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Abstract: Most of the literature that deals with feeder bus route design simply assumes the 
feeder bus stops are already established. The Feeder bus stops are established to connect some 
known origins to a known destination unlike the conventional bus stop location. In this study 
smart card data together with geo location of existing bus stops are used to obtain the origin 
(feeder bus stops) and destination (train station). The first step is to identify the conventional 
bus stops by isolating smart card users who use these stops to a particular destination. These 
conventional stops are numerous and hence a demand-constrained clustering method was 
developed to convert these stops into feeder bus stops. This method was then applied to data 
extracted from Izmir’s database management system. This methodology was compared to 
well-known clustering algorithms and it performed reasonably well. This study can serve as 
a foundation in the application of smart data in the planning of feeder bus routes.
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1. Literature Review

Generally, bus stops are planned based 
on traditional surveys which are used to 
decipher the traveling patterns. Although 
they are quite useful, some of their lacking 
stems from; time-consuming and also 
capital intensive, they may also be biased 
because usually, passengers don’t l ike 
giving information, especially regarding 
their privacy and social status. Due to these 
reasons and more, transit agencies carry out 
these surveys incessantly which may lead to 
poor planning of the entire system because 
these systems depend on quality data. The 
advancement in information communication 
technologies at the turn of the century 

has made it possible for the application 
of big data sources in the management, 
planning, and design of modern public 
transportation systems. Examples of big 
data sources especially relevant to the 
transportation sector include smart cards, 
database management systems, GPS and 
GIS systems, and have been applied in one 
form or the other to support the planning 
as well as operation of mass transportation 
systems Zhang et al. (2018). 

The bulk of the work on this topic deals with 
conventional bus stop locations and not 
feeder bus stop location. Bachok et al. (2013) 
used GPS and GIS to identify and determine 
the location of passengers boarding and 
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alighting positions as well as conventional 
bus stops. Jahani et al. (2013). Developed a 
novel multi-objective bus stop location model 
for the Central Business District, Tehran, 
Iran. The candidate stops were clustered 
based on the walking distance by using 
K mean algorithms and their results laid 
emphasis on the importance of the weighted 
combination of candidate stops to find 
suitable stops. Chen et al. (2018), based their 
study on access coverage and mobility effects 
of bus stop location, therefore they used 
two objectives for the optimization bus stop 
location in a network. The optimal bus stop 
locations are selected from given bus stops 
along given bus routes. This gives an insight 
into planning bus stops from existing bus 
stop positions as they reduced the number of 
existing bus stops after optimization but this 
may not be very useful when planning a new 
bus stop from the beginning. Li and Chen 
(2016) semi-supervised clustering algorithm 
(Fuzzy C-mean) was used for bus stop 
location optimization, similarly Leksakul 
et al. (2017) determine stop locations by 
testing four different clustering algorithms 
on real data from large scale industrial 
factory in Thailand. The K-means with 
Maximin provided the best solution, as it 
minimized the number of bus stop locations. 
Perugia et al. (2011) propose a cluster routing 
approach to model both bus stop locations 
It uses a cluster routing representation to 
simultaneously determine bus stop locations 
and bus routing in urban street networks. 
Taplin and Sun (2020), in their study, 
a genetic algorithm was used to evaluate 
potential stops based on demand maximizing 
locations, the novelty of their work focuses on 
starting bus modeling from the stop unlike 
other studies because they are of the opinion 
that bus stops should be determined in terms 
of demand Shatnawi et al. (2020). This study 
is for conventional bus stops. It applied 

GIS and some metaheuristics optimization 
techniques to model the location of bus stops 
by removing redundant bus stops which are 
located at irregular distances thereby finding 
optimal travel time and serviceability of 
the stops. They also used existing bus stops 
therefore the bus stops were not designed 
from scratch. These studies focused on how 
to determine the location of conventional bus 
stops by using mostly optimization methods, 
clustering algorithms such as K-means, Fuzzy 
C-means, etc. without necessarily giving an 
idea of how the data was sourced but only 
mentioned the data used such as geolocation 
of existing stops, demand, and others like 
walking distance and so on.

Few studies have concentrated on the stop 
location of a community shuttle or feeder bus 
service. Most of the literature that deals with 
feeder bus routes simply assumes the feeder 
bus stops are already established and they 
mainly focused on the optimization of the 
feeder bus routes as a consequence Shatnawi 
et al. (2020). Liu et al. (2014) used large-scale 
real-world taxi-based GPS data to plan a 
feeder bus stop for the airport. In their study, 
the mined origin and destination dataset 
consequently use a clustering technique to 
identify the feeder bus stops. Their main 
goal was to improve the accessibility of the 
feeder bus stops at the airport. Chen et al. 
(2018) research work is mainly concerned 
with the bus routing problem of a suburban 
bus route for airport access, thus, their 
method establishes stop location and route 
generation simultaneously. Because its focus 
is not on stop location per se, the number 
of required stops is also given, therefore 
not all stops are covered in the bus routes. 
Xiong et al. (2013) used a community shuttle 
route as an input for the heuristic algorithm 
proposed for positioning stops. The concept 
of minimizing passengers’ walking distance 
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was used such that each stop is matched with 
a corresponding zone only. Similarly, Cui et 
al. (2015) in trying to improve the efficiency 
of bus operations used a multi-objective 
optimization to determine the location 
of bus stops. Locations based on walking 
distance, the delay time of non-transit 
vehicles, transit traveling time adjacent to 
the intersections. This study was mainly 
concerned with the positioning of the bus 
stops as it connects to the subway station. 
Ren et al (2018) also focus on minimizing 
transfer time between two public transport 
modes so as obtain optimal bus stop location. 
Prah et al. (2018) and Dragan et al. (2011), 
unlike the conventional bus stop, this 
study solves the optimal bus allocation 
for school routing problems. The main 
algorithm is based on data clustering by 
using three-dimensional GIS data which 
accounts for the terrain. They also used 
Monte Carlo simulation together with the 
aforementioned data clustering to optimize 
bus stop allocation making sure the total 
walking distance does not exceed limits. 
Wei et al. (2021), optimizes feeder bus stops 
locations and assigned passengers to them 
by minimizing the total walking cost and 
the feeder bus stop locations were used to 
design feeder bus routes. In practice, feeder 
bus routes are constructed by adjusting 
existing conventional bus routes even though 
passenger demand for conventional bus stops 
and feeder bus stops differ. According to 
Ge et al. (2011), a survey carried out in 
Beijing, China shows that some buses that 
go through a railway station are always fully 
loaded when they arrive and therefore can 
accommodate passengers transferred by the 
railway station. Therefore, the feeder bus 
route should be planned based on feeder bus 

passenger demand at the stops. It is clear 
from these studies that a huge amount of data 
is available and this type of data can be found 
in big data sources such as smart card data, 
GPS data, and GIS data which can be used 
in the planning of feeder bus stop locations, 
etc. Also, most studies used clustering 
algorithms based on the geolocation of the 
stops without considering the demand and 
capacity of the clustered stops. Hence, the 
goal of the study is to use smart card data 
and capacitated clustering algorithms in the 
determination of feeder bus stop location.

2. Materials and Methods

This study focuses on the application of 
data sources (the geolocation of bus stops 
and train stations, passenger demand at 
bus stops) to estimate potential feeder bus 
stops. The remainder of this write-up will 
discuss, the case study, demand estimation 
at the conventional bus stops, estimation of 
potential feeder bus stops using clustering 
algorithms, and capacitated clustering. The 
number of bus stops is steadily increasing 
which are serviced by 337 routes with 1170 
buses.

2.1. Case Study of Izmir Data Base 
Management System

Izmir a city in Turkey has an urban population 
of about 4,061,074; (Stat, 2014). It has one 
of the most developed and well-integrated 
public transit systems in the country because 
it can boast of quite a number of different and 
well-integrated modes. In Izmir, the urban 
mass transportation network is comprised 
of the public bus system, three rail systems 
(rapid transit, commuter rai l Serv ice, 

363

Abdulrahman H S Determination of Potential Feeder Bus Stops From Smart Card Data and Capacitated Clustering Algorithm



light rail service), and ferry service which 
operate in the inner bay. The electronic fare 
collection system in Izmir – is now known as 
Kent Kart (City Card in Turkish) The system 
employs contactless smart cards that are 
presented to a validator positioned alongside 
the driver in the bus entry passage. This 
device can read information from the smart 
card, such as identify card type, fare type, 

bus route and direction, boarding time, date, 
and in the case of suburban train records 
fare reduction because the suburban train 
fare system is based on distance, not time, 
and store the transaction data for transfer to 
the system server when needed. Primarily, 
this system is a fare collection system. Fig. 
1 below shows the methodology adopted for 
feeder bus stop location. 

 

Fig. 1.
Methodology

2.2. Demand Estimation

This exercise is rigorous and requires a lot 
of computer software to prepare the smart 
data into useable data. It includes cleaning 
and coding the smart card data since not 
all collected data are relevant and there 
are also missing data. In this study, the 
1,967,955 boarding data of Tuesday, the 8th 
of November 2018 in the smart card system 
of the Directorate General for Electricity, 
Water, Coal Gas, Buses and Trolleybuses 
(E S H O T)  o f  İ z m i r  M e t r o p o l i t a n 
Municipality was used. This is a combined 
usage of transit smart cards across all modes 

of transportation, taking into account 
both normal and transfer recordings. This 
information together with GPS data from 
the Vehicle Location system can be used in 
transportation planning (Deri and Kalpakci, 
2014). Therefore, coordinates of the bus 
stop and train station were extracted and 
transfer time was calculated for each smart 
card data. In Izmir, the fares are charged 
based on time and it is less than or equal to 
90 minutes. Therefore, if the transfer time 
is less than 90 minutes, then we isolate all 
bus stops that use that IZBAN station and 
no any other modes. The Flow chart for the 
algorithm is shown in Fig. 2.
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Fig. 2.
Algorithm for Demand at Origin Estimation for a known Destination

2.3. Feeder Bus Stop Location: Clustering 
Algorithms

Two popular data partition algorithms 
(K means and K medoids) are used. Both 
algorithms cluster data into groups by 
minimizing the distance between coordinate 
points and the centroid of the clusters. 
While K medoids select the centroid from 
one of the coordinate points as a centroid, 
K means selects the centroid from the 
average between the points in the cluster. 
Also, K medoid also uses dissimilarity 
measures which reduces the sum pairwise 
dissimilarity instead of euclidean distances 
used by K means. Importantly, it is assumed 
that the “k” number of clusters is known 
or evaluated by other methods or certain 
criteria. Therefore, for the purpose of this 
study, the procedure for determining the 
feeder bus stop location through clustering 
restricted by the capacity of the ensuing 
cluster is proposed. The procedure is stated 
below;

• Calculate the number of clusters; It is 
calculated based on the demand (di) at 
the stops and expected capacity of the 
cluster(C), k = sum of all demands at the 
stops / Expected Capacity of the Cluster;

• Select initial centroids: the initial k 
centroids are selected by arranging the 
stops based on their demand in their non-
increasing order d1 > d2 > d3 > dn. Then 
the first k stops becoming k centroids;

• Select first k stops as initial centroids; 
• Assign the stops to cluster:

i.   the Euclidean distances between each 
requester to all the k centroids are 
calculated. Group all the stops to the 
closest centroid. 

• Centroid Calculation:
i.    If the capacity of the centroid is not 

exceeded, the initial k centroid is 
adopted;

ii.   I f the capacit y of a centroid is 
exceeded, that centroid is split into 
the required number to satisfy the 
cluster constraint.
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3. Results and Discussion

3.1. Demand Estimation

In total 321 stops used the train station for 
the period for this particular date as shown 
in Fig. 3. Not all stations have significant 
demand therefore the stops were chosen 
based on the card usage at the various stops. 
The selected stops were limited to those 
stops with at least 3 passengers per hour 
thereby reducing the stops to 87 stops with 

a total demand of 633 passengers per hour 
as shown in Fig. 3. Feeder bus services differ 
from conventional bus services in that they 
are mostly servicing suburban areas with 
high commuter volumes. This implies most 
passengers gather in one location to proceed 
to a somewhat common destination i.e. bus 
stops may be crammed. Therefore, the need 
to locate suitable positions for siting feeder 
bus stops and it is also important to take 
into consideration the capacity of the stops 
themselves in terms of passenger volumes.

Fig. 3.
(A) Stops that are Associated with a Train Station and (B) Significant Stops associated with the Train Station

3.2. Feeder Bus Stop Location: Clustering 
Algorithms

The clustering considered, has 87 existing 
bus stops whose demands are known and 
are distributed in (x, y) coordinates. The 
K medoid algorithm tries to establish the 
suitable cluster centroid by using existing 
nodes (bus stop) unlike the Kmeans algorithm 
which creates a new centroid. Using the K 
medoid allows to use of existing bus stop 
locations for the siting of the feeder bus stop 
location, however, because the demand at 
every bus stop exists, the new point might be 

cramped based on demand which might be un 
desirable for users. Table 1 shows the results 
of the clustering algorithm with the demand 
and number of clusters in the brackets. It can 
be seen that some stops have quite a number 
of stops close together and thus resulting in 
cramped clusters with high demands. These 
stops regardless of which algorithm is used 
have high passenger demand if we assume 
the capacity of each potential bus stop is 50 
passengers per hour. Because both K mean 
and K medoid algorithms are based on strictly 
distance they isolated stops that are far from 
others see Figure 4. 
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In this case, since the initial centroids are 
determined based on their demands and 
making their point of interest, we cluster 
the remainder of the nodes around these 
points of interest by finding the distance for 
all remaining nodes to the selected initial 
centroids. After the shortest distance to all 
centroids is assigned, a group of clusters 
formed around the initial centroids, and 

Table 1 ensued. But we have a constraint that 
no cluster demand shall exceed 50 passengers 
per hour. Hence, any cell whose demand is 
exceeded must be split into more centroids 
to accommodate the excessive demand. 
Centroids 1,2 4 and 13 are split further to 
accommodate more demand and the final 
feeder bus nodes respective demands are 
shown in Table 2 below.

Fig. 4. 
Clustering Algorithm Results (A) Kmeans, (B) Kmedoids, and (C) Proposed Capacitated Clustering
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Table 1
Passenger Demand/Hour at the Centroids (Number of Stops)

Cluster Kmeans Kmedoids Capacitated
C1 152(12) 10(1) 67(6)
C2 10(1) 38(5) 73(8)
C3 19(3) 16(1) 42(3)
C4 38(5) 18(4) 63(11)
C5 48(11) 73(7) 47(9)
C6 127(15) 121(15) 48(7)
C7 8(2) 19(3) 26(2)
C8 121(15) 140(12) 21(3)
C9 42(9) 75(8) 44(9)
C10 17(4) 37(8) 34(4)
C11 23(6) 31(5) 38(9)
C12 16(1) 17(4) 32(4)
C13 12(3) 39(8) 97(18)

3.3. Discussion of Results

To analyze the results, we evaluate the 
clustering results by summarizing the 
clustering by a quality score and also based 
on the purpose of the clustering carried out. 
The quality scores used are calculated by 
understanding the cohesion of how near 
the data points in a cluster are to the cluster 
centroid (Intra cluster distance) and also the 

distance between the centroids of different 
clusters (inter-cluster distance). It is well 
desired a good cluster should maximize inter-
cluster distance and minimize intra-distance 
cluster. These distances are then used to 
calculate the Dunn index which is basically 
a ratio of inter-distance (separation) and 
intra-distance (compactness), and the Davies-
Bouldin index which is the ratio intra distance 
(compactness) to inter-distance (separation).

Table 2 
Average Distance from Stops to Centroids (intra-cluster Analysis)

Cluster Kmeans Kmedoids Capacitated
C1 2931 0 649
C2 0 264 708
C3 3926 0 576
C4 3851 550 782
C5 1811 329 400
C6 1686 519 408
C7 4500 222 4077
C8 2384 447 841
C9 1877 328 1143
C10 3186 432 463
C11 1017 439 460
C12 0 350 283
C13 3146 404 1989
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The clustering algorithm that produces 
a collection of clusters with the smallest 
Davies–Bouldin index is considered the 
best algorithm based on this criterion, 
while the algorithms that produce clusters 
with a high Dunn index are more desirable. 
Fig. 5 shows the cluster analysis and the 
proposed algorithm has the lowest inter-
cluster distance while the K means has the 
largest distance while for the Intra distance 
Kmedoids algorithm has the lowest value. 
This may be largely due to the fact that 
the proposed algorithm pays attention to 
locating the centroids based on demand 
and it is expected that passengers that use 
the train station are closer to the station. 
To go further, see Fig.6 below. Based on 
both Indexes, the K medoids Algorithms 
performed better than our proposed method, 
even though our proposed method performed 
better than the K means algorithm. These 
analyses do not really show how useful 
these algorithms especially in this specific 
problem of estimating the location of feeder 
bus stops. While The K means algorithm 
locates the feeder bus stop generating a mean 
centroid for all the clusters, the K medoids 
use the existing centroid and try to find 
which centroid is more at the center of the 

cluster. Interesting enough our main focus 
is to develop feeder bus stops by locating 
important centers of demand and grouping 
them together. Therefore, the purpose of 
achieving this with 13 clusters based on the 
expected capacity of each centroid is shown 
in the table below. For all the algorithms 
some stops exceeded the estimated capacity. 
This is expected as K means and K medoids 
are mainly dependent on distance and even 
in our proposed method, the number of 
stops has to be expanded by dividing any 
stops that exceeded the capacity into the 
desired number of stops to accommodate the 
capacity. In all our method can be very useful 
in planning bus stop locations especially 
by considering how close they are but also 
how important demand points are, how 
close they are and the capacity of the final 
clusters see Fig. 7 for final bus stop location 
with their passenger demand. It is important 
to note that when evaluating clustering 
algorithms to emphasize the purpose to 
which the clustering is done (which is highly 
subjective) even though the statistics used 
to compare our algorithms to k means and 
k medoids can relate relevant information 
with regards to whether the clustering is 
bad or not.

Fig. 5. 
Inter/Intra Cluster Distance
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Fig. 6. 
Clustering Analysis (Index)

Fig. 7. 
Final Feeder Bus Stop Location and their Demands

4. Conclusions

In conclusion, we proposed a methodology 
for planning the location of feeder bus stops 
from existing conventional bus stops taking 
into consideration the passenger demand 
going towards a speci f ied dest inat ion 
(train station). The first part involves the 
determination of potential feeder bus stops 
by identifying the location of smart card users 
who are destined to a particular train station 
through an algorithm developed in this study. 
The second part equally follows a set of steps 
that allows for potential stops to be clustered 

based on the specified capacity of the potential 
feeder bus stops. The results of our capacitated 
clustering procedure were compared with 
famous clustering algorithms K Means and K 
Medoids algorithms. The procedure focuses 
mainly on high-demand stations, therefore, 
the final feeder bus stops were compact while 
on the K medoids clustering tends to be best 
in terms average distance of the clusters to 
the centroids and Kmeans have the worst 
average distance from clusters to centroids. 
Further analysis could be carried out to limit 
the capacity of the bus stops such that any 
stop whose demand exceeds the limits could 
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split into n desirable stops. This will help in 
reducing the impact of the demand on the 
average waiting cost. This method shies away 
from conventional clustering algorithms which 
do not take into account the demand of the 
clusters and also from complex optimization 
techniques presented in the literature. To 
the best of our knowledge little literature, 
exist with regard to using smart card data 
in the determination of feeder bus stops. As 
for future endeavors, the feeder bus stops 
determined can be used to plan feeder bus 
route networks subsequently, since their 
designs are mainly based on passenger demand 
locations. Also, other forms of data may be 
useful such as mobile data records which 
may be able to pinpoint passenger demand 
locations themselves rather than bus stop 
locations. It is worthy of note that a form of o 
multi-objective optimization may be necessary 
in order to capture the varying stakeholders’ 
perspectives in siting of feeder bus stops. 
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