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Abstract— Safe City as part of Smart City, covers all aspects of
safety within the city. Safe City is the integration of technology and
the natural environment enhances the effectiveness of the process
of handling the threat of crime and terror, to enable the
availability of a healthy environment for citizens, and access to
health, rapid response to emergencies. One aspect contained in the
safe city is the evacuation support which includes disaster traffic
management model. The purpose of this paper is to develop a
research framework for disaster traffic management model with
contra flow and zone scheduling, in order to minimize evacuation
time and avoid congestion in the evacuation process.
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I. INTRODUCTION

According to Caragliu et al. [1], a city is said to be smart
whenever human capital investment and information and
communication technology (ICT) encourage sustainable
economic growth and high quality of life, with wise,
participatory and resource management. As in [2], Smart City
seeks to improve performance through the implementation of
flexible and efficient, sustainable networks and traditional
services using information technology, digital and
telecommunications, and is expected to create a city which is
greener, safer, faster and more friendly.

Smart City is seen as a concrete and workable improvement
effort in many parts of the world. For example, priorities in
Northern Europe with a minimal crime will be different from
those near the equator. In general, the problem solved is
described in several key areas [3].

The focus of this research is the handling of a safe city.
Aspects of Smart City by [2] and [4], consisting of Smart
Transport, Smart Energy, Smart Technology, Smart Living,
Smart Environment, Smart Citizens and Education, Smart
Economy, Smart Government, and Safe City.

Safe City as part of Smart City, covers all aspects of safety
within the city. On the other hand, Smart Technology has many
uses in the safety field to build a Safe City system. Safe City is
the integration of technology and the natural environment that
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enhances the effectiveness of the process of handling the threat
of crime and terror, to enable the availability of a healthy
environment for citizens, and access to health, rapid response
to emergencies [5]. Another aspect is evacuation support. [6]
discusses the application of Disaster Traffic Management to
support Evacuation Support. Where the evacuation process
should minimize time delay and maximize level of security.

The most commonly used evacuation strategy for traffic
management is the use of Shoulder-Lane, contraflowing traffic
and gradual evacuation [6]. [7] uses the Shoulder-Lane line to
accommodate traffic spikes in emergency evacuation plans.
They develop urban and rural plans, each operating with a
Shoulder-Lane evacuation path. With some drawbacks in its
application.

Contra-flow has been commonly wused in traffic
management by changing traffic lanes during peak hours [8].
Various current Contra-Flow techniques are like One-Lane,
Two-Lane, and All-Lane Contra-Flow. In general, the
implementation of Contra-Flow during the evacuation process
is to reverse all In-Bound lines into Out-Bound lanes. The Out-
Bound Lane line is generally a busy line, and In-Bound Lane is
a relatively empty line of users [9].

In the event of a disaster, the population is at risk of being
evacuated to safety as soon as possible using the highway as its
main mode. An effective traffic management strategy is
required to manage the increasing demand for roads
significantly during evacuation and contra-flow strategies.
Under these conditions, the Intelligent Transportation Systems
(ITS) Tool can be applied, such as transmitted data using
current and future communication technologies[10].

The research conducted by [9], produced several scenarios
that could be used to support the Contra-Flow strategy,
particularly those related to the utilization of In-Bound and Out-
Bound Lane. Existing issues will be more difficult when there
are several Out-Bound Lane leads to the same path, which will
certainly lead to congestion when the evacuation process should
be done as soon as possible [11].
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The development of real-time evacuation model is very
important because can avoid injuries and save lives[12].
Research conducted by [13] tries to overcome this congestion
problem by mapping and describing them across
neighborhoods.

According to [14], to implement contra-flow operations,
there are two main issues to be decided, namely Optimal
Contraflow Lane Configuration Problem (OCLCP) and
Optimal Contraflow Scheduling Problem (OCSP). OCLCP
aims to determine switchable portable candidates to minimize
traffic threshold and OCSP aims to determine the start time and
duration of operations.

The first research on OCSP mapping has been done by [15],
which suggests that there are two approaches that can be used:
zone scheduling and flow scheduling. In zone scheduling, zone
settings are based on importance. Zones can be set so that a zone
is only not allowed to be evacuated until a focused zone has
been evacuated or evacuation time of each zone can be set by
time. On the other hand, Flow Scheduling is a scheduling
process based on the availability of evacuation facilities
(vehicle-based) [16].

Research conducted by [16] has combined the application
of Contra-Flow with the concept of Flow Scheduling. The focus
observed is the optimization of the use of evacuation means
(Vehicle-Based). Previous research conducted by [17] has used
the concept of contra-flow which is equipped with the ability to
predict the number of users for each zone traffic. In a study
conducted by [12] the behavior of the users was unpredictable
during the evacuation process. From a number of studies, no
one has discussed the Contra-Flow linked to Zone Scheduling
in relation to minimizing evacuation time and avoiding
congestion in the evacuation process in particular When applied
to some contra-flow strategies.

II. METHODOLOGY

This study discusses the issues of Contra-Flow and Zone
Scheduling that are used in the evacuation process, which is
included in the type of OCSP optimization. The problem of
Contra-Flow and Zone Scheduling is basically a matter of Bi-
Level Programming. Bi-Level Programming issues can be
divided into Upper Level and Lower Level. Upper-level is an
integer programming model that aims to minimize travel time
by integrating contra-flow with zone scheduling while lower
level is a traffic simulation model that measures the response of
users to the solution offered. This Bi-Level Programming
problem can be transformed into integer programming by
considering to the upper level aspect while the lower level is
neglected.

A. Data Source

The data source for the evacuation problem that will be used
in this research is the CBD area of Singapore provided in the
Microscopic Simulation Tool named PARAMICS. The data in
the CBD area of Singapore itself is collected by [18]. The CBD
area of Singapore has 2046 links, 1050 nodes, and 36 zones.

B. Research Process

The phase of the research process can be seen in Fig. 1.
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Fig. 1. Phases of the Research Process

C. Safe City

Smart City is a city where there are censors and computer
devices scattered wherever humans as users are located and
available to anyone in the place that enables more efficient
urban management processes, simplify the flow of information,
and optimize the use of infrastructure [18].

Smart City can be divided into several key areas [3] as
shown in Fig. 2.
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D. Safe City

Fig. 2. shows that Smart City consists of several aspects
such as Smart Transport, Smart Energy, Smart Technology,
Smart Living, Smart Environment, Smart Citizens and
Education, Smart Economy, Smart Government, and Safe City.



Safe City as a part of smart city has been put forward for a
long time based on smart city vision as a future city center,
designed with safety aspects, ensuring environmental
sustainability and efficient utilization of resources such as
electricity, water, transportation, And other resources designed,
built and maintained, utilizing integrated technological
advances and integration of sensors, electronic equipment and
networks connected with computerized systems comprising of
databases, tracking facilities and algorithms for decision
making [19].

According to [5], Safe City is a concept and solution offered
by information and communication technology that integrates a
number of aspects of Information and Communication
Technology such as broadband infrastructure, Internet of
Things (IoT), cloud computing, and big data, aiming to increase
the safety level of all citizens.

Safe City should have the following features [3].

1. Healthcare.

2. Smart Traffic Systems and Routes.

3. Smart Safety Systems for Surveillance,
Detection, and Identification.

4. Smart systems of crisis management to support decision-
making, early warning, monitoring, and forecasting.

5. Centrally operated units of police and Integrated Rescue
System.

6. Safe internet connection and data protection.

7. Centers of data processing.

Search,

E. Bi-Level Programming

The Bi-Level programming model is considered to be the
most suitable model for transportation investment decision-
making issues because the bi-level structure reflects the fact that
there are two types of decision makers in the transport system:
one side decides the configuration of the evacuation transport
route and the other decides the current pattern in the network.

F. Disaster Traffic Management

One important feature of Safe City is the availability of
Integrated Rescue System [3], where one important aspect of
the Integrated Rescue System is the availability of the Disaster
Traffic Management System which aims to achieve quick
readiness and response to threats or emergency emergencies
[5].

Disaster Traffic Management consists of 5 (five) main
strategies, namely [21]:

1. Strategy to avoid or reduce unnecessary car movement.

2. Strategies to Increase the usefulness of vehicles from a

mode of transportation.

3. Strategy to change the mode of transportation that is

individual to mass transportation mode.

4. Strategy to improve the distribution of space based on

traffic volume.

5. Strategies to improve time distribution based on traffic

volume.

6. Strategy to increase the supply capacity of a mode of

transportation.

7. Strategy to reduce traffic accident.

8. Strategies to enhance integration between different
modes of transportation.
9. Strategies to reduce disruption to traffic flow.

G. Contra-Flow

Contra-Flow operations are performed by reversing multiple
lanes from underutilized roadways to cope with the sudden
increase in traffic flow from one busy side. Contra-Flow is a
highly effective dynamic traffic management strategy, since
significant capacity gains can be gained without the need to
build additional channels [22].

Various current Contra-Flow techniques are like One-Lane,
Two-Lane, and All-Lane Contra-Flow [9]. As for Collins [12],
there are several Contra-Flow Strategies as follows.

1. All Lanes Outbound

2. One lane reversed, one lane inbound for emergency /

service vehicle entry only

3. One lane reversed, one lane inbound for traffic only

4. One lane reversed and use of outbound left shoulder lane

The four strategies can be seen in Fig. 3.
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Fig. 3. Contra-Flow Strategy
III. RESULTS AND DISCUSSION

Suppose A, is the set of links from the Central Business
District (CBD), where 4 - 4 and 4, is a set of candidate links

that will be used to implement Contra-Flow operations. The
Candidate Link in the set is usually identified by transport
agents and traffic engineers who have information about
possible bottleneck links that can generate congestion and in
this study sourced from existing Historical Traffic Flow. For the

record, practically the set A2 may not be identical to the set

A1 . Also given time period denoted as [0, 7] is necessary when

operating the Contra-Flow.

The time period is assumed to be discrete for homogeneous
intervals where ¢ represents the interval-minutes with
te{l,...,T} . There are three decision variables in this issue

and are defined as follows [14].
x;: The start time (within the time interval) of the Contra-

Flow operation for the link (7, ) € 4,.

yi: Time over (within the time interval) of the Contra-Flow
op for the link
1, if lane & of link (4, /) is chosen to reverse
(i, j)EA, andk =12, I,
0,otherwise (1>

travel direction

(i,/)E4 2 =



To simplify understanding, Suppose it represents the row
vector of start time, finish time, and binary decision variable for
the path transfer scheme from inbound to outbound for all links
involved and can be written as Equation (2).

X:(xi/"(i5j)€A2)’y:(yij’(i’j)EAZ) and

2=(z4 () e Ay, k=12,.0)) )

Considering from traffic security and operational feasibility,
there are several constraints that need to be defined for the
problem. First, we must take into account the minimum time for

a delay that is denoted asY_;j and the maximum time for the

Contra-Flow operation to be denoted as 7:1 . This constraint can

be seen in Equation (3).

T%Syu'_xl/szjn . (0))e 4, ®
Where X0V, 6{1,2,...,%}, (i,j) €4,

Note that0< 7,7 <T

i ~

The value of 7:] and 7:1 can be determined based on the
policy of the appropriate authorities in accordance with the
traffic conditions of each area. In addition, there is also the
possibility of changing the flow of traffic from the candidate
link from Median Lane to Shoulder Lane. This constraint can

be seen in Equation (4).
1 2 L .o
z;<z; < <z], (i, ))E 4, “)

In the emergency situations where there are two or more
candidate links used in the Contra-Flow operation that are
connected to the same outgoing path as an evacuation route (4>
A>). Only one of them is allowed to change the course of their
journey. This constraint can be found in Equation (5).

"2 <L G ) e (4N A) 5)

where m is an integer between zero and[min (4 lii)_lJ

The total time required can be calculated using the linear
programming equation as can be seen in Equation (6).

N(xy.z,T.4)

Foy,n)= Yy, (1-1)) (6)

n n
n=l1

Where N (%, y, z, T, Aj) Is the total number of vehicles
passing through the area during time [0, T];
£°“ is the time of n” vehicle to leave the area and t;” is the

time of 7" vehicle to enter the area. The difference from these

two time is travel time fromn" vehicle for travelling in this

discussion. This equation also takes into account the waiting

time in the queue that can be formulated using Equation (7).

N(x,y,z,T,4)

min F(X,y,z) = (t;’”’ - t;") (7
n=1

Where
7 i/
%Syy—xyé %, (l,])EAZ 3
1 2 i -
z; <z, <<z, (i, ))e 4 )
2" 42 <0, (G j) e (4,N A), m =0, ,min(,,[,) -1 (10)

The Research Framework can be seen in Fig. 4.
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Fig. 4. Research Framework

In Figure 4. We can see that the data used is CBD Area of
Singapore. The process begins with formulating a contra-flow
strategy to be tested. There are 4 (four) Contra-Flow strategies
to be used: All Lanes Outbound, One lane reversed, one lane
inbound for emergency / service vehicle entry only, One lane
reversed, one lane inbound for traffic only, and One lane
reversed and use of outbound left shoulder lane. The Contra-
Flow problem with Zone Scheduling is basically a matter of Bi-
Level Programming.

Bi-Level programming model is considered as the most
suitable model for transportation investment decision making
problem because the bi-level structure reflects the fact that there
are two types of decision makers in the transportation system:
one side decides the configuration of the evacuation transport
route and the other decides about the current pattern in the
network.

The general form of bi-level programming model can be
written as follows [20]

min F(x,y)
subject to G(x,y)<0 (11)

Where y completes:
min £ (x,y)

subject to G(x,y)<0 (12)



The above equation[F(x,y)]Defines the upper-level problem
where the vector x decision represents the decision on the
configuration of the evacuation transport route.The bottom
equation[f(x,y)]States the issue of lower level (lower level
problem) where the vector y decision states the current pattern
in the network.

Upper level is an integer programming model that aims to
minimize travel time by integrating contra-flow with zone
scheduling while lower level is a traffic simulation model that
measures the response of users to the solution offered and this
lower level can be ignored.

IV. CONCLUSIONS

The conclusions of this research are as follows. First, the
main problem that often faced related to disaster traffic
management is a strategy related to efforts to improve the
distribution of space and time based on traffic volume. Second,
Contra-Flow itself is basically the arrangement of In-Bound
line and Out-Bound line which has several scenarios while the
zone scheduling regulates the utilization of each path (zone) to
avoid congestion during evacuation process, where the ultimate
goal is the creation of safe city as part from smart city that can
minimize the occurrence of delay and maximize security. Third,
this research framework aims to build a new model to optimize
the evacuation process using the Contra-Flow and Zone
Scheduling methods in Disaster Management for Smart City
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