Despite the potential benefits, the implementation of the new transportation system is not
without obstacles. Kabul’s urban infrastructure is underdeveloped, and political instability can
hinder large-scale projects. Additionally, securing the necessary financial investment and public
buy-in remains a challenge. The transition phase, where current routes are modified or replaced,
may lead to temporary inconveniences for residents, requiring careful planning and
communication.

Recommended a phased approach to implementing the new system, beginning with pilot
projects in high-density areas. Collaborations with local government agencies, international urban
planning experts, and community stakeholders are crucial to ensure the project's success.
Investment in modern transportation technologies, such as real-time tracking systems and
automated route management, can further enhance the efficiency of the network. Public awareness
campaigns should be conducted to educate residents about the benefits of the new system and how
to navigate it effectively.

The rationalization of Kabul’s passenger route system represents a transformative step
toward a more sustainable and efficient urban transportation network. By addressing critical issues
such as congestion, environmental degradation, and unequal access, the proposed system has the
potential to significantly improve the quality of life for Kabul’s residents. Continued research,
stakeholder engagement, and adaptive planning are essential to ensure that the new system remains
resilient and responsive to the city's evolving needs.
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Abstract: This paper presents a pick-up point optimizing method for demand-responsive
school bus service. In the case of a school bus service, minimizing the walking distance is
especially important in order to reduce the traffic safety and security risk of vulnerable users (aka
students). The method developed is based on a demand-sensitive approach, where demand points
are known. The method focuses on a clustering procedure that iterates demand points into units
based on the acceptable walking distance. Pick-up points can be explicitly assigned to demand
point units. A case study in Szentendre, Hungary, found that the allocation method significantly
reduces walking distances compared to conventional transport systems, while the low number of
pick-up points may ensure service efficiency.
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1. Introduction

In general, a demand-responsive transport (DRT) service offers a solution to increase the
competitiveness of public transport in areas with low mobility demand [1]. A DRT service operates
small-capacity buses and flexible routes and/or timetables, adapting to actual demand. The low
mobility demand areas are usually detached house areas in a city agglomeration or in smaller
villages. In these areas, school-age children are usually transported by their parents, which
increases the car traffic in the calm neighborhood, resulting in higher traffic safety risks, as well
as noise and air pollution. For school buses, the location of pick-up points (PU) is key to safe
transport [2]. Demand-responsive school bus (DRSB) services may offer an alternative to car
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transport. However, providing door-to-door service can be inefficient (detours, number of stops)
if there are several demand points located in the neighborhood. The efficient operation of DRSB
service is based on the optimal location of PUs, which is the first step in route planning and fleet
sizing. The benefits of optimal location can be realized for passengers, service providers, and
society, such as shorter walking distances, avoiding unnecessary vehicle trips, and reduced
environmental impact. The following research question was proposed: how to allocate PUs to
DRSB services considering acceptable walking distance when the actual demand is known but
dispersed? A case study was carried out in Szentendre, Hungary to validate the developed method
and demonstrate its practical feasibility and utility.

DRSB implementation and development is connected to European Union objectives [3].
Replacing the traditional school bus with DRSB service can improve service quality and reduce
environmental impacts [4]. Case studies have shown that serving rural communities with
minibuses is beneficial for both operators and passengers [5]. Shorter walking distances to stops
increase the likelihood of passengers using transport services [6], and DRT services can provide
an effective solution by adapting to real needs. The PU locations for DRT services are an under-
researched area. Although some articles consider walking distance, geographic characteristics, and
local demand data [2], [7] the PU allocation problem is usually presented as a component of the
route planning problem [8], [9], [10].

2. Method

The method is aimed at allocating PUs for the DRSB service. The method steps are
summarised in Fig. 1.

/ ‘ 1. Determining 2. Determining the DP ‘ \
DP locations T distance matrix units, namely the 3. Placing PUs ‘ »\  Allocated PUs

between DPs number of PUs

FigUre 1 - Method Stepé

The overall aim was to minimize the walking distance, which is particularly important for
traffic safety and security reasons. Real coordinates connecting to the actual demand points (DPs)
were considered potential pick-up points, considering adjacent impacts and real road networks.

1. Determining distance matrix between DPs. Coordinates are assigned to the DPs,
and the distance matrix is defined between the DP coordinates using real distances between them.
2. Determining the DP units, namely the number of PUs. Several DPs can form a DP

unit which can be considered a PU. Accordingly, the adjacent DPs can be considered as one single
PU. Two DPs are adjacent if the distance between them is less than a multiple of the acceptable
walking distance on the road network. This approach follows the full graph, namely, each DP
within the DP unit is adjacent to all other DPs within the unit.

3. Placing PUs. The PU is located considering the gravity center of its DP units and
the real road network. The projection criteria: (i) the total distance between the DP-PU relations is
minimal, and (ii) the excess of the walking distance is not extreme.

3. Results and discussion

The PUs allocation was executed as a case study in Szentendre, Hungary. The municipality
provided the input data (DPs) for the method; a questionnaire survey was executed in 2022,
revealing the parents’ willingness towards a DRSB service. All together 48 PU points were
realized.

The results of the PUs allocated are illustrated in Figure 2. DPs were grouped if the distance
between them was twice as the accepted walking distance; the accepted walking distance was
considered as 360 meters. As the walking distance decreases, the number of PUs increases,
resulting in a denser PU network. We found that the DPs are concentrated around the PUs.
Furthermore, for the analysis of PU-DP relationships, we used colors to indicate that a DP belongs
to a PU. As all the DPs should be served, there are cases where a PU serves only one DP if the
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demand in that neighborhood is low. As a result of the method, 48 PU can serve 170 DPs. The
average DPs served by one PU is 3.5.

0 05 1km

— o
o TR
Legend <o
@ Pick-up point

® Demand point

Figure 2 - Pairing DP to the nearest PU

To test the feasibility of the method, we analyzed the accessibility to the current high-
capacity, regular public bus service. We found that the PUs have equalized the outliers, and the
average walking distance has significantly decreased. With the determined 48 PU, the average
walking distance is only 240 meters, while accessing public transport stops is possible with an
average of 425 meters of walking.

4. Conclusion

The efficient operation of DRSB services on flexible routes relies on the PU’s optimal
location. As a main contribution, we have developed a PU allocation method considering and
grouping existing demand points. We found with the application of the method in Szentendre,
Hungary, that 170 DPs can be served by 48 PUs only with a 240 m average walking distance. The
method can significantly and substantially contribute to raising the level of service through shorter
walking distances, which is especially important for a service where the users are among
vulnerable user groups (aka students). The results can provide guidance for introducing or
developing a DRSB service.

Acknowledgement

David Foldes would like to express his gratitude to the Hungarian Academy of Science for
awarding him the Bolyai Janos Research Scholarship (BO/00393/22). This scholarship provided
essential financial support that enabled the completion of this research.

The authors express their gratitude to the municipality of Szentendre for providing the raw
results of the questionnaire survey, which formed the basis for pick-up point determination.

References
1. Vansteenwegen P. A survey on demand-responsive public bus systems / P.
Vansteenwegen, L. Melis, D. Aktas, Tta in. // Transportation Research Part C: Emerging
Technologies. - 2022. - Bum. 137. - C. 103573.

314



2. Ren J. A Two-Stage Algorithm for School Bus Stop Location and Routing Problem
With Walking Accessibility and Mixed Load / J. Ren, W. Jin, W. Wu // IEEE Access. - 2019. -
Bum. 7. - C. 119519-119540.

3. Alvarez N. Demand Responsive Transport: Recommendations for Successful
Deployment / N. Alvarez. - 2022.
4. Schasché S. E. Understanding the behavioral intention of the rural population to use

demand-responsive transport services / S. E. Schasché¢, C. Wankmiiller, N. Hampl //
Transportation Research Interdisciplinary Perspectives. - 2023. - Bum. 22. - C. 100984.

5. Lakatos A. Demand Responsive Transport Service of ‘Dead-End Villages’ in
Interurban Traffic / A. Lakatos, J. Toth, P. Mandoki // Sustainability. - 2020. - Bun. 12, Ne 9. - C.
3820.

6. Tenney A. Walking distances to public transport in smaller and larger Norwegian
cities / A. Tennegy, M. Knapskog, F. Wolday // Transportation Research Part D: Transport and
Environment. - 2022. - Bun. 103. - C. 1031609.

7. Park J. The school bus routing problem: A review / J. Park, B.-I. Kim // European
Journal of Operational Research. - 2010. - Bum. 202, Ne 2. - C. 311-319.

8. Bhatnagar A. An integrated framework for the improvement of school bus services:
Understanding commuters’ perceptions for sustainable school bus transportation / A. Bhatnagar,
A. Gupta, A. Joshi, N. Bolia // Habitat International. - 2022. - Bum. 126. - C. 102602.

9. Bogl M. The school bus routing and scheduling problem with transfers / M. Bogl,
K. F. Doerner, S. N. Parragh // Networks. - 2015. - Bum. 65, Ne 2. - C. 180-203.

10.  Martinez L. M. Design and Deployment of an Innovative School Bus Service in
Lisbon / L. M. Martinez, J. M. Viegas // Procedia - Social and Behavioral Sciences. - 2011. -
Bumn. 20. - C. 120-130.

V]IK 656.13

URBAN DISTRIBUTION SYSTEMS IN THE CONTEXT OF SUSTAINABLE
MOBILITY DEVELOPMENT

Shramenko V., M.Sc., Research Fellow, Karlsruhe University of Applied Sciences,
State Biotechnological University, e-mail: vladyslav.shramenko@bw-im.de

With the development of e-commerce and the focus of consumer demand on individual
orders, the share of small shipments in the total volume of cargo transportation has increased
significantly. This is especially true for transportation that takes place in cities that differ in their
road transport and industrial infrastructure, as well as the characteristics of the demand for
transportation [1]. In this regard, the formation of optimal routes for the transportation of small
cargo in cities is a very urgent task. Logistics cost is a big part of the expenses for many
manufacturers and companies in managing the movement and transportation of goods. Therefore,
businesses wish to find ways to reduce logistics costs, especially at the “last mile” stage.

On the other hand, companies strive to find ways to minimize the negative impact on the
environment caused by transportation activities. By implementing environmentally friendly
practices and technologies, businesses can contribute to a greener and more sustainable supply
chain. To reduce the negative impact of transport on the climate, important steps are the transition
to more sustainable energy sources, the development of public transport, and the promotion of
electric and other environmentally friendly modes of transport.

For the transport of small loads in the city, the potential advantages of cargo bikes in terms
of energy consumption, environmental impact and road load are proposed as an alternative to
trucks. In densely populated cities, electric cargo bicycles are becoming increasingly popular as a
replacement for vans and cars for delivering goods such as groceries and parcels [2, 3].
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