestic product
(CDP) and 4% of employment in 2018. It has experienced an average annual
growth rate of 3% over the last decade.

* The transport sector contributes to 36.4% of the total final energy demand
(23,555 ktoe) in 2018, which is the largest energy user in Malaysia. Carbon dioxide
is responsible for 96% of greenhouse gas (GHG) emissions in this sector.

* The transport sector is the second biggest driver to CO2 emissions in Malaysia
after electricity and heat production, while the industrial sector is the third-
largest contributor {International Energy Agency-IEA, 2019).

*  Emissions levels across all economic sectors have increased over the 2010-2017
period. CO2 emissions from the transport sector represented 28.8% of total fossil
fuel combustion in Malaysia, well above the global average of 245%
(International Energy Agency-1EA, 20192). Road transport is also the largest CO2
emitter among all transport subsectors (International Energy Agency-IEA, 2019).

CO2 Emissions and The Transport Sector in Malaysia
hittps:/Awww.frontiersin.org/articles/10.3389/fenvs.2021.774164/full

brg

Vehicle Age Carbon Emission Policy
o Implementation

+ The age structure of the * Emissions from motor
vehicle stock is particularly vehicles and their fuels « Policymakers have added a
relevant in deve|op|ng contribute to amlblent range of regulatory
regions of the world, where a levels of ozone, fine measures over time to help
significant portion of the particulate matter, ensure that emissions
vehicle fleet consists of Nitrogen Dioxide (NO2), remain low as the vehicles
imported second-hand S”gur DI';X'de (802};:1' age, including useful life
(vehicles from developed a(?o C'I'ar: on Mﬁnox' e durability requirements,
countries)- and often poorly ( I}: e uéa nts emissions in-use verification
maintained. are linked with adverse and confirmatory testing,

health impacts and requirements for on-

board diagnostics of
emissions control systems

» The main concern is on the
impacts of aging heavy
vehicle fleets and the
measure that could be used
to manage this challenge.
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» The old heavy vehicles impact the community in several ways, including air
pollution, noise, and health

- Defining aged heavy vehicles by their emissions standard provides the
clearest definition and will likely result in the greatest positive impact of
any targeted actions (Richard Delplace, Austroads Transport Network
Operations Program Manage).

- The heavy vehicle was defined as being above 4.5 tonnes CVM, used in
freight transport and manufactured before 2008. Three sub-classes of
categorization are based on the vehicle's compliance with exhaust
emission standards in the Australian Design Rules.

- the nature and structure of the national fleet and freight sector means that
the aged truck problem is difficult to overcome with equitable and
effective measures

Notes:
1. Austroads is the association of the Australian and New Zealand transport agencies.
2. Gross vehicle mass (GVM) - The GVM is the maximum loaded weight of a rigid vehicle while driving on the road.

https.//austroads.com.au/latest-news/optionsfor-managing-the-impacts-of-aged-heavy-vehicles

In Malaysia, heavy vehicle or a commercial transportation is one that has a
Gross Vehicle Mass (GVM) over 4,500 kilograms. (4.5 tonnes).

Regulatory measures have helped to keep in-use emissions low as vehicles age,
but they are subject to significant limitations. The durability requirements anly
apply to properly used and maintained vehicles, and manufacturers are not
responsible for emission control system malfunctions.

The useful life requirements are also limited. For example, the latest Tier 3 light-
duty useful life requirements cover 15 years or 150,000 miles [whichever is
sooner), up from 10 years or 120,000 miles for the light-duty Tier 2 standards. For
heavy-duty diesel engines, the useful life is 10 years or 435,000 miles.

However, most vehicles are driven for longer periods of time, and although the
oldest contribute a relatively small share of the miles driven, their emissions can
continue to deteriorate as they age. Also, malfunctions increase as vehicles age
and are less likely to be repaired.

Consequently, while the oldest vehicles constitute a relatively small share of the
in-use vehicle fleet, they contribute disproportionally to total fleet emissions.

https://cammeri8weebly.com/uploads/1/1/6/6/11663127)/paper_1d_-_35pdf
https://theicct org/sites/default/files/publications/US TRUE -emissions-distribution-oct2020.pdf
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1) Mathematical estimate / Truck Emissions Calculator:
Step 1: Work out how many litres of fuel you use.
Step 2: Calculate how many kilograms of CO2 this creates

https://8billientrees.com/carbon-offsets-credits/carbon-ecological-footprint-calculators/truck-co2-emissions-per-km-calculator/

2) Accurate measurement with fleet management
services and solutions - varying technologies.

https://connectedfleet.michelin.com/blog/calculate -co2-emission

Carb isSi distance (km
= ( aroon emission ) (km) X (num. of trips) \ X (vehicle utilization %)
parameter .. km
fuel efficiency (T)
fuel usage
Fixed value Values to be
by Toyota investigated

12 0
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FACTORS AFFECTING EMISSIONS

The parameters that most heavily affect the emissions from compression ignition
engine-powered vehicles include:

Controllable factors long term

1. Engine technology

Note: An after treatment m{stem is 3 method or device for reducing harmful

exhaust emissions from in
device that cleans exhaust gases to ensure

regulations

.DAA

In [36]: data

ernal-combustion engines. In_ other words, it is 8
e engines meet emission httns

Factors Affecting Heavy!
1 i Y

107

Duty Diesel Vehicle Emission:
0473289 2002 104707

Adata frame: 11 % 11
vehicle_no km_sep litre_sep fuel_efficiency sep km_oct litre_oct fuel_efficiency_oct engine_displ engine_age co2 sep co2 oct
<chr> <dbl> <dbi> <dbl> <dbl> <dbl> <dbl> <int> <int> <dbl> <dbl>
BPFG316 43665 1580.00 275 48124 174780 275 7961 6 4255353 4689.903
WA4314G 33684  1202.90 280 34928 130580 2867 7961 9 3224040 3505.882
WYR2942 74334 279070 266 67102 159064 422 7961 10 7489290 4261.454
NBK995T 76773 251031 306 75189 232420 324 7961 20 6723910 6219.337
BJV4101 25119  846.80 297 3961 1097.90 291 7961 16 2266630 2943.487
BPFG318 53356 147540 362 60744 173018 349 7961 6 3950.113 4664.582
W5S044Q 77432 2497.74 310 98222 345143 285 7961 10 6694.121 9236.314
BPFB317 137723 256515 537 150889 361820 497 7961 6 6873327 9697423
BPFE319 50664 159643 317 61406 1809.40 339 7961 6 4283266 4854.516
W3087A 67499 2790.70 242 77611 276340 281 7961 10 T475.096 7402.046
DEE9884 51669 1682.74 3.07 56831 151870 374 7961 18 4510519 4072.382

s
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CORRELATION BETWEEN ENGINE AGE AND
FUEL EFFICIENCY IN SEPT AND OCT

In [42]: cor(datasengine age, datasfuel efficiency oct)

-0.0402794006529332

In [43]: cor(datas$engine_age, datasfuel efficiency sep)

-0.290728092224943

@ COMPARISON OF FUEL EFFICIENCY IN SEPT AND OCT

ariable
i Aot wcr_sew
i oy et
2
WA EEYEIM DRI ORI DRENG  DLCRS  NDRWST  WOOWA  WeSMO  WaDMG s
vebide_na
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SEPT 2023

R . Fuel

SEPTEMBER Distance Litre Eff
(km/1)

BPF6316 436650 158000 375
WA4314G 336840 120290 3280
WYR2042 743340 279070 266
NBK9I957 767730 251031 306
BIVA101 251190 84680 297
BFFG318 533560 147540 32
W50440) 774320 249774 340
BPF6317  13772.30 2565.15 537
BPF6310 506640 159643 347
W3087A £749.80 279070 242
DEEGSS4 516690 168274 307
Total Carbon Emitted
bNg
OCT 2023

Fuel

OCTOBER Distance Litre  Eff
(km/l)

BPFE316 4B1240 174780 275
WALTIAG 349280 130580 g7
WYR2942 671020 159064 472
NBK9gs7  T51BS0 232420 334
BIVAION 319610 109720 29
BPFEZIS 607440 173918 349
W504sq 982220 345143 gg5
BPFE3I7 1508890 361820 47
BPF&319 614060 180240 339
W30B7A 760 276340 2g)
DEES884 SE8310 151870 374
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Total Carbon Emitted

Fuel
Cons
(/km)
0.364
0Q.357
Q.375
0.327
0.337
0.277
0.323
Q.186
0.315
0.413
0.326

Fuel

Cons

(Vkm)
0363
0374
0237
0309
0344
0286
0351
0240
0.295
0356
0267

Total
Carb

426120
3223.77
7479.08
6727 63
2269.42
3954.07
6693 94
6874.60
427843
7479.08
450974
57750.97

Total
Carb

468410
349354
426292
622886
294237
4661.00
9245983
9696.78
484919
740591
407012
©1350.62

Carb
Rate

088
0.96
1.01
088
0.80
0.74
086
0.50
0.84
1.11
087

Carb
Rate

097
100
064
0.83
0392
Q77
094
064
079
095
Q72

Fuel Fuel .
SEPTEMBER Eff  Cons Distance  Total oo e
{km, {Ifkerm)

BPF&317 537 0186 1377230 87460 050

BPF6318 362 0277 774320 573828 074

BPF&319 3.17 0.315 7677.30 648326 084

W5044Q 310 0323 743340  g426.12 086

DEE98&4 3.07 0.326 674890  sgai41 087

NBK9957 3.06 0327 533560 467560 088

BIV4101 297 0337 516690 486813  0.90

WA4314G 280 0357 5066.40 484887 096

BPF6316 275 0.364 4366.50 426120 o098

WYR2942 266 0375 3368.40  33809.10  1.01

W30B7A 242 0413 2511.80 278325  1.14

Total Carbon Emitted 56039.83
‘Carbon Reduction 171145
Fuel Fuel
OCTOBER Eff  Cons Distance ol Carb
(km/l) (k)
WYR2942 422 0237 15088390 958581 0635
BRF63IT 417 0240 982220 631217 0643
DEES884 374 0267 776110 555834 076
EPF&318 343 0286 751820 576939 0767
BPF6219 339 0295 671020  5299.00 0790
NBK3%57 324 0309 614060 208704 og28
BIV4101 291 0344 ©074.40 559217 osa
WE04AL0D 285 0351 568310 535193 0942
W3087A 281 0356 481240 459216 0954
BPF5316 275 0363 349280 339968 0973
WALZIAD 267 0374 319610 220227 1002
Total Carbon Emitted 5974536
Carbon Reduction 1800.66
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Scope data
10 tonnes trucks,
Sept and Oct data.

Age of vehicle does not correlate with carbon emission
based on current data. Will be needing more data to see
the correlation between age of vehicle and carbon
emissions.

Higher efficiency (km/l) - lower carbon footprint

Driving style plays important part (lots of idle time, braking)
Road condition - highway / federal (state) road.
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Training and awareness
Awareness and training for drivers about fuel consumption
Inform impact of not reducing carbon emission to the drivers.
Inform how much km the drivers can drive / fuel to maintain efficiency
Awareness and incentives based on driving efficiency.
Maintain current training for driving behaviour.

Improve truck / driver assignment problem
Rotational basis for driver’s route.
Assign newer vehicle or more efficient vehicle for longer distance route.
Categorize types of driver.

Maintenance
Periodical maintenance must be continued.
Do not remove catalytic converter in the truck
Check the condition catalytic converter (backflush and clean up)
Ensure no injector problem

Data envelopment (rank)

Hungarian method (assignment based on factors)
More data to compare the performances

After intervention by TLS, can compare the difference

Thank
You
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1.1 Introduction

Monitoring the volatility of commodity prices, especially agricultural commodities, can be
essential in evaluating the country's economic performance. Commodity price forecasts
can help the government to make and develop appropriate economic policies and
strategies in the future. Therefore, price forecasting is an alternative approach for reducing
the negative effects of uncertainty, which can further decrease the risk of the producers'
agricultural commodities.

Shahizan et al. (2023) investigated the effectiveness of the seasonal regression and the
quadratic trend models with seasonal indices in predicting the price of red chili in Johor,
Malaysia, using historical price data from 2018 to 2022. The results revealed that the
seasonal regression model outperformed the quadratic trend model, with seasonal indices
predicting red chili prices. Lestari et al. (2022) mentioned that red chili is an agricultural
commodity with high price volatility. Their research aimed to analyze the price volatility
of red chili in Semarang Regency from January 2019 to February 2020. They applied the
ARCH-GARCH method, showing that the price volatility of red chili occurred at the
beginning, middle, and end of the year due to climate change, changes in public
consumption patterns on religious holidays, and oversupply.

On the other hand, Basnayake et al. (2022) forecasted the prices of green chili peppers
in Sri Lanka using artificial neural networks. The Time Delay Neural Network (TDNN),
Feedforward Neural Network (FFNN) with Levenberg-Marquardt (LM) algorithm, and
FFNN with Scaled Conjugate Gradient (SCG) algorithm were employed on weekly
average retail prices of green chili in Sri Lanka from the 1st week of January 2011 to the
4th week of December 2018. Based on the Mean Squared Error (MSE), Mean Absolute
Error (MAE), and Normalized Mean Squared Error (NMSE), FFNN with the LM
algorithm gave the best performance compared to other methods.

In general, fluctuations in the price of agricultural commodities occur mainly due to
shocks in supply. These disturbances, combined with demand elasticity and short-term
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supply, cause sudden price instability, which can cause farmers and consumers to
experience uncertainty, risk, and commodity price fluctuations. Pratiwi and Rosyid (2020)
used the time series data price of large red and curly red chili from July 2016 to October
2019 in Yogyakarta, Indonesia. They forecasted chili prices using Autoregressive
Integrated Moving Average (ARIMA) for 12 periods, beginning in November 2019 and
ending in October 2020. Putriasari et al. (2022) forecasted a weekly red chili price in
Bengkulu City using the ARIMA and Singular Spectrum Analysis (SSA) Methods. They
found that ARIMA performed better than SSA.

ARIMA was observed to be the most accurate forecasting model for curly red chili
prices in Indonesia (Sukiyono and Janah 2019). Their study applied five forecasting
models: Moving Average, Single Exponential Smoothing, Double Exponential
Smoothing, Decomposition, and ARIMA. Despite focusing on univariate ARIMA,
external regressors are recommended to improve the accuracy of the forecasting model.
Hamjah (2014) developed the best Box-Jenkins Auto-Regressive Integrated Moving
Average with external regressor, that is, the ARIMAX model, for measuring the
temperature and rainfall effects on major spice crops productions in Bangladesh and
forecasting the output using the same model. Their study found that ARIMAX (2,1,2),
ARIMAX (2,0,1), and ARIMAX (2,1,1) are the best models for chili, garlic, and ginger
crops, respectively. The finding contributes to agricultural forecasting by emphasizing the
importance of comparing different models for price prediction and considering multiple
crops in the analysis.

Given the substantial allocation of household income towards food expenditures, the
assessment of price volatility through forecasting is deemed particularly crucial in
developing nations. This significance arises from the direct impact of uncertainties
surrounding food prices on overall well-being. Furthermore, the repercussions of
instability in food prices extend to affect individuals of low-income status and small-scale
agricultural producers who rely on the sales of their crops.

As acknowledged, the price of chili exhibits inherent instability and fluctuation,
posing challenges for stakeholders in arriving at consistent and reliable decisions
regarding chili pricing. Additionally, chili production is susceptible to threats arising from
agricultural issues, potentially leading to a decrease in supply. The consequential decline
in supply and increased demand results in a corresponding rise in chili prices.
Consequently, there is a pertinent need for information concerning projected fluctuations
in chili price trends to ascertain market demand.

Furthermore, a comprehensive analysis of chili price volatility and the impact of
shocks on chili price fluctuations, attributed to factors such as production dynamics, input
prices, the pricing and quantity of imported chili, climate, the Movement Control Order
(PKP), and festive demands, is imperative. This analytical pursuit aims to examine the
trend of chili prices, elucidate the multifaceted determinants influencing chili prices and
analyzing chili price volatility in Johor using a time series approach. Consequently, a
heightened interest emerges in comparing various forecasting models, seeking to identify
those that yield the most accurate forecasted values. The envisaged outcomes include the
enhancement of decision-making processes in both crop production strategies and market
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interventions. Adopting a robust forecasting model is anticipated to alleviate uncertainties
surrounding chili prices, thereby contributing to more informed decision-making within
agriculture and market interventions.

1.2 Data and Methods

1.2.1 Data

Federal Agricultural Marketing Authority (FAMA) is a governmental authority under
the Ministry of Agriculture and Food Industries that oversees the marketing of
agricultural products. There is a responsibility on the part of FAMA to enhance the
marketing of agro-food items such as fruits, vegetables, and other products that are
derived from the agricultural industry. FAMA is responsible for expanding the market
size of agro-food products and increasing the number of products produced by
agriculture and agro-based industries. This is done to ensure that agriculture and agro-
based products are readily available and can be purchased by consumers at prices
within their financial means.

The prices of chilies were obtained from FAMA based on the market prices.
The prices are taken monthly with a duration of 5 years, starting from 2018 to 2022.
The life span of chili is between 6 and 12 months, while the maturity time is between
60 and 120 days. Table 1 lists all the variables in the analysis.

Table 1: Predictor variables

Type of variables Notation
Total Production Prod
Fertlizers DAP

Potassium Chloride
Phosphate Rock
Super Phosphates
Urea
Climate Temperature
Rainfall
Fuel Fuel Price
Season Movement Control Order (PKP)

Festives
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For the analysis, chili prices are considered as the main variables. The other
covariates are the total production, fertilizers (DAP, Potassium Chloride, Phosphate
rock, super phosphates, urea), climate (temperature, rainfall), fuel price, and seasons
(Movement Control Order (PKP), festive).

1.2.2 Multiple Linear Regression

A multiple linear regression model is an extension of the simple linear regression
model for data with multiple predictor variables and one outcome, (xq,%,...,%,),

where n is the number of observations. It formalizes a simultaneous statistical relation
between the single continuous outcome ¥ and the predictor variables, X;, X5, ..., X, .

Y =5 +BX +pX,+. .+ X, +¢
1
gl.~N(0,0'2). o
where B, represents the intercept, the mean of ¥ when the predictor variables
X, X5, .., X, =0, and B, 3, ---, B, represents a slope with respect to Xy, X5, ..., X,
The assumptions are thus the same as for simple linear regression:
i.  y, are independent of each other;

ii.  y, follows a normal distribution;

iii.  mean of that distribution is a linear function of x4, x, ..., x,;

iv.  variance of that distribution is the same for all y (constant variance, or
homoscedasticity).

1.2.3 Structural Equation Modelling

In structural equation modeling (SEM) applications, a critical step is to evaluate the
goodness of fit of the proposed model with the data. The comparative fit index (CFI)
and the Tucker—Lewis index (TLI) are commonly used indices. The CFI measures the
relative improvement in fit from the baseline to the postulated model, while the TFI
measures a relative reduction in misfit per degree of freedom. CFI and TFI have a
normed fit index that ranges between 0 and 1, with higher values indicating a better fit.

1.2.4 ARIMAX Modelling

ARIMAX is a statistical modeling technique used in time series analysis and
forecasting. It is an extension of the ARIMA (Auto-Regressive Integrated Moving
Average) model, which is designed to capture and predict patterns in time series data.
The only difference between ARIMA and ARIMAX is the addition of an exogenous
(external) variable. The ARIMA model works on a single time series data (univariate)
whereas ARIMAX uses multiple variables to include the external feature.
ARIMAX (m,n, k+p) stands for Autoregressive Integrated Moving Average

process with exogenous input. The model can be written as
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vy =ayt-D+..+a,y(t—m)+e(t)+..+ce(t—n)+bu(t—k)
+bu(t—k—-1)+bu(t—k-p)
2

e(t) ~w, (1, A*) where e(t) is white noise (with mean x and variance 1°),
Cy5Cy5---»C, € R are the MA model's parameters, a,,...,a, €R are the AR model's
parameters, # is the order of the MA portion, m is the order of the AR portion, u(¢)
is the exogenous input, b;,b,,...,b, are the input portion parameters, p is the order of

the exogenous portion, and £ is the positive input delay.
If we Zeta transforms the process in the time domain,

Y(z)=(az "' +..+a,z"Y(2)+(l+cz ' +..+c,z ")E(z)
+(by+bz "+t b,z" )z U (2)
27 bz’ +bz" " +..+b

n

- -1
z" ez 4

Y(Z) = 7 m m—1 u C" E(Z) + Tm m m—1 - ZﬁkU(Z)
z"z"—az" —.—a, z" " —az" —..—a,
" n-1 bz’ +bz"" +..+b
Y(Z):Zmﬂl z +CIZ 71+~--+cn E(Z)_'_Zm—p—k 0 1 — P U(Z)
" —az" —-..—a, " —az" —.—a,
Y(2)=W(2)E(2)+G(2)U(z) (3)

W(z) and G(z) are asymptotically stable if their poles (roots of the denominator) are
inside the unit circle. So, the stationarity of an ARIMAX depends on the inputs as

well.
Let y(7) be an ARIMAX process. Then y(¢)is stationary if:

The poles of W (z) are inside the unit circle u(7) is stationary, this happens when
u (t) =U constant for all z. In general, an ARIMAX process is not stationary, however,
its stochastic portion (ARMA) is stationary. The nonstationary derives from the input

u(t)

An equivalent form of representing an ARIMAX is

—@ iz) —k _ 2
y(t) = 40) e(t)+ A(Z)z u(t), et)~w,(u,A7) W

where

n

C(2) :1+clz’1 +..+c,z
Aiz)=1-az"'-..—a,z"
B(z)=b,+bz" +..+b,z7"

®)
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Note that applying the superposition principle

_C(2)
v,(t)= 1) e(t),
»,@®= 402) u(t)
(@) =y.(0)+y,0) (6)

We can analyze y, (f) as an ARMA process and y, (¢) as a dynamic system.

1.2.5 Machine Learning Model

e Machine Learning (ML) algorithms enable automatic learning from
data to identify patterns for predictions with an iterative process. Four
ML models are considered for time series data.

e Support Vector Regression (SVR) aims to reduce the error by
determining the hyperplane (decision boundary) and minimizing the
range between the predicted and observed values as shown in Figure 1.

Decision boundary

Figure 1: Support Vector Regression
e Random Forest Regression (RFR) aims to combine multiple decision

trees, and the final output is the mean of all the outputs from these
multiple trees as shown in Figure 2.
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Test Sample Input
,/// ;\\\ -

= \;

| Average All Predictions l

Random Forest
Prediction

Figure 2: Random Forest Regression

e Artificial Neural Network (ANN) comprises node layers containing
an input layer, hidden layers, and an output layer. Each node

connects to another and has an associated weight and threshold as
shown in Figure 3.

neaat lavar hirddan lavne 1 hidAdan lavne 2

Figure 3: Artificial Neural Network (ANN)
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e Long Short-Term Memory (LSTM) is a variant of RNN capable of
learning long-time dependencies. It has the form of a chain of repeating
modules of neural networks as shown in Figure 4.

W
f

Figure 4: Long Short-Term Memory (LSTM)

1.3 Results and Discussion

1.3.1 Trends and changes in Chili prices

The monthly chili prices from January 2018 to December 2022 are plotted as shown in
Figure 5. The series exhibits cyclical effects, and no long-term linear trend or
seasonality is identified from the plot. The stationarity assumption of the time series is
tested by the Augmented-Dickey-Fuller (ADF) and Kwiatkowski-Phillips-Schmidt-
Shin (KPSS) tests. Although the ADF (p-value=0.14) accepts the null hypothesis, the
KPSS (p-value= 0.1) confirms the time series has stationary trend.
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Chili price

2018 2019 2020 2021 2022
date

Figure 5: Time series plot of chili prices and production from 2018 to 2022.

Referring to Figure 5, it was observed that the chili price and chili production
have opposite relationship. When there is more production, the price will decrease.
Chili production is higher during movement control order (PKP) and after PKP
compared to before PKP. It is also observed that the production peak happens between
Chinese New Year and Aidil Fitri seasons. On the other hand, the price of fertilizer

significantly increased after PKP but had little overall effect on the price of chili, as
shown in Figure 6.

Chili price

40

— PKP
price
—— KCL_1pct

2018 2019 2020 2021 2022
date

Figure 6: Effect of fertilizer on chili prices from 2018 to 2022.
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1.3.2 Identifying significant factors that influence chili prices

In general, the inclusion of lag variables in a time series model is a remedial approach
to the autocorrelation problem presented in the residuals. In this study, the lag-
predictor variables are included in the modeling. The visual and numerical
assessments supported the intuitive approach based on the red chili plantation
experience, which shows that planting chilies are not seasonal. The harvesting could
be done when chili plants reach three months old in addition to the effects of the
fertilizer components added by the rainfall and temperature from the surrounding area.

Multiple Linear Regression (MLR) is implemented to determine the factors
that significantly influence the price of chili. The model with the highest adjusted R? is
chosen as the best model. The results are presented in Table 2. In this case, Model 3 is
chosen as the best model, indicating that chili prices and fertilizer components show
significant relationships at least at lag 2. It can be summarized that the variables that
significantly contribute to the chili price are Production, PKP versus non-PKP period,
and the price of fertilizer, namely DAP, Potassium Chloride, Phosphate Rock, and
Super Phosphate.

Table 2: Multiple Linear Regression based on Analysis of Variance (ANOVA)

MODEL | RESPONSE PREDICTORS ANOVA R Adjusted

VARIABLE .

R

Production

Fertilizer Potassium Chloride
1 Prices Fertilizer Phosphate Rock p=0.003 | 45.4% 30.5%
Fertilizer Super Phosphate
PKP

Production
2 Prices Lagl Phosphate Rock p=0.003 | 45.7% 30.9%

Lagl_Super Phosphate

Production
PKP
Lag2 Fertilizer DAP

3 Prices p=0.002 | 46.8% 32.3%

Lag2 Fertilizer Potassium
Chloride

Lag2 Fertilizer Phosphate Rock

Lag2 Fertilizer Super Phosphate
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Production
Lag3 Fertilizer DAP

Lag3 Fertilizer Potassium

. _ o 0
4 Prices Chloride p=0.003 [ 45.7% 30.9%

Lag3_Fertilizer Phosphate Rock
Lag3 Fertilizer Super Phosphate

Y = o + By.Production, + f,.PKP, ; + f3s. (Fertilizer_DAP),_,
+ p,. (Fertilizer_PotassiumChloride);_,
+ f:.(Fertilizer_PhosphateRock);_»
+ f,. (Fertilizer_SuperPhosphate),_,

7, = 10.381 — 0.048 Production, — 1.084 PKP,; + 0.006 (Fertilizer_DAP),_,
+ 0.001 (Fertilizer_PotassiumChloride);_,
+ 0.004 (Fertilizer_PhosphateRock);_,
— 0.009 (Fertilizer_SuperPhosphate);_,

where

1,j during PKP
PKF; =4 0, before or
after PKP

(7

Another approach for identifying significant factors is using Structural
Equation Modelling (SEM). Two models have been identified. The first model (Model
1) shown in Figure 7 indicates that the significant variables contributing to chili price
are fertilizers (F1, F2, F3, F4, Urea) and production. Fertilizer has positive effects,
while production has slightly negative effects since the chili price will decrease
whenever the production increases. Referring to the second model, fertilizers and
production become significant variables and mediator variables to chili price. Hence,
based on the CFI and TLI values, the first model is chosen and supports the MLR
results.

Fertilizer —f—kq\414

~— ] Price CFIl: 0962
T TLI: 0937

Production —*"',/[) 044

1403 0044 [ ]
Fertilizer - Production - - ErEs CFl: 0.958
TLl 0.930

Figure 7: Significant factors using SEM

155



MALAYSIA MATHEMATICS IN INDUSTRY STUDY GROUP (MMISG2023)

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

1.3.3 Chili price modelling using ARIMAX

ARIMAX model, or regression with ARIMA errors, generally conducts a time series
regression with covariates. The remainder (error values) between the observed y; and

the fitted #; from the time series, regression is then remodelled using the ARIMA
model, as shown in Figure 8.

Residuals from Regression with ARIMA(0,0,2) errors
5.0-

25-

2018 2019 2020 2021 2022 2023

ACF
o
o

dfSy

_____ ._____._____,_____I_ 0- R T T T T T no

5 10 15 20 -3 0 3 6
Lag residuals

Figure 8: Residuals analysis with ARIMA (0,0,2)

Based on the MLR and SEM approaches, the selected factors, i.c. fertilizers,
production, and PKP season, act as the regressor, and the remainder terms are best
fitted with the MA (2) model, hence ARIMAX (0, 0, 2) is the best model. The fitted
model is written as:

Y(1)=9.8821+¢, +0.4487, , +0.4232¢, , —0.02297P —0.7888K,
+0.0064F,, +0.0006F,, +0.0027F, —0.0084F,

®)

Production negatively affects the chili price and further supports the findings
from MLR and SEM. Similarly, the effect of the fertilizer on chili prices is similar to
those found in MLR. The Ljung-Box diagnostic test yields a p-value of 0.4002, which
is greater than 0.05, supporting the fact that the ARIMAX(0, 0, 2) has no
autocorrelation and can be considered adequate.
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All tested models were compared and analyzed. Standard ML models such as Support
Vector Regression (SVR) and Random Forest (RF) exhibit good model fitting for
small-scale data. However, there is a less significant difference between the
performances of the top three models, as shown in Table 3. Due to limited training
data for machine learning algorithms, it is recommended to employ ARIMAX in
forecasting chili prices.

20-22 November, 2023, UTM KUALA LUMPUR, Malaysia

Models comparison

Table 3. Error measurements using MLR, ARIMAX and ML

Measures MLR ARIMAX SVR RF ANN LSTM
RMSE 1.9244 1.6332 1.6757 1.5691 2.1791 1.9694
MAE 1.4192 1.2263 1.1052 1.2250 1.7102 1.4595
MAPE 16.2779 13.7654 12,1057 14.0159 19.9761 16.0156
Rank 4 3 1 2 6 5

Referring to Table 3, ARIMAX demonstrates superior statistical modeling
compared to Multiple Linear Regression (MLR). The ARIMAX models can capture
the patterns and follow the trend effectively by incorporating significant exogenous
variables as shown in Figure 9. Fig. 9 compares the observed and fitted chili prices

using all tested models.

Observed vs Fitted Chilli Price

= =
=) N
=1
o
=
o ey ] Observed
Fitted - MLR
Fitted - ARIMAX
— — Fitted - SVR
Fitted - RF
— — Fitted - ANN
Fitted - LSTM
=2 -
T T T T T T
2018 2019 2020 2021 2022 2023
Year

Figure 9: Comparison between the observed and fitted chili price

1.4 Conclusion and Recommendations

Forecasting chili prices in Malaysia is important for various stakeholders and the overall
economic landscape. The identified model (ARIMAX) can be the foundation for future
price simulations. Notably, predictor variables encompassing chili production, periods of
Movement Control Order (PKP), and the type of fertilizers employed have a consequential
influence on chili prices. If the model proves effective in determining future price trends
over an extended period, farmers can plan vegetable production according to the
appropriate season. A prospective inquiry may focus on specific proximate markets,
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elucidating geographical interdependencies. Integrating these interdependencies into the
evolving model is directed towards appraising whether a discernible enhancement in
predictive accuracy can be realized. In conclusion, forecasting chili prices in Malaysia is
essential for ensuring food security, supporting the agricultural sector, promoting
economic stability, and facilitating informed decision-making across the entire chili
supply chain.
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* Lack of supply and sudden demand
* Increase logistic cost and transportation

* Increase in labor cost

* Supply chain sources such as country of origin or the number of
intermediaries and resellers

* High cost of raw materials

* Uncertain production
* Climate change

2

Price forecasting is important in
evaluating country’s economic
performance

Commodity prices experience high
levels of volatility.

Fluctuations due to shocks in supply.
These disturbances, combined with
demand elasticity and short-term
supply, cause sudden price instability.

Forecasting price volatility is seen as a
more critical method in developing
countries

Help government agencies in making and developing appropriate
economic policies and strategies in the future

Price forecasting is seen as one of the methods to reduce the
negative effects of uncertainty

The impact of this can cause both farmers and consumers to
experience uncertainty and risk and commodity price
fluctuations

uncertainty about food prices has a direct impact on well-being.
The impact of food price instability also affects low-income
people and small agricultural producers who are dependent on
the sale of their crops
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—

* From the above problems, a model that is most suitable . /
for assessing the fluctuation of exported crops needs to
be identified through data analysis approach using _y ,

statistical methods.

» Therefore, this study aims to predict the price of the F o
vegetable commodity that is chilli using the Statistical 3
Modelling approach. This study uses chilli price data in
the state of Johor.

* The selection of Johor state is because Johor is the
largest chilli producer in Malaysia.

1. To examine the changes and trend of chilli
price.

2. To analyze chili price volatility in Johor using
time series analysis approach.

3. To analyze the effect of shock on chili price
fluctuations from factors such as production,
input prices, price and quantity of imported
chili, climate (such as rain and temperature
and festival season.

4. To identify significant factors that affect chili
prices.
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* Data exploration
* Trend analysis
* Time series analysis

DATA HARGA CILI MERAH DI NEGERI JOHOR (2018-2022)

RM19 (15/6/2019)
18 RM 17.50 (9/4/2019),
RM 16.50 (26/12/2020) RM 16.50 (10/19/2022)
16
_14
Q
X 12
s
x 10
)
§8
6
4
2 RM 4 (27/5/2021 hingga 15/6/2021)
0
P RO OO RR2QIQILILILIIIIISSSNYNN NN
O O O O O O O 0O O O O O O 0O O O O O OO O O © O O O O O O O
NN N NN AN NN NN NN NN NN NN NN NN NN NN N NN
I A I A I I I I I I I I I I IJIIIIIIAIIIAITIAA
ST AP RO TP ONOETETODRNOETOBROE OB RO
Mean Std Dev Median Min Max Skewness Kurtosis cVv
9.01 2.46 8.5 4 19 0.89 1.03 27.34%
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©UTM

UMYERSI TEXNOLOD: MALAYSA

< PROJECT DESCRIPTION

* Monitoring the volatility of commodity prices can play an
important role in evaluating the country’s economic
performance.

* Thus, commodity price forecasts can help government
agencies make and develop appropriate economic policies
and strategies in the future.

* Commodity prices, especially agricultural commodity
prices, experience high levels of volatility.

* Therefore, price forecasting is seen as one of the methods
for reducing the negative effects of uncertainty, which can
further decrease the risk of the producers’ agricultural
commodities.

innovative e entrepreneurial e global

mvERs TEXNOLOS

< PROJECT DESCRIPTION

* In general, fluctuations in the price of agricultural
commodities occur mainly due to shocks in supply.

* These disturbances, combined with demand
elasticity and short-term supply, cause sudden price

instability.
* This can cause farmers and consumers to experience =
uncertainty, risk, and commaodity price fluctuations. fw
* Hence, forecasting price volatility is seen as a more i i

critical method in developing countries because a
large portion of household income is spent on food. »
» This is because the uncertainty about food prices has
a direct impact on well-being.
* Moreover, the impact of food price instability can
also affect low-income people and small agricultural
producers dependent on their crops’ sales.

innovative e entrepreneurial e global
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< PROBLEM STATEMENT

* The vegetable commodity selected in this research is chili.

* As acknowledged, the chili price is unstable and fluctuating.

* This has made it difficult for the stakeholders to make a consistent and reliable decision on the chili price.

* In addition, chili production is sometimes threatened due to agriculture problems, and this will cause
supply to decrease.

* When supply decreases while demand increases, the price will rise as well.

* Therefore, information is needed regarding the predicted fluctuations in chili price trends so that market
demand for chili can be known.

* In addition, the chili price volatility and the effect of shock on chili price fluctuations from factors such as

production, input prices, price and quantity of imported chili, climate, and festive needs to be analyzed.

innovative e entrepreneurial e global

@HT“" CHILI PLANT

Chili plant characteristics
Maturity duration: 60-120 days
Life span: 6 — 12 months

Data scale: monthly

Duration: 2018-2022 (5 years, 60 data)
Data source: Market price (FAMA,2023)
Other data:

Total production, fertilizers (DAP, Potassium Chloride,
Phosphate rock, super phosphates, urea),

climate (temperature, rainfall), fuel price,

season (PKP, festives)

innovative e entrepreneurial e global
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OBJECTIVES

To determine To analyze chili prices
To examine the o
significant factors volatility in Johor
change and trend of ) ] .
contribute to chili using time series
chili prices
prices approach
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©UTM TREND OF CHILI PRICE

’ It is observed that the chili price and production of chili has opposite relationship.

When the production is more the price will be decreased. Lag 2:Comparison of Fertilizers and Urea Prices (RM/mt)
The price of fertilizers also has an effect to the chili price. Itis found that the price of g B
. . . N e, f=2
potassiumchloride has reached the highest price has compared to other fertilizers. ® °
o
g4 —T 8 3
Price (RM/mt) Production (mt) N i — 8
i ° {
g A € 1 g - o : ‘
3 H :
g - !
g 1] g i H g
8 H
g1 — =3 . — —
g g —|
3 2 3 24 T T T T T
o o F1 F2 F3 F4 Urea
fre P
o 4 (=2 Fl: "Fertilizer.DAP..Rm.mt."
F2: "Fertilizer_ pottasiumchloride..rm.mt."
F3: "Fertilizer.phosphate_rock_rm.mt"
= T T 1 T 1 = T 1 t T F4: "Fertilizer.triple_ superphosphate_rm.mt"
0 10 20 30 40 50 60 1000 2000 3000 4000
RM/mt mt
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- TREND OF CHILI PRICE

Chil price

2008 019 w20 : 2021 wn 2 e

Time series data of chilli production and chilli price

The increase in chilli production have little effect on chilli price

Chilli productionis higher during PKP and after PKP compareto before PKP
Itis observed that peak of production happens between CNY and Aidil Fitri

Price of fertilizer significantly increased after PKP but overall has little effect on price of chilli

innovative e entrepreneurial e global

@”'"'" _— P: Production; K:PKP; F1:FDAP; Potential Factors Set

’ - F2: Potassium Chloride; F3:Phosphate
F4: Super Phosphate

Set2

Adj R?:30.9%
P,lag 1(F3,F4)

Statistical Analysis Identify Significant Factors -
(Descriptive Quantitative, —» Multiple Linear Regression (MLR) Seta
Qualitative) Strutural Equation Modelling (SEM) [ maets Set3: MLR Model

P,lag3 Adj R%: 32.3%
P, K, Lag?2
(F1,F2,F3,F4)

F1,F2,F3 F4

1
Ve = Bo+BrPe + BoKey+ BsFle g + BiF2, 5 + Set 5: ARIMAX Model :
PsF3ea + PeFtr2 Unadjusted (no lagged !
covariates) - d
14 P,K, F1,F2,F3,F4

=fi+e&+6,5_q+0,5 ,+p P+ 32Kt,. ARIMAX(0, 0, 2)

+ B3F 1y + B4F2, + BsF3, + fsF4,
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MODELLING

Multiple Linear Regression Model - to identify significant factors

Structural Equation Modelling (SEM) — to identify significant factors

1
2
3. ARIMAX (Dynamic regression model)— Time series (lagged variables combine with covariates)
4

Machine Learning:

(i) SupportVector Regression (SVR)

(i) Random Forest Regression (RFR)

(iii) Artificial Neural Network (ANN)

(iv) LongShortTerm Memory (LSTM)

innovative e entrepreneurial e global

’ MODEL | RESPONSE
VARIABLE

PREDICTORS

ANOVA

RZ

Adjusted
R?

1 Prices

Production
Fertilizer_Potassium Chloride
Fertilizer_Phosphate Rock
Fertilizer_Super Phosphate
PKP

p=0.003

45.4%

30.5%

2 Prices

Production
Lag1_Phosphate Rock

Lag1_SuperPhosphate

p=0.003

45.7%

30.9%

3 Prices

Production

PKP

Lag2_Fertilizer_DAP
Lag2_Fertilizer_Potassium Chioride
Lag2_Fertilizer_Phosphate Rock

Lag2_Fertilizer_Super Phosphate

p=0.002

46.8%

32.3%

4 Prices

Production

Lag3_Fertilizer_DAP
Lag3_Fertilizer_Potassium Chloride
Lag3_Fertilizer_Phosphate Rock

Lag3_Fertilizer_Super Phosphate

p=0.003

45.7%

30.9%
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MULTIPLE LINEAR REGRESSION (MLR)

All variables are considered in the
multiple linear regression analyses and
tested using ENTER method.

Only significant models are shortlisted
based on the p-values of the ANOVA
tests and the significant variables are
identified based on the p-values
(<a=5%) obtained from the coefficient
tests.

The model with the highest Adjusted R?
is chosen as the best model. In this case,
Model 3 is chosen as the best model.
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Y, = Bo + Bi.Production, + B>.PKP, ; + ;. (Fertilizer(DAP)),_,

+ ﬁ,,(Fertilizer(Potassium (.‘hloride))'_Z
+ Bs. (Fertilizer (Phosphate Rock)),_,
+ B¢. (Fertilizer(Super Phosphate)),_,

}7, = 10.381 — 0.048 (Production), — 1.084 (PKP),,I
+0.006 (Fertilizer(DAP)),

+ 0.001. (FertiIizer(Potassium (.‘hIm'ide))P2

+ 0.004 (Fertilizer(Phosphate Rock)),_,
— 0.009. (Fertilizer(Super Phosphate)),_,

where;

1, j during PKP
0, jbeforeor
after PKP

Model 1
Fertilizer 0.414
CFl: 0.962
y = TLI 0.937
Production "0 044
Model 2
1.493 -0.044
Fertilizer | +  Production - Price

MULTIPLE LINEAR REGRESSION (MLR)

Based on Model 3, the variables that
significantly contribute to the Price
are Production, PKP vs Non-PKP
period, the price of fertilizer namely
DAP, Potassium Chloride, Phosphate
Rock and Super Phosphate.

STRUCTURAL EQUATION MODELLING (SEM)

In applications of structural equation modeling (SEM), a critical
step is to evaluate the goodness of fit of the proposed model with
the data. Two commonly used fit indices: the comparative fit index
(CFl) and the Tucker-Lewis index (TLl). The CFl measures the
relative improvement in fit going from the baseline model to the
postulated model, while the TFI measures a relative reduction in
misfit per degree of freedom. Both CFl and TFl is a normed fit
index in the sense that it ranges between 0 and 1, with higher
values indicating a better fit.

Two models are identified. Model 1: Significant variables
contributing to chili price are fertilizers (F1,F2,F3,F4,Urea) and
production. Fertilizer has positive effects while production has
slightly negative effects since whenever the production increased,
the chili price will be decreased. Model 2: Significant variables are
fertilizers and production become mediator variable to chili price.
Hence, based on the CFl and TLI values, Model 1 is chosen and
these supportthe MLR results.

innovative e entrepreneurial e global
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@QTM / ARIMAX model

ARIMAX model or also known as regression with ARIMA errors,

Residuals from Regression with ARIMA(0,0,2) errors generally conduct a time series regression with covariates. The
50- remainder (error values) between the observed y; and the fitted
Y. from the time series regression is then remodelled using

257 ARIMA model.

Based on the MLR and SEM approaches, the selected
factors, i.e. fertilizers, production and PKP season act as the

25- regressor and the remainder terms are best fitted with MA(2)
2018 2019 2020 2021 2022 2023 model, hence ARIMAX(0, O, 2) is the best model. The fitted
model is written as:
..................... 7,
2 =9.8821+ &, + 0.4487¢,_1 + 0.4232¢,_, — 0.0297P,
01- | 10- - 0.7888Ktj + 0.0064F1, + 0.0006F2, + 0.0027F 3,
Ll —0.0084F 4,

5- Production negatively affects the chili price and further
support the findings from MLR and SEM. Similarly, the effect of

ACF
o
°

df$;

____________________ i T —— - the fertilizer towards chili price is similar to those found in MLR.
5 10 15 20 3 0 3 6 The Ljung-Box diagnostic test yields p-value of 0.4002,
Lag residuals which is greater than 0.05, hence supporting that the ARIMAX(O,

0, 2) has no autocorrelation and can be considered adequate.
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@ HTM MACHINE LEARNING MODEL

Machine Learning (ML) algorithms enable to automatically learn from data to identify patterns for

predictions with an iterative process. Four ML models considered for time series data:

* Support Vector Regression (SVR) — aims at reducing the error by determine the hyperplane
(decision boundary) and minimizing the range between predicted and observed value.

¢ Random Forest Regression (RFR) — aims to combine multiple decision trees and the final output is
the mean of all the outputs from these multiple trees.

¢ Artificial Neural Network (ANN) — consists of a node layers containing an input layer, hidden layers
and an output layer. Each node connects to another and has associated weight and threshold.

* Long Short Term Memory (LSTM) — a variant of RNN that are capable of learning long time

dependencies. It has the form of chain of repeating modules of neural networks.

innovative e entrepreneurial e global
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@ HTM MACHINE LEARNING MODEL

p—— Test Sample Input
. Dectson baurdery . %

ree 1 @f T2 @ Ry Tree 600 W)
pe ° p ® ) pe ®
e e © ® ® ® o e
!
[Prediction 1] [Prediction 2] (.J) [Prodiction 600
\ Average All Predictions.
Random Forest
Prediction

Random Forest Regression

® ® ©
i T g !

A E]EL;G’ET A

Long Short Term Memo

input layer hidden layer 1 hidden layer 2 output layer

Artificial Neural Network
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©UTM

UMYERSI TENOLOD: MALAYSA

PROPOSED MODEL

’ Measures MLR ARIMAX SVR RF ANN LSTM

RMSE 1.9244 1.6332 1.6757 1.5691 2.1791 1.9694
MAE 1.4192 1.2263 1.1052 1.2250 1.7102 1.4595
Observed vs Fitted Chilli Price MAPE 16.2779 13.7654 12.1057 14.0159 19.9761 16.0156
Rank 4 3 ;! 2 6 5
o _| Comments:
- 1. For small-scale data, standard ML models such as Support Vector
Regression (SVR) and Random Forest (RF) exhibit good model fitting.
However, there is a less significant difference between the performances of
S o | the top three models.
% - \ 2.  ARIMAX demonstrates superior statistical modeling compared to
E Multiple Linear Regression (MLR). The ARIMAX models effectively capture
= and predict patterns by incorporating significant exogenous variables.
3] o | | — observed ‘ 3. Complicated ML models underperformed others, potentially due to a
s Ex:::TQTMAx‘ lack of training data and challenges in obtaining optimal hyperparameter
— — Fitted- SVR values.
g 4. The trade-off between accuracy and interpretability is an important
o J Fited -LSTM | consideration for both approaches (statistical and ML modeling). While ML

T T T T T models lack interpretability but excel in accuracy, the statistical approach
2018 2019 2020 2021 2022 2023 provides good interpretability insight. Hence, ML models require a model

diagnosticapproach toinclude interpretability insight
Year
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@HT.,M RECOMMENDATION

’ 1. Chili is a commodity that contributes to inflation, particularly in the category of volatile food.
The statistical modeling approach has the capability to predict chili prices in the future.

2. The identified model can serve as the foundation for future price simulations.

3. If this model proves effective in determining future price trends over an extended period,
farmers can plan vegetable production according to the appropriate season.

4. The model application can be expanded to encompass different commodity prices and
locations, considering the variations in commodity prices across the country.

5. In a future study, specific neighboring markets may be selected for analyzing geographical
dependencies. Incorporating these dependencies into the developing model aims to assess
whether there is a significantimprovement in accuracy.

6. To capture the seasonality pattern in the data, a longer range of data or a higher frequency of
data is necessary.
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