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Message from the President

As the President of the Sri Lanka Society of Transport and Logistics
(SLSTL), it is my great pleasure to extend a warm welcome to all of
you attending the 9th International Conference on Research for
Transport and Logistics Industry (R4TLI) 2024. Established in 2014,
the SLSTL was recognized as the 19th domestic society of the East
Asia Society for Transport Studies (EASTS) in 2015. R4TLI is a
pioneering conference that aims to foster research and development
within the transport and logistics sectors in Sri Lanka and beyond. For
nine consecutive years, this annual research conference has created a
dynamic platform for meaningful dialogue among academics and
professionals, facilitating the exchange and dissemination of
innovative research and knowledge.

In 2024, our conference theme, "Navigating Transport and Logistics in the Digital Era,"
promises to deliver insights from both local and international experts. This year's event marks
a significant milestone, and I am deeply honored to have each of you here with us, including
distinguished scholars and practitioners from Sri Lanka and around the world. The
overwhelming response, with over 40 abstract submissions, is a testament to the dedication and
passion of all the researchers presenting their work at R4TLI 2024. This year, our conference
runs concurrently with T-LOG conference, enhancing international participation and fostering
shared learning experiences. Additionally, our collaboration with Rider for Life Sri Lanka
allows us, as researchers, to showcase the benefits of non-motorized transportation to the
community.

I also extend my heartfelt congratulations to the Conference Committee for successfully
securing the Department of Transport Management & Logistics Engineering (TMLE) and the
Department of Town & Country Planning (TCP) from the University of Moratuwa as Hosting
Partners for this conference.

Thank you all for your commitment to advancing the field of transport and logistics. I look
forward to a highly productive and enriching conference.

Prof. Niranga Amarasingha

B.Sc. Hons. Eng. (Moratuwa), M.Sc. Eng. (Thammasat), PhD Eng.(K-State), MCILT
Professor in Civil Engineering, Sri Lanka Institute of Information Technology
President - SLSTL
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Message from the Conference Chair

Dear Colleagues and Distinguished Guests,

It is with great pleasure that | extend a warm welcome to you
for our 9th Conference on Research for the Transport and
Logistics Industry (R4TLI). This year, our conference theme,
“Navigating Transport and Logistics in the Digital Era,” reflects
our collective ambition to explore and embrace the
transformative impact of digital technologies on our industry.
The rapid advancement of digital tools and technologies is
reshaping the landscape of transport and logistics industries
across the world. From artificial intelligence and big data
analytics to blockchain and smart infrastructure, the digital era
presents both unprecedented opportunities and complex
challenges.

RATLI Conference Proceedings 2024

We are particularly excited to announce that this year’s conference will be held in conjunction
with the Tenth International Conference on Transportation and Logistics (T-LOG). This
collaboration marks a significant milestone, bringing together a broader spectrum of global
expertise and fostering a more dynamic exchange of ideas. The synergy between two
conferences promises to enrich our discussions and enhance our collective understanding of

the challenges and opportunities in the digital era.

I encourage each of you to engage actively in different events line up in the conference. Let us
use this opportunity not only to present our research and findings but also to forge meaningful
connections that will advance our industry’s progress and foster future collaborations.

Thank you for your continued support and look forward to a productive and inspiring

conference here in Colombo, Sri Lanka.

Warm regards,

Prof. Jagath Munasinghe

BSc (BE), MSc(Architecture), MSc (Town & Country Planning), PhD (NUS)

Chartered Architect, Town Planner & Urban Designer
RIBA, FSLIA, FITPSL

Professor, Department of Town & Country Planning,
University of Moratuwa, Sri Lanka.

Vice President - SLSTL
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Message from the Founding President of SLSTL

It’s a pleasure to congratulate the Sri Lanka Society of Transport and
Logistics (SLSTL) for its 9 International Conference on Research
for Transport & Logistics Industry (R4TLI) to be held in the original
physical format after a break of a few years as an online conference.
The submission of over 40 manuscripts provides many expectations
that this conference would showcase the research aptitude of
students and industry practitioners in the transport & logistics
industry which is increasing in stature and position as a major sector
k] . that can bring about the revival of the economy of Sri Lanka. The
theme ‘Navigating Transport and Logistics in the Digital Era is a most appropriate theme for the
conference at a time when sector reforms aimed at addressing user requirements directly are
gaining attention. It is note that the conference will be conducted both online and in person,
making it a hybrid event for R4TLI. I also congratulate the Conference Committee for having
partnership with T-LOG conference and secured the Department of Transport Management &
Logistics Engineering (TMLE) and the Department of Town & Country Planning (TCP) from
the University of Moratuwa as Hosting Partners for the conference. Their support and expertise
will undoubtedly contribute to the success of the conference.

Prof. Amal S. Kumarage
B.Sc. Hons Eng. (Moratuwa), Ph.D. (Calgary), FCILT, MIE(SL), CEng
Founding President - SLSTL
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A COMPARATIVE ANALYSIS OF PROXIMITY TO URBAN
SERVICES IN MEDIUM TOWNS IN SRI LANKA

Nawoda Jayarathna!, P.K.S. Mahanama?, Amila Jayasinghe®

'Undergraduate at the University of Moratuwa
n.jay0002@gmail.com
ZSenior Professor at the University of Moratuwa
mahanama@uom.lk
3Senior Lecture at the University of Moratuwa
amilabj@uom.lk

ABSTRACT -This research presents a comparative analysis of service proximity in medium-sized
towns in Sri Lanka, addressing urbanization's impact on livability and sustainability. By examining
service points of interest (POIs) and their distribution within distance-based isochrones, the study
evaluates the adequacy of facilities in meeting daily needs. A novel methodology using a facility-to-
population ratio and a gravity indicator is proposed to assess service reachability. Findings highlight
deficiencies in facility quantity and irregular population dispersion, suggesting an imbalance in facility-
to-population support. This approach aids urban planners in developing strategies for sustainable urban
environments.

Keywords: POI data; Proximity; Isochrones 15 min city concept; Proximity; Accessibility; Graph
Theory; Gravity Model; Sustainable Urban Planning

1. INTRODUCTION

The significance of attaining a high quality of daily life has grown in prominence with the progress of
economies and the ongoing rise in population (Dameri, 2013). According to Tobler's law, the level of
interaction between two locations diminishes as the distance separating them increases. This spatial
distance introduces obstacles or incurs expenses related to time, finances, and energy, ultimately
influencing individuals' overall welfare (Waters, 2017). Such dynamics lead to externalities like longer
journeys within the city, increased use of private cars, congestion, and pollution (Glaeser & Kahn,
2004). Various studies have explored the relationship between mobility and urban form, sparking
debates on the optimal size and structure of cities (Gordon et al., 1989). Initiatives like the 15-minute
City Living Centers aim to address distance-related issues by emphasizing essential services within a
walkable distance, tailored to nearby residents' needs (Borghetti et al., 2021). In Sri Lanka, current
urban planning practices fall short in effectively addressing and measuring strategies for providing
essential services within walkable distances. This gap challenges the creation of sustainable, livable
urban environments prioritizing accessibility and convenience. The National Physical Planning
Department envisions development corridors by 2050, leading to the selection of key urban centers for
this study. Central to this research is applying graph theory to quantify service availability, introducing
a gravity-based index for assessing and comparing medium-sized urban areas in Sri Lanka.

2. MATERIALS AND METHODS

The evaluation of service proximity in medium-sized towns in Sri Lanka unfolds in three key phases.
Firstly, we examine various city-level services to identify those that are lacking. Secondly, we explore
the interplay between services and population to pinpoint underdeveloped regions. Thirdly, we assess
city attractiveness by evaluating the availability of categorized services using a gravity indicator. The
overall methodological framework follows four basic processes. First, we categorize services into eight
categories: Administrative services, Commercial services, Cultural services, Educational services,
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Health care services, Recreational services, Shopping services, and Public transport services. This
categorization is based on their applicability to Sri Lanka and relevant literature. Second, we extract
Point of Interest (POI) data using the Google APl and Google My Maps, focusing on services available
within a 2km radius of the city's major point of insertion. In the third step, we measure distances and
time using the network analyst tool, considering walking speed to create isochrones. These isochrones
help determine the service availability within different buffer zones around facilities. The fourth step
involves calculating the service availability in each buffer zone by determining the ratio of the number
of facilities to the population and measuring distances from POIs to the nearest facility POIs. This ratio
helps ascertain the sufficiency of services within a feasible walking distance and identify distant zones
that are underdeveloped. Further, proportions are used to identify the need for additional linked services
for each category, employing graphical representation.

Finally, the selected cities validate the process and assess serviceability using a developed gravity-based
model. The model's formula considers the number of facilities (n), the population served, and the

generalized cost (GC) in terms of distance or time: . ny = number of service points of type k around the city
center.
- GC, = generalized travel cost: average distance from city
SCORE ity = Dk Wk Z i (ny)* = exp (—B * GC;) center to service point i/ expressed in km.
- a=weight to be calibrated.

Figure 1:Adapted the gravity index to measure © B =weight ;‘t’ EE Caé‘bratf:' | ( the senice of
- - . Wy = weig asea on e relevance o e service O
human attraction to services. tymo k among the othor types.

Population data for the cities were sourced from the 2012 Statistical Yearbook published by the Census
Department of Sri Lanka. POI data and information from Google API helped ascertain the number of
facilities in each category within a 2km radius. The distances were measured using the ORS tool in
QGIS to calculate the gravity index. This comprehensive methodology provides a robust framework for
assessing and comparing the service proximity and urban livability in medium-sized towns in Sri Lanka.

3. RESULTS AND DISCUSSION

The key findings of the research reveal that over 50% of the residential population in the selected towns
is within the 800—1600-meter zone from services, indicating a reliance on motorized transportation.
Shopping facilities are the most prevalent within the initial 800-meter range, especially in Kalutara and
Kegalle, due to development along main transportation arteries. The Network Analyst tool highlighted
that a sufficient number of services exist within the first 800 meters, benefiting the community
population more than the residents, with over 80% of POIs located within 1000 meters of the nearest
facility POIs. Kurunegala, Kegalle, Kalutara, and Dambulla were identified as the most attractive towns
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in terms of service provision, based on the availability and distribution of categorized service4.
CONCLUSION

2600

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Distance buffer (m)

—— Admintrative Kurunegala Commercial —=— Cultural
Education —*—Health Care —*—Recreation
—+—Shopping —=—Bus stops & Railway

Figure 2:The proximity of residents to various facilities in
Kurunegala city (starting from categorized services)

Figure 3: The proximity of residents to
The research concludes that the current spatial arrangement of various facilities in Kurunegala city

services in the selected cities is more favorable to the (starting from commercial points)
community population (visitors and non-resident users of city

services) than to the residing (residential) population. The key insights include that city users can access
essential services within 800-1000 meters, aligning with the 15-minute city concept where basic needs
are within a 10-15-minute walk. This proximity benefits visitors more than the residents. The findings
suggest that urban planners and policymakers need to focus on improving the distribution and
reachability of services for the residing population. Enhancing accessibility within closer distances can
reduce dependency on motorized transportation, thereby promoting sustainable urban living. To
enhance the quality of life for residents, strategic planning should prioritize the redistribution of services
to ensure more balanced and equitable access. This includes addressing the deficiencies in the quantity
and distribution of facilities to support the residential population effectively. The research highlights
the importance of aligning urban development with the National Physical Planning Policy & Plans,
aiming for a sustainable and accessible urban environment by 2050. Emphasizing the 15-minute city
concept and incorporating gravity-based assessments can guide future urban development strategies. In
summary, the research underscores the need for targeted urban planning efforts to improve the spatial
distribution of services, ensuring that both residents and community users benefit from accessible and
sustainable urban environments.
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INVESTIGATING THE IMPACT OF SPEED HUMP HEIGHTS ON
VEHICLE SPEED REDUCTION

Hasanka Wijesundara®, Wasantha Hunukumbura?, Vasantha Wickramasinghe®
L23pepartment of Civil Engineering, University of
Peradeniya, Peradeniya.
'E-mail: e16404@eng.pdn.ac.lk
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ABSTRACT - This study investigates the impact of the height of speed humps on vehicular speed
reduction, focusing on two common heights of 50mm and 75mm. Drones were used to capture the
motion of vehicles prior and after passing the speed humps. Those surveys were performed in August
2023 in two straight road sections in Kurunagala, Sri Lanka. Tracking software was used to extract the
speed trajectories from which speed of each vehicle at 5-meter intervals up to 70 meters before and
after the speed hump were obtained. The study encompassed five vehicle categories. Analysis revealed
a consistent reduction in vehicle speeds across all vehicle categories in response to height of speed
humps. Two-sample t-test conducted for each vehicle category indicate statistically significant
differences in speed reduction between the 50mm and 75mm hump heights, with p-values ranging from
0.023 to 0.037 well below the standard significance level of 0.05 for Three-wheelers, Cars, Small
vehicles, and Heavy vehicles, respectively. However, Motorbikes exhibited a p-value of 0.286,
indicating there is no statistically significant difference in speed reduction based on hump height. These
findings provide a valuable foundation for evidence-based decision-making in urban road infrastructure
development and maintenance, ultimately fostering safer and more comfortable transportation systems.

Keywords: Speed hump; Hump height; Arrival speed; Speed reduction

4. INTRODUCTION

The primary contributing factor to road accidents is often identified as the speed of vehicles.
Implementing various traffic calming strategies, such as roundabouts, speed humps, speed bumps,
transverse rumble strips, and cat-eye reflectors, have been proven effective in reducing the occurrence
of such accidents. Among these strategies, speed humps are particularly notable for their ease of
construction and low cost. According to Shwaly et al. (2018), speed humps serve dual objectives:
regulating traffic flow and reducing accident rates.

While some studies have explored the geometric characteristics of speed humps (Kiran et al. 2020,
Yaacob et al. 2013), there remains a notable gap in research regarding the relationship between speed
hump height and the degree of speed reduction they facilitate using rigorous statistical methods. For
instance, Gamlath et al. (2023) investigated the effectiveness of speed humps in Sri Lanka using speed
reduction percentages but did not employ statistical analysis such as two-sample t-tests. This study aims
to fill this gap by empirically investigating the impact of speed hump height on vehicular speed
reduction, specifically in the context of Sri Lanka. By elucidating this relationship through rigorous
statistical analysis, our research aims to provide valuable insights that can inform more effective road
safety measures and contribute significantly to the reduction of road accidents in Sri Lanka.
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5. METHOD

Two hump heights, 50mm and 75mm, were selected for this study. Data collection took place in August
2023 using drone surveys. Data collection was scheduled between 9:00 AM and 12:00 PM to capture
typical off-peak traffic conditions at the sites. Surveys were conducted during daylight hours to ensure
clear visibility for drone footage and consistency in lighting conditions. The data collection periods
were chosen to coincide with moderate traffic flow, minimizing the impact of extreme traffic conditions
on the study's outcomes. Figure 1 shows the 75mm height hump located at the 10" kilometer post on
Muttetugala — Hiripitiya Road (B-300 Road, coordinates: 7.582951N, 80.366254E).

Figure 1. rone VIW of 75mm height hump Iocated atthe 10" kilometer post on B-300 Road

To extract data, Tracker software was utilized. Vehicle speeds at 5-meter intervals both before and
after 70-meter stretch from the hump was extracted. This allowed for an examination of speed reduction
profile attributed to the speed hump. Five vehicle categories: motorbikes (MC), three-wheelers (TW),
cars, small vehicles (SV), and heavy vehicles (HV) were analyzed ensuring broad applicability to Sri
Lankan road conditions. Statistical analysis was performed using Minitab21 (Version 4.2.0) software.
Two-sample t-test was conducted for each vehicle category to compare the effects of the 50mm and
75mm hump heights on speed reduction. Before conducting the two-sample t-tests, normality tests and
Levene's tests were performed on the data sets to ascertain whether the assumptions of normality and
homogeneity of variance were met. This rigorous analysis ensured the validity of the subsequent
statistical comparisons.

6. RESULTS AND DISCUSSION

Two-sample t-tests were conducted for each vehicle category to determine whether there are statistically
significant differences in speed reduction between the 50mm and 75mm hump heights. Speed reduction
was defined as the difference between arrival speeds at 70 meters before the hump and at the top of the
hump. While traditional practice often measures speeds before and after the hump, our method focuses
on the speed at the top of the hump to provide a detailed analysis of the deceleration process. Before
conducting the t-tests, normality tests and Levene's tests were performed on the datasets to assess the
assumptions of normality and homogeneity of variance. The results of these tests and number of
observations are tabulated in Table 1.

According to the statistical analysis, three-wheelers (TW), cars, small vehicles (SV), and heavy vehicles
(HV) exhibited statistically significant differences in speed reduction based on the height of the humps
(p < 0.05). Conversely, for motorcycles (MC), there was no statistically significant difference in speed
reduction based on the height of the humps according to the t-test results (p > 0.05). These findings
indicate that while motorcycle speeds reduce due to the presence of speed humps, the extent of this
reduction does not significantly depend on the height of the hump.
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Table 1. Number of Observations and the results of the normality tests, Levene's tests and t-test

Number of P value P value P value

Vehicle category Observations (Normality Test) Levene) (Two sample t-

50mm | 75mm | 50mm | 75mm test)
Car 33 33 0.088 0.122 0.637 0.023
Three-wheeler (TW) 35 35 0.249 0.086 0.553 0.005
Small Vehicles (SV) 32 32 0.342 0.090 0.235 0.038
Heavy Vehicles (HV) 30 30 0.759 0.507 0.222 0.037
Motorcycles (MC) 40 40 0.166 0.111 0.429 0.286

4. CONCLUSION

In this study, the impact of speed hump height on vehicle speed reduction was investigated through
statistical analysis. The results revealed that three-wheelers (TW), cars, small vehicles (SV), and heavy
vehicles (HV) exhibit statistically significant differences in speed reduction based on hump height (p <
0.05). However, for motorcycles (MC), there was no statistically significant difference in speed
reduction between the two hump heights (p > 0.05). These findings suggest that the amount of speed
reduction may vary depending on the vehicle type and characteristics, with some vehicles being more
influenced by hump height than others.

Additionally, this research can be continued to identify the optimum geometrical characteristics of
speed humps for different types of vehicles and to investigate unnecessary traffic jams caused by humps.
Understanding the specific needs of various vehicle types can lead to the development of more tailored
and effective traffic calming measures, ultimately contributing to safer and more efficient transportation
systems.
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ABSTRACT-When comparing traffic accidents on tangent and curving road sections, it is four times
higher for curved sections compared to tangential sections. Therefore, identification of the vehicles'
trajectories in sharp curves is important to improving the safety features of roads. There will be
considerable deviations in real driving behaviour, which leads to traffic accidents. This research studies
the patterns of vehicle trajectories by using naturalistic driving data with low traffic volumes. According
to the results, there is a visible deviation between a real vehicle path and a model vehicle path generated
by software especially in the mid location of the hair-pin curve. As a conclusion, some modifications
in hair-pin curves are needed such as widening at entrance and exit locations of the curve to facilitate
slow and smooth turning behaviour along the increased curve length of the hair-pin curve.

Keywords: Traffic accidents; Swept-path; Vehicle trajectory; Driver behaviour; Geometric design
1. INTRODUCTION

Most previous studies have used specific vehicles with specific drivers or instrumented vehicles to study

the behaviourof dri vers in sharply curved bendsFo( Il | i ¢

the maximum variations of the vehicle trajectories, free flow conditions must be presented, as the
drivers have a high degree of freedom when driving on two-lane roads with low traffic volumes (Yu et
al., 2021). This research therefore studies the patterns of vehicle trajectories by using naturalistic driving
data from Sri Lankan roads with low traffic volumes.

Xu et al. (2018) studied the trajectories of passenger cars on two-lane mountain roads. They observed
the natural driving behaviour in free-flow conditions. They found different types of typical track
patterns. Also, they found a relationship between the trajectory variation and the radius of the curve.
That is, vehicle trajectories show low variation when the radius of the curve increases. However, the
trajectory of a vehicle was poorly aligned with the centerline of the road at the bend (Gracia and Diaz,
2000). That is, the radius of the vehicle trajectory at the curve is significantly greater than the designed
radius of that curve. This phenomenon is called "curve-cutting” in real driving behavior, and the main
purpose of curve-cutting is to flatten the track radius, according to Yu et al. (2021). Most previous
studies show a decreasing relationship between the variation of trajectories’ lateral relative location and
increasing radius, deflection angle, and speed.

According to the majority of the previous studies, the most significant factors that affect the turning
vehicle paths are, curve radius, approaching speed, initial position of the vehicle when it enters a curve,
type of vehicle, turning angle, number (or width) of exit lanes. This study aimed to determine whether
there is any deviation between a real vehicle path and a model vehicle path generated by computer aided
design software, and if so, how much deviation is there and what guidelines should be implemented for
road safety and geometric designs.

2. MATERIALS AND METHODS

Asharply curved (hair-pi n) bend was sel ected f rreadnnSrihaeka “ 1 8

for this study. Firstly, six hair-pin bend locations were identified for the data observations. Both uphill
and downhill traffic movements were considered to identify the effect of road gradient on driver
behaviour. There were 12 events for this study with that both directions. The horizontal alignment of
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the curves was used to scale the drone video images to the correct size and measure the radii of those
bends as the initial data for this study.
When considering mixed traffic on Sri Lankan roads, five types of vehicles (car, SUV and pickup, van,
bus and truck with 2 axels) were observed for their trajectories. Therefore, 60 data sets were observed
as the data collection. 25 vehicle trajectories were recorded from each data set for this analysis. Vehicle
type and dimension, vehicle speed, and the radius and deflection angle of the curve were observed from
the recorded videos. The type of gradient (uphill or downhill) of the road was recorded at the site. This
study considered free flow conditions similar to the level of service "A."
Images were captured in a one-second time interval over the entire travel time of each vehicle crossing
the considering bend and scaled into the actual dimensions using Autodesk AutoCAD 2020 software.
Then the trajectories were generated from those images and all trajectories of one data set were plotted
in one drawing. Then outer-most lines were identified as its swept-path. The curve start point, the curve
mid-point and the curve end point are identified as critical sections at the curve. These critical sections
were analyzed separately and statistically. A frequency diagram called Lateral Trajectory Density
Distribution (LTDD) was generated for identified critical sections. It is the variation of the covered
(swept) width of the vehicle over the cross section at a critical location.
The use of modelling techniques is a common practice in the design of hairpin curves. The design
vehicleswept-pat h was i denti fi ed amthwithoetaffecting theimaomingv e hi cl e
traffic in this study. Autodesk Vehicle Tracking 2020 software was used to generate the optimal
v e hi cl epsathas tise mestsuitable path for the existing geometric features of the hair-pin bend.
It was the Model Trajectory (MT). The swept-
width of the MT of the corresponding critical - o
section was identified after generating the MT

| | i
Furthermore, that amount of deviation was HMl |H M.mnm
statistically studied in order to arrive at a

for that curve, as indicated in the Figure 2.1.
Deviations of LTDD from MT to the left-hand

numerlcal outcome for the aCtuaI d“Ving Figure 2.1: Frequency distribution of the swept-width of the vehicles and swept-width of MT.
behaviours.

Number of Vehicles

side (LHS) and right-hand side (RHS) were
measured as mean and variance for each data set.

3. RESULTS AND DISCUSSION
3.1 SPEED DATA

All vehicles showed higher speed at the curve start in downhill direction than their curve start in uphill
direction due to the support of the gravity component, which increased the speed of the vehicle. Also,
all vehicles showed a reduction in speed at curve mid (from curve start to curve mid) within the 30% ~
60% range. Generally, a vehicle reduces the speed to turn the bend; hence, there were some amounts of
speed reduction. All vehicles showed a gain in speed at the curve end (from the curve mid to the curve
end), with a large variation in the amount of speed gain.

3.2 VEHICLE DEVIATION DATA

The deviation of a vehicle was calculated by comparing the

observed swept-path with the model swept-path of that
vehicle as indicated in the Figure 3.1. There was no visible 7
deviation in the outer uphill and downhill directions for all S et off 2
vehicles. But only trucks and buses showed significant W E s 4
deviations at the inner curve in uphill and downhill Ll s

directions. There was no visible deviation in the curve mid )
between the outer uphill and downhill directions for cars, e WF————
SUVs, pickups, and vans. But the trucks and buses showed

a significant deviation in the outer uphill and downhill

Figure 3.1: Dimensions of deviations of MT of bus driven uphill direction of 8 bend.
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directions. Only buses showed a significant deviation at the curve end due to the higher length of the
vehicle compared to other types of vehicles.

3.3 VEHICLE DRIVING BEHAVIOUR

All vehicles tried to maintain a single value of curve radius throughout the entire curve. Although the
bend has an asymmetric curve, vehicles tried to follow a symmetric curve. Though there is enough
curve radius to turn the bend, there were some center line cuts by cars and SUVs to maintain a single
curve radius throughout the entire curve. Therefore, it is a very dangerous situation to keep
asymmetrical bends. SUVs, vans, buses, and trucks showed center line cutting behaviour in order to
increase the curve radius, especially in bends with a lower curve radius. When considering the radius
of the curves, a vehicle requires the minimum value of the curve radius in order to make a turn without
cutting the center line or entering the opposite lane. Different types of vehicles show different minimum
radius values according to the physical dimensions and steering abilities of the vehicle.

4. CONCLUSION
In this study, actual driving behaviour was observed under natural and free flow conditions on a set of
hair-pin bend curve locations. Swept-paths of 5 vehicle types at 6 hair-pin bends, including both uphill
and downhill directions, and inner and outer curves, were collected using drone video recordings. Then
driving patterns were analyzed, and the identifiedf act or s af f e ct i-patigarettypesof ve hi c |
vehicle, road gradient, curve situation (inner curve or outer curve) and, radius of the curve.
The other main findings are summarized as follows:
1) Vehicles try to maintain a single value of the curve radius throughout the entire hair-pin curve.
2) Vehicles follow a parabolic-shaped path before entering and after exiting the curve.
3) Vehicles follow a symmetrical path along the bend, though the actual bend is asymmetrical.
4) Center line cutting is happened in order to maintain a single value of the curve radius or to
increase the driving radius of the curve, especially in bends with a lower curve radius.
5 With increasing the | ane r aedths Bon theé model devi at
trajectory is reduces. The most critical vehicle is the bus within the observed vehicle category,
and the bus requires a minimum lane radius of 13m; hence, the minimum radius of the road
center line becomes 16m for a 2-lane highway.
6) The minimum radius for the left edge of the inner lane should be 10m.

The following guidelines are proposed according to this study on hair-pin bends:
1) The minimum lane radius is 13m (this study confirmed the value given GDSR-RDA).
Therefore, the minimum radius of the centerline will be 16m for a 2-lane highway.
2) Parabolic elements should be used before and after the single curve of the hair-pin bend. The
length of this parabola will be about 25m.
3) Lane width at curve mid should be 6m for the inner curve and 5.5m for the outer curve.
4) The overall geometry of the curve should be symmetrical.
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ABSTRACT - This study aims to improve pedestrian safety at unsignalized crosswalks by analyzing

driver-yielding behaviour. Data from two-lane, two-way divided roads was used to capture vehicle

trajectories and pedestrian characteristics. Driver-yielding patterns were determined using TRACKER
Software and the factors that influence drivers
regression models. The study found that yielding likelihood is influenced by factors such as female

pedestrians, median pedestrians, injured pedestrians, and vehicle position. Further revealed that most

vehicle types yield similarly, with a decreasing average rate, and no significant difference was observed

among the six vehicle types considered. This research provides insights into key factors affecting

pedestrian safety at unsignalized crosswalks, guiding targeted interventions and traffic management

strategies.

Keywords: Unsignalized crosswalk; Pedestrian; Vehicle speed

1. INTRODUCTION

The research explores pedestrian safety at unsignalized crosswalks in urban areas, focusing on two-lane
two-way divided roads. It aims to understand driver behavior and factors influencing yielding behavior
based on pedestrian attributes. The study contributes to understanding complex driver-pedestrian
dynamics, offering insights for traffic management strategies and velocity control measures.

2. METHOD

2.1. Data Collection

The study utilized drone technology and video camera camcorders to collect data on road infrastructure
and traffic dynamics, providing detailed aerial views for in-depth analysis and insights into driver
behavior, traffic management improvements, and pedestrian movements.

2.2. Data Extraction

The study uses video surveys to capture vehicle velocity patterns, especially those yielding to
pedestrians. Measurements are taken at multiple gaps and 80 meters upstream from the crossing point.
The data is analyzed using TRACKER 5.0, providing insights into deceleration patterns during yielding
maneuvers. This understanding can enhance pedestrian safety and inform traffic management
strategies. The study analyzed pedestrian characteristics influencing driver-yielding behavior using
video footage of crossings. Factors included number of pedestrians, location, gender distribution,
disturbances, vehicle type, and lane. VVehicles were categorized into six types: Van, Bus, Lorry, Car,
Motorbike, and Three-Wheeler. The dependent variable was whether the vehicle yielded to crossing
pedestrians. Yielded events involved a significant drop in velocity, while non-yielded events did not.

2.3. Data Analysis

The study used Python to analyze vehicle velocity values, creating envelope graphs, to represent a range
of possible outcomes or variations in data, and average deceleration curves for each vehicle category.
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This information helps develop strategies for pedestrian safety and traffic flow optimization in critical
areas. The study analyzed factors influencing drivers' yielding willingness, considering variables such
as vehicle type, pedestrian count, and number of pedestrians. The dependent variable was whether the
vehicle yielded or not. The logistic regression analysis, a statistical method used for binary classification
problems, where the outcome variable can take on only two possible outcomes, typically coded as 0
and 1, was used to determine the probability of yielding. The model's intricate links were assessed using
the logistic regression equation shown below. The results, obtained from the analysis of a dataset
comprising 916 samples using R Studio software, provide valuable insights into the factors influencing
driver-yielding willingness at a crosswalk, with the sample size carefully balanced through class
balancing procedures.

_ 1
P2 = s

Z=ap + a1 * Number of pedestrians at the median + a2 * Number of pedestrians at the curb + a; * Vehicle

Type + a4 * Vehicle Position + as * Number of Male + as * Number of Female + a7 * Number of Injured

+ ag * Number of Children (ai= regression coefficients)

3. RESULTS AND DISCUSSION

Envelope Plot for VAN Yielding Behaviour Envelope Plot for CAR Yielding Behaviour
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Figure 1. Average Velocity vs Distance graphs and Envelope
(a) For Motor bicycles (b) For Vans (c) For Cars (d) For Lorries (e) For Three Wheelers
(f) For Buses

This study examines deceleration patterns of six vehicle classes at unsignalized crosswalks to improve
pedestrian safety and traffic control. The data is presented in graphs illustrated in Figure 1 allowing for
detailed analysis of speed variations and variability in deceleration patterns. The hatched areas indicate
deceleration variability, while the thick line represents the average deceleration curve from the entire
data sample within each vehicle category. The dataset includes 40 motorcycles, 40 three-wheelers, 30
vans, 60 cars, 20 lorries, and 30 buses, representing various transportation modes. The study
incorporates various vehicle types to analyze deceleration patterns, enhancing our comprehension of
their behaviour during pedestrian crossing interactions. The study found that, as illustrated in Figure 2,
most vehicle types yield similarly, with a similar decreasing average rate, and no significant difference
was oOobserved among the six types. To
according to the pedestrian characteristics the outcomes of the stepwise logistic regression analysis are
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presented in Table 1. As it is assigned 1 to yielded events and O to non-yielded events, opting for binary
logistic regression analysis was a natural choice.

Yielding Pattern Comparison with the Vehicle Type

= Maotar Bicycle
Car

—— Bus

— Loy
— \a&n

—— Three Wheeler

Vehicle Velocity,Vx f{m/s)

O = N w & = @ ~ @ o

a 10 20 30 a0 50 60 70 50
Distance from the crosswalk upstream,x /{(m)

Figure 2: Average deceleration curves

Table 1: Results of the logistic regression analysis (after doing stepwise analysis)

Estimate t value Pr(>|t|)
Intercept 0.685064 37.465 <2e-16
Pedestrian count at median

0.016426 2.173 0.03 *
Female pedestrian count

0.335825 12.872 <2e-16 ***
Injured pedestrian count

-0.701490 -16.108 <2e-16 ***
Vehicle position (Near Lane)

0.218798 9.432 <2e-16 ***
Residual standard error: 0.2687 on 911 degrees of freedom Multiple R-squared:
0.4288
Adjusted R-squared: 0.4263 F-statistic:171 on 4 and 911 DF p-value: < 2.2e-
16

Based on the obtained results, Equation 2 can be refined as follows:
Z= 0.685064 + 0.016426 * Number of pedestrians at the median + 0.218798 * Vehicle Position +
0.335825 * Number of Female - 0.701490 * Number of Injured

This study has limitations, including its focus on four-lane divided roads, its assumption of uniform
pedestrian behavior, inability to account for weather conditions, limited geographic scope, and sample
size. These factors may affect the generalizability of the findings and the design of future research
studies.

Based on the findings derived from the regression analysis, adjustments to the logistic function can be
made as above. In this equation, if the vehicle is approaching the pedestrian from the near lane, 1 is
substituted; otherwise, 0 and for other variables, the pedestrian count is substituted directly. The model
produces values ranging between 1 and 0. Ultimately, the logistic regression function, derived from the
analysis, the function can be derived by substituting the z function from Equation 3 into Equation 1,
which provides the probability of vehicle yielding by substituting the obtained values. To determine
whether a driver yields or not, a 50% threshold is employed.
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4. CONCLUSION

The study identified yielding patterns in collaboration with vehicle velocity, considering six distinct
vehicle types and highlighting their similarities in the deceleration pattern. The identified factors that
significantly influence drivers' yielding willingness among the eight independent variables considered
include the number of female pedestrians, the number of pedestrians in the median, the number of
injured pedestrians, and the vehicle position/vehicle approaching lane.
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ANALYZING THE NECESSITY OF ADAPTIVE TRAFFIC CONTROL
SYSTEMS (ATCS) IN SRI LANKA

Naduni Samarasinghe?, Niranga Amarasingha?, Sudara Withana!
'nadunisamarasinghe21@gmail.com

ABSTRACT -Traffic congestion emerges as a significant concern, further amplified by the increasing
population and urbanization rates. The rise in vehicular and pedestrian traffic contributes significantly
to traffic congestion, exacerbating issues related to mobility, sustainability, and environmental health.
Implementing effective traffic management strategies is critical for mitigating these challenges. The
objective of this study is to enhance the performance of existing Traffic Control Systems and to analyze
the coordination of junctions using micro stimulation software. Using this microsimulation software, it
is possible to analyze traffic video footage from the junction under study and extract important traffic
flow data for analysis. Despite the availability of numerous studies, a significant gap remains in
effectively using simulation models to address congestion issues in Sri Lanka. This study seeks to close
this gap by investigating the most effective use of microsimulation software for traffic management in
Sri Lanka.

Keywords: traffic congestion, microsimulation software, traffic control system
1. INTRODUCTION

Traffic congestion in cities, particularly during peak hours, has become a major concern worldwide,
with the impact increased by rising population and urbanization rates(Juan Lu et al., 2020).The increase
in vehicular and pedestrian traffic not only exacerbates mobility issues, but also threatens sustainability
and environmental health (Fattah et al., 2022).In Sri Lanka, the rapid proliferation of vehicles, combined
with rapid urbanization, has increased these issues, resulting in severe traffic congestion in city centers.
One of the main issues contributing to this congestion is the incapacity of existing traffic control systems
to manage peak-hour traffic effectively. These systems often rely on conventional traffic lights, which
become saturated when the volume of vehicles exceeds their capacity. This saturation problem is further
compounded by the lack of real-time adaptability in these systems, which are frequently
preprogrammed rather than dynamically responsive.As a result, police officers are increasingly relied
upon to manually control traffic flow at congested intersections. While this approach may alleviate
some of the immediate congestion, it also introduces new challenges. High traffic delays, increased fuel
consumption, health risks to officers, and inefficient use of labor resources are among the significant
impacts associated with this method. As a result, police officers are increasingly expected to manually
control traffic flow at congested intersections. While this strategy might reduce some of the immediate
congestion, it also creates new challenges. This method has significant consequences, including high
traffic delays, increased fuel consumption, health risks to officers, and inefficient use of labor resources.
(Greenwood et al., 2007) (Marois et al., 2019).This study aims to close existing gaps in traffic
management by focusing on signalized intersections. It seeks to assess delays at these intersections over
four legs using appropriate methodologies. The gathered data will then be used to develop a novel
adaptive traffic control system that can adjust in real time based on traffic conditions. The study's
objectives include identifying key parameters such as variations in signalized intersection cycle times
and vehicle behavior. It also aims to understand the dynamics of traffic management by law
enforcement officers during peak hours. To achieve these objectives, a decision framework will be
developed to effectively replicate and integrate this information. Validation of these objectives will be
conducted using microsimulation techniques, ensuring the reliability and accuracy of the proposed
model. Finally, the research aims to make a significant contribution to the development of more efficient
and adaptive traffic management strategies. These strategies hold the potential to alleviate the adverse
impacts of congestion on mobility, sustainability, and environmental well-being in urban areas of Sri
Lanka.
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2. MATERIALS AND METHODS

The initial step in this methodology is to calculate the stopped-time delay, which involves conducting
two surveys: a pilot survey and a main survey. This research is ongoing, and thus far, only the pilot
survey has been completed. The purpose of this study was to determine the time it takes to travel from
one point to another along specific routes within this intersection. The primary goals of this study were
to evaluate the quality of traffic movement along these routes, identify potential congestion points,
determine the causes and extent of delays, and compare pre- and post-implementation results.The study
focused on analyzing stopped-time delay, which is the time a vehicle spends stationary in a queue while
waiting to cross an intersection. This delay begins when the vehicle comes to a complete stop and ends
when it accelerates again. The average stopped-time delay was calculated using the mean delay
experienced by all vehicles within a given time frame (Saito & Forbush, 2011).

2.1. Pilot Study -Vehicle Registration Number Plate Survey
The main reason to conduct a pilot study before the main study
was to identify the most accurate and efficient data collection
method and verify the suitability of the chosen controllable
parameter for further research.A number plate survey involves
strategically positioning observers along the route who are
trained to document vital data such as number plates, vehicle
types, axles, and passing times (Anagnostopoulos et al., 2008). A  ESS
Vehicle Registration Number Plate Survey was conducted at the
Galkanda Junction, Negombo to address some of the questions N\ -
raised. The pilot survey consisted of a single 30-minute recording Figure 1-Galkanda Junction,
session held in the afternoon around 5 p.m. The Galkanda junction L\ SRS TN

is a four-legged intersection. During the pilot survey, vehicles were monitored at four stations, each
covering one direction of traffic flow. This method facilitated the matching of vehicle sightings and
allowed for the evaluation of data accuracy. During the number plate survey, 500 vehicle sightings were
recorded, which included approximately 6 different vehicles.The main challenge in recording vehicle
details, including number plates, was not the speed of the vehicles, but their frequency. When multiple
vehicles passed in groups, it was difficult to keep up with the recording task, potentially obscuring one
or more of the vehicles.

2.2. Main Study: CCTV Footage Analysis

The main study will analyze and simulate traffic flow patterns using CCTV footage to gather
comprehensive travel time data. Potential signalized four-legged intersections with existing
CCTV capabilities will be identified, and permissions will be obtained to access footage.
Recording schedules will be set up to capture traffic behavior at various times of day, with
footage from all legs of the intersection retrieved for analysis. Software will be used to extract
key traffic parameters, with a focus on stop-time delays and congestion points. The data will
then be imported into the micro simulation software to model current traffic conditions and
evaluate the efficacy of adaptive traffic management systems. The results will be compared to
the baseline data to evaluate adaptive traffic control measures and recommend strategies
tailored to specific intersection challenges.
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3. RESULTS AND DISCUSSION

3.1. Pilot Survey Results
The results of this pilot survey

Distribution of Time Gaps Between Vehicles Number of Vehicles in Each 10-Second Interval

indicate that there is a high e »T T = vehice cowt
frequency of closely spaced
vehicles (1-minute gaps), which N

could benefit from adaptive traffic
control systems to manage and
optimize traffic flow, reduce stop- T

Number of Vehicles

time delays, and alleviate } } H_{ H ‘
congestion. The main survey, | = 5

which includes CCTV footage L ‘ | ‘ ‘ ‘ | | H
analysis, will help to validate these T et
findings and aid in the development Figure 2-Distribution of ~ Figure 4-Number of Vehicles in
and implementation of effective Time Gans between each 10 cecand interval

traffic management strategies. The histogram analysis shows that vehicle flow was highest early in the
observation period, peaking around the 20-30 second mark with approximately 35 vehicles. This
suggests a significant increase in traffic at first, followed by a gradual decrease in vehicle counts with
noticeable fluctuations. The distribution's slight right-skewness and variability across intervals
highlight the dynamic nature of traffic flow, which has generally decreased over time. The expected
outcomes of this research is to provide critical insights into traffic behavior and congestion dynamics
at any intersection and propose an adaptive traffic control system as a pivotal solution to congestion
issues. The study uses a detailed analysis of stopped-time delays to uncover patterns in vehicle behavior,
identifying the specific leg of the intersection with the highest delay incidence. Furthermore, it intends
to investigate the root causes of these delays, with a focus on the movements that contribute the most
significantly to congestion.

The development of an adaptive traffic control system tailored to intersection challenges is a critical
component of the expected results. This innovative system uses advanced microsimulation software to
dynamically respond to real-time traffic conditions, providing a proactive approach to congestion
management. By incorporating sophisticated delay recognition capabilities, the proposed system has
the potential to intelligently regulate traffic flow, addressing bottlenecks and increasing intersection
efficiency.

4. CONCLUSION

In conclusion, this study addresses the pressing issue of traffic congestion in Sri Lanka by conducting
diverse research and developing innovative solutions. Using microsimulation software and travel time
surveys, it identifies key congestion points and proposes an adaptive traffic control system tailored to
intersection challenges. The findings provide important insights into traffic behavior and congestion
dynamics, paving the way for more effective and sustainable traffic management strategies. Finally,
this research contributes to improving urban mobility, sustainability, and environmental well-being by
providing an overview for mitigating the negative effects of congestion on both societal and economic
levels.
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PUBLIC OPINION AND POLICY MEASURES ON REDUCING THE
GENDER GAP IN PUBLIC TRANSPORT MODES

Layanvie P Liyanage, Niranga Amarasingha

ABSTRACT - This study investigates the intricate interplay between public opinion and policies meant
to reduce gender gaps in public transportation, with a particular emphasis on daily bus travel in the
suburban areas of Colombo. The research finds deficiencies and shortcomings in the current policies and
solutions for effectively resolving these discrepancies through an in-depth review. The study employs a
combination of questionnaire surveys, on-location questionnaires, and few interviews with professionals
to conduct comprehensive data analysis. Anticipated outcomes include a nuanced comprehension of the
multifaceted factors shaping public perceptions of gender disparities in public transport and a critical
evaluation of the efficacy of current policy measures. This is intended to create a safer, more accessible,
and inclusive public transportation environment for women and further the goals of progress and gender
equality in society globally.

Keywords: Policy Measures, Gender gap, Public Opinion, Public Transportation, Community

1. BACKGROUND

This research project delves into the crucial link between public opinion and policies aimed at reducing
the gender gap in public transportation. The intention is to gather information through the examination of
existing perspectives regarding gender disparity in transportation to support evidence-based policy
decisions. Men and women have starkly different views about public transportation. Men continue to see
it as a place that is dangerous in general and therefore not necessarily the best place for women to be
commuting. (Dunckel-Gr ag!l i a, 2013) Wo me n’ sansgbitagos atonlysatisesct i on
disruptions to regular daily activities and the economy, but it also affects the prosperity of society because
they may often avoid using these public transportation services. Obviously public transport is used to a
greater extent in big cities because there is a greater availability. However, despite the greater use of this
public transport, it is in these large and medium cities where there is a greater inequality by gender in its
use. (Sanchez & Gonzélez, 2016).

The ultimate objective of this research is to improve societal well-being and improve gender equality by
identifying and resolving safety barriers and other public transportation-related issues, with potential
implications for global progress. This study primarily focuses on violence against women and safety
concerns in bus travel within the suburban areas of Colombo, Rajagiriya, Battaramulla, Kotte, and
Kollupitiya.

As the capital of Sri Lanka, Colombo encounters an enormous amount of bus travel every day. Therefore,
resolving obstacles regarding safety and other complications related to this mode of transportation in this
area will be better to improve solution and advancing gender equality and boosting societal well-being
which directly affect to the growth of whole world.

2. METHODOLOGY
The study employed a questionnaire survey among daily commuters utilizing public bus transportation

within the suburban regions of Colombo District, Sri Lanka. The survey aimed to gather comprehensive
data encompassing bus safety, confidence levels, and travel preferences, alongside inquiries into the

“ Sri Lanka Society of
19 " Transport and Logistics



R4T LI RA4TLI Conference Proceedings 2024
ISSN : 2513-2504 Paper Reference: R4TLI-48

frequency of bus utilization, perceived safety measures, incidents of harassment or violence, accessibility
concerns, and awareness of support services and community engagement initiatives fostering passenger
safety. Employing a structured questionnaire, the research also delved into public sentiments regarding
the reduction of the gender gap within public transportation.

The selection of Colombo District as the study area was predicated on its status as a pivotal metropolitan
center boasting diverse transportation infrastructure and a considerable populace. Surveys were
conducted on buses and at designated bus stands across chosen suburban areas of Colombo, with
stratified sampling techniques ensuring the representation of 500 respondents. Furthermore, the survey
methodology involves conducting few interviews with professionals in the industry, alongside
distributing paper forms within the community of Sri Lanka Institute of Information Technology to
gather data from a diverse range of respondents. After being methodically assembled, the questionnaire
data was systematically organized for analysis. The primary objectives of the analysis were to ascertain
public opinion and identify policy solutions intended to mitigate gender inequities within public transport
modes.

3. RESULTS AND DISCUSSION

The research findings highlighted significant issues regarding safety and women's dissatisfaction with
public transportation. These insights were crucial for initiating legislative modifications and initiating
improvements to infrastructure in public transportation system. The findings startlingly demonstrated
that an enormous percentage of women are worried about their safety and inconvenience when travelling
buses in their everyday lives.

This revelation underscores the urgent need for addressing these issues to enhance the overall experience
of female commuters. Furthermore, the results provide insightful information on public perceptions and
prospective legislative initiatives meant to close the gender gap in bus travel. Policymakers may develop
interventions to build a safer and more inclusive public transportation system by taking into consideration
the issues and difficulties that women encounter.

These findings serve as a crucial foundation for developing targeted strategies that prioritize the safety
and well-being of all passengers, ultimately contributing to a more equitable and efficient
transportation network.
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ABSTRACT - This study focusses the gender disparities on commute travel behavior among middle-aged
parents (aged 30-45) living in Colombo District, Sri Lanka. The study's goal is to better understand the
different travel patterns, mode preferences, and factors that influence commute decisions among men and
women in this demographic group. A questionnaire survey was used to collect data, with the focus being on
mode choice and variables influencing commute decisions. The data analysis found considerable differences
in commute travel behavior between genders, which has implications for transportation planning and gender
equity. The findings underline the importance of specific interventions to address the unique issues that
middle-aged parents confront, particularly in terms of fostering more fair and efficient commuting
experiences. This study adds to the creation of strategies for improving transportation infrastructure and
promoting gender equality in the Colombo District's urban mobility landscape by shining light on gender
variations in commute travel behavior and will further provide valuable data and information to the
transportation infrastructure.

Keywords: Keywords Gender differences; commute travel, mode preferences
5. INTRODUCTION

The commute travel behavior of middle-aged parents (30-45 years old) is an important part of urban
mobility, with consequences for transportation planning, gender equity, and quality of life. In Colombo
District, where transportation infrastructure and societal values interact, studying gender variations in
commute travel behavior is critical for equal commuting experiences. Choice of means of transport in
commuting trips depend on crucial factors such as age, education level, private transport access, location,
household (Séanchez & Gonzalez, 2016).

These impact commute decisions among middle-aged parents, shedding light on the difficulties of urban
mobility in this demographic. The aim of this study is to examine gender disparities in commute travel
behavior among middle-aged parents in Colombo District, Sri Lanka. Specifically, the study seeks to:

» Recognize the distinct travel habits and mode choices of men and women in this demographic group.

» Identify the factors influencing commute decisions and investigate how they differ by gender.

« Examine how gender variations in commute travel behavior affect transportation planning and
gender equity activities in the Colombo District.
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6. MATERIALS AND METHOD

The study used a questionnaire survey of middle-aged parents (30-45 years old) in Colombo District, Sri
Lanka. The survey was aimed to collect data on modes of transportation, frequency of commute, travel
patterns, and factors influencing commute decisions. The research region, Colombo district, was chosen for
its importance as a major metropolitan hub with diverse transportation infrastructure and a substantial
population of middle-aged parents. Stratified sampling approaches were used to choose a representative
sample of participants from the target demographic. A structured questionnaire was created to collect
information about commute travel behavior, mode selection, and factors impacting travel decisions. Face-
to-face surveys were administered in several areas frequented by the target group, assuring the
confidentiality and anonymity of participants' responses. All participants provided informed consent after
receiving ethical clearance. A sample size of 250 respondents was chosen,(by sample size determination
equation abiding margin of error, sample proportion) guaranteeing representation from various urbanized
geographical locations in the Colombo district as well as socioeconomic backgrounds within the district.
The questionnaire data obtained was organized resulting information. The data analysis focused on finding
gender disparities in commute travel behavior and investigating the underlying causes of these differences
by using static and descriptive analysis such as thematic analysis.

7. RESULTS AND DISCUSSION

The study found significant gender variations in commute travel behavior among middle-aged parents in
the Colombo District. Travel patterns, mode choices, and factors impacting commute decisions are
analyzed, there were significant differences between men and women. These differences highlight the
importance of tailored interventions to address the special issues experienced by middle-aged parents,
particularly in fostering more fair and efficient commuting experiences. Furthermore, the findings
emphasize the significance of including a gender perspective in transportation planning activities to ensure
inclusivity and promote gender equity in urban mobility.

A pilot survey was conducted to 100 respondents in the Colombo District, significant gender differences in
commuting were observed. Men typically have average travel times of 20-30 minutes, while women
experience longer commutes of 30-40 minutes. In terms of transportation mode, 60% of men prefer private
vehicles, 25% use public transportation, and 15% opt for other modes. Conversely, 55% of women rely on
public transportation, 35% use private vehicles, and 10% choose other modes. Key challenges include traffic
congestion for 45% of men and safety concerns for 40% of women. Additionally, 30% of women face issues
with public transport reliability. These insights highlight the need for gender-sensitive transportation
planning to improve commute experiences

8. CONCLUSION

This study sheds light on gender disparities in commute travel behavior among middle-aged parents in
Colombo District, Sri Lanka. The findings emphasize the necessity of addressing the specific requirements
and obstacles that men and women in this population confront to foster more equal and efficient commuting
experiences. Based on the findings, various recommendations can be made for transportation planning and
policy-making initiatives in the Colombo District, including. Overall, this study adds to the continuing
discussion about urban mobility and gender equity by underlining the significance of taking gender
disparities in commute travel behavior into account when planning and implementing transportation
policies.
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ABSTRACT-The global maritime transport sector is a vital component that acts a key role in facilitating
international trade, ensuring the reliable and efficient transportation of cargo all over the world. The level
of competition in this industry is extremely high, and shipping companies are always observing ways to
improve their networks by either modifying existing networks or building new networks. To achieve this,
shipping lines make strategic decisions about initiation of new container liner services. This research
examines the key factors considered by shipping lines when launching these services, aiming to shed
light on their decision- making process and recognize potential future trends in container liner shipping.
Secondary data synthesis and expert interviews were done to identify the factors that shipping lines
consider when initiating new container liner services. Then Analytical Hierarchical Process was used to
evaluate the relative importance of those identified factors. Demand-side factors, supply-side factors
and services specific factors were the main three criteria, and 13 sub criteria were categorized under
these three. Data for the AHP analysis was gathered through a questionnaire survey with industry
professionals and pairwise comparisons were done within all the main criteria as well as sub criteria
using a 9-point semantic differential scale.

Results show that demand-side factors are the most influential factors when initiating new container
liner services and main two sub criteria are trade volume and growth, customer requirements. By
understanding these priorities, stakeholders can develop services that are not only commercially
successful but also minimize environmental impact, optimize resource allocation, and promote social
responsibility within the industry.

Keywords: “Shi pping | ines”, “Container -makheng StEavt oe:
“Analytic Hierarchy Process (AHP)"”

1. INTRODUCTION

The global maritime transport industry thrives on efficiently moving goods across continents, forming
the backbone of international trade. Containerization revolutionized this industry, and Container liner
services managed by shipping lines ensure scheduled container movement between ports. Launching
new container liner services which refers to initiating or expanding shipping services requires strategic
decision-making, and understanding the factors influencing these choices is critical.

This research explored the factors that shipping lines considered when initiating new container liner
services. While existing research provided valuable insights for port/terminal selection criteria, route
selection factors, a crucial gap existed (Sim et al., 2023) (Wanniarachchi & Rathnayake, 2015). There
was a lack of clear understanding of how external factors, constantly reshaping the maritime landscape,
influenced decisions about new services. This knowledge is essential for shipping lines to optimize
network design, resource allocation, and ultimately contribute to a more efficient and sustainable
maritime industry.

The dynamic nature of the maritime industry necessitated this research. To stay competitive, shipping
lines need to adjust their strategies and investments appropriately. This research aimed to bridge this
gap by analyzing the factors considered by shipping lines when launching new container liner services,
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a topic not extensively explored in previous research.

This research used Analytical Hierarchy Process (AHP) to achieve the objectives. The first objective of
this research was to identify the factors influencing shipping lines' decisions when commencing new
container liner services. This involved a secondary data synthesis of existing literature. The Analytical
Hierarchy Process was then employed to establish a ranked order of significance for these identified
factors. The data collection method was conducting questionnaire survey with industry professionals.
The second objective was to identify and analyze the relative importance of these factors. And third was
to develop a Framework for Informed Decision-Making. This framework performed as a decision-
support implement, guiding strategic planning, and facilitating optimal resource allocation when
initiating new container liner services.

By achieving these objectives, this study aimed to bridge the knowledge difference regarding the
relative importance of influencing factors. It supports shipping lines with a practical and data-driven
framework for enriched decision-making, contributing to the development of more efficient and
sustainable maritime transportation. The findings of this research benefit not only shipping lines
themselves but also provide valuable insights for policymakers seeking to establish supportive
regulations and infrastructure to encourage a strong and sustainable maritime industry.

2. MATERIALS AND METHODS

This research adopts a mixed-method approach combining with secondary data synthesis, involving a
thorough review and synthesis of existing literature with Analytical Hierarchy Process modeling (Saaty,
1987) to analyze the factors considered by shipping lines in initiating new container liner services.
Secondary data synthesizing enables identification and categorization of key factors, providing rich
contextual information into the decision-making process of shipping lines in the industry. Then a
questionnaire survey was conducted with industry professionals who work at shipping lines registered
with the Ceylon Association of Shipping Agents (CASA) and actively engaged in container liner
operations in the maritime industry. By integration of this qualitative insights with quantitative analysis,
providing a detailed comprehension of factors which shipping lines consider when initiating services.

3. RESULTS AND DISCUSSION

3.1. Findings

The research found that demand-side factors are the most influential in shipping lines' decisions to
commence new container liner services, compared to supply-side and service-specific factors. The
top five sub factors are trade volume and growth, customer requirements, market share and
competition, port infrastructure and facilities, and profitability.

Main Criteria
Demand-side Factors

18% I Supply-side Factors

72%

™ Service specific Factors

Figure 1_Main Criteria Ranking
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3.2. Sub Criteria Ranking

Sub Criteria Overall weights Rank
Trade volume & growth 0.3479 1
Customer requirement 0.1968 2
Market share & competition 0.1010 3
Port infrastructures & facilities 0.0836 4
Profitability 0.0736 5
Cargo composition 0.0551 6
Operational cost 0.0446 7
Hinterland connectivity 0.0249 8
Adoption of Fuel-Efficient Vessels 0.0232 9
Network optimization 0.0179 10

Table 1_Top Ten factors
4. CONCLUSION

Research successfully achieved its objectives. The findings confirm that Demand-side factors hold the
highest priority among main criteria and Trade volume and growth is the most influential sub criteria
among thirteen factors.
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ABSTRACT - The maritime sector has been under increasing pressure due to strict environmental
regulations. Shipping companies face difficulties in meeting emission standards while keeping operational
efficiency and cost-effectiveness at desired levels. This study looks into the approaches taken by shipping
companies to meet emission standards and evaluates how they affect operational expenses.

This study utilized a critical review method to examine previous research on adherence to emission
standards in the maritime sector. The database Scopus was used for the literature search. The initial Scopus
search yielded 174 documents in the search results. After systematically filtering out 174 papers, 49 peer-
reviewed journals were reviewed. The method of inductive reasoning was used to group papers according
to themes. Through qualitative data analysis tools, insights were extracted to understand the strategies
employed by shipping lines and their cost implications.

The study revealed a range of strategies adopted by shipping lines, including fuel switching, engine
optimization, and route optimization, with varying impacts on operational costs which can be categorized
into three main themes; (1) Operational measures (2) Environmental technologies and (3) Fleet
management techniques. Emerging trends and innovative approaches in emissions reduction and cost
management were identified, contributing to a broader understanding of sustainable practices in the
maritime industry.

Keywords: Emission standards; Shipping lines; Container shipping; Operational costs; Sustainability

1. INTRODUCTION

Emission standards in maritime transport have become a significant topic of concern due to the rapid
growth of transport emissions, particularly in the maritime sector. Shipping accounted for 15% of annual
nitrogen oxides emissions from anthropogenic sources, 13% of sulfur oxides, and 3% of CO2 emissions
[1].The container shipping industry is increasingly recognizing the need for environmental accountability
and taking steps to address its ecological footprint [2]. The International Maritime Organization is how
taking steps to reduce polluting emissions and greenhouse gases generated by vessels. The IMO's initial
strategy for the reduction of GHG from ships sets ambitious targets, including cutting total yearly GHG
emissions from global shipping by at least half by 2050 compared to 2008 [3]. In 2018, the IMO
implemented a global sulfur cap, reducing the marine fuels Sulphur content to 0.5% [4]. The IMO has also
adopted energy efficiency measures and established goals to decrease CO2 emissions. These measures
consist of the Energy Efficiency Design Index (EEDI) and the Ship Energy Efficiency Management Plan
(SEEMP). Starting in 2023, all ships are mandated to calculate their Energy Efficiency Existing Ship Index
(EEXI) and launch their annual operational Carbon Intensity Indicator (CII) by legal requirements [5].
Compliance with these regulations necessitates container shipping lines to adopt various strategies,
incurring costs in the process. While individual studies have examined these strategies and their respective
impacts on shipping lines' costs, a comprehensive review amalgamating these findings is notably absent
from the literature. To address this research gap, this study aims to critically review existing literature on
emission regulations' impact on container shipping lines' costs, exploring various compliance strategies
adopted by companies.
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2. MATERIALS AND METHODS

The review methodology for this study includes four steps: material collection, descriptive analysis,
material categorization, and content analysis. The process of material collection is focused on choosing
the appropriate literature for future examination. Then, a detailed examination is carried out to uncover
underlying research patterns. Afterward, the resources are sorted according to their themes and content.
Finally, the classified materials are subjected to a thorough analysis to produce insights on how Emission
Standards affect the cost of container Shipping Lines.

2.1. Material Selection

A Boolean search strategy was developed to capture literature specifically addressing emission standards
in the context of shipping lines' costs within containerized freight transport. The final Boolean search
query is described in the following way: (("emission* standard*" OR "emission* regulat*" OR
"environment* regulat*" OR "emission* control*") AND (shipping OR maritime) AND (container*)
AND (cost* OR rate* OR econom*)). Scopus was used as the database for the study, known for its various
modules to explore scientific literature. A total of 174 articles were initially retrieved, with 126 remaining

after on-site filtration to exclude irrelevant subject areas. Those subj ect areas ar e
Toxicology and Pharmaceutics”, “Physics and Ast
“Computer Science”, “Chemistry”, “Chemicaly Engin

peer-reviewed journal articles published in English from 2003 to 2023 were included in the final selection,
resulting in a literature pool of 93 papers. Further scrutiny resulted in 49 eligible papers for in-depth
review. The methodology employed a systematic approach to filter out irrelevant literature and select
papers that contribute directly to the objectives of the review.

. . | Speed Optimization
2.2. Analytical Techniques | Siow Streaming L% _
| Port Selection Lx E@
R R . A ) Vessel Route & Schedule Design w E
An inductive reasoning approach and the qualitative Trim Opfimization I
analysis software * NV i v oémployed ® identify | Modal Backshaft %
themes and content within the literature. Subsequently, | L‘gﬁzlﬁ?ﬁ;‘”‘ //57
the materials were categorized under these themes to Altermative Fuel —— £, B¢
facilitate further in-depth analysis. The strategies __Li-ion Batiery g |5
identified using the inductive reasoning approach were } S e o F;/’f) 4 £
divided into three main themes utilizing thematic [ scobe mewiizios —
analysis techniques as shown in Figure 1. These themes Waste Heat Recovery System |3} 3
are; (1) Operational measures (2) Environmental Drag Reduction Costings _—— 3 B2
. . Selective Catalytic Reduction },—”‘/‘2 =
technologies and (3) Fleet management techniques. RKeeping with LEDI

Fleet Renewal
Enhance Ship Design Features

3. RESULTS AND DISCUSSION Figure 1: Themes Classification

Fleet Management
Techniques

It was observed that shipping lines employ a variety of strategies to adhere to emission standards, including
fuel switching, engine optimization, and route optimization. These strategies vary in their effectiveness
and cost implications. For instance, fuel switching from traditional heavy fuel oil (HFO) to marine gas oil
(MGO) or the installation of scrubbers were found to be common approaches [6]. However, the cost-
effectiveness of these strategies varied depending on factors such as fuel prices, regulatory requirements,
and vessel characteristics [6]. Slow streaming is the most commonly used operational measure for
decreasing emissions and improving operational efficiency in the maritime sector. Studies show that slow
streaming has a great potential to save fuel and reduce emissions, especially when dealing with expensive
bunker prices and low market rates. Effective vessel routing and scheduling are vital for improving
operational efficiency and lowering emissions. Furthermore, the analysis highlighted the varying impacts
of these compliance strategies on operational costs. While some strategies were found to result in cost
savings, others incurred additional expenses. Investing in scrubber technology may involve initial capital
outlay, they can lead to long-term cost savings through fuel efficiency and regulatory compliance [7]. The
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analysis identified emerging trends and innovative approaches in emissions reduction and cost
management such as exploration of alternative fuels, the development of energy-efficient vessel designs,
and the implementation of digital technologies for route optimization and performance monitoring. The
findings underscore the complex interplay between emission standards compliance strategies, operational
costs, and environmental impact. By understanding these dynamics, shipping companies and policymakers
can make informed decisions to promote sustainability while ensuring the economic viability of maritime
operations.

4. CONCLUSION

The study revealed a range of strategies adopted by shipping lines, including fuel switching, engine
optimization, and route optimization, with varying impacts on operational costs which can be categorized
into three main themes; (1) Operational measures (2) Environmental technologies and (3) Fleet
management techniques. Emerging trends and innovative approaches in emissions reduction and cost
management were identified, contributing to a broader understanding of sustainable practices in the
maritime industry.
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AT BULK TERMINAL IN PORT OF TRINCOMALEE
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ABSTRACT - Efficient vessel turnaround time is pivotal for optimizing port operations and enhancing
competitiveness. This study investigates factors affecting vessel turnaround time at the bulk terminal in
the Port of Trincomalee. Utilizing a mixed-methods approach, quantitative laytime calculation data and
qualitative expert surveys were employed to develop a comprehensive process map and identify
bottlenecks in the turnaround process. Quantitative analysis revealed insights into the time consumption
for each activity, facilitating the development of a detailed process map. Qualitative data provided expert
perspectives on operational challenges, corroborating quantitative findings and enhancing the accuracy of
bottleneck identification. By integrating quantitative and qualitative findings, specific bottlenecks were
pinpointed, paving the way for targeted interventions to improve operational efficiency. This research
contributes to the optimization of vessel turnaround processes at the bulk terminal, thereby fostering
competitiveness and sustainability in port operations.

Keywords: Vessel turnaround time; Bulk terminal; Process map; Bottlenecks; Port operations

1. INTRODUCTION

Vessel turnaround time (VTT) is the duration required for a vessel to complete its journey from arrival at
the port, navigating to its berth, unloading or loading cargo, and departing the port after releasing the tug
and pilot [1]. VTT at a bulk port is crucial for operational efficiency and performance assessment [2]. It is
a key indicator of a port's capability, efficiency, and productivity in handling cargoes, impacting the port's
overall performance [3]. Dry bulk handling is a primary operation at Trincomalee port. Recent
modernization efforts and expansions in Trincomalee port have strengthened the port's capabilities,
enabling it to handle larger vessels and increasing trade volumes. These enhancements have not only
improved infrastructure and logistics but have also elevated Trincomalee's competitiveness in global
maritime trade, particularly in East-West container shipping routes [4]. Although vessel turnaround
operations have been thoroughly examined in ports around the world [5], there is a lack of previous
research that specifically delves into Trincomalee Port and its Bulk operation. By examining both
guantitative and qualitative data, the research developed a comprehensive process map and identified
bottlenecks in the vessel turnaround process. The study fills a gap in the existing literature by providing
insights specific to the Trincomalee port and contributes to the optimization of port operations.

2. MATERIALS AND METHODS

This study used a combination of quantitative and qualitative data collection methods to analyze various
factors that influence the VTT at the bulk port in Port of Trincomalee. Quantitative data were gathered
through lay time calculation reports of Prima Jetty, providing insights into the duration of operational
activities. Qualitative data were obtained through structured survey questionnaires and direct interviews,
soliciting expert opinions and firsthand experiences related to VTT challenges and bottlenecks. The survey
guestionnaire was designed to gather specific insights from participants, aligned with the research goals.
The questionnaire featured a blend of closed-ended and open-ended questions.

Quantitative data were subjected to time consumption analysis, elucidating the duration of various
operational activities and informing the development of a process map. Qualitative data underwent
thematic analysis by utilizing NVivo software to identify recurring themes/ patterns indicative of
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operational bottlenecks. The thematic analysis involved categorizing and coding responses to identify
common themes.

3. RESULTS AND DISCUSSION

3.1. Factors Identification of the Vessel Turnaround Time

VTT is influenced by various factors within and outside the control of terminal operators. Waiting Time -
duration a vessel spends waiting for a berth upon arrival at the port, Berthing Time - time taken for a vessel
to be securely docked at the terminal, Cargo Handling Efficiency - efficiency of loading/ unloading cargo,
Weather Conditions - environmental factors which can affect vessel maneuvers and terminal operations,
Port Infrastructure - quality and capacity of port facilities/ equipment, Management Practices implemented
by terminal can be identified as those factors.

Ship Arrival

3.2. Process Map Development and
Bottlenecks Identification N ..J —
Waiting Time, the period between arrival and J
departure from the mooring buoy, is negligible
due to low vessel traffic at Trincomalee port.
Maneuvering time, influenced by vessel size, :
tugboat availability, and weather, often lies Armive to Berth
outside terminal control. Berthing time, |
including breaks and machinery breakdowns, pra survey
must be minimized to optimize efficiency. ‘
Qualitative interviews provided insights into '
operational challenges and improvement Rony or e ASSAn Sl and
opportunities at Prima Jetty. The identification
and mitigation of operational bottlenecks are
imperative for enhancing operational efficiency . o |
and optimizing turnaround time. Electrical | _wecnne
breakdowns emerge as a critical concern, Cargo Urioading |

Bad Weather

Check Berth
Availability

z
|—Maneuvring T\me_l'_ Wailing Time  H

Ti d Time

Berthing Time

D Time,

Pul
Holidays

threatening to halt operations and incur
substantial financial losses if not promptly e

addressed. Stand-by generators are crucial to 1

prevent disruptions caused by power cuts. Drait Survey

Conveyor belt failures represent another I

formidable obstacle. Quick repairs by skilled |

engineers and having spare parts on hand are

essential to minimize downtime. Finally, ship Deparure .
following recommended usage guidelines and Figure 2: Process Map for VTT of Bulk Terminal at Port of Trincomalee
implementing preventative measures are key to avoiding machine failures. Discharge quantity variations
further complicate the cargo handling process, necessitating meticulous planning and the adoption of
optimization techniques to maintain consistent discharge rates throughout the operation. Anticipating
adverse weather conditions and ensuring timely pilot availability are additional challenges that demand
proactive measures to minimize disruptions. The morale of laborers emerges as a critical factor influencing
productivity and performance. Addressing challenges such as electrical breakdowns, conveyor belt
failures, machine overuse, discharge quantity variations, weather anticipation, pilot availability, labor
morale, and equipment maintenance are crucial steps towards achieving operational objectives.

Maneuvring Timel—

32 “ Sri Lanka Society of o
” Transport and Logistics



R4T LI R4TLI Conference Proceedings 2024
ISSN : 2513-2504 Paper Reference: R4TLI-08

4. CONCLUSION

The study underscores the importance of analyzing factors affecting vessel turnaround time to enhance
operational efficiency at the bulk terminal in the Port of Trincomalee. By integrating quantitative and
qualitative data, specific bottlenecks were identified, paving the way for targeted interventions to improve
port operations. After an extensive examination of various bottlenecks prevalent in bulk cargo handling
terminals, it is evident that these challenges pose significant impediments to operational efficiency and
turnaround time optimization. Future research may focus on implementing and evaluating proposed
interventions to validate their efficacy and sustainability.
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ABSTRACT - This study examines the integrated quay crane assignment and scheduling problem
(QCASP) under uncertainty at container terminals. First, a mixed integer linear programming model is
formulated to optimally assign and schedule quay cranes to multiple vessels simultaneously. The model
derives a baseline schedule that minimises the cost of waiting and departure delays of vessels. However,
different disruptions; delays in vessel arrivals and quay crane breakdowns may occur when implementing
the baseline schedule. Therefore, a reactive strategy is formulated to generate a reactive reschedule that
minimises delays from the baseline schedule when a disruption occurs. The reactive strategy takes the
baseline schedule as a reference and derives the reactive schedule by rescheduling only quay cranes.
Finally, the accuracy of the model is tested by running small-size problem instances.

Keywords: Container terminals; Quay crane assignment; Quay crane scheduling; Reactive strategy;
Uncertainty

1. INTRODUCTION

Container terminals play a significant role in global containerized trade, and they can be defined as the
main nodes responsible for connecting sea and land transportation. The average annual growth of
containerized trade during 2024 and 2028 is predicted as over 3 percent [1]. Therefore, the optimization
of container terminal operations can ensure the stability of global supply chains by streamlining the
movement of goods across transportation networks and minimising delays. Quay Crane (QC) is the key
equipment employed to perform the container loading and discharging operations of vessels and the
performance of QC operations significantly affects the efficiency of the container terminal [2]. Quay Crane
Assignment (QCA) and Quay Crane Scheduling (QCS) are the two main problems associated with the
planning of QC operations and the decisions made when solving these problems are highly interrelated
and have a significant impact on one another [3], [4]. Therefore, most of the recent studies have focused
on integrated operations problems where two or more planning functions are connected [5]. Furthermore,
the outcomes of operations problems are significantly impacted by uncertain parameters and uncertain
events such as delays in vessel arrivals and QC breakdowns [6]. However, uncertainty has been rarely
incorporated into the operations problems and there is a research gap in addressing integrated problems
under uncertainty [5], [6]. Therefore, this study aims to fill this gap by proposing a reactive model to solve
the integrated QCASP under uncertainty.
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2. MATERIALS AND METHODS

A mixed integer linear programming (MILP) technique is used to develop a mathematical model to solve
the integrated QCASP problem under uncertainty. The proposed conceptual framework to formulate the
integrated model along with the reactive strategy is shown in Figure 1.

L
Vessel Berth & Crane
Information Information

L

_______________

Disruptions

|
¥
E Snlvn@

Reactive Strategy Baseline
I

Minimizing the Schedule :

'

|

1

deviations from
the berthing
schedule by
rescheduling QCs

Reactive
Schedule

Solving the
maodel

Minimize YX_, (C1,(Dy — ay) + C2.(Fy — di))

Figure 1. Conceptual framework

First, a MILP model which considers practical constraints such as the non-overlapping constraint and the
safety distance between cranes is formulated to derive a baseline schedule. The baseline schedule contains
a berthing schedule of vessels and a crane schedule that describes the sequence of tasks of QCs assigned
to each vessel. This study assumes an approximated berthing schedule is determined in advance according
to the service agreements between the terminal and shipping lines. The model uses this berthing schedule
and vessel information as inputs and further, optimizes the berthing schedule by deriving the crane
schedule by optimally assigning and scheduling QCs to multiple vessels simultaneously. The objective
function of the model aims to minimize the total cost of waiting times and departure delays of vessels. To
address the uncertainty, a reactive strategy is formulated to derive a reactive schedule when delays in
vessel arrivals and QC breakdowns are realized at the time of implementation of the baseline schedule.
The reactive strategy aims to generate a rescheduling plan that reduces deviations from the baseline
berthing schedule after the realization of an uncertain event by only rescheduling QCs. Finally, numerical
experiments for small-size problem instances are conducted to test the accuracy of the proposed model.

3. RESULTS AND DISCUSSION

The results of solving the model for a small-size problem instance are presented in Figure 2. In the small
size problem instance, a total number of 6 vessels with 6 bays, 3 berthing positions and 7 QCs are
considered and the minimum safety distance that should be maintained between two adjacent QCs is
specified as 2 bays. The model has generated the optimal quay crane scheduling plan in a way that
minimises the total cost of waiting and departure delays of vessels. As displayed in Figure 2, the specified
safety distance is always maintained between adjacent QCs and the order of the QCs is maintained
throughout the operation avoiding overlaps. Two uncertain scenarios; the breakdown of QC number 2 and
the arrival delay of vessel number 2 are considered in the experiment. As shown in the figure, a reactive
QC schedule is generated by rescheduling QCs to minimise the deviations of the baseline berthing
schedule. Numerical experiments highlight the accuracy of the representation of practical constraints and
the generation of optimal solutions for small-size problems. However, the applicability of the reactive
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strategy for large-size instances is yet to be analysed. This requires the combination of solution algorithms
with the mathematical model to solve large-size instances.

Baseline Crane Schedule Baseline Berthing Schedule

i
1 1

Breakdown H ! Delay of

of crane 2 i i vessel 2

Reactive Crane Schedule ReactiveiBe' hing Schedule

Figure 2. A numerical experiment of the problem
4. CONCLUSION

This study proposed a reactive approach to solve the integrated QCASP of container terminals under
uncertainty. The significance of the study lies in solving the integrated model by incorporating practical
constraints and using a reactive approach to deal with uncertainty. Future studies may focus on developing
a solution algorithm using solution methods such as heuristics, metaheuristics or hybrid techniques to
analyze the accuracy of the proposed model for large-scale problems.
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ABSTRACT - This research investigates optimizing discharging truck allocation at container terminals,
crucial hubs in global maritime logistics, by using a fuzzy logic approach to enhance container
movements from ship to shore. Traditionally managed manually by ground handling staff, the truck
allocation process is automated in this model to address the complexities of quayside operations. This
study proposes a model that adapts to operational variables, reducing bottlenecks and increasing
terminal throughput. By employing fuzzy logic for its adaptability and interpretability, the research
provides a computational methodology suitable for complex quayside operations, involving
fuzzification, inference, and defuzzification to transform raw data into actionable insights. Data were
collected from two container terminals at a leading South Asian port, ranked among the top 30 global
ports. The study used the Fuzzy Logic Toolbox in MATLAB and Python to effectively integrate a rule-
based structure. The findings highlight the critical role of discharging truck allocation in enhancing
terminal efficiency and operational integration, with the model demonstrating compatibility with the
Terminal Operating System (TOS). Future research should focus on more dynamic and integrated
operational planning systems to further improve efficiency in container terminal operations.

Keywords: Quayside planning, discharging operations, Internal trucks, Optimizing truck allocation,
Fuzzy logic

1. INTRODUCTION

This study focuses on optimizing truck allocation at quaysides in container terminals, which are crucial
nodes in the seaborne container trade and significantly influence global supply chain efficiency.
Effective terminal management is vital for overall supply chain performance, with terminal operations
categorized into quayside and landside activities [1]. This research focuses on quayside truck
operations, specifically the critical process of truck allocation for discharging containers, which directly
impacts terminal throughput and operational fluidity [2].

Quayside truck operations are pivotal as they link quayside activities with yard management, integrating
vessel operations and gate processing [3]. Efficient truck allocation for discharging tasks is essential to
prevent bottlenecks and ensure smooth container transitions from ship to shore [4]. This study examines
the complexities of discharging truck allocation, a critical yet often undervalued aspect that significantly
impacts terminal efficiency and throughput. Using a fuzzy logic approach, the study aims to understand
the variables influencing truck allocation for discharging operations and proposes a model that adapts
to operational demands, reducing bottlenecks and enhancing terminal productivity. Container terminals
handle container loading and unloading, affecting vessel turnaround times and shipping efficiency [5].
Manual truck allocation practices often lead to delays and increased operational costs [6]. This research
highlights potential efficiency gains by integrating truck allocation into strategic terminal planning,
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analyzing internal truck movements and the interaction between truck availability and berth
productivity.

2. MATERIALS AND METHODS

Fuzzy Logic, introduced by Professor Lotfi Zadeh in 1965, revolutionized control systems by handling
ambiguous and incomplete information. There are three main phases in the fuzzy logic process, 1.
Fuzzification 2. Fuzzy Inference 3. Defuzzification [7].

Fuzzification defines input and output data and their membership functions. We use nine input
variables: discharging availability (B1, B2, B3), berth productivity (P1, P2, P3), and truck availability
(T1, T2, T3) at three berths. The output variables are discharging truck allocations (AL1, AL2, AL3)
for the next 15 minutes. Membership functions categorize discharging availability as Available (A) or
Unavailable (U) and berth productivity into Low (L), Medium (M), and High (H). Truck availability is
similarly classified. For output data, truck allocation is categorized as Low (L), Medium (M), High (H),
and Null (O). In the fuzzy inference stage, we establish 18 rules considering one berth for efficient truck
allocation using terminal data and expert insights. Three input variables and one output variable guide
the rules, prioritizing berth productivity. Out of nine rules for 'Available' discharging, eight prioritize
productivity. However, one rule diverges: if discharging is 'Available’, productivity is 'Medium’, and
truck availability is 'High', the allocation remains 'Low'. For 'Unavailable' discharging availability, truck
allocation is 'Null." Expanding to three berths results in 5,832 rules, meticulously analyzed using
MATLAB for informed decision-making. Defuzzification, the final step, consolidates scenarios into a
single output. Our MATLAB model uses the Centroid method on 5,832 scenarios to translate fuzzy
logic into quantifiable values, illustrated in Figure 1 for truck allocation in container terminals.

AL = Truck allocation
AL -Truck allocation
AL = Truok allocation

E - Discharging availability F - Berth Productivity T - Truck availability

Figure 3. Defuzzification graphs
3. RESULTS AND DISCUSSION

We recommend focusing on discharging truck allocation within quayside operations. Our research uses
a fuzzy logic model with three key input variables to optimize allocation decisions, forecast truck needs
based on real-time data and refine resource assignment, presented through 3D graphical analysis. Figure
2 shows our model's dynamic response to berth discharging availability, truck availability, and berth
productivity for truck allocation at a container terminal. Truck allocation increases with berth
discharging availability until saturation and initially rises with truck availability but decreases to
prevent congestion. The model demonstrates adjustments based on these variables, offering actionable
insights for optimizing quayside operations. It supports our objectives by presenting a clear strategy for
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truck lane allocation, ensuring smooth activities, and enhancing efficiency without disturbing the
Terminal Operating System (TOS).
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Figure 4. Truck allocation strategy at quayside

4. CONCLUSION

Our research focuses on the critical yet underexplored element of discharging truck allocation at
quaysides. We identified that this aspect had not been explicitly defined as a planning function within
terminal management. Using Fuzzy Logic, we developed a model tailored to quayside operations,
integrating three pivotal input variables to determine optimal truck allocation. Our findings indicate
that recognizing discharging truck allocation as a distinct planning function can significantly enhance
quayside operational efficiency. Future research could explore crane-wise allocation for greater
efficiencies and include additional variables such as crane productivity. Additionally, while Fuzzy
Logic proved effective, alternative Al models could further automate the process with real-time data
for more dynamic operations.
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ABSTRACT-This study investigates the impact of gender in determining the earnings in Sri Lanka's
logistics and maritime industry, a crucial sector for the country's economy. The importance of this
research is underscored by the logistics and maritime industry's significant role in economic
development and the broader context of gender wage disparities. Previous research in Sri Lanka has
shown a persistent gender pay gap in the labor force, even though females often have higher educational
achievements. However, no specific studies have addressed the logistics and maritime sectors in Sri
Lanka, though a few have examined the overall labor force. This study fills that gap by employing
Ordinary Least Squares (OLS) regression to identify wage determinants and the Oaxaca-Blinder
decomposition method to analyze the wage gap. Using data from 400 participants with a 97.5 percent
response rate, the OLS results reveal that being female is associated with earning approximately 0.16
log points less per hour than a male counterpart. Decomposition analysis further shows that out of the
overall wage difference of 0.3624 log points, 53.3 percent can be explained by productive
characteristics such as education and experience, while 46.7 percent remains unexplained, suggesting
potential gender-based discrimination. The fact that the explained portion of the wage gap is
significantly higher indicates that productive characteristics have a more substantial impact on wage
disparities.

Keywords: Decomposition; Sri Lankan Labour Market; Logistics and Maritime industry; Wage
Disparities

1. INTRODUCTION

The logistics and maritime sector plays a crucial role in Sri Lanka's economy, benefiting from its
strategic location along global trade routes. Despite its importance, this sector faces considerable gender
income inequality issues. The gender pay gap, which denotes the difference in earnings between men
and women, is influenced by factors such as occupational segregation, educational attainment, work
experience, and potential discriminatory practices (Seneviratne, 2020). The logistics sector is part of
the industrial sector within Sri Lanka's labor market. Cultural norms and lower female labor force
participation rates exacerbate these disparities, despite women often outperforming men in education.
Despite extensive literature on gender wage disparities in Sri Lanka, there remains a notable research
gap specific to the logistics and maritime industry. Few studies delve deeply into industry-level data
and the unique challenges faced by women in these sectors (Fatima, 2013). This gap calls for focused
research that explores factors contributing to wage differentials within these critical industries, aiming
to inform policies and practices that promote gender equality (Solotaroff et al., 2017).

Research objectives
1. Investigate the existence and extent of the gender wage gap within the industry.

2. ldentify and analyze factors influencing hourly wages.

3. Measure the gender wage gap for male and female employees.
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4. Use the Oaxaca-Blinder method to explore explained and unexplained factors contributing to
wage disparities.

5. Evaluate the overall impact of these factors on the gender wage gap.

2. MATERIALS AND METHODS

This section details a quantitative research approach examining the gender wage gap in Sri Lanka's
logistics and maritime industry. Data is collected via an online survey of 400 employees in Colombo,
capturing demographics, education, work experience, job roles, and wages. Econometric methods like
OLS regression and Oaxaca-Blinder decomposition are applied for thorough analysis. Snowball
sampling ensures sample diversity.

Most studies conducted by researchers on
devel oBed kbdby andBdMckeer (1964) demonstrat
i nvestments to increase product i vi.This studywbkes
Ordinary Least Squares (OLS) regression to identify factors influencing hourly wages,

=  + + + + + + +

+ + + + +

The OLS regression model utilizes Hourly Wage as the dependent variable. Independent variables
encompassing Education Level, Experience Level, Marital Status, Ethnicity, Gender, Occupational-
Related Professional Qualification, Specified Business Area, VVocational Training, English Literacy, IT
Qualifications, and Job Nature are incorporated. To enable in-depth analysis, all independent variables
are dummy coded.

The study employs the Oaxaca-Blinder decomposition method using a relaxed pooling approach
suggested by previous literature, to analyze the gender wage gap. Using equation below, separate wage
regressions are conducted for males and females applying the Ordinary Least Square method. Based on
that, expected gender income gaps are estimated and that can be decomposed into two components,

where = and " are the estimated value of  and expected respectively. Further, — — ~ is the gap
of mean log hourly wage between males and females. In equation , ( - ) indicates the
endowment effect, the explained part of the income difference at mean which is weighted by the male
coefficients. ' (= - ) is the unexplained segment of the income difference; the structural effect.
Oaxaca (1973) called this unexplained segment as labor market discrimination.

3. RESULTS AND DISCUSSION
3.1 OLS Regression Results

The OLS regression results align with the human capital theory, showing that education, experience,
and other productive characteristics significantly impact hourly wages. Higher academic credentials,
professional qualifications, and English literacy are associated with increased wages, while temporary
job nature negatively affects wages. Gender shows a direct negative gap, with female employees
earning approximately 16.9 percent less than their male counterparts. Social identity elements, 1T
qualifications, vocational training, and specific business sectors do not significantly affect hourly
wages.
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3.2 OAXACA-BLINDER DECOMPOSITION RESULTS

Robust

LHWAGE Coef. Std. Err. A P>z

Difference 0.3624 0.0269 13.48 0.0000
Explained 0.1931 0.0239 8.07 0.0000
Unexplained 0.1693 0.0219 7.73 0.0000

Table 1: Oaxaca Blinder Decomposition

Source: Author Compilation

The gender wage gap in Sri Lanka's logistics and maritime industry amounts to 0.3624 units per hour,
with 53.3 percent (0.1931 units) explained by differences in personal and career-related factors. The
remaining 46.7% (0.1693 units) may stem from gender-based discrimination, highlighting opportunities
for reducing disparities through educational and career initiatives.

4, CONCLUSION

This study reveals a substantial gender wage gap in Sri Lanka's logistics and maritime industry, with
men earning significantly more than women. While education, job role, and English proficiency
contribute to this disparity, a significant portion remains unexplained, potentially indicative of
underlying gender bias. Policy interventions aimed at enhancing education, fostering professional
development, and implementing equitable workplace practices are recommended to mitigate this gap.
Future research should delve deeper into the unexplained factors to inform more targeted policy
solutions.
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ABSTRACT -Stock take refers to the process of physically verifying the amounts and conditions of all
commodities present in the warehouse. Instead of conducting this task on an annual basis, it would be
more effective to perform it on a monthly basis. Workers in a cold storage warehouse face hazards
throughout the stock-taking process, such as being exposed to low temperatures and working in elevated
areas with ladders and heavy gear. Hence, conducting stocktaking operations using UAVs (Unmanned
Aerial Vehicle) can effectively reduce these risks and enhance the operational effectiveness of the
facility. The objective of this study is to identify an effective approach for stocktaking in cold storage
using UAVs and creating an efficient routing system for the selected UAV system. UAV with a UGV
selected as the UAV system and the routing algorithm is 25.6% efficient compared to traditional system.

Keywords: Cold Warehouse, UAV Stocktaking, UAV Routing, Warehouse Automation, Smart
Warehousing.

1. INTRODUCTION

UAYV, colloquially known as drones, have emerged in the twenty-first century as an exceptionally
captivating and revolutionary technological advancement [1]. Initially designed with military objectives
in mind, this technology has since been implemented across various sectors, including the logistical
industry. In the logistics sector, there has been a significant surge in the implementation of drone
technology over the past decade. Warehouse operations are currently implementing the use of drones
for the purpose of inventory management. This substantially enhances the efficacy of the process. An
essential component of efficient inventory management, inventory stocktaking entails the physical
verification and reconciliation of quantities of inventory in physical possession with data that has been
recorded [2].

Working in cold warehouses presents significant challenges, primarily attributable to the extremely low
temperatures that employees are required to endure. Due to the potential for a variety of cold-related
consequences, employees' work hours within the warehouse are restricted. This contributes to an
elongation of the warehouse inventory stocktaking process [3]. Consequently, minimizing worker
exposure to cold environments can significantly enhance safety. As a result, the implementation of
UAVs for cold warehouse inventory management will substantially enhance operational efficiency by
drastically reducing the time needed for stocktaking and improve the overall safety of warehouse
personnel.

This study aims to determine the most efficient method of operating a warehousing drone in a cold
warehouse in order to conduct inventory checks. An essential consideration when deploying an UAV
system in a cold warehouse is the extremely low temperature that the UAV must be able to endure.
Generally, exposure to low temperatures results in a reduction in the duration of operation.

The main objective of the study is to find an optimal stocktaking system using UAV that can be used in
cold storage efficiently. Then create a routing system that focuses on energy usage which help to reduce
the energy consumption of the UAV making capacity to handle longer operation. The main focus of
these objectives is to theoretical prove that UAVs can be used in cold warehouse, and they provide
significant advantages to cold warehouses.
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2. MATERIALS AND METHODS

For the study we selected cold warehouse that is maintain a temperature of -15 Celsius. This the
minimum temperature that can be withstand by a UAV without failure [4]. In this temperature operation
time of the UAV will reduce by 52% compared to operating temperature of 30 Celsius [4]. Therefore,
managing the energy of the UAV is important. With that in mind this study we selected a UAV equipped
with UGV (Unmanned Ground Vehicle) [5]. There are several reasons behind this choice. UGV will
serve as transporting platform and charging platform within warehouse racks [6], UGV will reduce the
number of complex maneuvers required within the warehouse and it made possible to use 2D VRP
(Vehicle Routing Problem) instead of computationally intensive 3D VRP for the UAV routing. The
UGV act as a safety layer if UAV required a sudden landing. UGV act as local positioning system for
UAYV eliminating the requirement of complex navigation system. As a result, this system possesses
numerous advantages that are absent in other systems. We presumed that the UGV would be
continuously connected to power in our study.

For the inventory procedure, an RFID (Radio-frequency ldentification) scanner was intended to be
implemented because it facilitates a more efficient and precise inventory process [5]. The UAV will be
outfitted with a camera for physical verification and secondary verification. UGV will use Li-DAR and
local submap for navigation [5].

Once the platform had been determined, research shifted its focus to developing an energy-efficient
routing system that could facilitate more operations with the same amount of power as conventional
routing systems [7]. We have learned from prior research that the energy requirements of various UAV
maneuvers vary for example vertical movement use additional power compared horizontal movement
[8]. In light of this, we developed an energy-aware routing system that considers the varying power
demands of distinct maneuvers. For development of the algorithm, we used Python and Google OR-
Tools.

Following the development of an energy aware routing method utilizing metaheuristic VRP, a
comparison was made with a conventional VRP that primarily aimed to decrease distance. We utilized
a simulated warehouse rack consisting of eight stacks and five levels making forty bins. There, fourteen
containers were selected at random for scanning, and the algorithms to determine the route were
executed. Once the route was determined, the energy consumption for both operations was computed

[9] [10].
3. RESULTS AND DISCUSSION

Comparing the two methods, we discovered that the energy-aware routing method reduced energy
consumption by 25.6%. This beneficial when conducting extended operations.

We also executed the same algorithms using two UAVs on a single UGV as part of this study. There,
we observed 3.5% reduction in energy consumption from energy-aware routing method. When
comparing same operation involving two UAVs and a single UAV, we discovered that the energy
consumption per UAV is 29.5% lower in the two UAVs configuration. Although combined energy
consumption is 27.3% greater than that of a single UAV. Lower power consumption per UAV will
facilitate the ability to do higher number of operations per charge, which is particularly advantageous
in warehouses of considerable scope.

A comparison was made between the durations required to complete stocktaking operations in these
systems by employing the routes obtained from the energy-aware algorithm. We make assumptions
about safe operating speeds for the purposes of this study, based on data collected from prior research.
The time required by the multi-UAV system was 36.7% less than that of the single-UAV system. This
is a substantial time-saving that, depending on the size of the warehouse, will prove invaluable.
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4. CONCLUSION

The primary application of this system is in cold storage warehouses, where its implementation offers
substantial safety and efficiency benefits. However, the system is applicable to any warehouse. A multi-
UAYV system is extremely advantageous for a company that conducts inventory-related tasks. (3rd party
stocktaking companies)

Future avenues of research may encompass practical simulations, further optimization of the energy-
conscious algorithm through refinement using different type of UAVs, and an examination of the
system's compatibility with established warehouse management software in order to optimize its
capabilities and adaptation across the entire supply chain.
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ABSTRACT - The efficiency of bulk cargo vessel unloading processes is a pivotal determinant of the
overall economic and logistical performance of maritime transport systems. The optimization of these
processes directly influences the throughput of shipping operations and the effective use of port
infrastructure. Traditional unloading methodologies, which heavily rely on manual coordination and
staticoperational protocols, often struggle to meet the dynamic demands of modern maritime trade. This
study develops and assesses an artificial intelligence (Al) and fuzzy logic-based model to optimize bulk
cargo unloading for Handymax Carriers, which are equipped with 5 hatches and 4 cranes. Traditional
manual methods present inefficiencies that this technology aims to mitigate by improving crane
allocation and adapting dynamically to operational conditions. The research demonstrates that the Al-
enhanced approachsignificantly reduces unloading times and operational costs, showcasing substantial
improvements over conventional strategies. Through a series of simulations, complemented by real-
world application and testing, this research illustrates the capabilities and benefits of Al-human
collaboration in maritime logistics. The findings suggest that the integration of Al can significantly
boost operational efficiency, improve safety outcomes by reducing human error, and enhance the overall
allocation of resources. This approach not only contributes to the technological advancement in the field
of maritime logistics but also sets a foundation for future developments in intelligent transport systems
where human expertise and Al solutions are intertwined for superior performance and decision-making.

Keywords: Bulk Ports, Fuzzy Logic, Al-Human Collaboration, Maritime Logistics, Operational
Efficiency

1. INTRODUCTION

The introduction highlights the critical role of efficient bulk cargo unloading in maritime logistics,
particularly for Handymax carriers, whi ch
Traditional methods often fail to address the dynamic nature of port operations, leading to inefficiencies
such as extended docking times and higher costs [1]. This study introduces a novel approach using
Acrtificial Intelligence (Al) and fuzzy logic to optimize crane and hatch operations on Handymax carriers.
Al provides solutions for the complexities in crane allocation and cargo handling, while fuzzy logic
effectively manages variability and imprecision in operational parameters [2],[3].

Historically, bulk ports have struggled with suboptimal resource allocation and sequencing, significantly
affecting efficiency. Previous studies have highlighted the need for advanced programming and
optimization techniques in handling crane allocation [4]. Integrating Al and fuzzy logic into port
operations promises to transform traditional methods by enabling intelligent decision-making and
improving responsiveness to operational dynamics [5]. This research focuses on the specific needs of
Handymax carriers, proposing a model that enhances crane and hatch operations, contributing to broader
maritime logistics efficiency and offering scalable solutions for other vessel types and contexts.
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2. MATERIALS AND METHODS

In bulk cargo unloading, the selection of cranes for different hatches is primarily determined by the
operational handlers based on their experience. These handlers assess the cargo in each hatch and use
their expertise to decide which crane to deploy, aiming for efficient and effective unloading. The
movement and side change of cranes are guided by the handler's familiarity with the cargo quantity.
However, this approach can lead to suboptimal unloading times, potentially causing delays due to the
reliance on human judgment and experience.

The study aimed to develop a robust fuzzy logic model that leverages real-time operational data to
optimizecrane and hatch operations on Handymax carriers. Fuzzy logic was chosen for its strengths in
addressing uncertainties and enabling real-time adaptation to dynamic port conditions, which aligns
closely with the complexities of maritime logistics.

2.1 Model Development

The Al-driven fuzzy logic model for optimizing Handymax carriers' unloading processes uses operational
data, such as cargo volume across five hatches, each with five priority levels: Very High, High, Medium,
Low, and Very Low. This categorization enables dynamic management of cargo volumes. The model
considers 3125 possible cargo level combinations across the hatches, generating specific rules for crane
allocation.

For example, if all hatches have a Very High cargo level, cranes might be allocated accordingly: C1 at
Hatch 1, C2 at Hatch 2, etc. To streamline operations, the model prioritizes certain hatches, such as
Hatches 1 and 5, over others to optimize resource deployment. These rules are integrated into a fuzzy
logic controller that dynamically adapts crane allocations based on real-time cargo levels, addressing
operational uncertainties like sudden changes in volume or priority shifts. By focusing resources on
critical points, the system enhances overall efficiency. This approach effectively manages the
complexities of maritime logistics operations, allowing the model to make real-time adjustments,
maintain high throughput, and reduce delays in cargo handling.

3. RESULTS AND DISCUSSION

The chart below illustrates the model's performance in terms of crane 1 allocation efficiency over
quantityof hatches, showing how dynamic adjustments lead to optimal cranes utilization and shorter
unloading times.

X1 - Hatch 1 quantity

100

Crane 1 allocations

e
atc = ,. .
" quantjty X1- Hatch 1 qugﬂtlty‘

Crane 1 allocations

0 e—

X2 - Hétch 2 quantity
Figure 1. Crane allocation over quantity
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The Al-driven fuzzy logic model has significantly improved the efficiency of unloading operations for
Handymax carriers at bulk ports. Extensive testing in simulated environments showed notable
reductions in unloading time, enhancing port throughput and reducing ship turnaround times. The model
optimizes crane usage by dynamically allocating resources based on real-time data, preventing
bottlenecks and minimizing crane idle times.

Future research could focus on integrating predictive analytics for anticipating cargo loads and
extending the model to other vessel types and ports to explore scalability and adaptability. The
implementation also indirectly benefits the environment by reducing vessel idling times and emissions.
The model's adaptability to real-time changes and its ability to handle uncertainties ensure high
efficiency and swift responses to operational disruptions, supporting environmental sustainability and
operational excellence in maritime logistics.

4. CONCLUSION

This research demonstrates the significant benefits of integrating Artificial Intelligence (Al) and fuzzy
logic in optimizing unloading operations for Handymax carriers, leading to notable improvements in
operational efficiency and adaptability. The successful application of these technologies highlights their
potential to transform bulk cargo handling and suggests a promising future for their broader use in the
maritime industry. Al and fuzzy logic's adaptability indicates their potential scalability and effectiveness
across different vessel types and maritime logistics segments. Future research should focus on
incorporating advanced Al technigues like machine learning and predictive analytics to enhance decision-
making processes further. Additionally, integrating 10T devices to enrich real-time data inputs could
improve the precision and effectiveness of operational strategies.
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ABSTRACT -Green procurement, also known as environmentally preferable purchasing, focuses on
the environmental impact of the purchasing process within the supply chain. The Fast-Moving
Consumer Goods (FMCG) industry is characterized by high-volume production and consumption of
everyday consumer goods. Supply chain contributions are vital in this industry, with procurement
playing a key role. This study endeavours to explore the effective implementation of green procurement
in the FMCG industry to enhance sustainability and reduce environmental impact. The primary aim is
to investigate opportunities and strategies associated with green procurement practices within the
FMCG sector, providing actionable insights to industry stakeholders for fostering sustainable supply
chain management and environmental stewardship. Employing purposive sampling techniques for
sample selection, data acquisition ensued through semi-structured interviews. Subsequent to data
collection, thematic analysis served as the analytical framework. The research identified stakeholder
collaboration, supplier involvement, technology adoption, and regulatory compliance as key influencers
for positive change and reducing environmental impact through the implementation of green
procurement in the FMCG industry. These findings are significant for researchers, practitioners, and
policymakers, guiding efforts to advance sustainability objectives and promote responsible business
practices within the FMCG sector.

Keywords: Green Procurement, FMCG Industries, Sustainability, Strategies
1. INTRODUCTION

Green procurement entails the acquisition of goods and services with minimal environmental impact.
Today, the operations of large and medium-scale manufacturing companies worldwide are significantly
affecting the environment. Consequently, there has been a noticeable shift in the contemporary business
landscape, with a growing emphasis on greener supply chains, particularly in procurement practices.
Within the Fast-Moving Consumer Goods (FMCG) sector, supply chain performance holds paramount
importance. The FMCG industry encompasses a diverse array of frequently purchased consumer
products, including soaps, dairy items, confectionery, soft drinks, fruits, vegetables, and batteries. These
products typically exhibit low unit costs but are characterized by high volumes [1]. Notably, in
developing countries, the prevalence of FMCG industries tends to surpass that of other sectors. The
environmental ramifications of procurement activities profoundly affect the quality and health of
ecosystems. Since the 1990s, the concept of green purchasing has gained recognition as a potent
mechanism for alleviating the environmental burdens stemming from production and consumption
activities [2]. Presently, many developing nations are prioritizing green procurement within the FMCG
sector, reaping various benefits in the process.

This study aims to explore how green procurement can be effectively implemented in the FMCG
industry to bolster sustainability efforts and curtail environmental impact. The overarching objective is
to delve into the opportunities, and strategies associated with the adoption of green procurement
practices within the FMCG domain. By doing so, the study seeks to furnish industry stakeholders with
actionable insights conducive to fostering sustainable supply chain management and environmental
stewardship. The current study primarily utilizes qualitative methods, lacking quantitative analysis to
statistically validate the impact of green procurement strategies on sustainability within the FMCG
sector. It is focused on the Sri Lankan context, leaving a gap in comparative studies across different
regions to understand cultural and regulatory influences.
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2. MATERIALS AND METHODS

In Sri Lanka, the 35 registered Fast-Moving Consumer Goods (FMCG) companies highlight the sector's
economic importance. For this study, purposive sampling selected six FMCG companies practicing or
planning green procurement, representing the industry. Data was gathered through 28 semi-structured
interviews, observations, and secondary literature, enhancing the study's depth and context. During data
collection, semi-structured interviews were the primary method for engaging stakeholders and
obtaining detailed insights. Thematic analysis was then used to identify patterns and themes in the
qualitative data, with Nvivo 11 software enhancing the process's efficiency and accuracy. To minimize
subjectivity, triangulation was employed by using multiple data sources, including interviews, surveys,
and secondary data, to ensure consistent theme identification. By applying these methodologies, the
study aims to uncover the complex dynamics within Sri Lanka's FMCG sector. Analysing themes and
patterns will contribute to scholarly discourse, guide strategic decisions, and promote evidence-based
practices in the industry.

3. RESULTS AND DISCUSSION

In identifying actions conducive to establishing green procurement in the Fast-Moving Consumer
Goods (FMCG) industry, derived from respondent data, the analysis delineates strategies underpinning
four principal themes.

Sustainable Sourcing Policies

Supplier Training

Programs

Supplier
Involvement

Supplier Performance

| Partnership with NGOs Monitoring

Stakeholder
Collaboration

| Government Collaboration }——’

Environmental

Rewulations Adherence

Regulatory Training for
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by
Stakcholder Consultation v !
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Updates on Environmental
Supply Chain Management ‘ Legislation

Software \ ;

Compliance Monitoring
N & and Reporting

<> Themes Technology
] Sub themes Adoption | Green Energy Technologies

——— Link to Sub Themes

= = = = Relationship between Themes

Automated Procurement Systems

Figure 1: Thematic Map

Stakeholder Collaboration: Given the challenges inherent in implementing green procurement within
the FMCG sector, stakeholder collaboration emerges as pivotal for its effective execution. Participants
underscored key mechanisms aimed at enhancing industry sustainability, notably by fostering stronger
ties with local non-governmental organizations, collaborating with governmental bodies to facilitate
favourable processes, and augmenting partnerships with cross-industry alliances. Such collaboration
not only fosters sustainable production but also facilitates the establishment of sustainable procurement
practices across industries.

Supplier involvement: Analysis underscores the significance of supplier contribution and involvement
in advancing sustainability throughout the FMCG supply chain. Participants emphasized the adoption
of stringent sustainability assessments, implementation of training programs, and formulation of
sourcing policies to ensure suppliers adhere to environmental and social standards. Through close
monitoring of supplier performance and provision of feedback and support, companies can
continuously enhance supplier sustainability practices. Such integration of suppliers within the supply
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chain serves to promote green procurement within the industry and contributes to achieving
sustainability objectives.

Adoption of Technology: Thematic analysis highlights technology adoption as a pivotal facilitator of
sustainability initiatives within the FMCG industry. Participants underscored the utilization of
technologies such as advanced supply chain management software to monitor environmental metrics,
analyse trends, and ensure supply chain transparency and traceability. Notably, technology adoption
not only enhances sustainability but also augments efficiency and productivity within the industry.
Investments in renewable energy technologies further underscore a commitment to reducing carbon
emissions and promoting resource efficiency.

Regulatory Compliance: Thematic analysis underscores regulatory compliance as a cornerstone of
sustainability endeavours within the FMCG industry. Participants stressed the importance of remaining
abreast of environmental legislation. Compliance with environmental regulations not only fulfils legal
obligations but also reflects ethical values and corporate responsibilities. Furthermore, extensive
training sessions for organizational staff regarding environmental regulations and their significance
were deemed imperative Prioritizing regulatory compliance fosters stakeholder trust and ensures
environmental stewardship.

In summary, thematic analysis outcomes delineate potential strategies underscoring the multifaceted
nature of sustainability practices within the FMCG industry. Emphasis is placed on stakeholder
collaboration, supplier engagement, technology adoption, and regulatory compliance as pivotal avenues
for effecting positive change and mitigating environmental impact.

4. CONCLUSION

In conclusion, this study underscores the essential strategies for implementing green procurement in the
Fast-Moving Consumer Goods (FMCG) industry. Analysis based on data obtained from the sample
reveals that stakeholder collaboration, supplier involvement, technology adoption, and regulatory
compliance emerge as critical pathways to promote sustainability and mitigate environmental impact.
By employing these strategies, FMCG companies can effectively navigate the complexities of
sustainable procurement. Consequently, through the implementation of these identified strategies,
companies can diminish their environmental footprint, enhance brand reputation, and align with the
contemporary consumer demand for sustainable products.
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ABSTRACT - Post harvest waste (PHW) is a significant threat to the sustainable agri food supply
chains. It can be occurred in different stages but in developing countries food waste is basically occurred
early stages of the supply chain. The purpose of this study is to identify the barriers for sustainable
logistics network of vegetable supply chains (VSC) in developing economy perspective by examine the
Sri Lankan VSC and develop the interrelationship between them. 12 barriers were identified and derived
the connections among barriers under 6 levels using the Interpretive Structural Modelling (ISM)
method. Barriers are clustered into four categories according to their driving and dependent power
through the MICMAC analysis. Both analyses are verified that technological issues, lack of
communication platform and lack of trained personnel in VSC are root causes for the unsustainability
of the logistics network in VSC in developing economies.

Keywords: Vegetable supply chain; Sustainability; Logistics network; Developing economies;
Interpretive Structural Modelling

1. INTRODUCTION

The global population is rapidly growing, and it is expected to reach 9.8 billion in 2050 [1]. As a result,
70% of expansion in global food pr oduc[i]iBotn

one-t hird of the global food product i omnualipn[2].c h

PHW has basically occurred in the initial stages of the supply chain including manufacturing, handling,
storage, processing, packing, and transportation in developing countries, whereas in developed
countries, it occurs during the consumption stage [3]. In Sri Lanka, 30-40% of total agri production is
lost as postharvest waste, with inefficiencies in the distribution and transportation processes accounting
for 48% of this total. The agriculture economy of Sri Lanka suffers losses of about 20 billion per year
due to poor transport systems. About 75% of PHW in Sri Lanka are caused by improper packaging
techniques as overpacking and tight packing. It emphasis that almost half of the agri production is
wasted during the logistics operations [4]. Existing literature has identified the barriers for sustainable
fresh VSC by representing the perspective of the developed economies where the retailers are the
leading role of the agri food supply chain. But different countries have different market channels for
agri food supply chain and consist with the supply chain dynamics. It derives the significance of
analyzing the barriers for sustainable fresh agri produce supply chain in different economies [5]. This
study is conducted to fill this gap by identifying the barriers for sustainable logistics network of VSC
in developing economies considering the Sri Lankan VSC.

2. MATERIALS AND METHODS
Existing literatures are referred to identify the barriers for sustainable logistics network of VSC in

developing economies. 28 research papers are selected after screening process using inclusion and
exclusion factors. Studies focused on perishable foods, agri foods, vegetables or both vegetables and
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fruits supply chains within developing economies are included while studies concerning developed
economies, fish and fresh flower supply chains and studies not aligning with the research objectives are
excluded from the pool of literatures. 12 barriers are identified from screening the existing literatures.
Interpretive Structural Modelling (ISM) along with the MICMAC analysis is used to develop the
framework as it is a well-structured multi criteria decision making method [6]. Contextual relationships
bet ween barriers are gained through t hekey28
stakeholders in the VSC including farmers, wholesalers/ retailers, transport service providers and the
management of Dedicated Economic Centers, and the 11 academics related personnels in this domain.
Based on that, Structural Self-interaction matrix (SSIM) is derived. Reachability Matrix (RM) is
obtained from SSIM. Final Reachability Matrix (FRM) is derived by checking the transitivity links.
Barriers are clustered into 4 categories in the MICMAC analysis with respect to their dependence and
driving power [7].

3. RESULTS AND DISCUSSION
As the results of ISM model in Figure 1, Technological issues (B11), Lack of communication platform

(B9) and Lack of trained personnel in the vegetable supply chain (B8) are found as the major barriers
for the unsustainability of logistics network in the VSC in the context of developing economies. These

barriers are root causes to drive the other barriers and it i s aligned with
B6 B3 B2
Delay due to high Improper storing Poor packaging
transit time methods practices
BS B1 B10
Poor handling Inadequate Poor transparency in
— practices transportation systems transactions
B4
High involvement of
intermediaries
*
[ |
B7 B12
Inadequate demand & +————— lLackof standardization «+—
supply forecasting
*
f B!
B8 B9
Lack of trained personnel in the ————» Lack of communication
vegetable supply chain platform

B11
Technological issues

Figure 1. ISM Model
As the MICMAC analysis in Figure 2, all the barriers are clustered into 4 clusters based on their driving
and dependence power. Barriers which have less driving and dependence power are categorized as
autonomous barriers. There are not any barriers which are categorized as autonomous factors, and it is
similar to the results of [7]. It implies that there are not any barriers which have less impact and are
easily solved in the logistics network of VSC in developing economy perspective. Poor packaging
practices (B2), Improper storing methods (B3), Poor handling practices (B5), Delay due to high transit
time (B6) and Poor transparency in transactions (B10) are clustered as the dependent barriers as they
have high dependence and less driving power. These barriers are dependent on the other drivers in the
system and vulnerable to quick changes within the VSC. Inadequate transportation system (B1), High
involvement of intermediaries (B4), Inadequate demand and supply forecasting (B7), and Lack of
standardization (B12) come under the linkage cluster as they have both high dependence power and
driving power. It means that these barriers impact themselves as well as the other barriers. Lack of
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trained personnel in the vegetable supply chain (B8), Lack of communication platform (B9) and
Technological issues (B11) are categorized as independent factors which have weak dependence power
and strong driving power. These independent drivers can influence the other factors in the logistics

network of the VSC.
MICMAC Analysis

12 e e -

11 Independent - IV 58 ® Linkage - Ig B12

10 B11 B9
. 9 B4
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Figure 2. MICMAC Analysis
The interrelationships between the identified barriers according to the ISM model are affected to the
environmental, economic and social aspects of the VSC and it leads to create unsustainable VVSC.

4. CONCLUSION

This study explores the barriers for sustainable logistics network of VSC in developing economies by
examining the Sri Lankan VSC and derives the interrelationships between them. Future studies can
statistically validate the findings using an appropriate method and evaluate the dynamic behavior of
these barriers relating to different commodities and the entire agri food supply chain.
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ABSTRACT — The main objective of the project Stakeholder management involves facilitating the
project manager's ability to take actions appropriately to the characteristics and level of interest that
stakeholders have in the project's success. However negative consequences can occur, due to ineffective
stakeholder management from the initial planning stage. Forty-seven stakeholders were identified as

t he most cruci al stakehol ders of the project

identification through the mapped packaging supply chain. They also finalized the 10 attributes to
evaluate the intensity of each stakeholder. Every cluster possesses distinct qualities that empower the
project manager to execute appropriate actions as required during the project's phases, based on the
attributes employed for analysis. Finally, the importance of stakeholders' role identification is
determined by five key facts: developing targeted stakeholder management strategies, optimizing
resource allocation and prioritization, Proactive risk management, stakeholder collaborative decision-
making, and developing strategic partnerships.

Keywords: Sustainable Packaging, Stakeholder Management, Stakeholder Theory, Stakeholder,
Classification, Unsupervised Learning

1. INTRODUCTION

The present study suggested the effectiveness of applying unsupervised machine learning techniques to
improve stakeholder management practices, thereby addressing the limitations associated with
traditional stakeholder classification approaches. The manual power-interest matrix is a frequently
employed tool for classifying stakeholders according to their levels of power and interest concerning
the project.

However, the traditional methods have consisted of some drawbacks as simplification, the dynamic
nature of the stakeholders, and the lack of differentiation. In comparison to these methods, the adoption
of clustering algorithms using machine learning leads to a different and more customized perspective
of analysis, whole traditional classification considers few attributes. Furthermore, the utilization of
machine learning algorithms for stakeholder classification holds advantageous implications for
companies.

There exists a lack of study conducted in this domain. A limited number of scholarly articles have put
forth the utilization of unsupervised machine learning methodologies for stakeholder classification,
thereby highlighting avenues for future research (1 & 2 & 3).

The existing body of literature has identified specific gaps in the representation of stakeholder
participation within the context of sustainable supply chain management methods (2). Initially, there
existed a lack of adequate representation of the significance of stakeholder engagement (3).
Furthermore, although stakeholders have a significant role in project implementation, their influence
might be much more delivered, underscoring the necessity for additional investigation (4).

The primary aim of this study is to achieve three key objectives connected with stakeholder management
in sustainable supply chain management (SSCM) practices, with a particular focus on sustainable food
and beverage packaging within the supply chain. The primary objective is to categorize stakeholders
according to their characteristics concerning the achievement of project success, to strategically
position the stakeholder group, and to evaluate the importance of comprehending the stakeholder's
function within an organizational framework. To accomplish this objective, it was essential to identify
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the main stakeholders of the chosen project and evaluate their characteristics and placement on the
power-interest matrix through the utilization of an unsupervised machine learning PAM algorithm.
One potential approach to facilitating personalized engagement strategies involves classifying
stakeholders into distinct groups based on their specific features or interests. This allows companies to
respond effectively to the concerns of stakeholders and make decisions with the contribution of
stakeholders based on their priorities.

2. MATERIALS AND METHODS

Expert interviews are used as a means of information gathering, ensuring that both internal and external
experts are included to mitigate personal biases. To mitigate the challenges associated with expert
interviews, alternative methods such as online and list interviews are applied (5). Four primary
unsupervised machine learning methods have been identified in the available literature. These
algorithms are probabilistic, density-based, hierarchical, and partitional clustering. Based on the
interview conducted with experts, it has been determined that the partitional clustering method is the
most suitable strategy (6). Average silhouette analysis is used to determine the optimal number of
clusters within the quadrant, and the maximum silhouette coefficient equals the optimal number of
clusters (7). The main objective of the Partial Partitional Medoids Clustering (PAM) method is to
decrease the overall dissimilarity, as measured by a distance metric, between data points and their
corresponding medoids within each cluster. The distance measure is used to evaluate this dissimilarity.

.= :{1, 2,'3, ...... }

The objective function: J= _(i=1)"k _ ( X _j € C i) d(x_j,m_j)

» Ci represents the data points assigned to cluster i.
* d(xj, mi) is the distance between data points xj and medoids mi.

According to the stakeholder registration, the project's power interest matrix encompassed a collective
of 47 stakeholders. The aforementioned stakeholders were carefully chosen to serve as representatives
for various departments and roles inside theorgani zat i on. Quadrant 1,

is characterized by low power and interest. The stakeholders were assigned to the quadrant labelled
“keep satisfied” (quadrant 2), which is d
the "Key Players" quadrant, consisted of a significant number of stakeholders who held a crucial role
and actively participated in the project.
high level of interest and a low level of interest. Together stakeholders were categorized as needing to
provide minimal effort, keeping stratified, key players within the project scope, and needing to be kept
informed about the concerns and updates regarding the project

3. RESULTS AND DISCUSSION

Based on the analysis conducted, it was determined that Quadrant 4 consisted of a single stakeholder.
Therefore, there was no reason for grouping the stakeholders inside Quadrant 4. Quadrants 1, 2, and 3
were required to determine the appropriate number of clusters inside each quadrant. The average
silhouette analysis is used to ascertain the number of clusters in each quadrant.

Determine the significance of the stakeholder's role in establishing the basis for the organization's
achievement. The significance of identifying stakeholders' roles is determined by five crucial factors to
develop targeted stakeholder management strategies, optimize resource allocation and prioritization,
engage in proactive risk management, facilitate stakeholder collaborative decision-making, and
establish strategic partnerships.

Following that, the organization implemented the PAM algorithm to determine the most suitable
quantity of medoids for each quadrant. The aforementioned stage facilitated the recognition of
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stakeholder groups distinguished by distinct characteristics and requirements, hence offering useful
perspectives for the development of stakeholder engagement and management strategies.

Power-Interest Matrix Povier

oz 2

4 g &
Interest

Figure 1. Stakeholder Classification Transformation from Traditional to
Modern

4. CONCLUSION

The overall objective of this study is to evaluate the significance of understanding the role of
stakeholders within the context of the organization. The study was limited to a sample size of 47
stakeholders involved in a particular project within the FMCG business. The distribution is somewhat
constrained and is confined to a mere three quadrants of the power-interest matrix. There is a lack of
study on the evolution of stakeholder classification across the lifecycle of a project, as well as not
enough discussions regarding the comparison between before and after implementing the stakeholder
classification. Additionally, sustainable packaging can benefit the organization by reducing
environmental impact, enhancing brand reputation, and fostering stronger stakeholder relationships.
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IMPACTS OF NATIONAL LEVEL FUEL SUPPLY SHORTAGES: CASE
STUDY BASED ON RECENT FUEL SHORTAGES IN SRI LANKA
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ABSTRACT

The impacts of fuel supply shortages at the national level can have far-reaching consequences on many

aspects of society. One critical area that is affected is mobility, which is essential for everyday life,

commerce, and economic growth. The research aims to ldentify the impacts of national-level fuel supply

shortages with reference to Case study based on fuel shortages in Sri Lanka in 2021 to 2022. The study

collect data from both transport service provider:
review (Published materials on fuel shortage), interviews and questionnaire surveys to gather information.

The findings of this research will have important implications for policymakers and stakeholders in the

transportation sector. The research will provide insights into the potential effects of fuel supply disruptions

on travel demand and overall country and it will help to mitigate their impact.

Keywords: Mobility, Fuel shortages, Impacts, Sri Lanka

1. INTRODUCTION

Sri Lanka's economic crisis, which began in 2019, has resulted in great hardship for the people lives in Sri
Lanka and to the government of the country. Multiple factors have contributed to the economic crisis in Sri
Lanka such as economic mishandling [1], rise in foreign debt, 2019 tax cuts on the domestic economy,
national policy shift to organic and biological farming, downfall of the tourism sector, Easter bomb attacks,
and the effect of the COVID-19 virus [2]. Due to these causes, Sri Lankan rupee deflated to its lowest in
April 2022, becoming the world's worst-performing currency (depreciated by 80% against USD). One
major impact of the economic crisis was the fuel shortage. During the height of the crisis, fuel consumption
in Sri Lanka plummeted by 60% (approximately 90,000 barrels per day to just 36,000 barrels per day). As
the main consumer of petrol and diesel, the transport sector was severely affected by this unprecedented
experience of fuel supply shortage. The national-level fuel shortages have had a direct impact on demand
for mobility. The issues for demand for mobility led to short term and long-term issues which were not
experienced before both at local and international level. Therefore, this research intended to investigate
about impacts of national level fuel supply shortages by taking the Sri Lankan fuel shortages issue.

1.1 Aim

This research intended to identify the impacts of national-level fuel supply shortages with reference to the
fuel shortages in Sri Lanka in 2021 to 2022.

1.2 Objectives
A. ldentify the direct and indirect impacts of national-level fuel supply shortages on transport and other

sectors.
B. Identify the problems faced by transport users due to national-level fuel supply shortages.
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2. METHODOLOGY

—

Content analysis of the
ﬂ published material on fuel

Objectlve
— crisis )

\ Methodology

IS I

Qualitative Analysis - Identifying key trends and
ﬁ Published Materialsand —— underlying factors -

— ’ Objectlve
- Interviews ) \ guestionnaire Survey

Figure 1: Summary of the Methodology

2.1. Analyzing Data

Interview data was analyzed using qualitative analysis. After finding data for questionnaire surveys, factor
analysis using SPSS software was used to analyze those data. Before starting the analysis reliability and
validity requirements of obtained data was checked to understand the suitability of obtained data for
perform the analysis. Sample size was calculated using data from Department of Census and Statistics Sri
Lanka. The calculated sample size was nearly 400 participants and participants involved for this survey was
403 people. Sampling method was random sampling for this study

Sample size Population of Sri Lanka = 20,359,439 to 2012 (Department of Census and Statistics, Sri Lanka)

= 7 (n=sample size N=Population E=Error Tolerance)

Confidence Level = 95% Margin of Error = 5%. Therefore n = 400.

3. RESULTS

3.1. Impacts on users

Table 1: Impacts Factor Analysis — Transport Selection and Travel Behaviors

Impacts Mean of Factor Variance
Agreements %
My decision to travel or not was affected by the | 3.81 Changes in Travel | 53.730
availability of my most preferred mode Decisions.

My decision to travel or not was affected by the | 4.07
availability of fuel
My decision to travel or not was affected by the | 4.10
cost of transportation

My regular travel mode was changed due to fuel | 4.15 Changes in Travel | 17.676
crisis Behavior and

My travel mode selection was affected by fuel | 4.30 Reduction in Travel

price Frequency.

My travelling was minimized due to fuel crisis 4.31
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Table 1 shows the impacts for transport mode selection and travel behavior after factor analysis. All the

impacts identified from questionnaire survey was analyzed using factor analysis and identified factors for
transport mo d e us e re2’ All thaensections of Bnpactswnamedarsanspdrt imoder r
selection and trip generation, user s’ common i my
separately. Using that different factors were identified.

Changes in Travel Behavior and
Transport { Reduction in Travel Frequency

selection and
travel behavior

]

Factors Influencing Travel Decisions

Challenges and Inconveniences of
Fuel Queue and Protest Impacts

Socioeconomic Disruptions and
Emotional Distress

Common | | | Adaptive Travel Behavior and
Impacts Financial Constraints

Impacts on users
1
[

Black Market Dependency and
Disruption of School Activities

|_|Alternative Transportation Solutions
and Cost Considerations

|| trggls)ligrt || Disruptions in Daily Life and Work
ransp Productivity
impacts

Figure 2: Identified impacts for Users after analysis

3.2. Impacts on Country

Table 2: Impacts on Country

Direct i mpacts I ndirect i mpacts
Soci al  Fuel dqeieetules. e Partial switch to
e Regul ar power cule Damage to the hosp
* Ri se Job |l osses
Economi|e Financial | osses| e+« Affected shipping
economy e Halted freight tr
e Inability to proye Negati ve iangpraicctu lot
e Scarcity of supp sector.
e Power plant shut{e Increase |living e
e Tourism sector di
Politic|je Protests e Political i nstabi
Environ|le Fuel allocation { e« Minimized air pol

conservation dep{e Popularity of org
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4. CONCLUSION
Some key impacts raised due to fuel crisis are still reflecting in Sri Lanka. Therefore, effective management
of such situations is imperative for any country's stability and progress. During the fuel crisis, a considerable

number of users switched to public transport; however, the insufficiency of fuel supply for public transport
increased. Therefore, need to increase fuel allocation to sustain an efficient public transportation.

ACKNOWLEDGEMENT
Authors are grateful to the participants in interviews and questionnaire surveys for their contribution.
REFERENCES

1. George, A., George, A. and Baskar, T., (2022). Sri Lanka's Economic Crisis: A Brief Overview.
[online] Puirj.com.

2. Bhowmick, S., (2022). Understanding the Economic IssuesinSriLanka’' s Current Debacl
3. Madushanka, W. C. M. S. , Samarasekar a, G. N. and
greenery in urban boundary wall facades: A case study in residential areas of Colombo District, Sri
Lanka’, I nt er n a tEnvicommant andJSastaimaliligy,|pp. €1€73. Bu i | t

4. Hoth Mai, N.J., Mayai, A.T. and Tiitmamer, N. (2016) Sporadic Fuel Crisis in South Sudan: Causes,
Impacts, and Solutions [Preprint].

5. Breisinger, C. et al . (2011) ‘“I mpacts of the
Yemen' |, Devel opment Pol1l84.cy Review, 29(2), pp.
6. | mbul mal gama, M:1N. e(p2 d2e1mi c‘ G anpiad t on Sri Lank

[Preprint].

"‘ Sri Lanka Society of

62 'Jy Transport and Logistics


hwijesundara96@gmail.com
Typewritten text
62


R4T LI R4TLI Conference Proceedings 2024
Paper Reference: RATLI
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ABSTRACT - In today's hyper-connected and rapidly evolving business landscape, the efficiency of the
transport component within the supply chain plays a pivotal role in driving organizations towards success
and competitiveness. The study evaluates the trans-formative impact of technology on the efficiency of the
transport component in the supply chain, emphasizing its critical role within organizations. By integrating
advanced technologies such as GPS tracking, Transport Management Systems, and real-time analytics,
companies have achieved significant improvements in streamlining of transport processes. Through a
comprehensive analysis of data collected from Third Party Logistics companies, the research highlights the
significant improvements in route optimization, on-time deliveries and transit times at post-technology
integration. Analysis of data from 20 3PL companies revealed that 70% of these companies use multiple
technologies, leading to a mean reduction of 6.55 km for every 100 trip kms in post-implementation time
period. Additionally, on-time deliveries improved by 9.55%, and transit times decreased by 0.4 days on
average, both showing statistically significant enhancements (p < 0.05). These findings underscore the vital
role of technology in driving transport component efficiency and performance within the supply chain
landscape.

Keywords: Efficiency; Transport; Supply Chain; Technology Integration

1. INTRODUCTION

The supply chain denotes the movement of materials, information, and financial resources as they progress
through the sequence from supplier to manufacturer, wholesaler, retailer, and ultimately to the customer.
As the supply chain consists of functions such as procurement, manufacturing, transportation, warehousing
and distribution, the efficiency of each function is very important to increase overall efficiency of the supply
chain[1]. The integration of technology has become a cornerstone in enhancing the efficiency of
transportation operations, offering unprecedented opportunities for optimization and innovation.

Garcia [2] reviewed technologies, especially information and communication technologies (ICT) are
extensively utilized in supply chain operations, primarily due to their dual impact on economic performance
and operational efficiency. According to Hussain et al. [3] , adapting to new technologies supports
companies to achieve competitive advantage among other competitors. These technologies can be
introduced to the components in the supply chain such as transportation, warehousing, procurement (ERP)
and distribution etc [3], [4]. Moreover, numerous companies are presently leveraging technologies from
industry 4.0 and industry 5.0 to streamline their supply chain processes and enhance their operational
performance by attaining process integration [5]. However, according to Andiyappillai [6] , while many
companies currently seek technology for penetration into the sector, precision and efficiency while speeding
up the processes at the same time, the performance of the supply chain is affected by numerous challenges
that can hinder its performance.

Yizhong stated that transport management systems, RFID technology, GPS tracking, drone transportation
are some technological innovations in transport component of supply chain. Moreover, autonomous
vehicles which belong to industry 5.0 are highlighted in his study as an emerging new technology in
transportation [7]. As there are several studies [1], [3], [4], [5], [6], [7] focusing on impact of technology
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towards efficiency and performance of supply chain in global context, very fewer studies [8], [9], [10], [11]
reviewed in Sri Lankan context, there is a research gap on how technology impacting efficiency of transport
component in supply chain in the context of Sri Lanka.

The primary objectives of this research are to assess the impact of advanced technologies on the efficiency
of transport operations within Sri Lanka's supply chain sector and to quantify the improvements in key
performance metrics, such as route optimization, on-time deliveries, and transit times, resulting from
technology integration. This research is essential as it provides empirical evidence on the effectiveness of
technology in enhancing transport efficiency, a critical yet under-explored area in Sri Lanka. By quantifying
specific improvements, it highlights the potential for significant cost savings and operational enhancements,
guiding strategic decisions in supply chain management.

2. MATERIALS AND METHODS

2.1. Data Collection

This study employed a survey method by circulating a semi-structured questionnaire among transport
service providers in Sri Lanka during February 2024. The population size was determined as 212, and a
sample size was calculated using a sample size calculator with a Confidence Level of 90%, Margin of Error
of 10%, and Population Proportion of 10%. The questionnaire design was guided by input from academics
and experts in the 3PL industry, and a pilot survey was conducted to validate the appropriateness and
adequacy of the questions. A total of 24 responses were collected, and subsequent quantitative and
qualitative analyses were conducted to derive the key findings.

2.2.  Data description

Data on various technologies employed by organizations, reduction rates of kilometers for identical trips,
rates of on-time deliveries, transit times before and after the implementation of technology solutions, and
information on transport costs were gathered via a semi-structured questionnaire. Following data cleaning
procedures, 20 out of the 24 collected responses were selected as the sample for analysis. The analysis
entailed the utilization of t-tests and descriptive data analysis techniques.

3. RESULTS AND DISCUSSION
3.1. Technology Usage

The Figure 1 illustrates the number of companies employing various technologies in their transport related
operations. Cooling sensors are utilized by a one company to monitor and control temperatures, ensuring
optimal conditions for pharmaceuticals. Telematics, employed by 5 companies out of 20, integrates
telecommunications and informatics for effective fleet management. Transportation Management Systems
(TMS) are adopted to streamline logistics and supply chain processes by 6 companies which accounts for
33% of the Sample. RFID technology, used by some companies, enhances inventory tracking and
management through radio-frequency identification. Real-time analytics, essential for data-driven decision-
making, are implemented to provide immediate insights into operational efficiencies. GPS tracking, the
most widely adopted technology, enables precise location monitoring of assets and vehicles. Lastly, Al-
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based dashboards, used by a smaller number of companies, leverage artificial intelligence to offer advanced
data visualization and predictive analytics for strategic planning.

Number of Companies using each technology

cooling sensors
Telematics

TMS

RFID technology
Real-time analytics
GPS tracking

Al based dashboards

o

2 4 6 8 10

Figure 1. Number of Companies using each technology
3.2.  Impact of Technology on kms for identical trips

As an efficiency measure, reduction rate of kms for every 100 kms were analyzed by using hypothesis
testing as shown in Table 1.
Table 1. t-test for reduction rate of kms

Kms for identical trips

Ho- The Mean reduction rate of kilometers after implementing technology solutions is equal to
zero.(u=0)

Hy: The Mean reduction rate of kilometers after implementing technology solutions is not equal to
zero. (p # 0)

M= 6.55

df = 19

t= 50

p= 0.00

As p value is less than 0.05, the null hypothesis is rejected. Therefore, it can be concluded that there is a
statistically significant difference in mean reduction rate of kms after implementing technology solutions.

3.3. Impact of Technology on transit time and on-time deliveries

Table 2. t-test for transit times and on-time deliveries
On-time deliveries Transit Time

The mean on-time deliveries before
technology integration is greater than mean
on-time deliveries after technology
integration (Mefore = aftpt)

The mean transit time before technology
integration is lower than mean transit time
after technology integration (Mafter =  befdre)

Ho:
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The mean on-time deliveries before The mean transit time before technology
H, - technology integration is lower that mean integration is greater than mean transit
t on-time deliveries after technology time after technology integration. (Mater <
integration. (Mbefore < Wafter) Hbefore)
Before After Before After
Technology | Technology | Difference | Technology | Technology | Difference
Integration | Integration Integration | Integration
= 61.6500 71.2000 9.5500 2.2150 1.8150 0.4000
sd = 15.2946 11.7813 3.5132 0.6133 0.5480 0.0653
t= 12.1566 27.4087
= 0.0000 0.0000

According to the analysis, as p value of both hypothesis testings conducted on transit times and on-time
deliveries are less than 0.05, null hypotheses are rejected. Therefore, it can be concluded with 95% of
significance level, the mean value of on-time deliveries before technology integration is lower that mean
on-time deliveries after technology integration. In other words, technology integration has increased on-
time deliveries of these companies. Not only that but also the mean transit time before technology
integration is greater than mean transit time after technology integration. In other words, technology
integration has decreased transit time of transportation operations of companies.

The results of this research offer significant perspectives for scholars and professionals working in the
supply chain and logistics sector. With the use of the empirical data provided, scholars are able to
understand how technology affects transportation efficiency, which might influence future research and
curriculum. Through careful selection of technology investments and process enhancements, practitioners
can use these insights to optimize their operations. In addition to providing a path for businesses looking to
improve service quality, cut expenses, and gain a competitive edge in the market, the shown improvements
in route optimization, on-time deliveries, and transit times highlight the real benefits of technology
integration.

4. CONCLUSION

The study has conducted a thorough analysis of how new technologies affect the effectiveness of
transportation in Sri Lanka's supply chain industry. The study has shown notable gains in key performance
measures, such as route optimization, on-time deliveries, and transit times, through the integration of
technology like GPS tracking, Transport Management Systems (TMS), and real-time analytics. Data
gathered from 20 third-party logistics businesses showed statistically significant reductions in transit times
(0.4 days), on-time delivery (9.55%), and mean reductions of 6.55 km for every 100 trip kms.

Each objective of the study was substantiated with empirical evidence demonstrating the positive impact of
technology. The investigation into prevalent technologies within the transport component revealed a
widespread adoption of GPS tracking and Transport Management Systems (TMS). The analysis of
technology's influence on efficiency yielded quantifiable improvements, corroborating the hypothesis that
technological integration enhances operational performance. These results highlight the crucial role of
technological advancements in optimizing transport processes and enhancing efficiency within the supply
chain.
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A small sample size and a restricted geographic focus within Sri Lanka were among the study's limitations,
notwithstanding the strong results. In order to confirm and generalize the findings, future studies should
enlarge the sample size and investigate a range of geographic locations. The accuracy of the results could
also be increased by using longer-term research and more sophisticated statistical techniques. More
investigation into innovative technologies and their uses will lead to more wealthy knowledge and
encourage the creation of supply networks that are sturdier and more efficient.
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ABSTRACT - Currently, there is an ongoing discussion regarding the role of urban planning and
transport planning in the development of walkable cities. It argues for rethinking the technology-centric
approach that combines urban/transport planning and technological domains, such as developing field
called Geospatial Artificial Intelligence (GEOAI). This study addressed theoretical and practical
challenges in walking behavior analysis. First, map pedestrian walking behavior. Second, quantifying
spatiotemporal element’s impact on walking behavior is challenging. The utilization of GEOAI in this
field is still deficient. The methodology of this study employs GPS-enabled location-based services to
capture walking behavior and street view, isovist factors, and space syntax to quantify the environment.
This method maps walking behavior using GIS and k-means clustering, an unsupervised machine-
learning model used for splitting data. Additionally, Extreme Gradient Boosting (XGBoost), a
supervised machine learning, is employed to analyze how spatiotemporal factors influence walking
behavior. The findings highlight a significant relationship between tree view, mean depth, choice, and
walking behavior. This research provides transport and urban planners with crucial insights and a novel
methodological framework to develop more walkable cities, optimize urban design, transport planning
strategies, and enhance urban livability and sustainability.

Keywords: Waking Behavior; GEOAI; LBS; Machine Learning; Sustainable Urban Mobility
Development

1. INTRODUCTION

Enhancing walking space is a key focus in urban planning studies for the development of effective
traffic and transportation plans since it influences public well-being [1]. Understanding individuals'
experiences in “seconds” and “meters” opens new avenues for research and strategic decision-making
[2]. To reflect walking patterns, the map must include the environmental and individual features of
numerous persons' inputs [3]. Based on the existing literature review, despite its significance, few
research has mapped pedestrian walking behavior with an emphasis on temporal factors. Thus, the first
step is to attempt to map. In Traffic Engineering, the factors that influence vehicular behavior are
frequently easy to quantify and measure. Nevertheless, determining the key measurable factors
influencing walking behavior is more complex due to the dynamic nature of pedestrian experiences.
The interactions between pedestrians and their environment extend beyond the straightforward metrics.
Pedestrians' decisions are influenced by diverse spatial factors [3]. The second necessity is to bridge
this gap by using spatial data and expressing it quantitatively for micro-scale. Third, use machine
learning to explore complex non-linear relationships [4].

2. MATERIALS AND METHODS
2.1 Mapping Pedestrian Walking Behavior

This work presents a technique for studying walking patterns by utilizing mobile phone data and
applying the k-means unsupervised clustering algorithm. The data are plotted using GIS. Mainly the
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mobile mapping approach has been considered in this stage which is about the utilization of mobile
devices that are outfitted with a range of sensors to gather geospatial data in real-time. This study
examined the walking behavior of 60 university students at the University of Moratuwa, with a focus
on experimental methods. Initially, direct the participants to utilize their mobile devices to document
their walking speed, acceleration, and other attributes within the "sensor logger" mobile application.
Walking behavior clustering is performed by considering the walking speed, walking direction, and
time.

2.2 ldentifies the Spatiotemporal Factors Influencing Changes in Walking

Three primary metrics have been utilized to determine the spatial factors. The first seven street view
factors: sky view, building view, road view, people view, tree view, sight symbol view, and road view
factors, were selected based on literature to identify the built environment or the ground-level features.
Deep learning for semantic segmentation is used for image analysis. The case study evaluated 170
manually captured morning and evening images using semantic segmentation. Secondly, 7 isvost
factors which refer to the visibility and geometry of the walking environment, were considered. These
factors include isovist area and perimeter, compactness, vista, occlusuvity, choice, and drift. Finally, 4
space syntax parameters: have been used. Then using the XGBoost machine learning model Importance
is used to prioritize the spatiotemporal factors. To better understand of non-linear pattern Partial
Dependence (PD) plot was employed.

3. RESULTS AND DISCUSSION
3.1 Mapping Pedestrian Walking Behavior

K-means clustering techniques derived, a total of 622-speed clusters during both morning and evening.
According to both the morning and evening hours, there is a significant increase in pedestrian traffic on
Bandaranayake Mawatha and Molpe Road which are located adjacent to the front of the university. In
those areas, there is a high concentration of slow pedestrians that can be observed. Conversely,
Anandarama Road, Degasaw Mawatha, and De Soysa Road which are situated in other parts of the
university, exhibit all have higher fast-speed concentrations throughout the morning and evening. It is
also, found that individuals tend to walk slower in greener environments suggesting that the presence
of greenery provides a more relaxed walking. Figure 1 shows the Pedestrian concentration of slow and

Walking Behaviour Pattern Analysis Slow Speed Clusters J\ Walking Behaviour Pattern Analysis Normal Speed Clusters
University of Moratuwa and Surrounding Morning Time (07:00 AM - 08:00 AM) o University of Moratuwa and Surrounding Morning Time (07:00 AM - 09:00 AM} o

Cluster Statistics

!
normal-speed clusters.
Figure 1. Pedestrian concentration of slow and normal different speed levels in morning hours

3.2 ldentifies the Spatiotemporal Factors Influencing Changes in Walking

Based on important analysis the Tree View Factor is identified as the most significant factor. The overall
accessibility of various areas is influenced by the mean depth, while the potential for movement through
various paths is indicated by choice. These results indicate that pedestrian behavior is substantially
affected by both the visual appeal and navigational complexity. In Figure 2, the first chart shows the
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most influential spatial factor affecting walking behavior, and the second PD chart shows how it varies
with the actual values that need to be incorporated into the design solution.
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Figure 2. Result of XG Boost Importance and Partial Dependency of Tree View Factor

4. CONCLUSION

This study illustrated the efficacy of GEOAI in transportation planning, offering a novel method for
enhancing the pedestrian network. By integrating real-time mobile data with advanced machine
learning models, including k-means clustering and XGBoost, a comprehensive framework for
evidence-based urban travel decisions was established. Significant insights into pedestrian behavior
were obtained through the combination of accelerometer data, GPS-enabled services, street view image
analysis, and spatial factors. Key findings, such as the impact of Tree View, mean depth, and choice
metrics, are crucial for transport and urban planners to develop more walkable cities and improve urban
design and transport planning strategies, ultimately enhancing urban livability and sustainability.
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ABSTRACT - With the rapid increment in the demand for transportation, accurately predicting future
transport demand has been a critical aspect in developing countries. The trip generation model is the first
step of the traditional Travel Demand Forecasting Model which provides the number of trips generated
from each zone using socio-economic characteristics as inputs. Vehicle ownership, one of the pivotal inputs
to develop the trip generation model, is considered in this study. Vehicle registration data obtained from
the Department of Motor Traffic (DMT) may not accurately reflect the number of vehicles actively on the
road. Thus, this study considered the Vehicle Emission Test (VET) data as an alternate live stream of data.
The objective of this study is to develop a methodology to infer the active vehicle ownership for each Travel
Analysis Zone (TAZ) by developing a distance matrix through the QGIS software. The study reveals the
number of active vehicles is much less (1/3) than what was registered at DMT in the Western Province in
2019 (the year before the pandemic) highlighting the need for further investigations.

Keywords: Vehicle Emission Testing; Vehicle Ownership; Divisional Secretariat Divisions; Electricity
Consumption; Centroids

1. INTRODUCTION

With the evolving dynamics of urban mobility, determining future transport demand is crucial. The travel
Demand Forecasting Model (TDFM) is the process of estimating the number of vehicles/travellers that will
use individual links or facilities in a transportation network in the future.[1] The Trip generation model, as
the first step of TDFM, requires socio-economic and land use characteristics as the inputs for the trip
generation step and trip attraction respectively. Vehicle ownership is a pivotal socio-economic input for the
trip generation model. [2] Growing urban populations and household incomes lead to a rise in vehicle
ownership, creating a greater propensity for transport demand. [3] Traditional methods of obtaining vehicle
ownership data such as from household surveys have been more resource intensive, time intensive and
money intensive. Therefore, the use of secondary data such as VET data streaming in large amounts. Such
big data demands innovative approaches to derive the active vehicle ownership, the number of vehicles
actively in use than vehicle ownership obtained from the DMT that may not accurately reflect the number
of vehicles actively in use due to factors such as registration renewals, vehicle transfers, and registration
lapses. This study aims to close the gap that exists between vehicle ownership information obtained from
DMT and true vehicle ownership. The objective of this study is to develop a methodological framework to
infer the active vehicle ownership for each Travel Analysis Zone (TAZ). Accurate estimation of active
vehicle ownership will become an important input for the trip generation model and improve the accuracy
of the outcome of the TDFM and predict future trips more accurately.
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2. METHODOLOGY
2.1. Study Area and Data Collection

The comprehensive VET dataset contained important 47 attributes exceeding more than 1.2 million data
points in the dataset. Since the dataset comprises a large set of data, the data cleaning process was carried
out using R programming language. In the data cleaning process, tests that had been done repeatedly were
removed so that the duplicate entries were removed from the dataset. The unique test locations were
extracted from the dataset resulting in 34 VET locations from Cleanco and 33 VET locations from Laugfs
in the Western Province. The locations were not able to provide the location address or the GPS coordinates,
those data were obtained through Cleanco, Laugfs websites and Google Maps.

2.2 Data Cleaning and Analysis

The VET locations obtained as the output of the data cleaning process were fed to the QGIS software along
with the DSD boundaries in the western province to visualize VET locations belonging to DSDs. The
centroids of each DSD were also fed to the QGIS software and high-populated DSDs such as Colombo and
Thimbirigasyaya consisted of more than one centroid. Colombo DSD consisted of 3 centroids while
Thimbirigasyaya DSD consisted of 6 centroids. This led to an assumption that each centroid has a similar
proportion from the population in their DSD. Considering centroids and VET locations, the distance matrix
was generated resulting in finding the nearest VET location to each of the centroids. There were special
scenarios where some testing locations belonged to more than one DSD and to sort this, the number of VET
tests that had been carried out in that particular testing location were distributed according to the population
in DSDs that are related to that testing location as found in the distance matrix. Electricity Consumption
data was obtained from Ceylon Electricity Board (CEB) and Lanka Electricity Company (Pvt) Ltd (LECO)
and an assumption was made that electricity consumption data represents the population of the western
province since electricity has become an essential for the population. [4] There were some specific scenarios
where some testing locations had not been the nearest testing location for any of the centroids of DSDs. To
deal with this situation, Circular buffers were created assuming that people who live within that buffer area
are more likely to approach this testing centre. Then the number of tests that have been done in that
particular testing centre were distributed according to the Electricity consumption data points belonging to
buffer area and DSDs that are relevant to that testing centre.

3. RESULTS AND DISCUSSION

According to the results of the methodology, the number of VETS that have been done at each testing
centre are distributed to their respective DSDs. Since each vehicle should be tested once a year, these
data imply the active vehicle ownership at each DSD level in the Western Province for the 2019 year.
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Figure 2 Vehicle Ownership in Gampaha District
Figure 1 Vehicle Ownership in Colombo District
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KATUTARA DISTRICT Active vehicles Vs Registered Vehicles

Vehicle Population derived from VET data Vehicle Population from DOMT

Figure 3 Vehicle Ownership in Kalutara District Figure 4 Active Vehicles Vs Registered Vehicles

4. CONCLUSION

This study paves the path to estimate how many vehicles are in use at the DSD level in the Western Province

of Sri Lanka. It utilized data from Vehicle Emission Testing (VET) and a GIS-based distance matrix to
overcome the difficulty in estimating the active vehicle registration using traditional surveys. The
comparison the vehicle population obtained from the DMT and the vehicle population derived from VET

data for Western Province in 2019 shows that the actual number of vehicles on the roads is nearly one-

third (1/3) less than the vehicle population that DMT represents. A further research is recommended to

study the reason for this gap. This study had several limitations including not addressing pe opl e s’
preferences and behaviours when choosing a VET centre which should be addressed in future research.
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ABSTRACT -The transportation network profoundly influences the location of commercial activities.
The study aims to identify the spatial distribution of commercial activities in the Sri Lankan context.
This study examines which road types (A, B, C, D & E class) correlate with specific commercial
activities and how commercial activities are distributed in Sri Lanka. Kottawa, a Sri Lankan
transportation hub, was the case study. Point of interest (POI) (Big Data) and road network data were
analyzed using the Pearson correlation coefficient. The results show that A class roads show significant
correlations with auto services (0.810), food and catering (0.707), medicine and healthcare (0.814),
textile (0.226), and recreation activities (0.715). B class roads are correlated with finance (0.266) and
retail activities (0.281). Recreation activities correlate positively with C class roads but negatively with
auto services. Food and catering correlate positively with D and E class roads but negatively with
recreation. Urban planners and policymakers can use these findings to guide the organic growth of
commercial hubs.

Keywords: Road types; Commercial types; Points of interest; Correlation
1. INTRODUCTION

Commerci al activity outlets are the main object
the characteri sti cs][ DWith rapod mrbagizaton, wmahsporthtiors rietworkd ut i o n
become a crucial factor in deciding the location of commercial activities [2][3]. Pr e vi ou h asvteudi e s
i dentar €i adi onship between commardtwalbkatyi biasiees

street centrality characteristics. Various Kkinds
capacities, affecting commuter journeys, and sub
commer ci alHoavetvdewii,dtiiesgdolansdbter apercef it el gt iacdnds heisy
bet ween commerci al activitieschrmaasd/prébisnsaigyor t at i c

examines the spatial distribution of commercial activities in terms of road types, addressing the gap in
the existing literature.

2. MATERIALS AND METHODS
2.1. Case study area

Kottawa, situated within the Colombo Metropolitan area in the Western Province of Sri Lanka, holds
significance as a third-order city in the urban hierarchy of the region. Kottawa is positioned along the
High-Level Corridor, one of the seven transport corridors in the Western Province, it is part of the 3K
township development. The study focuses on a 3 km buffer zone, examining variations in the
distribution of commercial activities from high density to low density.
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2.2. Data Collection

Two main variables are the (dependent variable) commercial activities and the (independent variable)
road network to explore the impact of types of roads on various commercial establishments. The
independent variables under consideration include road classes (Geometric Design Standards of Roads
(RDA, 1998)); A class, B class, C class, D class, and E class, and distance to the city center (m). The
dependent variables encompass the commercial densities (counts/lkm?) using Point of Interest (POI, Big
data)of eight categorical commercial types identified from the literature [4][5] and ground verification;
Retail, Auto service, Food and catering, Finance, Recreation, Textile, Medicine & health care,
Hardware & Household appliances.

3. RESULTS AND DISCUSSION

3.1. Relationships between road types and commercial activities

Ratsl Denelty @ Fiaghce Damiy @ Mardware & Householed applinsces Deasity G Medicine & Health care Density .,

Legend
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|:| Secondary low density area
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—— C Class Roads
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Figure 1:Spatial distribution of commercial activity densities

Distance D&(E)
to the city A Road B Road C Road Road
center density density density density
Retail -535™ 067 281" 058 058
Finance -.765™ .077 .266™ -.063 .074
Auto service -.654™ 0.810** 324" | -239™ 044
Food & . e pus
Catering -.169 707 110 -.031 .998
Medicine . o
&Healthcare -.210 .814 .138 -.015 -.015
Hardware -.408™ .062 .015 -.061 .065
Textile -.030 226" -.042 -112 -042
Recreation -706™ 715" -.162 445" -401*

Table 1: Pearson correlation coefficients results of road types density and commercial activity density

Commercial activities are notably higher along A and B-class roads. A class road, being primary
connectors between major cities, naturally attract a significant commuter population. For instance, retail
and medicine activities have higher densities on A and B class roads, highlighting the importance of
accessibility for these sectors. Retail activities benefit from the heavy traffic, providing convenience to
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commuters. B class roads, which connect residential areas, manufacturing zones, and town centers, also
play a critical role in the distribution of commercial activities.

Financial activities are concentrated at intersections of A and B-class roads. This concentration can be
attributed to the need for financial institutions to be accessible to a broad customer base.

Auto service activities exhibit a linear concentration along A class roads, with multiple density centers
along both A and B roads. This pattern is driven by the need for high visibility and easy access for
customers requiring vehicle maintenance services. The negative correlation with C class roads indicates
that these services prefer locations with higher traffic volumes to attract more customers.

Food and catering activities are centered around the city, show a strong correlation with A and D class
roads. This distribution reflects the necessity for these establishments to be in highly accessible areas
to cater to both residents and commuters.

The spatial distribution of hardware activities, despite having multiple density centers, does not show a
significant correlation with any specific road type. This lack of correlation suggests that hardware stores
might prioritize factors other than road types, such as land availability and cost, over proximity to major
roads. Recreation activities, correlating with A and C roads, favor locations that can attract larger
customer bases. Textile activities are predominantly aligned with A roads, particularly in the city center.
This concentration can be linked to the higher foot traffic and accessibility of central locations, which
are crucial for textile businesses relying on walk-in customers.

4. CONCLUSION

The research highlights how commercial activities peak in density at the city center and gradually
decrease outward. The findings emphasize that A and B roads significantly influence commercial
locations which serve as primary connections and attract high commuter populations., driving high-
density focal points at key intersections. This spatial analysis provides critical insights for urban
planners and policy makers, enabling them to upgrade the road network, guide zoning regulations, and
strategically plan for balanced commercial growth in cities. By understanding these patterns, planners
can foster organic growth of commercial hubs, and enhance regional connectivity.

A limitation of using Pearson correlation in this research is its inability to infer causation and the
potential influence of confounding variables. Future research should incorporate population
characteristics and the scale of commercial activities to enhance understanding of their distribution
dynamics, aiding more informed urban planning and development decisions.
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ABSTRACT - This research analyzes the efficiency of bus routes in Kandy, Sri Lanka, utilizing a
Stochastic Frontier Model (SFM). The primary objective is to identify inefficiencies and provide
recommendations for optimizing bus operations. The data collection was done through collecting
relevant documents maintained at bus depots. These documents included records of revenue, humber
of buses, distance covered, fare structure, load factors, route length, and bus capacities. The analysis
reveals that over 60% of routes cluster around a moderate efficiency range, indicating potential for
improvement. Notably, a significant number of routes (potentially 24 or more) achieve efficiency scores
exceeding 90%, serving as exemplars of efficiency. Conversely, some routes score as low as 10%,
necessitating further investigation to address inefficiencies. The SFM results, with an R-squared value
of 0.84, indicate the model explains approximately 84% of the variation in revenue per kilometer. Key
recommendations include optimizing bus schedules to increase load factors, adjusting trip lengths to
balance operational costs and passenger demand, and re-evaluating bus allocations to ensure resource
efficiency. These findings provide actionable insights for enhancing the efficiency of bus routes in
Kandy, contributing to improved public transportation services and resource allocation.

Keywords: Bus Transportation; Cost Efficiency; Stochastic Frontier Model; SFM; Route
Characteristics

1. INTRODUCTION

The efficiency of public transportation systems is a crucial factor in urban planning and management,
particularly in densely populated areas where transportation demand is high. The study focuses on the
bus routes within Kandy, Sri Lanka, a region characterized by diverse geographic and demographic
features. Kandy is a significant urban center with a rich cultural heritage and serves as a crucial node in
Sri Lanka's transportation network. Bus route efficiency impacts not only the Several studies have
examined the efficiency of public transportation systems using various methodologies. For instance,
Gebeyehu and Takano [1] analyzed the efficiency of bus routes using Data Envelopment Analysis
(DEA) and found that route length and passenger load significantly impact efficiency. Similarly, Deng
and Yan [3] employed Stochastic Frontier Analysis (SFA) to evaluate the efficiency of bus routes in
China, highlighting the importance of optimizing operational factors. Despite the existing literature,
there is a lack of studies focusing on the efficiency of bus routes in the Sri Lankan context. Though bus
transportation plays a significant role, the service quality (especially the supply) in some regions is not
favorable for the demand, as noted by Lowe et al. [4]. In the city of Kandy, four major types of areas
were identified depending on the service level and population density: High Scored — High Density
areas, High Scored — Low Density areas, Low Scored — High Density areas, and Low Scored — Low
Density areas. Figure 1 represents a graphical illustration of these areas.
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The primary aim of this research is to
evaluate the efficiency of bus routes
managed by selected bus depots in the
Kandy district and identify the key

e factors  affecting  their  efficiency.
B o Aditionally, the study will estimate

Low scored - Low density arcas

the efficiency of bus routes using a

Figure 1. Areas Depending on the Service Level and Stochastic Frontier Model (SFM) to

Population Density. measure the efficiency scores of

different bus routes and identify the

factors contributing to inefficiencies. By achieving these objectives, this study aims to provide valuable

insights into the management of bus routes in Kandy, contributing to the broader literature on public

transportation efficiency and offering practical solutions for improving the performance of bus depots
in the region.

2. MATERIALS AND METHODS

The methodology for analyzing the operational efficiency of bus routes in Kandy, Sri Lanka, employs
the Stochastic Frontier Model (SFM) to assess and model bus route performance. SFM was chosen over
Data Envelopment Analysis (DEA) because it includes random shocks and noise in the analysis,
providing a more nuanced picture of efficiency. It also estimates technical inefficiency, which measures
the gap between actual performance and potential output given input resources, enabling targeted
interventions to improve efficiency by addressing specific areas of underperformance. The study
focuses on bus routes from two regions identified based on service level and population density: the
high-low areas and the low-high areas covering a population of 725,290. A total of 163 bus routes were
considered for this study. The model estimates the maximum possible output (revenue per kilometer)
given the inputs (route length, bus fare, number of seats, number of buses, trip length, and load factor),
and identifies how far each bus route deviates from this frontier. This approach allows for targeted
analysis and identification of factors contributing to inefficiencies. The model aims to identify areas for
improvement by evaluating the operational elements by providing a complete picture of cost efficiency
that benefits both bus service providers and passengers.

3. RESULTS AND DISCUSSION

The maximum likelihood estimates of stochastic frontier model are made using Stata, and the result is
presented in Table 1. The ordinary least square (OLS) coefficients provide a starting point for the
maximum likelihood estimate process. The model's goodness of fit is indicated by an R-squared value
of 0.8364, meaning it explains approximately 84% of the variation in revenue per kilometer. The
remaining 16% could be due to unobserved factors or model limitations. According to the analysis
results, the negative coefficients for trip length and bus numbers suggest that longer trips and more
buses on a route decrease revenue per kilometer, likely due to increased costs or lower passenger loads
per bus. Conversely, positive coefficients for higher load factors, bus fares, and longer routes indicate
that these factors contribute positively to revenue per kilometer, highlighting their profitability-
enhancing effects. As shown in Figure 2, most routes cluster around a moderate efficiency range.
Specifically, greater than 60% (0.6) of the routes fall within this band. This indicates there's potential
for improvement on many routes, but also that some are already functioning quite well. The table
suggests a significant number of routes (potentially 24 or more, depending on how the ranges are
grouped) achieve efficiency scores exceeding 90% (0.9-1.0 and >=1.0).
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Table 1. Stochastic Frontier Estimations

Dependent variable: Least squares Half-normal SFM
Revenue per km
Independent Variables B t-ratio B t-ratio
Constant -175.4886 -8.45 -175.4382 -6.93
Route Length -4.485927 -9.80 -4.485927 -10.02
Bus Fare 0.7380315 7.42 0.7380315 7.58
No. of seats 3.426939 10.09 3.426939 10.32
Number of buses 3.04893 0.59 3.04893 0.60
Trip length -0.0007312 -0.69 -0.0007312 -0.71
Load factor 3.248282 26.93 3.248282 27.52

These routes are likely exemplars of efficiency and could be studied to understand what factors
contribute to their success. On the other hand, there are also routes with lower efficiency scores. The
table might show a handful of routes scoring as low as 10% (less than 0.1). These underperforming
routes warrant further investigation to pinpoint the reasons behind their inefficiency.

"
"
D-II.
]

<0.1 0.1-02 0.2-03 03-04 04-05 05-06 0.6-0.7 0.7-0.8 0.8-0.9 09-1.0 -1,
Efficiency

No.of Routes (N=163)

Routes
4. CONCLUSION

The study analyzed bus route performance using the half-normal Stochastic Frontier Model, finding a
mean efficiency of 78.75%. This model effectively identified factors affecting route efficiency and
provided a reliable efficiency analysis by accounting for random errors. The findings highlight the
importance of addressing inefficiencies for service improvement and suggest further research to include
additional variables and extend the methodology to other transit systems.
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ABSTRACT - Due to higher travel time, higher waiting time, and low comfort level in public
transportation modes, commuters have being shifting to private transport modes causing an increase in
traffic congestion, accidents, and environmental issues. Therefore, improving the comfortability of the
public bus transport system is very important since it is one of the key factors affecting the mode choice
of commuters. This study is set to identify the Willingness to Pay (WTP) ability of commuters for an
improved comfortable bus service. The data for the study was collected through a questionnaire survey
in Kandy, which is the second busiest city in Sri Lanka. Binary Logistic Regression was used to identify
the factors affecting the WTP of the commuters and the WTP value. According to the results, it was
identified that the frequency of bus usage is a significant factor which affects the WTP of a commuter.
Furthermore, it has been identified that a daily commuter is willing to pay 1.5 times the bus fare while
the rare users and private vehicle users are willing to pay about 2 times the current bus fare for a
comfortable bus service.

Keywords: Willingness to Pay, Public Transportation, Binary Logistic Regression
1. INTRODUCTION

To provide adequate public transport servi
expectations and the service they receive. It has been identified that over 90% of the road space is used
by private and hired vehicles however served only 35% of the total travel demand [1].

In Kandy, Sri Lanka, nearly 300,300 passengers are using the public bus transport service. Passenger
gueues can often be seen in Kandy city due to the lack of adequate space which creates significant safety
risks for pedestrians [2]. Limited road infrastructure, conflicting land use, the poor orientation of bus
routing, terminal and stops, inadequate by-pass roads are identified as some of the major transport-
related issues in Kandy Sri Lanka [3]. Therefore, to minimize these problems, improving the public
transport system in Kandy Sri Lanka becomes more and more important.

In the case of public transport, WTP is the average highest fare that travellers are willing to pay for
using the system [4]. Numerous studies have been carried out to evaluate the passengers' WTP for
improvements in the bus service. Bachok & Ponrahoo studied the WTP of passengers in Malaysia to
model it for an increased fare rate for specific bus improvement areas [5]. Despite the negative response
from the responders’™ WTP (|l ower than 6%),
key aspects of the bus transport service improvements. Similar findings have been discovered by Eboli
& Mazzulla [6].In their study, respondents were made to choose what improvements to be made for an
increased rate and the study suggests that users are willing to pay an increase of the ticket equal to 44%
for an increased frequency (a bus at every 15 minutes) of the bus service. Bachok & Ponrahoo have
used SPSS software to conduct a Chi-Square analysis to test the WTP of the passengers for latent
variables (comfort and safety) and travel-time-related variables [5]. Another attempt to compare WTP
for additional fare for an increased frequency has been conducted in the same manner. The results
indicate that there is a significant relationship between fare rate increase and bus frequency. Also,
authors have attempted to model the WTP for an increased fare. For that, a simple linear regression has
been carried out.
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Binary Logistic Regression analysis has been utilized by several researchers to calculate WTP values.
Suanmali et al., studied the factors affecting the WTP for Solar Home Systems in Thailand [7]. A survey
was developed and contains questions about demographic information, environmental awareness
toward the use of renewable energy, and solar home energy system (SHS). Binary Logistic Regression
analysis was employed to identify significant factors affecting the WTP for SHS. Putri & Widyastuti
has also used Binary Logistic Regression to study the WTP for a high-speed train between Bandung
and Jakarta cities [8]. Handayani et al., studied the toll fare sensitivity of the Solo-Ngawi toll road based
on WTP [9]. The analysis was done with logit and probit models. Based on the analysis, it is found that
the effect of fare change on the amount of WTP on the binomial logit model is more sensitive than the
probit model on the same travel conditions.

One of the major issues identified in the public transport system in Kandy Sri Lanka is comfortability.
Clean bus interior, comfortable seats and comfortable and clean bus stop facilities are some of the key
expectations of bus passengers. But, with the increase in the comfortability of the service, the
operational cost of the bus service is also increasing. Therefore, this study is set to examine the WTP
of bus passengers for the possible improvements of the bus transport system in Kandy, Sri Lanka.

2. METHODOLOGY

WTP value of the passengers for the possible improvements of the bus service is collected through a
guestionnaire survey. Participants were randomly selected and all of them are more than or equal to 16
years old. The questionnaire consists of two main parts. The first part was arranged to gather the socio-
demographic characteristics of the passengers. The second part of the questionnaire focused on
gathering the passengers' opinions about the bus service and their WTP value for a given comfortable
service using a five-point Likert scale. The proposed comfortable bus service is introduced to the
respondent using a set of figures and the WTP amount with respect to the current service provider value
of 100 LKR is obtained. A sample size of 1672 respondents was considered for the analysis.

3. RESULTS AND DISCUSSION

Binary Logistic Regression is used for the data analysis by taking the ability to pay (yes or no) as the
dependent variable using the SPSS statistical software. Twelve independent variables were considered
for the initial analysis. Among these twelve factors, two factors were identified as the significant factors
affecting the WTP of commuters as travel frequency in buses and the WTP value while the other 10
factors were identified as non-significant factors. Therefore, the analysis was performed for the
identified significant factors. Table 1 shows the model summary of the analysis.

Table 1: Model Summary

Step -2 Log likelihood Cox & Snell R Square Nagelkerke R Square
1 676.393° 0.506 0.735

According to Table 1, the Nagelkerke R Square value

—— which is an adjusted version of the Cox & Snell R

2 Square value is obtained as 0.735. This implements
5 \ that a 73.5% change in the criterion variables can be
‘g" MWTP =224.30 LKR accounted for the predictor variables in the model. The
5 MWTP =183 03 | KR dependent variable (Y) of the model equation is logit
MWTP 3 1:81 87 LKR (P), and it gives relevant probability values for each

MWTR = 170.72 LKR frequency level and WTP value. The probability

MWTP |5 14974 LKR )
B e curves for each frequency level are plotted using and
WTP value (LKR)  shown in Figure 1.

Figure 1: Probability Curves . .
From the above probability curves, the Median
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Willingness To Pay (MWTP) value was calculated. MWTP is defined as the cost at which the
respondents are likely to answer "yes" or "no". If "yes" and "no" are equally likely, then () =1-
( )=05.

4. CONCLUSION

This study investigates the Willingness-To-Pay (WTP) value of bus passengers for an improved bus
service. Binary logistic regression was used for the data analysis by considering the payability of
commuters (yes or no) as the dependent variable. Frequency of bus usage and the WTP value were
identified as the significant factors affecting the payability of the commuters.

According to the results of the binary logistic regression, it has been identified that the WTP value of
the commuters is inversely proportional to the travel frequency (in buses) which suggests that the
commuters who use the bus service less frequently are willing to pay more for an improved service than
the daily commuters. The travel frequency (in buses) of commuters was identified under five levels as
no, rarely, monthly, weekly and daily. The WTP values for these five levels instead of 100 LKR in the
current service were identified as 224.30, 183.03, 181.87, 170.72 and 149.74 LKR respectively. These
results suggest that the commuters are willing to pay more for an improved bus service and many
commuters who are using private vehicles currently are willing to use an improved public bus service.
The results of the study can be used by the relevant authorities to improve the bus service in Kandy, Sri
Lanka. Since rarely bus users are willing to pay about twice of the current cost, the luxury bus service
can be improved and expanded within the district. Most of the commuters are willing to pay a cost of
1.5 times of the current cost, a semi-luxury bus service can be introduced in the district to attract more
commuters towards the bus service.
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ABSTRACT: Traffic accidents represent a significant public health concern, incurring substantial
costs. While crash barriers can mitigate accidents and reduce their severity, research on their impact on
driver behaviour, especially on gentle curves of single-carriageway, and two-lane roads, is lacking. This
study addresses this gap in road safety knowledge by investigating how crash barriers influence speed
and vehicle lateral displacement. A flat Class "AB" road with two consecutive mild curves, one
featuring a barrier and the other without, was selected for comparison, ensuring similar visual cues for
drivers. Data collection involved drones to measure speed and lateral displacement at the beginning,
middle, and end of the curves. Statistical t-tests compared speeds and lateral displacements between
curves with and without barriers, revealing significant differences (p < 0.05). Subsequent multivariate
linear regression explored crash barrier effects on driver behaviour across various vehicle categories,
considering different entering speeds, road conditions (wet and dry), and opposite-lane traffic
conditions. The regression model indicated that road and opposite lane conditions did not significantly
affect speeds and vehicle lateral positions. Instead, middle and exit speeds depended on entering speed
and the presence of crash barriers. Vehicle speed at the middle and entry of curves decreased with crash
barriers, suggesting an increased perception of safety. The analysis showed that vehicles tended to
approach the centerline more in curves with crash barriers, especially heavier vehicles, increasing the
risk of head-to-head accidents. Recommendations include widening lanes near crash barrier areas, with
modelling providing insights into the necessary additional width.

Keywords: Crash Barrier, Driver Behaviour, Road Safety, Speed, Lateral Displacement, Regression
Model

1. INTRODUCTION

Road traffic injuries remain a global public health crisis, claiming an estimated 1.35 million lives in
2020 (World Health Organization, 2020). Crash barriers, a vital component of roadside safety
infrastructure, play a crucial role in mitigating the severity of these accidents. While their effectiveness
in preventing vehicles from leaving the road is well-established, recent research suggests a more
nuanced relationship between crash barriers and driver behaviour. Studies by Antonson et al., highlight
the complex interplay between speed and crash barriers [1]. Their findings suggest that barriers may
lead to increased speeds on curves, emphasizing the need for a holistic approach to road safety that
considers not just physical barriers but also psychological factors influencing driver behaviour. Beyond
speed, driver distractions and fatigue present additional challenges. Ben-Bassata and Shinar highlight
that crash barriers could contribute to reduced driver attention and increased risk-taking behavior [2].
This emphasizes the necessity of addressing not only the physical aspects of barriers but also
psychological factors to optimize road safety measures. Jin et al., found that crash barriers might
inadvertently lead to increased driver distraction [5]. This discovery highlights the need for an integrated
approach to road safety.

Comparative studies consistently demonstrate the positive impact of crash barriers on reducing speed
variation, improving lateral positioning, and decreasing crash rates in horizontal curves
[4]. Wickremasinghe and Rajapaksa's analysis revealed a substantial reduction in speed in curves with
crash barriers, highlighting their role in promoting cautious and controlled driving behavior [7].
Bertman et al., found that the drivers tend to acquire higher vehicle speeds on rural suburban roads with
having guardrail barriers by comparing the vehicle speed with a similar road section without having
any guardrails barriers [3]. Methodologies employed in these studies, including field research, driving
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simulations, and naturalistic observations , provide valuable insights into the interaction between crash
barriers and driver behavior [6].

Despite these valuable insights, research gaps persist. The lack of comprehensive studies addressing
speed and lateral displacement simultaneously and limitations such as small sample sizes emphasise
the need for larger-scale, real-world studies. These would enhance our understanding of the influence
of crash barriers on driver behaviour in horizontal curves.In conclusion, crash barriers are instrumental
in mitigating the severity of accidents and protecting road users. However, a nuanced understanding of
their interaction with driver behaviour, speed, and other factors is crucial for optimizing their
effectiveness.

2. RESULTS AND DISCUSSION

Figure 1 shows the location on Gampola Nawalapitiya road at
coordinates 7.0917 latitude and 80.5555 longitude. This location features
| two bends in the same direction, one with crash barriers and one without,
each with a 36 m radius. The road shows minimal curvature variation,
consistent super elevations, and uniform external factors, allowing for a
comprehensive comparison of vehicle behavior in bends with and
without crash barriers. A drone survey was conducted between 11:00 am
and 1:00 pm on two weekdays.Vehicle trajectories were mapped.
Hypothesis tests were conducted on vehicle speed data at the entry, middle, and exit points of curves,

as well as on vehicle centerline cutting areas, using SPSS software to determine significant differences
between two scenarios.The paired two-tailed P-value was found to be lower than 0.001 (<0.05),
indicating that the significant value of the t-test is within the acceptable range. This result implies a
significant difference in vehicle speeds at the entry, middle, and exit points of the curve, as well as a
difference in the vehicle's lateral position between the two locations.

Figure 1:Selected site location

To understand their impact on driver behaviour, three multiple linear regression models were developed
using SPSS. These models predict vehicle speed at the middle and exit of the curve, as well as the
vehicle centerline cutting area. The analysis utilized a sample dataset of 194, 194 and 167 observations.

Model 1: Vehicle speed at 1- Presence of crash barrier
the middle of the curve Sy=1.122-0210 ;+ 0.846 ; (When Presence =1,Absent
(Sh), =0)

Model 2 : Vehicle speed at 2 -Vehicle speed at entry of

the exit of the curve (S,  “f 192970362 140827 the curve(m,/s)

Model 3: Vehicle 3-Vehicle category (1-Car,2-
centerline cutting area Cy=38456-21.802 ;-9.561 3 Large Goods Vehicle,3-
(Cy), Heavy Goods Vehicle,4-Bus)

Positive €y values indicate that the vehicle travelled in the right lane and did not cross the centerline
into the opposite lane. Negative Cy values indicate that the vehicle entered the opposite lane by cutting
across the centerline of the road. Notably, the negative coefficient value of 1 suggests that when there
is a crash barrier, vehicles tend to slow down compared to scenarios without a crash barrier.
Additionally, the negative coefficient for the vehicle category implies that heavy vehicles are more
prone to cut the road centerline compared to light vehicles.Three linear regression models were
evaluated, with all correlation checks confirming no multicollinearity. Significant model estimates were
indicated by absolute t-values exceeding 1.96 and p-values below 0.001 The R squared values for all
models exceeded 0.5, demonstrating good model fit. Durbin-Watson statistics were 2.014, 2.106, and
1.999, indicating no significant autocorrelation in the residuals. These results indicate robust models
with significant predictors and reliable estimates.
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Table 1:Summary of three models.

Multiple R | R Square | Adjusted R Square |Standard Error| Observations
Model 1 0.933 0.87 0.869 0.525 194
Model 2 0.913 0.833 0.832 0.603 194
Model 3 0.758 0.575 0.569 13.775 167

3. CONCLUSION

This study examined the effect of crash barriers on driver behavior, focusing on vehicle speed
and lateral position, while keeping other road parameters constant between two locations. It was
assumed that the driver's behavior was influenced solely by the presence of the crash barrier. Regression
models were developed to predict vehicle speed and lateral position based on the presence of the crash
barrier. Two regression models assessed the relationship between vehicle speeds and crash barrier
status, incorporating vehicle speed at the curve entry as an independent variable. The findings revealed
a significant impact of both variables on vehicle speed, indicating that crash barriers do influence
driving speed. Similarly, a regression model examined the association between vehicle lateral position
and crash barriers, using vehicle type and crash barrier status as independent variables. The results
showed that both factors significantly affect vehicle lateral position, suggesting drivers adjust their
position based on the presence of crash barriers. The models were significant, highlighting that crash
barriers are predictors of driver behavior.

The study found that crash barriers significantly affect vehicle speed and lateral position. Specifically,
vehicle speeds were lower with crash barriers present, while light vehicles were closer to the center of
the carriageway. In contrast, heavy vehicles were more likely to veer into the opposite lane when crash
barriers were present. Recommendations include widening lanes near crash barriers, with modeling
insights providing guidance on the necessary additional width. The study has several limitations. Data
collection was manual and limited to two weekdays from 11:00 am to 1:00 pm, which may not be
representative of all days and times. This study, conducted on a road with a 36 m curve radius, may not
apply to other road types. Despite these limitations, the study suggests that while crash barriers can
reduce vehicle speed and encourage central positioning, they may also cause drivers to veer into the
opposite lane.

REFERENCES

1. Antonson, K. S., Wright, T. L., & Beitel, S. E. (2013). The effect of roadside features on driver speed
on rural two-lane highways. Accident Analysis & Prevention, 59, 417-424.

2. Ben-Bassata, M., & Shinar, D. (2011). Roadside features and driver behaviour: A review of the
literature. Accident Analysis & Prevention, 43(3), 821-830.

3. Bertman, J., Smith, A., Johnson, B., & Thompson, C. (2012). Effects of guardrail barriers on driver
behavior and road safety. Journal of Transportation Engineering, 138(4), 410-418.

4. Huang, H., Qi, Y., & Yang, H. (2019). Effectiveness of guardrails on mitigating crashes on
horizontal curves on rural expressways. Accident Analysis & Prevention, 129, 144-152.

5. Jin, L., Zhang, P., Chen, M., & Liu, Y. (2018). The effect of roadside barriers on driver distraction.
Transportation Research Part F: Traffic Psychology and Behavior, 59, 202-211.

6. Li, S. , Huang, H. , & Qi , Y. (2013) . I
behavior on horizontal curves. Accident Analysis & Prevention, 59, 700-708.

7. Rajapaksha, S., & Wickramasinghe, V. (2020). Effect of crash barriers on driver behaviour
[Abstract]. In H.L.K. Perera (Ed.), Proceedings of the Transportation Research Forum 2020 (p. 38).
Department of Civil Engineering, University of Moratuwa

n f

86

"‘ Sri Lanka Society of

'Jy Transport and Logistics

RATLI Conference Proceedings 2024
Paper Reference: R4TLI-35

uence



R4T LI R4TLI Conference Proceedings 2024
ISSN : 2513-2504 Paper Reference: R4TLI-36

POST ENCROACHMENT TIME (PET) TO ESTIMATE CRASH RISK
OF RIGHT-TURN VEHICLES ENTERING TWO-WAY TWO LANE
DIVIDED HIGHWAYS

Lakshan Wijekoon?, Tashika Samarakoon?, Vasantha Wickramasinghe®

tUniversity of Peradeniya
e18393@eng.pdn.ac.lk

ABSTRACT - When a minor road vehicle enters a multi-lane highway with a right turn, higher number
of conflict points are created due to the complexity of the vehicle trajectories. Right turn vehicle entering
a two-lane two-way divided highway from a minor road, therefore created four conflict points including
3 crossing conflict points and one merging conflict point. This research study focuses on minimizing
the imposed Crash Risk due to a right-turn vehicle entering from a minor road to a two-lane two-way
divided highway at an unsignalized T-intersection. Crash Risk is defined using Post Encroachment Time
(PET). Data obtained from CCTV recordings were extracted using a tracker software to find PET related
to each conflict. PET data was represented as percentage cumulative frequency graphs, and thereby
estimated the percentile PET values. 15" percentile cumulative frequency of conflicts are at 2.4s, 1.4s,
3.0s and 6.0s of PET values in the 1%, 2", 3" and 4™ lanes respectively. Out of 4 lanes based on 15"
percentile PET value, 2" lane seems to be the most critical lane.

Keywords: Right-turn; Crash risk; Two-lane Two-way highways; T intersection; Post Encroachment
Time

1. INTRODUCTION

With the rapid increase of vehicles, number of road traffic accidents increases day by day. Out of the
mostly contributing factors, the location of the accident is also of importance. Bonela and Kadali,2022
identified among different types of locations, T junctions were classified as hazardous locations by past
research studies in India.

As shown in Figure 1 at the T junction where the
two-way two-lane divided highway, right turn
vehicles have to cross a minimum of three lanes
while making two crossing conflict points which are
indicated in pink color and one merging conflict
point which is in red color.

Therefore, this study is to use Post Encroachment
Time (PET) to define the crash risk which is created
when a minor road vehicle enters a two-way two-
lane highway divided highway with a right turn at
an unsignalized T intersection. PET refers to the
Figure 1. Conflicts Points closeness of two vehicles flow in angular pathways
to each. Smaller PET value indicates that
possibility of conflict is high.
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2. MATERIALS AND METHODS

2.1. Methodology

A unsignalized T junction located in an arterial road in Kandy city was selected for data collection. It
is located on a flat terrain. Data collection was done using CCTV cameras and about 48-hour recordings
were collected which included every period of the day. PET values were extracted using the Tracker
software with an accuracy of 0.1s. For this a grid system was used. Grid was based on lanes and length
of one grid is equal to lane width. PET was calculated from the difference between the frame number
of right turner leaves from the grid and frame number of major road vehicle enters the grid as shown in
Figure 2. The PET values which are higher than 15 seconds can be neglected as the two vehicles are
not much closer and the accident risk of them is less.

<<<<<<<<<<< ~--- ——— During the analysis process, PET values were clustered into
value groups and found the percentage cumulative frequency

= ;1’) - - values. PET values less than 1 second were divided into 0.25

< Z — - intervals while PET from 1 second up to 15 seconds were
"""" i " divided in to 1 second intervals. PET ranges were defined
‘. based on the risky trajectories that were identified in the

| extraction of data. Then the percentage frequency diagram was

drawn and 15" and 50" percentile values for each lane were

obtained.
Figure 2. Post Encroachment Time

3. RESULTS AND DISCUSSION

From the extracted data 247 out of 460 were used for the graphical representation. Lane wise 15™ and
50" percentile of cumulative percentage of conflicts were obtained.

Percentage of Cumulative Conflicts against PET in Percentage of Cumulative Conflicts against PET in
Lane 01 Lane 02

Cumulative Percentage
Cumulative Percentage

o 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
PET/(s) PET/(s)

. . . Percentage of Cumulative Conflicts against PET
Percentage of Cumulative Conflicts against PET
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in Lane 03
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Figure 3. Percentages of cumulative conflicts against PET in each lane

88 “ Sri Lanka Society of o
” Transport and Logistics



R4T LI R4TLI Conference Proceedings 2024
ISSN : 2513-2504 Paper Reference: R4TLI-36

Table 1. PET values of 15" and 50" percentile
cumulative frequency value of conflicts (seconds)

15th 50th
Lane 1 2.4 6.7
Lane 2 1.4 4.8
Lane 3 3.0 6.4
Lane 4 6.0 8.0

Figure 4. Numbering of Lanes in Main
Road

4. CONCLUSION

This research study was conducted to define and evaluate the Crash Risk due to a right turn vehicle
entering from a minor road to a two-lane two-way divided highway at an unsignalized intersection.
Data collection was done using videography surveying techniques and about 48 hours of data was
collected from the selected location while it covers all the time periods in a day. As the main parameter,
Post Encroachment Time was selected to define crash risk.

This extracted data was analyzed graphically by cumulative percentage of conflicts under each PET
range. The crash risk is high when the PET value is closer to zero. 15" percentile cumulative frequency
conflicts are at 2.4s, 1.4s, 3.0s and 6.0s of PET values in the 1%, 2", 3" and 4™ lanes respectively. In
addition to that 50" percentile cumulative frequency percentage of conflicts are 6.7s, 4.8s, 6.45s, and
8.0s. This can be concluded based on the observation that a significant percentage (15%) of conflicts
occur at relatively low PET values in each lane. This indicates that vehicles with lesser PET values are
more possible to have accidents during right-turns entering from the minor road. And the 50" percentile
of cumulative percentage of conflicts (median) is provided for each lane, indicating the PET values at
which half of the conflicts occur.
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ABSTRACT - Cycling is recognized as a sustainable and healthy mode of transportation. Cycling has
been declining over the years in Sri Lanka. Understanding the cycling behaviours is important to
encourage cycling. This study analyzes information regarding cyclists, which are purposes of cycling,
frequency of cycling for the particular purpose and the approximate cycling distance per trip. The results
obtained from the Two-StepClust er met hod resulted in two
The largest cluster is shopping oriented, which consists of individuals using cycling on several days a
week for shopping purposes and also recreation and getting to or from public transport stops purposes
mostly. The smallest cluster consists of commuter cyclists who are daily cycling users for the purposes
of getting to and from school/ university and work. The findings can be informed to transportation
authorities in developing interventions and enhance cycling infrastructure, focusing the obtained
cycling profiles to promote sustainable transportation systems in Sri Lanka.

Keywords: Cycling; Behaviour; Perception; Profiles; Sri Lanka.
1. INTRODUCTION

Cycling is a sustainable transportation mode which provides environmental, social, and economical
benefits [1]. Cycling provides a number of benefits to the people including preventing sedentary
lifestyle and associated health problems [2]. Since traffic congestion, air pollution and sedentary
lifestyles are issues which cities around the world are attempting to address, it is important for urban
planning and policymaking to understand the various needs and behaviors of cyclists [3]. Proposing
interventions and infrastructure improvements to specific cyclist groups can enhance the cycling
experience and encourage more people in active transportation [4]. Clustering cyclists has been shown
to be an effective strategy to identify meaningful differences in patterns and behaviours [5]. This study
aims to identify the distinct profiles of cyclists, based on the purpose of cycling, frequency of cycling
and cycling distance per trip for a particular purpose. Therefore, identifying distinct groups of people
who can be addressed separately is more beneficial, as they have different motivations and are affected
by policies and interventions differently [6].

2. METHOD

Data on cycling behaviours were collected through a questionnaire survey and 859 cyclists participated
in the questionnaire. The purposes for cycling (Recreation/ Exercise, Getting to and from school/
university, Getting to and from work, Getting to and from shopping, Getting to or from public transport
stop) along with the frequency for particular purpose (Daily, Several days a week, Once a week, Once
a month, Very rarely) and approximate distance covered per trip are obtained from the questionnaire.
While the data collected aims to represent the whole Sri Lanka, it is important to note that cycling
behaviors can vary significantly across different regions. The results should be interpreted with this
variability in mind, and further localized studies may be necessary to fully understand regional
differences. Two-Step cluster analysis, a data-driven clustering technique suitable for handling mixed
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data types, was performed to identify distinct clusters of cycling behaviors. This method automatically
determines the optimal number of clusters based on log-likelihood distance measures.

3. RESULTS AND DISCUSSION

The cluster analysis identified two distinct groups of cyclists. The largest group, constituting 65.4% of
the sample, is shopping-oriented cyclists. These individuals cycle several days a week for shopping,
recreation, and reaching public transport stops, with an average distance of 2.09 km per trip. The
smallest group, making up 34.6% of the sample, is commuter cyclists. These cyclists ride daily for
commuting to school, university, or work, averaging 2.98 km per trip. However, despite this average
distance of 2.98 km of the cluster, the analysis shows that the average distance specifically for sample
commuting to school, university, or work is notably higher which is 5.4 km. Figures 1 and 2 illustrate
the cluster sizes and comparisons among the two groups, respectively.

The silhouette coefficient of the cluster analysis, measuring the similarity of each data point to its
assigned cluster compared to other clusters, was found to be 0.4. This value suggests that, on average,
the data points are reasonably well-clustered and that they are closer to the members of their own cluster
than to those of neighboring clusters.

2l
Cluster
&1
- 2 Frequency O .
Very rarely Once a month Once a week Several days a Daily
Purpose . O
Recreation/ Exercise School/ University Work Shopping Public transport
stops
I&f
Distance
Figure 1. Cluster size Figure 2. Cluster comparison

Each cluster represents a unique group with specific cycling behaviors and needs, offering policymakers
and urban planners a valuable insight for targeted infrastructure and policy interventions. Shopping
orientedcy ¢ | igreup tend to use bicycles as a convenient mode for short-distance errands. Shopping-
oriented cyclists often express concerns about the lack of dedicated cycle lanes and secure parking
facilities near shopping areas. Also, this group consists of recreation cyclists who cycle for fitness,
leisure, and individuals who cycle as a mode to access public transport. These cyclists often require
well-maintained paths in parks and connectivity between cycling routes and public transport stops.
Enhancing cycle parking and integrating transit systems can promote this form of multimodal
transportation, as seen in studies from other countries [7]. Improvements in the infrastructures can
significantly enhance the cycling experience of this group and encourage more frequent use. Commuter
cyclists cluster use bicycles for daily commutes to school, university and workplaces. Commuter
cyclists often seek safe and direct routes to minimize travel time and ensure safety during peak hours.
Implementing dedicated cycle lanes and secure bicycle parking at workplaces, schools and universities
could address their needs effectively. Previous studies have highlighted similar infrastructure needs in
urban areas to support commuter cyclists [8]. Similar profiles can be found in other modes of
transportation in studies on public transport users, which identify categories such as daily commuters,
occasional riders, and leisure travelers, each with distinct needs and behaviors [9]. Understanding these
profiles has led to tailored services like express routes for commuters and enhanced services for leisure
travelers. Such comparisons underscore the importance of recognizing diverse user needs to inform
infrastructure and policy decisions. Furthermore, the distinct patterns of cycling behavior identified

‘ Sri Lanka Society of

o " Transport and Logistics



R4T LI R4TLI Conference Proceedings 2024
ISSN : 2513-2504 Paper Reference: R4TLI-50

through cluster analysis can be used to promote multimodal transport integration, making it easier for
cyclists to switch between cycling and other modes of transportation.

4. CONCLUSION

In conclusion, the study highlights the diversity of cycling behaviors and needs among cyclists. The two
clusters obtained are shopping oriented cyclists and commuter cyclists. By identifying these distinct
clusters, policymakers and urban planners gain valuable insights into the motivations and patterns of
cycling and these results can be used in proposing infrastructure and policy interventions to promote
cycling as a sustainable mode of transportation and recreation.
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