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MENGOPTIMUMKAN PELAN EVAKUASI ORANG RAMAI
DALAM MASALAH PERANCANGAN LALUAN KECEMASAN

ABSTRAK

Situasi bencana, yang berlaku secara semula jadi (kelaKaaajir, taufan) atau buatan
manusia (contohnya pengeboman pengganas, tumpahan biamian dan lain-lain), telah
meragut ribuan nyawa, mencetuskan keperluan untuk pehmand&ecemasan. Biasanya,
mengoptimumkan pelan pemindahan kecemasan melibatk&esasan pemodelan orang
ramai dan pemilihan laluan, dimana pelan yang optimum pgrtalam masalah perancangan
laluan kecemasan (ERP). Pelbagai pendekatan ERP telahngdiflcan dimana
diklasifikasikan kepada pendekatan matematik, keputusakongan, heuristik, dan
meta-heuristik. Ulasan kesusasteraan menyeluruh telatumukkan kepentingan untuk
merapatkan jurang antara pemodelan dan pemilihan laluamada di mana pendekatan
bersepadu dan berdaya maju diperlukan. Dalam kajian ihi, garancangan pemindahan
rangka kerja bersepadu menggunakan model pemindahan mmaagdan sistem imun (AIS)
algoritma tiruan, yang dipanggil iEvaP, telah dicadangki&vaP telah disahkan terhadap Lu
et al. (2003) dan parameternya telah ditentukan untuk prestagi gatimum. Di samping itu,
untuk merakamkan dinamik dalam orang ramai yang mimik kaadknia sebenar, dinamik
perpaduan kumpulan dimasukkan dalam rangka kerja inindg&iEvaP+, membaik pulih
pemindahan bersepadu merancang dengan dinamisme. Pamdekaelah diuji ke atas data
awam dan keputusan telah menunjukkan akan pemindahan ypatentelah mencatatkan
peningkatan sehingga 62% berbanding dengan pendekatasitkagikekang perancang
laluan (CCRP) yang dicadangkan oleh &ual. (2003). Selepas itu, iEvaP+ juga digunakan

untuk dua kajian kes untuk menilai keberkesanan dan keboldmaiktaraf dengan keadaan

Xii



dunia sebenar. Keputusannya telah menunjukkan pelan geh@n telah memperolehi
peningkatan statistik yang ketarg-yalue < 0.05091 dalam sebahagian besar keputusan)

berbanding dengan pendekatan CCRP.
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OPTIMIZING CROWD EVACUATION IN THE EMERGENCY
ROUTE PLANNING PROBLEM

ABSTRACT

Disastrous situations, either natural (e.g. fires, floodsridane) or man-made (e.qg.
terrorist bombings, chemical spills, etc.), have claimteg lives of thousands, triggering the
needs for emergency evacuation. Typically, optimizing amegency evacuation plan
involves both the effectiveness in crowd modelling and eosglection, where an optimum
evacuation plan is vital in the emergency route planning RERroblem. Various ERP
approaches have been developed which are classified infeematical, decision-support,
heuristic, and meta-heuristic approaches. Exhaustiegatiire reviews have shown the
significance of bridging the gap between modeling and rgutiwhere an integrated and
viable approach is needed. In this study, an integrateduatian planning framework
utilizing crowd evacuation model and an artificial immunesteyn (AIS) algorithm, called
iEvaP, was proposed. iEvaP was validated againsetLal. (2003) and its parameters were
calibrated for optimum performance. In addition, to captthie dynamism in crowd that
mimics the real world situation, dynamic group cohesion imasrporated to the framework,
called iEvaP+, refurbishing the integrated evacuatiommileg with dynamism. The approach
was tested on the public data and the results showed thatvwaiaion plan charted an
improvement of up to 62% compared with capacity constraineate planner (CCRP)
approach proposed by Let al. (2003). Subsequently, iEvaP+ was also applied to two case
studies to evaluate its effectiveness and scalability withreal world situation. The results
indicated the evacuation plan had obtained statisticafjgificant improvement g-value <

0.05091 in most of the results) compared to CCRP approach.
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CHAPTER 1

INTRODUCTION

1.1 Problem Background

Disastrous situation, be it natural or man-made, often feanergency situations that require
immediate action (Chiet al., (2007). Examples of natural disasters include hurricafitass,
landslides, and tsunamis. Examples of man-made disastehsdé terrorist attacks or
bombings, stampedes, and hazard material releases. TiBastals situation have affected
populated areas, inducing a situation that is both immediatife-threatening, which causes
the triggering of an emergency response. The usual emegrgesponse team’s operation
involves evacuating the residents, which typically regsiimmediate mobilization and
time-critical actions that necessitate efficient coortioma space capacity utilization, and
availability of emergency logistical resources _(Alsnilda®topher, 2004). Thus, emergency
evacuation can be deduced as a solution for human sunityalihich is paramount in risk

mitigation.

An emergency evacuation can be defined as the removal oéresids quickly as possible
and with utmost reliability from areas considered as damgerzones to safe locations
(Saeed Osman and Ram, 2011). The occurrence of disasttoasasis tends to spark a very
chaotic reaction (Yersiet all, 2008), inducing a large surge of demand (number of evaguees
which exceeds the available resources (pathway capaciterefore, planning a suitable
evacuation route and identifying the shortest evacuatmuter before the occurrence of

disastrous situations are crucial for an effective evaonairocess.

Although evacuation plans can be orchestrated in advarobaple crowd dynamics,



especially group-based characteristics (e.g. group foma group relation, group
competition, etc.), may occur, often rendering unfeasivacuation plan. Therefore, in order
to make timely decisions and efficient planning, understanpdrowd dynamics is needed in
order to enable real-time updates of immediate threatsjtifgepatterns or impacts, and
pinpoint crowds’ location relative to the hazard sourcedjBati et al, [2013). To address
these issues, creating a practical yet computationallctfe emergency evacuation plan is

of utmost importance.

1.2 Challenges of Emergency Route Planning (ERP) Problem

To evacuate crowds effectively is a challenging issue kmxaemergency events may
propagate in uncertain ways due to the effect of the perdedvwironment, space capacity
constraining the speed of crowd movement, and shifts in dtoghavior due to psychological
aspects (Wanet al., [2008). In the context of planning, emergency evacuatitso, lenown as

emergency route planning (ERP), focuses on three impofdatrs (Chiuet all, 2007): the

routing of the residents, scheduling the resident egrassind regulating the resident’s flow
rates. These factors typically centralize on two inteteglacontinuums: the crowd dynamic

and their perceived environment.

Crowds are formed by several or thousands of people that maeounded environment
with respect to their individual goals in space, avoidingtables, blocking, or stampede, and
remaining close to friends or family (Yersgt all, 2008). In addition, crowd may regulate
their movement in groups or individually. This is dependamthree aspects (Lext all, [2007;
Sharmal, 2009): (1) goals and needs; (2) social and phydtdalges (e.g. level of interaction,
age, or social differentiation); and (3) psychological aitdational aspects (stress levels at
a respective time or place). The crowd dynamic considergtisnparticular study, is tuned

towards the first two aspects. Group cohesion, which is difasethe tendency for a group to



be in unity while working towards a goal or to fulfill the denumnof its members (Carron and

Brawley, 2000), is one of the crowd dynamics that is congidéor this study.

The perceived environments are used to choose the shodthstrptime and space that
leads to their goal (Yersiet all, 2008). The need for evacuation is crucial for residents in
a bounded environment (within a structure or enclosed asajpposed to those in an open
space. As such, there are a number of attributes that cansbeiagd with the bounded
environment, including the environment’s architecturasign (Shukla, 2009), its relation to
risk factors (e.g. narrow staircases and corridors, ewiitth, etc.) (Parket all, 12007), the
environment’s evacuation support (e.g. signboards, sigfsp etc.) [(Wangt all, [2009), and

number of exit choices (Pu and Zlatanava, 2005).

With respect to the previously mentioned ERP factors, dateéng the best route while
regulating crowd flow within the acceptable performance mfesacuation plan, poses as
another computational challenge. The complex combinadfomultiple routes and crowd
sizes have elicited the need for an effective and efficier®® BRproach. Therefore, adopting a
suitable ERP approach is vital for successive risk mitaagprior to the occurrence of an

disastrous situation.

Various ERP approaches have been proposed, which incluingathematical-based
model (Chiuet al, [2007;| Chien and Korikanthimath, 2007; Wamd al, 2008, | 2009),
heuristic-driven model | (Luet al, |2003; | Kim_et al., 12007; |Zeng and Wang, 2009),
meta-heuristic model (Cepolina, 2005; Kongsomsaksakuall,, |2005;/ Banarieet al., [2005;
Yuan and Wang, 2007; Lt all, [2010; Zonget al., |2010), and even others (Faagall, [2011;
Li, 2011;IGuocet all, [2011). However, studies on crowd dynamics are rarely esipba in the
ERP community, which induces significant impacts on the @ation efficiency and crowd

survivability (Wanget al,, [2008). In order for an effective emergency evacuation pdabe



elicited, an optimal routing of the evacuation route, whicmsiders crowd dynamic, should
be emphasized. Using the meta-heuristics model appliederERP problem, it had been
found that, not only it able to reduce the computational dewity (Yuan and Wang, 2007)
but it also provides an optimum solution despite their sastic naturel (Yusofét all, [2008).

As such, this motivates this study to adopt a meta-heunistidel as the dominating solution

for solving the ERP problem.

1.3 Problem Statement

The problems faced in producing an effective emergency uatam plan includes the
difficulty of incorporating the evacuee’s crowd model, detiming the best route selection of
a specific crowd group with respect to the route capacity tcaim$, and satisfying the global
target (performance measure) of evacuating all evacueas @vacuation plan. As such, an
embedded meta-heuristic approach is applied to optimieerdlte selection of the crowd
while capturing dynamism in crowd. In addition, the effiaggrof the proposed ERP approach
should be able to be demonstrated in varying crowd sizess,tha main research question of

this study is:

How to come out with an optimum evacuation plan for varyingwat sizes that

encompasses both the dynamism of crowd evacuation modeHaient route selection?

Figure[1.1 summarizes the scenarios prominent to the ER#gmno There are two main
issues within the considered ERP problem. When planningethergency evacuation, the
emergency evacuation plan should consider the complegityofs of the crowd and the
environmental constraints (especially within an encloseela). The first issue suggests
designing an appropriate route selection mechanism thetisés on finding optimum

evacuation route(s). The second issue is the prominertt@ferowd dynamics, integrated in



the crowd evacuation model.
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Figure 1.1: Scenarios of the ERP problem

1.4 Goal and Obijectives of The Study

To optimize the evacuation plan, an effective optimizatiechnique in routing the crowds

of evacuees and a model that captures certain aspects ofl chpvamism, are needed. The
crowd model should consider the evacuee’s behavior (e @upgcohesion) where a possible
bottleneck of the evacuation could occur while the optitiizatechnique should consider

the evacuation constraints (e.g. capacity) where the ghita-based performance of the

emergency evacuation can be improved. In general, the aithiofresearch is to develop

and provide a dynamic crowd evacuation model and best ralet®on for optimizing the

emergency evacuation plan to fulfill varying crowd sizese@ifically, there are three objectives

this study aims to achieve:

1. To design and propose an ERP approach embedded with a evaedation model and

optimization algorithm for optimum emergency evacuatitanp



2. To enhance and evaluate the ability of the proposed ERIPoagp where crowd

dynamism is incorporated, in producing optimum emergenegation plan.

3. To apply and evaluate the overall performance of the megpdERP approach with

dynamism using actual case studies.

1.5 Study Scope and Significance

Solving the ERP problems involve addressing a number ofimgffiactors. Therefore, various
parameters, constraints, and behavioral properties whigj pose as challenges in solving
the underlying problem, are considered. Thus, the scopedimitations have to be made
transparent in order for the study to be manageable. Theesanfthis research are given as

follows:

1. The abstraction of environment

The environment involves the building structure which igpresented through
graph-based networks, known as a logical map. This excltidesignage, lightings,
and any other decorations within the building structure. weler, the buildings
compartmentalized capacity and floor elevation (e.g. cda@s) is considered and
predetermined and acts as constraints imposed for the &agidynamic crowd model,

respectively.

2. The evacuee properties

The total number of evacuees within the building structarkeniown and their locations
are predetermined. The considered dynamic factor is spdoifonly group-related
behaviors (e.g. size and compliance). However, distinctiehaviors (e.g. leader),
personalized or hidden behaviors (e.g. sabotaging agamd),ntuitive characteristics

(e.g. profession, age, etc.) are negligible.



3. The emergency services

Emergency services such as ambulances, medical staffstitagi and authorized
personnel (e.g. fireman, policeman, etc.) are assumed tedu#ly available for the

evacuation planning procedure, thus it is also negligible.

This study is considered crucial as it attempts to bridgegdye between efficient route
selection and dynamism of crowd models of an emergency atiacuplan for the ERP
problem. The discrepancy of selecting the best route tHftlfuthe contradictory of the
performance measures while the crowd model that adequea@lyires real-world dynamics
of a crowd, had induced a poor evacuation plan and affectdsuwvivability. Therefore, this
research attempts to minimize this discrepancy. In additibis research is aligned with the
aims of reducing loss of life during actual conduct of theognstion plan, which is paramount
in risk mitigation. Therefore, the success of this reseavithsupport the advancement and
implementation of risk mitigation policies as well as prding the chance of human

survivability in an actual disastrous situation.

This study is tuned towards modelling an approach that capidynamism of crowd, such
as group formation and levels of interactions, as well ais tiadlective pattern (macro) in the
context of ERP problem. In addition, this study also considermulating the environmental
attributes (exits, walls, etc.) for best route selectionotiBthe dynamic crowd model and
the route selection mechanism will compose the evacuat@am for an effective evacuation
simulation. In essence, this study is locally focused onctioevd model with dynamism and
best route selection mechanisms while globally optimizimg overall evacuation plan. The

study’s main goal is graphically depicted as in Fiduré 1.2.
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1.6 Outline of the Thesis

This thesis is organized into seven chapters. Figuile 1 ®shwe structure of the thesis.

Brief descriptions of the content of each chapters are gigeiollows:

(i)

(ii)

Chapter 1 of the thesis begins with a discussion on thdélpno background, goal,

objectives, scopes and significance of the research topjeriaral.

Chapter 2 outlines the important aspects and challeqpgsed in the domain problems.
This chapter also provides some insight of the theoretieakground of the focused

domain problems as well as prior works.

(iii) Chapter 3 describes the research methodology emglayehis research including the

(iv)

v)

(Vi)

research framework, data sources, instrumentation, gmolalescription, performance

measures, and experimentation and analysis conducted stuty.

Chapter 4 elaborates the proposed integrated evacuglanning (iEvaP) approach that
is optimized using a meta-heuristic algorithm. iEvaP apphois designed specifically
to tailor and solve the ERP problems. The results and evatuaf the proposed crowd

evacuation approach is also discussed.

Chapter 5 discusses the enhancement of the proposeR #pgaoach that integrates the
crowd dynamic (group formation and in-group compliancegmely integrated and
dynamic evacuation planning (iEvaP+) approach. The resid evaluation of the
proposed iEvaP+ approach performance is measured whiasdi®on on the effect of

considering the dynamic crowd behavior(s) in the model ipleamsized.

Chapter 6 focuses on application of the proposed iEvapproach which incorporates

dynamic crowd evacuation model, where detailed analysitherresults are obtained
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using the case studies. In addition, the performance anldagian of the proposed

iEvaP+ approach is also formalized and discussed.

(vii) Finally, Chapter 7 provides the concluding remark aeting the findings and

contributions, potential future works, and the outcomehefriesearch in detail.

11



CHAPTER 2

LITERATURE REVIEWS

2.1 Introduction

This chapter will outline the background study of the prabldomains considered in this
thesis by reviewing the related crowd evacuation appraadmehe area of the emergency
route planning problems. Throughout this chapter, theooltbf the domain problems will be
identified from a top-down perspective of emergency evasnatvhich will be elaborated in

details, whereas the potential gaps will also be highlighehe organization of this chapter is

given as in Figure 2]1.

2.2 Emergencies

Emergencies can be defined as a situation which are inducetd éogtreme or immediate
situation requiring time-critical response that potdhtiaauses loss of human life and related
risks (Alsnih and Stopher, 2004). A situation may not be defins an emergency if the need
of time-critical response is not present, absent of chawtimmediate event, no threat on the
human life, or potential risk is not involved. When the enegiy response is elicited,
evacuation is the typical strategy for mitigating risks @fhrequires immediate mobilization
and time-critical actions involving efficient coordinatio space capacity utilization, and
availability of emergency response resources (Alsnih_amoblfer, | 2004). However,

responding effectively during the needs for an emergenewtdg crucial.

Emergency response preparation is vital before the oaueref disastrous situation

because the affected region tend to be chaotic (Simonodidamad, 2005). Communication
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and command structures can break down because of logisticeamunications failure,
causing unpredictable human behavior during the emergandyaffect their survivability.
Emergency responses are dependent on the available, ineadstedictability in which
consequently induces a chaotic response and low level opliamee (Alsnih and Stopher,
2004). Therefore, instead of immediate response whichriswepredictable, proper planning

and management before occurrence of disastrous situatdmportant.

Typically, emergencies can be divided into two broad cleiseganagement and planning.
Castle and Longley| (2005) had summarized emergency marmagemto four cyclic,
management components, which can be broadly interpretad@awitudinal point-of-views
of emergency, which are: (1) Mitigation, (2) Preparedn¢3fsResponse, and (4) Recovery.

These components can be described as follows:

» Mitigation: This involves activity such as risk assessment in order tomplish steps
that will limit or, in some cases, eliminates the effects wfeegency altogether. This

component usually conducted on the pre-event stage.

« Preparedness: This crucial task can be important for emergency that careot
sufficiently mitigated. This management component alsatdirthe loss of life and

enhance the response. This component usually conductéu gmd-event stage.

* Response: This management component contains activities those shabrnducted
immediately during or after an event to assist victims, ifitab the situation, and

reduces the possibility of secondary event’s damage.

« Recovery: This involves activity which starts after an emergency {fment stage) and
continues until the community structure returns to normmaperational. Typically, this

involves a two step process: short-term recovery thatmetuital life-support systems

14



to minimum operating standards; while long-term recovegyrmontinue for a number

of years after a disastrous situation.

Emergency planning involves a multi-leveled decision mgkprocesses which can be
broadly interpreted as a vertical point-of-views of emearye which subdivided into three
different but interrelated perspectives; strategic,id¢att and operational. Evacuation in a
strategic perspective involves assessing the risks andsséiple, eliminates the needs for
emergency for the long run. This typically conducted thitoymplicy amendments or risk
mitigation (Castle and Longley, 2005); which are carried thmough changing the current
policy or operational procedures (i.e. altering the normmaitine), or by physical actions
which involves preventive activities to minimize the nedéolsemergency (i.e. reinforcing or

relocating structures, posting security guards), respgt

From a tactical perspectives, planning is carried out teicedhe risks in medium-term,
where an advanced technique is used to identify and evalisate define the possible escape
route or alternatives routes, develop emergency procederssure coordinated interagency
response and inter or intra-agency communications, defifeaa chain of command, conduct
training, and others (Castle and Longley, 2005). Usudlig, tactical perspective of evacuation
directly related to both the preparedness and response @ntlergency management, which

commonly known as the evacuation planning and management.

Evacuee’s movement, people behavior, and crowd flow are otasses of studies in the
operational perspective. Hajibatetial. (2007) had pointed out that the most disastrous forms
of collective human behaviors are stampedes, which indbgeganic which often leads to
serious fatalities. The ability to enable efficient movemehpeople in heavily populated
enclosures is vitals to the daily operation of large and demptructures. More importantly,

it is an essential design feature in the event of emergernogtgins. To support emergency
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planning, the operational system model is an essentialitoploviding effective decision-
making, enhancing the capability of response to disasterreducing any adverse impacts on

both human beings and surroundings énal., [2013).

2.3 Emergency Evacuation

In the management perspective, Saeed Osman and Ram (20d1defimed emergency

evacuation as the removal of residents from areas that herddmnsidered dangerous zone to
safe locations as quickly as possible and with utmost nditiabTavares and Galea (2009) had
defined evacuation during an emergency situation involhesescape movement that the
occupant(s) of an enclosure makes. Additionally, Kosiesl! (2010) had defined evacuation
in a specific emergency context where people in the presenazdrds, experiences several
mental processes and carry out several actions before raddfing movement to a safe

location whether in or out of an enclosed areas.

During emergency evacuation, the most generalized aim iglitoinate the need for
emergency for the long run. This typically conducted thitoymplicy amendments or risk
mitigation (Castle and Longley, 2005); which are carried thmough changing the current
policy or operational procedures (i.e. altering the normmaltine), or by physical actions
which involves preventive activities to minimize the nedéolsemergency (i.e. reinforcing or
relocating structures, posting security guards), regpmdygt In addition, emergency
evacuation may also be carried out to reduce the risks thrangadvanced planning where
identifying and evaluating the potential risks, defining tfossible escape route or alternatives
routes, developing emergency procedures, ensuring cadedi interagency response or
intra-agency communications, defining a clear chain of camin conducting training, and

others|(Castle and Longley, 2005).

16



Additionally, emergency evacuation studies encompass Wag people orientate
themselves within a structured, enclosed region. Crowdwatioon process involves activities
which can be characterized based on: (1) Awareness of daf®)evalidation and response
from perceived danger, and (3) Movement or egression tavsafety |((Kobe®t all, [2010).
During an emergency evacuation, guiding the crowd in an gemey situation is crucial in
order to manage and/or mitigate the outcome of the occureimgrgency and the risks
associated with it. Alternatively, route planning probkoan be perceived as one of the main

affecting components of the emergency evacuation solution

In bridging the gaps of evacuation planning and managenfietmt,important factors are
established which has pioneered the main foundation ofrirergency route planning (ERP)
problem [(Chiuet all, 2007): (1) deciding where to evacuate people (goal); (2)diley the
best routes to take (routing); (3) determining the rate datkvkvacuees need to be permitted
to enter the network from different areas of the regions (flate); and (4) determining how to
regulate flow rates on these routes (schedule). These aezisie methodologically and
computationally challenging due to the following reasondecision interdependence,
simultaneous decision making, and concurrency (Ghial, [2007). Therefore, ERP-specific
approaches are needed in order to address these challeisgires that are faced during

emergency evacuation.

2.4 Emergency Route Planning (ERP)

The cognition of the ERP approaches involves three diséindtinter-related components that
are relevant to this study: (1) disasters (critical or digas situations), (2) resources
(network or route layouts), and (3) demands (crowd of pgopléhen a disastrous situation
occurs, crowds will become unruly in their attempts to escdye danger zone (Yersét al,,

2008). However, effect of disaster on the crowd has yet todadized. Most literatures
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assumed disaster as figments during the emergency routamamanagement. This is done
by assuming disaster happens at a certain static locatisrarikand Lee, 2005; Castle and
Longley,[2005| Cepolina, 2005; Zore al., [2010), whereas the actual situation would infer
otherwise. Others would categorize disaster as a possibteaso |(Luet al., [2005; Kimet all,
2007;/Zeng and Wang, 2009; kt all, 12010;/ Fanget al., [2011; Guoet all, [2011) instead of
considering disaster as an element of inevitability. Oievaas a possible scenario provides the
opportunity to consider a secondary disaster occurrenee (bridge failures or blocked
pathway) ((Shekhaet all, [2012). In addition, limited literatures stress disasteraa entity
which is modelled and propagated through the simulated-@mvient with each passing time
(Wang et _all, [2008,12009). Disaster can be propagated by defining thilirstate, the

transition probability, and the spreading area in a giverethorizon.

The network or route layouts are used to model the perceimemlomments in time and
space that enable evacuees to reach their respective gaair®t al,, | 2008). Network or route
layouts (resource) in crowd evacuation involves a contisumodels which accomplished by
means of a connective networking of a set of destinationtpdinat represents the real roadways
or network for utilization by the crowd during emergency @avation. Graph-based method,
representing information of the enclosed region of a stimecthrough network of nodes and
edges|(Kemloh Wagout all, [2012), is the most popular method adopted mainly becagse th
destination points can be pre-determined (i.e. exits) fursaable (i.e. crossings, turning point
at the end of a corridor) while the graph’s visibility of a rimral network at any location is
ensured based on the facility that is within the visibilignge of at least one node. As such,
logical approximation of the perceived environments isespnted and enables integration of

variety crowd models.

Crowds are formed by several or thousands of people that maeounded environment

with respect to their individual goals (i.e. avoiding olests, blocking, or stampede, and
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remaining close to friends or family) (Yersét all, [2008). Generally, the crowd are modelled
based on theoretical models, ranging from analytical ood¢sdse based on matrices or cells
(Bandini et all, [2005). | Radiantet al. (2013) had conducted a study on the existing models
which are categorized as microscopic, macroscopic, anesoepic models. Microscopic
models treat every individual in the crowd as a separatetighgl. Several variants of
microscopic approach include the encoding of human degirdhe form of social force
model (Helbinget al., [2000) and representing pedestrian as a node that occupédiskaown

as cellular automata (Yuan and Tan, 2011). Macroscopic mathscribe crowds through
their average flow and density. Fluid dynamic model (Helbetgal, 2000), flow tiles
(Chenney/ 2004), continuum crowd (Treuik all, 2006), and non-local crowd dynamics
(Colombo and Lécureux-Mercier, 2012) are the variants afosicopic models. Bridging the
gap between the former two models, mesoscopic models inteoch key concept to
understand the relationship between local inter-indi@idateractions (micro) and collective
patterns (macro) (Wangt al, 12008, 2009). Most of the studied literatures have employed
microscopic model (Hoogendoorn and Bovy, 2004; Amaldil, [2010; Kwan and Lee, 2005;
Cepolina; 2005; Fangt al., 12011; Guoet all, [2011) and macroscopic model (let al., [2005;
Kim_et all, [2007;| Zeng and Wahg, 2009; Et al., [2010;/ Zonget al., 12010; Lvet all, [2013),

while only some applied mesoscopic model (Watal., (2008, 2009).

One of the core factors that affect ERP problems is the croWutk ability to assist for
an efficient movement of people in heavily populated enclsswr structures is vital to the
daily operation of large and complex structures (Hajibadiaall, 2007). More importantly,
it is an essential design feature in the event of emergernogtgins. To support emergency
evacuation operation, the crowd model is an essential to@raviding effective decision-
making, enhancing the capability of response to disasterreducing any adverse impacts on

both human beings and surroundings @tal.,[2013).
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Crowd dynamic, especially grouping, is a common phenomenbare both isolated
individual and persons in groups can be found (Qiu and Hu02@¥eni,[1977). Simple
scenario such as peoples in museum and shopping mall, fangilpbers walk beside each
other in a clustered way while friends maintain in loosedegr during their movement. This
grouping phenomenon may influences the flow as well as theiegffig in emergency
evacuation plan such as the group size, individual chaistite relationships among groups,
and influences among group member (Qiu and [Hu, |2010; Moreddral,, 2013). These
grouping phenomenon is generally known as the group cahmesitere these cohesive
properties (e.g. group size and influences among group mgrateevital due to following
reasons: (1) The group size determines the group struchgae@mposition of a group; (2)
Individual compliance influences a specific group structareerm of their flow rate. Thus,
the main interest of this study involves locally focus on thedelling of the crowd dynamic
and efficient route selection mechanism while globally ®do optimizing the overall

evacuation plan (actual flow rate and performance measure).

2.4.1 ERP Approaches

Traditional ERP approach simply conveys warning and thdeatriptions where the need for
evacuation is issued via mass media communications to feeted population| (Liet all,
2005). Fire-alarming system is another good example ofrtmitional ERP approach which
conveys warning during an event of fire within a structure. wideer, this solution do not
provide any information as how to escape (Pu and Zlatano®8%)2 Directional Sound
Evacuation (DSE) beacons are also another traditional ERR®ach during disaster and they
can eventually give clear audible navigation to nearest t exi
(http:/mww.soundalert.com/dse_buildings.htm), which can be combined with sophisticated
analogue addressable Fire Alarm Control Panels (FACP) . (e

http://www.adt.co.uk/fire_panels.html). However, these kinds of systems still react when fire
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occurred and unable to give clear insights about situatiter ¢he fire alarm is triggered.
Another traditional ERP approach is the emergency lightiegigned within enclosed area, to

allow evacuees to continue their occupancy and assist im§ralsafe exit.

Although these traditional ERP approach successfully hemdhe affected population,
such solution lacks proper planning and management whigkesaunanticipated effects on
crowds such as massive congestion, massive confusion,eus.c These includes lacks of
flexibility, insufficient information, less intelligencelynamic and/or current information, and
lack of means of providing interactivity (Pu and Zlatano2805%). Since then, the combined
knowledge of practitioners and academicians, have intedwariety of ERP approaches to
produce an efficient evacuation plan and manage affectedlgtam during disastrous

situations.

Table[2.1 summarizes the ERP approaches based on theirctrespemodel features,
disaster instance, and the adopted algorithm. The modairésaimplies the accountable
features in crowd which are based on crowd type, crowd dysiamand multiple objectives.
Crowd dynamism implies the cognition, decision making, andial behaviors of evacuees
(Cepolina, 2005), as well as unforeseen incidents and til@v&ain the subjective judgements
(Lv et all, [2013). The disaster instance column highlights the irstsrof disaster as either
figment (assumed scenarios or occurrences) or entity @edlun formulation as a moving

object or probabilistic occurrence) which is associatett tie respective literatures.

DSS approach is one of the earliest ERP approach to produevamuation plan and
manage affected population by providing timely decisionkimg before and during a
disastrous situation. Some examples include: intelliggnérgency response system (Kwan
and Lee, [ 2005) equipped with 3-dimensional geographic rimétion system (GIS)

representing structures of multi-storey buildings, pdowy real-time navigation and
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Table 2.1: Summary of the approaches in ERP problems

Model Features Disaster
Approaches  Model Crowd Multi Instance Algorithm Adopted thors
Type Dynamism Objectives Figment Entity
Micro O O P-cover model Jiet al. (2007)
O O Linear Programming Amaldit al. (2010)
O O Stochastic Programming Het al. (2010)
O O Linear Programming Kaisat al. (2012)
Macro a a Mixed-Integer Sayyady and Eksioglu (2010)
Math-Based a a Mixed-Integer Bretschneider and Kimms (2011);
O O Linear Programming Let al. (2013)
O O Monte Carlo Method Zhanet al. (2013)
Meso O O Lagrangian Relaxation Wargg al. (2008)
O O Stochastic Programming Waeg al. (2009)
a Multi-Agent Model Qiu and Hu (2010)
Micro O O O GIS-based DSS Kwan and Lee (2005)
Decision a a a Spatial DSS Castle and Longley (2005)
Support O O O Knowldge-based DSS Pu and Zlatanova (2005)
Macro ad ad ad Spatial DSS Castle and Longley (2005)
ad ad ad Combo-Hamiltonian Dual Route Chaegal. (2009)
Micro O O Capacity Constraint Route Planner (CCRP) _dtual. (2005)
O O CCRP + Intelligent Load Reduction Kiet al. (2007)
Heuristic O O CCRP with Longer Route Preferential Zeng and Wang (2009)
O O improved CCRP Shekhat al. (2012)
O O Shortest + Quickest Path Kemloh Wagoetral. (2012)
Macro O Dijkstra Shortest Path Liet al. (2006)
Micro O O Simulated Annealing Algorithm Cepolina (2005)
Meta O O Tabu Search Algorithm Xiet al. (2010)
Heuristic Macro ad ad Genetic Algorithm Liet al. (2010)
O O Ant Colony Optimization Algorithm Zonegt al. (2010)




negotiation within multi-level structures for supportibgtter emergency management; and
GlS-based Spatial-DS$S (Castle and Longley, 2005) thagiates topological support and
analysis to determine pedestrian distribution, simufatbpedestrian dynamics, and scenario

generation functions to aid decision support in emergenagagement and planning.

Changet al. (2009) had focused on different sets of problems. The aytlfaposed a dual
route generation system for two separate but related prabtd evacuation: one for rescues
and the other for retreat. This method produced a networlgesigpn in real-time and
successfully bridge the two prominent problems in hazatdasons, route planning and
emergency management problem. However, the setback ichfigstne scales of evacuation
are assumed to be “unknown”, which the effect and impacteegblution may turn out to be
infeasible in terms of computational complexity (higheraevation scale); consequently
produces untimely decisions. Pu and Zlatahaova (2005) sexp@ knowledge-based DSS
based on a 3-dimensional indoor geo-information to progidignamic, specific, and accurate
evacuation route to people with an interactive instrugtio@onsidering the uncertainty of a
disaster, dynamic factors had been incorporated wherenugnaearch tree is used for
solution search in the combined logical and geometry modéh the consideration of
non-spatial information, environmental factors, and hanfactors in the overall model

design.

DSS emphasizes on a timely and accurate decision-makirapgso However, successful
realization of DSS solution is highly dependent on inforigratavailability, secured data
usage, and complying public privacy (Kwan and|Liee, 2005he®setbacks of DSS include
information unavailability of past incidents, timely comtptional data formalization, and
unknown emergency scenario’s evolution, in order to prgperepare and plan for future
incidents. Simulation of DSS using a suitable crowd modet{oy macro, or meso) is still

debateable due to the lack of evidence (Castle and Long@95)2 In addition, timely and
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accurate decision-making remains subjective and may ehlaaged on nationality, social, and

cultural preferences.

Some studies proposed a prominent ERP approach throughdahesnof mathematical-
based algorithm. Wanet al. (2008, 2009) had proposed a stochastic programming mottel wi
rollout scheme within Lagrangrian relaxation framework évacuating crowd in a building
network. | Amaldiet al. (2010) had used a linear programming model for evacuatijpged
people through transport assignment in the context of nmeinaxi health-care emergencies,
while [Hui et all (2010) has used a stochastic programming model to alloestue route
which compared with a shortest path generated from padisrm optimization algorithm,
respectively. | Lvet all (2013) had designed an integer programming model for stipgor

emergency management under uncertainties.

Sayyady and Eksioglu (2010) had designed a model for trdegiéndent residents during
a no-notice disasters using a mixed-integer linear modeditmultaneously optimize the
emergency response with respect to objectives of minimittie total evacuation time and the
number of casualties. A Tabu search algorithm is incorpdr& reduce the long running time
of the simulation package. Qiu and|Hu (2010) had proposedradwork for intra-group and
inter-group relationships which effects the crowd modellbehaviors, where an agent-based
crowd simulation system is developed. The framework appliector-based approach to

represents the force applied to an individual as well as taaimg the group behavior.

Bretschneider and Kimms _(2011) had proposed a basic mixeder model which
provides a reorganization of traffic routing of a certainaadeiring emergency to minimize
evacuation time while prohibiting intersection conflicksrelaxation approach, namely as the
adjustment heuristic, is also integrated to reduce the otetipnal efforts of the

time-expended graph of the model. Kaigdral. (2012) had designed a linear programming
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