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Abstract: Whether for environmental protection or as a means of transportation, the use of
shared bicycles has been expanding. This has also brought about the management problem of
shared bicycles and how to optimize the placement of stations. The main goal of this paper is
to optimize the location of shared bicycle stations during the peak hours of shared bicycle use
in Manhattan so that shared bicycle companies can achieve more effective placement at the
minimum cost. The method used can be divided into three parts. First, a grid is established to
simulate the layout and construction of the city, assuming the values of the variables; the
second part establishes a linear function, modifies the objective function for different variable
factors, and applies it to the grid of the first part to test whether it is the optimal placement
location; after verification, the third part combines the model with the actual situation in
Manbhattan and calculates 10 optimal locations for the placement of shared bicycle stations.
This paper determines the optimal way to place stations by minimizing costs and combining
actual needs, thereby improving the effectiveness and timeliness of future shared bicycle
rentals.
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1. Introduction

In modern society, people pay more and more attention to environmental protection, sustainable
development, and health [1]. More and more people use shared bicycles in their lives, whether as a
means of transportation or as a hobby. Shared bicycle stations appear more and more frequently in
our vision. They can be rented and returned at any time, which has become one of the reasons why
shared bicycles are so popular. For example, in May 2013, New York City launched the largest
bicycle sharing system in North America, the Citi Bike system, with more than 300 stations and 5,000
bicycles. The passenger flow of such a large, shared bicycle system has reached nearly 40,000 people
per day [2]. Such a large passenger flow will inevitably bring certain problems. One of the more
serious problems is the setting of shared bicycle stations. Many people need to rent bicycles, but there
are no stations nearby, or there are bicycles in short supply in some places, while bicycles are piled
up in other places, but no one needs to use them. In the second case, it also has a negative impact on
the economy of shared bicycle companies. This requires optimizing the setting of stations to improve
the problem.

2. Literature review

In 2011, Hamidreza Sayarshad, Sepideh Tavassoli, and Fang Zhao used the proposed optimization
formula to design a shared bicycle system, striving for the smallest bicycle fleet to optimize and meet
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the maximum demand, mainly for travel within a small community. The research conclusions were
proven to be successful in analyzing and improving the utilization rate of bicycles [3]. To further
improve the efficiency of shared bicycles, in 2012, Juan P. Romero, Angel Ibeas, Jose L. Moura, Juan
Benavente and Borja Alonso linked shared bicycles with private cars and proposed a method to model
the traffic modes of both at the same time. The connection between the two was reflected by modeling
the mode division and allocating network trips for each mode, and the layout of shared bicycle stations
was optimized. Further higher efficiency and utilization were achieved [4]. In 2014, Edoardo Croci
and Davide Rossi focused on studying and analyzing Milan’s shared bicycle system (BikeMi) based
on the overall theory to improve the efficiency of shared bicycle systems. They first studied the factors
that affect the use of shared bicycle stations, including the different effects of proximity, visibility
and attractiveness. They concluded that the demand for use will increase in certain types of locations
such as cinemas and subway stations. This conclusion can better assist in finding the location of the
optimal shared bicycle station in Milan [5]. In 2015, with the development of the shared bicycle
system, an imbalance in shared bicycles emerged. Eoin O’Mahony and David B. Shmoys mainly
corrected this imbalance so that the system reached the necessary level of bicycles at each station and
used mathematical modeling to allow shared bicycles to rebalance the system at night to cope with
peak hours [2]. In 2018, Suleyman Mete, Zeynel Abidin Cil, and Eren Ozceylan optimized the shared
bicycle system on the Ziantep University campus, looking for the best location for shared bicycle
stations that minimize the total walking distance. The station locations obtained using mathematical
models and methods covered all demand points and improved travel efficiency in the campus area
[6]. In 2019, Zhihui Gu et al. used a heuristic optimization method (HBOA) to connect space and
time to form a continuous bicycle chain, greatly improving the efficiency of the station-free shared
bicycle system (BSS). Taking two large companies in Shenzhen as an example, the model was used
to give a specific optimization plan for bicycle supply and demand [7]. The optimization plan for
bicycles has gradually been implemented in specific real-world situations such as regions, campuses,
and companies. As the shared bicycle system continues to mature, some problems have also emerged
in the constant changes of the system. Zhuo Sun et al. mainly studied the free-flowing shared bicycle
system (FFBSS). In combination with local government regulations, they used a mixed integer linear
programming (MILP) model and clustering algorithm for optimization, solving the parking chaos
problem while meeting user needs [8]. Yujie Hu et al. mainly referred to two types of data, bicycle
historical travel data and shared bicycle station empty and full status data, for analysis and model
design. They used a variety of methods to optimize the bicycle shared bicycle project in Boulder,
Colorado, USA. The conclusion part proposed three upgraded system strategies to maximize service
coverage, and the optimization of shared bicycle projects is also committed to energy conservation
and emission reduction and sustainable energy systems [9]. The details of the shared bicycle system
and the specific optimization of specific regions are constantly being improved bit by bit, while
promoting future sustainable development and environmental protection. In 2022, Beigi et al.
developed deterministic integer programming to optimize the layout of bicycle stations and balance
the bicycle supply system. The formulated strategy will be prepared at night to meet the large demand
during peak hours [1]. As time goes by, the optimization of the shared bicycle system is constantly
changing, and it is constantly being improved based on actual conditions and historical experience.

3.  Methodology
3.1. Establishing a grid model and simulating data

This paper mainly studies the optimization of shared bicycle stations in Manhattan. Start by setting
up the mesh and simulation data. A grid model with a side length of 14 X 14 is established as
shown in the Figure 1. below, and it is assumed that the side length of each grid is 1.
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Figure 1: Color division simulates the city area grid

As shown in Figure 1, there are 5 different grid colors, representing different population densities
and different areas, see Table 1.

Table 1: Regional color division and population density data

. ) Population Density
Region Color Representative Area 5
person/km

purple commercial area 4000

pink residential area 3500

red scenic area 3000

blue industrial area 2750
yellow suburbs 2500

3.2. Linear function method

After determining the simulated grid model, study the objective function. In real life, as a shared
bicycle company, there are still many cost issues to consider, so the objective function is set to seek
the minimum cost. The cost that directly affects the total cost can be divided into two parts: the cost
of building a station and the service cost per kilometer of shared bicycles, and both are affected by
different factors (weights). Considering that the cost of building a station varies from region to region,
but the cost of building a shared bicycle station in the same region is the same, it is mainly affected
by population density. In addition to being affected by population density, which causes different
demands in different regions, the service cost is also affected by the distribution of bicycle lanes and
the length of the distance. Based on this logic, as Table 2 shows the parameters and variables. And
the objective function.

Table 2: Symbols meaning

Name Description
A total cost
d; the distance from the site placement location to grid (i, j)
pd population density
T the length of the bicycle lane from the site location to grid (i, j)
DC cost per km of service
SCy; construction of the site location Construction cost of a site

43



Proceedings of the 4th International Conference on Computing Innovation and Applied Physics
DOI: 10.54254/2753-8818/107/2025.22654

Objective function:

1 1
. L
J

i
After determining the objective function, the variable data of the grid (Figure 1.) is also simulated,
as shown in Table 3:

Table 3: Regional color data

. pd SCyj T;; DC
Grid Color person/km’ dollar/set 1 km/region dollar/km
purple 4000 12500 40 1.5
pink 3500 11000 35 1.2
red 3000 10000 30 1
blue 2750 9250 25 0.85
yellow 2500 8500 20 0.75

In this case, three important points are explained. First, for the objective function, variables such
as pd and d;;are directly multiplied by DC or SC;; in the objective function and are considered
as weights according to the inverse relationship, so the optimal shared bicycle station location can be
determined when the objective function is minimized. However, when the objective function is
minimized, it is not the specific amount of the actual minimum cost. Second, the reason why different
construction costs and service costs in different regions have been simulated when simulating
numerical values, but the weight relationship of multiple variables must still be considered in the
objective function. This is because in real life, there are differences in construction costs and service
costs in different regions, but these variables will still affect changes in construction costs and service
costs. Third, in the case of simulated grids, since the values have been simulated and determined,
constraints are not considered in this case.

3.3. Optimal site placement

Write code to operate the model. First, calculate the optimal location for placing a shared bicycle
station in the 14 X 14 colored grid, as shown in Figure 2:
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Figure 2: One optimal site delivery display

Figure 2 shows that the optimal location of the site is close to the center of the entire area, and the
population density in the central area is also relatively high. Increase the number of deployment
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stations to two, then to four, and calculate the optimal deployment location of shared bicycle stations.
The results are shown in Figure 3. and Figure 4:
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Figure 3: Two optimal sites for delivery display
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Figure 4: Five optimal sites for delivery display

Figure 3. shows that two optimal sites are placed, one in the upper middle of the area and the other
in the lower middle. Overall, the distribution is relatively symmetrical, with one site distributed in the
upper and lower parts. When five optimal sites are placed, Figure 4. shows that the five sites are in
the middle and in the four corners around the middle site, and the overall distribution is also relatively
symmetrical and uniform. This is related to the layout of factors such as the population density
distribution in the region.

3.4. Optimal placement of stations in Manhattan

The population density during peak hours in Manhattan is selected, as shown in Figure 5, and the
Manhattan map is divided into grids with a unit length of 1. The grid color of the area with a higher
population density is lighter, as shown in Figure 6. The population density in Manhattan increases
gradually from north to south. The distribution map of bicycle lanes is shown in Figure 7. The number
of bike lanes in Manhattan is gradually increasing from north to south and becoming denser. Finally,
the actual data of Manhattan is considered to limit the range of variables pd ,DC ,SC;; and
T;; ,which is also a constraint condition. Combined with the actual situation, the constraints are as
follows: population density ranges from US$3 per kilometer to US$8 per kilometer in the most
expensive place, SC;; ranges from US$70,000 to US$270,000 for building a station at the cheapest
place, and the length of the bike path T;; ranges from 8 kilometers in the shortest place to 80

kilometers in the longest place.
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Figure 5: Manhattan peak hour population density [10]
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Figure 6: Manhattan grid with estimated population density
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Figure 7: Bike lanes in Manhattan [11]

Because the more people there are, the greater the demand, the cheaper the service cost, but it also
means that the land is more expensive, so the population density is inversely proportional to DC and
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directly proportional to SC;; .Conversely, DC is also inversely proportional to population density,
and SC;; is also directly proportional to population density. The longer T;; is, the higher the
population density is, the greater the demand for shared bicycles, and the cheaper DC is, so T;; is
directly proportional to population density and inversely proportional to DC . This explains the
inverse relationship in the objective function.

4.  Results and analysis
4.1. Ten best sites in Manhattan

After the grid model and the objective function are established, the same logic used to calculate the
optimal location solution in the grid model is used to build a model for the Manhattan area after the
grid map is divided and the objective function is applied. A Python program is established to
determine the impact of the objective function and variable factors. After running the Python program,
the locations of the ten optimal Manhattan areas are displayed on the Manhattan map after the grid
map is divided. At the same time, the Manhattan map also shows the distribution of population density,
as shown in Figure 8.

Manhattan Grid with Estimated Population Density and Optimal Bike Stations
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Figure 8: Ten best sites in Manhattan

Figure 9: Site location shown on Google Map [12]
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4.2. Analysis

Google Maps [12] shows the current locations of bike-sharing stations in Manhattan (Figure 9).
Compared to the research model results, the actual locations of bike-sharing stations in Manhattan
are lower and closer to Central Park. Most stations are located in Downtown Manhattan, which is
home to some of the city’s most famous buildings and Manhattan tourist attractions, suggesting that
these stations are more likely to be used for random leisure purposes [13]. With the exception of a
few stations, the remaining stations are concentrated at the end of Central Park. The optimal location
of bike-sharing stations in this study is closer to the middle of Manhattan, around Central Park. The
station distribution is also closer to the right side of Manhattan than the actual location, roughly
distributed in areas with a population density of 5,000 to 7,500 people per square kilometer. At the
same time, in the edge areas of Manhattan, the optimal station location is shown as a station location
on the right edge of the Manhattan area, which is different from the actual situation. However, neither
the research results nor the actual situation puts bike-sharing stations in the upper areas of Manhattan,
which are also low-density areas and far away from the city center.

5. Conclusion

In summary, this study calculated the optimal location of bike-sharing stations in Manhattan through
a linear function, considering the economic benefits of bike-sharing companies. However, future
research directions can consider more variables, such as time factors, geographical factors, climate
factors, policy factors, etc. At the same time, the specific optimal cost amount can also be studied to
continuously optimize and improve the efficiency of bike-sharing stations.
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