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Congestion Index of Urban Rail Transit Using Public
Transportation Card Data

Seongil Shin - Changhun Lee - Hyeonjin Cheong

The Urban Railroad Congestion Index is an important index in that it allows for a firm
grasp of the operating status of railroad networks. Further, the vehicle and station congestion
data that it provides are used as the underlying base for the selection of various related
components including frequency of operations, travel speed, and facility quantity.

The public transportation card reader device of the bus locates inside the bus which leads
to accurate recording of passenger boarding and exiting times and thereby facilitates analysis
of internal congestion. However, card reader devices for railroads are not located within the
vehicles, but rather, within the stations, which leads to disparities between passengers’ Tag in,
Tag out times with actual boarding and exiting times. This results in greater difficulty in the

congestion calculations process.

This research proposes a method of using public transportation card data and railroad

operating schedules (Time Window) to measure internal congestion of railroad vehicles.

In a time window, each vehicle’s operating route as well as station departure and arrival
times are fixed. This schedule will be assumed to be a link and the Link-Mode Label network

theory will be applied to convert the railroad network into a railroad schedule network.

Cost components including, but not limited to, transfer distance, transfer times, and
waiting times for transfer between lines and relatively slow and rapid transfers were first
generalized and then applied. Dynamic shortest time path algorithm was used to reflect

behaviors in association with phenomena such as time-related transport congestion.

Time windows are divided into Hard Time Window (HTW) in which waiting and boarding
activities are limited to only within the time window, and Soft Time Window (STW) in which

waiting activities can occur before the time window and boarding activities may take place
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until time of departure. optimum path search uses STW as a condition and minimization of

passenger’s generalized cost is chosen as the focal direction.

Transfer links are given properties regarding transfer-related moving and waiting times and
movement parameters, both of which take into consideration transfer distance and other
variables. Also, transfer links necessitate representation of transfer connections between
modes, which is achieved via transfer nodes, where each transfer node functions to save
succeeding route information beforehand, to be used during the process of route selection.
While the saving of information per node requires a comparatively large memory input, this
drawback is countered in the simplicity and rapidity of the calculation method, and fact that
all transfer links do not have to be connected directly, thereby preventing potential increases

in the number of links.

The urban railroad network must prioritize the process of connecting train arrival and
departure time schedules. The associated nodes for each train vehicle will be inputted with the
appropriate schedule information. The information in each node will undergo conversion to
link and subsequently be connected. Since the schedule information is composed of arrival
and departure times, they will be organized in the following linked manner(Current station

arrival node)->(Next station departure node).

The schedule for relatively slow route has fixed time intervals between station arrival and
departure times. This interval is the vehicle waiting time which provides for boarding and
exiting at the corresponding station, and the time will vary depending on the route with an

average time of about 30 seconds.

An example of the railroad schedule network developed in this paper applied to a peak at

a demand in urban railroad and interchange station demand is presented.

In this research, passenger movement behaviors were represented using transfer movement
time, and transfer waiting time from public transportation card data and applied to the

proposed railroad operating schedule based network.

Currently, bus congestion assessments are based on public transportation cards, and as
well in this paper’s railroad congestion assessment process, therefore it is believed that
additional research on transfers between bus and urban railroads reflecting the extent of public

transportation congestion for entire metropolitan districts will be possible.
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