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Abstract—One of the public transports is
rapid transit, which provides the highest
performance mode of urban transportation.
Currently, existing rapid transit travel demand
analysis from the service provider is based on
ticketing data that contain information such
as time travel, origin and destination; which
is using trip based method. This method has
its limitation such as the demand is for trip
making rather than for activities as well as
having spatial, temporal and demographic
aggregation errors. It also failed to predict
the travel demand when there is future
development or growth in the surrounding
area. Therefore, new method for modeling
travel demand is needed. This paper proposes
a framework of new model and analytics for
travel demands of rapid transits based on big
data of potential travelers and surrounding
land uses. Land uses and transportation are
interdependent. With this proposed concept,
the accurate travel demand for rapid transit
in the future will be met. Therefore, the rapid
transit service will have excellence operation,
which  includes optimum  frequency,
punctuality and reliable service.

Index Terms—Rapid Transit, Travel Demand
Model, Traveler and Land Uses.
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I. INTRODUCTION

" developed country is not a place where
the poor have cars. It is where the rich
use public transportation”, quotes by Gustavo
Petro, who gains a lot of attention from
various countries and inspired many people
around the world. Gustavo also stated that
developed countries should be focusing more
on sustainability and enhancing the efficiency
where the heart of transportation must be
beneficial for public community in the country.
Infact, publictransportation provides the easiest,
fastest, inexpensive, environmentally friendly
and a great way to obtain an aerial view of
places. Moreover, public transportation service
offers convenient and economical advantages
to the people of the country especially the poor.
Hence the need to an efficient and connected
public transport system is seen as more urgent
than ever. This is obvious particularly when
improving the Urban Public Transport (UPT)
is selected as one of the key areas in Malaysian

National Key Resource Agenda (NKRA).
Interestingly, [1]-[4], highlights that in
order to understand cities, the flow and the
network must be understand to demonstrate
the relationships between people and places.
However, the flow and the travel demand
have not been widely analyzed from a
network perspective. A study conducted by [5]
investigated the travel demand in a city using
millions of origin-destination trips. The work
introduced complex network-driven approach
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as a way to understand and characterize the
urban travel demand, complementary to the
existing advanced activity and agent based
model developed by [6], [7] as well as the trip
based method [5], [8], [9].

One of the urban public transports is rapid
transit, which provides the highest performance
mode of urban transportation [10]-[12]. It must
be highlighted here that the existing rapid
transit travel demand model from the service
provider is based on ticketing data which
captured travel information such as time travel,
origin and destination rapid transit station. In
specific, the service provider is using trip-based
method. This method has its limitation such as
the demand is for trip making rather than for
activities as well as having spatial, temporal
and demographic aggregation errors [5]. The
method also failed to predict the travel demand
when there is future development or growth in
the surrounding area.

As a matter of facts, the starting point and
the destination of the traveling is not only from
the rapid transit station. Travelers may travel
from their homes, offices, recreation parks and
others and then continue their journey with
rapid transit and finally continue back to the
destination places. There are also times where
events are held at certain places which some
of the participants may use rapid transit to
travel back and forth [13]. At the same time,
some surrounding areas or places has future
development and growth [14]. It should be
noted that analysis based on ticketing data
only or specifically trip-based method is not
comprehensive for predicting rapid transit
travel demand. With the current technology
that surround us and massive data that can
be gathered through multiple social media as
well as surrounding land uses data, predicting
travel demand could be more comprehensive
and accurate. A variety of land uses include
residential, commercial, institutional, industrial,
parks and etc. Therefore, new approach of rapid
transit demand model is urgently needed and
highly significant in order to provide holistic
and comprehensive insight towards reliable and
optimum operation for rapid transit. However,
since this is a new approach of proposed
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solution, how to construct the parameters
based on leveraging the big data sources and
formulate it into new model for predicting the
rapid transit travel demand remain an open
question.

This paper will present the framework for
the new travel demand model based on potential
travelers and surrounding land uses for rapid
transit. The idea lies on the fundamental of
graph theory [15][16], classification concept [17]
and optimization [18].

METHODOLOGY

Problem formulation using mathematical
approach is used in order to obtain a clear insight
[19]-[24]. For this model, the data collection
will be from variety of big data sources such as
census collection districts (CCD), GPS, variety
of land uses, social network and etc. Once the
data has been collected, the infrastructure of the
urban public transports specifically the rapid
transit is carefully analyzed. This is associated
with the current methods and techniques in
travel demand prediction model. At the same
time, big data sources on potential travelers and
surrounding land uses are analyzed. Finally, all
of the relevant data are analyzed on how to map
it to the concept of graph theory.

Methodology used to develop the
conceptual model is divided into two phases.
The first phase construct new parameters for
the number of travelers based on big data of
potential travelers and surrounding land uses.
Second phase is to formulate the rapid transit
demand model based on the constructed
parameters in network representation for
demand prediction.

RESULT AND DISCUSSION

Phase 1: Construct new parameters for the
number of travelers based on big data of potential
travelers and surrounding land uses

Fig. 1. illustrates the variety of land uses
and rapid transit stations at the areas. Travelers
from variety of land uses will use the nearest
public transport in order to travel to their
destination.
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Fig. 1. Rapid transit stations and land uses.

Based on all the big data sources of
potential travelers and a variety of surrounding
land uses, among the related entities that are
translated and formulated into parameters are:

x;, : The number of potential travelers from land
uses 1in area 1

X, : The number of potential travelers from land
uses 2 in area 1

x;; : The number of potential travelers from land
uses kin area i

where i= 1, 2, 3,...n and n is total maximum
areas k=1, 2, 3,...m and m is total maximum
type of land uses.

A graph, G = (V, E) that represents the network
of urban rapid transit is constructed. It consists
of two components:

(1) Set V= {v;} of nodes fori=1, 2, 3,...n.
(2) Set E = {e;} of m edges connecting the nodes
fori, j=1,2,3,...n.

In the above graph representation, the
nodes denote rapid transit station in area 7. The
second component, which is the edge, can be
written in a more detail that is ¢; = {v; vj} where
v; denotes an initial rapid transit station (origin)
and v; denotes a terminal rapid transit station
(destination).

Phase 2: Formulate the rapid transit demand
model based on the constructed parameters in
network representation for demand prediction
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At each edge, a number of weights will be
assigned as illustrated in Fig. 2.

Wi

Fig. 2. The edges and weights in the network representation
of rapid transit

The weights represent the number of
passengers traveling from a link connecting the
initial rapid transit station (origin) to destination
rapid transit station (destination). The weight
will be model as follows:

m
Wiy = Xy T apX, 43X et ay, X, = Zalkxlk
(=
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The coefficient a; denotes the rates or
proportion of potential travelers from land use &
at area i. It must be noted that the weight is the
travel demand for rapid transit from potential
travelers and a variety of surrounding land
uses. The rapid transit demand prediction will
be based on the network representation.

CONCLUSION

This paper presented a new framework
for the new travel demand model based on
potential travelers and surrounding land
uses for rapid transit. This framework has
potential application in urban public transport
specifically for determining rapid transit travel
demand. Once the accurate prediction of the
rapid transit travel demand is established, an
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optimum operational and decision-making in
transportation industry will be achieved.
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