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Abstract—The previous proposed evacuation routing approaches An evacuation route is composed of paths thatdimkimber

usually divide the space into multiple interlinkeones. However, it
may be harder to clearly and objectively define ergins of each
zone. This paper proposes an approach that contematsons of
necessary guidance into a spatial network. In dsimgevacuation
routes can be constructed based on the links betateeting points,
turning nodes, and terminal points. This approachentonforms to
the real-life evacuation behavior. The feasibildf the proposed
approach is evaluated through a case of one flnoa ihospital
building. Results indicate that the proposed apgroprovides
valuable suggestions for evacuation planning.
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|. INTRODUCTION

O date, a considerable number of studies have pidehto

plan evacuation routes by forming a spatial netwdihe
buildings are usually crowded with people. If sevewvacuation
routes all converge into the same pathway, corgestiay
occur and result in a slowdown of movement speed lafge
number of evacuees. Besides, the buildings havach more
complicated composition of spaces in each flooadtees will
come to a few intersections at which they mustageeihich
pathway to take next and take a number of turnsrbehey can
successfully evacuate the building.

Evacuation should be guided. During evacuationceses
spend most of their time looking for the next padlvo a safe
location or the location they can wait for rescligis paper uses
previous research of guidance demand and spatisbrieas a
foundation to propose a route planning approaclkedas a
spatial network. This approach does not simply $oon the
origins and destinations of evacuees but alsossttesupport

of nodes. However, this approach is not so apfeéctabfloors
or buildings with a more complicated spatial conitos,
because the boundaries of each space are haréirte.de

Thus, we view the locations where evacuees haweat® a
choice of pathway as nodes in an evacuation routétgork.
These locations are called “turning nodes”. An eplens given
in Fig. 1. A group of people in this room have tova to the
terminal points (either T1 or T2) to complete eww@n. As
shown in Fig. 1(a), they will move from their stag point (S1)
to the room’s door when evacuation begins. Whew te& to
the room’s door, they have to decide which way ¢ongxt.
Meanwhile, they have five choices, as shown byatews
jetted from R1. They need proper guidance at tlsisepso that
they can take the most appropriate pathway foratamn. This
location then becomes a turning node (R1). Thewaoo the
turning node denotes which moving direction its dguiis
applicable to. The evacuees moving in the directlwat the
turning node is applicable to may become from #maesgroup
or different groups.

After evacuees choose the pathway marked by thek bla

arrow, they will be guided to enter a hall on tight. At this
moment, they have four choices of pathway, as showthe
arrows jetted from R2 in Fig. 1(b). R2 becomes haoturning
node. At R2, evacuees also need proper guidandeotmse the
correct route (i.e. along the wall and make a W-as marked
by the black arrow) to finally reach the terminaimng (T1). In
this example, the evacuation guiding route consists
S1-R1-R2-T2.

The layout of turning nodes shows where a mandajoige
is needed to direct moving evacuees. Compared thi¢h

for evacuees’ guidance demand during e\""‘(3L“"‘ti(’9'-”Honventional approach of dividing the space ofrage into

approach estimates evacuation time and searchesarfor

evacuation plan. The evacuation plan proposedégpiproach

offers optimal evacuation routes and trials foraexees and can

be a basis for laying out guidance signs.

Il. SPATIAL NETWORK FOREVACUEES

A. Turning nodes

In most previous research of evacuation routingpace is
divided into multiple zones, with each viewed asagle that

multiple zones as nodes for routing, the propoggaiaach can
offer more practical support for design of an ewdion
guidance system.

B. Evacuation Plan by Network

By linking the starting point and the terminal pafong with

several turning nodes between them, we can obtain a
evacuation route for a group of evacuees. The apati

relationship of these points can be illustratedaaspatial
network as shown in Fig. 2. The spatial links asrkad by the

evacuees may pass through. These zones are spatiatrows. The group of evacuees has one or multitlespat their

interconnected, so they constitute an evacuatitwarnk.
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choice to proceed to the next point or node. Aswshia Fig. 2,

the evacuees complete their evacuation when théyeaat a

terminal point through the guiding route S1-G1-G2{ihicker

arrows in black). The evacuation guiding routealbgroups of

evacuees then constitute an evacuation plan, vaaictbe used
as an evacuation plan for the floor.
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( Legend: eSlarting point ﬂTumiﬂg nade Termmai point J

(a) The first turning node (R1) for routing outside the room

(b) The second turning node (R2) to the terminal point (T2)
Fig. 1 The turning and route choices for a groupwefcuees

Fig. 2 The spatial network for the evacuee grouplat

Il. SIMULATION FOR CLEARANCE TIME

A.Clearance Time

In the search of a near-optimal evacuation plafitness
value is necessary for comparison of performancpogtible
evacuation plans. Clearance time of evacuatiororanconly

used as measure of effectiveness of evacuations plan
[1-3].Clearance time is typically defined as theoamt of time
required for 95% of all evacuees to flee the evionaone [4].

In this paper, we use clearance time as the fitnakse and
minimize the clearance time as the goal of optitiors.

B. Estimating Time by Smulation

In our proposed approach, a simulation platforapiglied to
estimate the clearance time of each evacuation Biamulation
is one of the most common methods. Microscopic kitian
considers the behavior of individual evacuees, tst the
simulation result will be very close to real-lifsSeveral
microscopic simulation software packages have hesnl to
simulate evacuation behavior. Compared with otlodtsire,
VISSIM allows us to rewrite the coordinates to sthi& turning
nodes and terminal points of each evacuee grothgifile and
also control the simulation through the interfabg Thus, we
apply VISSIM to assess the clearance time of evesuader
different evacuation plans.

IV. EXAMPLE PROBLEM

A.Floor Layout and Evacuees

The layout of the third floor is as shown in Figli3addition
to the wards and nursing stations, there are soomas used for
providing treatment or examination to patients soche rooms
available for work or rest of medical staff. We Idua spatial
network according to the spatial layout. The poamtd nodes of
the proposed spatial network are also marked inFigs there
is no balcony in this floor, the four stairs (T1yTate the only
terminal points for safety. After observing thelgaictivities in
this floor, we pick 58 locations as the startingngoof evacuee
groups (S1~S58). These starting points represenctinrent
locations of 188 evacuees who are in the roomth@norridors,
using drinking fountains, and using the public phoihe
turning nodes are key components of the spatialorét We
have evaluated the spatial structure of this fimed found 57
locations where guidance is needed during the eticu
process. These locations are turning nodes (R1~REt of
the turning nodes are located by the doors to roomntsy the
intersection between corridors and halls. The aromweach
turning node represents which direction of evaauesement
the node applies to (regardless of the group whigcuees
belong to).
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Fig. 3 The floor layout and the points/nodes

B. Forming the Spatial Network

We connect the starting points, turning nodes, tanchinal
points to form a spatial network. Evacuee grougsated in
rooms, such as S1, need to move to the turningshati¢he
doors to the rooms first before they have to makbaice of
evacuation guiding route. Besides, they have tothgough
several turning nodes before they arrive at ontefterminal
points. Evacuee groups on the corridors, such 4s I&%ve to
make a choice of evacuation guiding route in thgirbeng. For
any group from any starting point, options of exa@mn guiding
routes are numerous, thus resulting in a great ruitpossible
routing portfolios in the spatial network. Our apach will use
ACO to find the near-optimal evacuation plans. Troutate

evacuations, we input the data of evacuee groupd an The proposed approach can not only offer valuable

evacuation parameters and construct the spatiaonletin
VISSIM, the simulation platform of the approachaltdition to
the spatial network, another factor that affeces tfearance
time is the average moving speed of evacueesididlse, three
random distributions are used to determine theelepeed. For
evacuees who are not patients, the distributiogearfirom 3.5
to 5.8 km/hr for the male, and the other rangesfgo6 to 4.3
km/hr for the female. For patients who move mooevsl, the
distribution ranges from 1.6 to 3.1 km/hr.

C.Planning Results and Analysis

The goal of evacuation plan is to minimize the ceae time.
After the optimization process, the best evacugtian appears
where the clearance time is 44.8 sec. Table | ptesketails of
the proposed evacuation plan, including the nurobevacuees
and the evacuation guiding route for the evacueeps at all
the 58 starting points. Each evacuation route stsef no more
than four turning nodes (i.e. no evacuee needsagui more
than four times to arrive at the terminal point $afety).

Finally, we simulate this evacuation plan in VISSld
complete the evacuation routing plan. The clearainoe (95%
evacuees) is 44.8 sec, and the total evacuatioa (80%
evacuees) is 52.6 sec.

V.CONCLUSIONS

In this paper, we use mandatory guidance locatmbsiild a
spatial network for evacuation in buildings. Eaokdtion at
which evacuees need to choose the next pathwagke is
viewed a turning node. Thus, the spatial networksiis of
multiple decision nodes of evacuees. This appreacids the
difficulty of dividing a space into multiple zonesd more
conforms to the real-life evacuation behavior cfge.

suggestions to planning of evacuation routes kad ptovide

support for design of guidance signs. In the futtive approach
can be further applied to evacuation of multi-flkarildings or

outdoor evacuation.
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TABLE |
THE NEAR-OPTIMAL EVACUATION PLAN
Starting Number of . -
. Evacuation guiding route
point evacuees
S1 5 S1-R1-T1
S2 4 S2-R2-T1
S3 8 S3-R3-T1
S4 6 S4-R5-T1
S5 6 S5-R6-T1
SE 1 S€E-R1C-R7-T1
S7 1 S7-R11-R7-T1
S8 1 S8-R12-R7-T1
S¢ 3 SCE-R1:-R2C-T2
S1C 3 S1(-R1:-R2C-T2
S11 6 S11-R15-R20-T2
Si1z 6 S12-R1€-R2C-T2
Si: 2 S1:-R17-R5E-R2(-T2
S14 2 S14-R18-R57-R55-R20-T2
Sit 2 S1t-R54-R57-R5E5-R2(-T2
Si¢ 1 S1€-R21-R24-R2E-T2
S17 1 S17-R53-R57-R55-R20-T2
Sie 6 S1&-R21-R24-R2E-T2
S19 6 S19-R23-R24-R25-T2
S20 6 S20-R22-R24-R25-T2
S21 6 S21R2E-T2
S22 6 S22-R28-T2
S23 4 S23-R27-R25-T2
S2¢ 4 S24-R27-R2E-T2
S25 4 S25-R31-R25-T2
S26 4 S26-R33-R25-T2
S2i 6 S21-R32-R3E-T3
S28 6 S28-R33-R25-T2
S29 8 S29-R30-R35-T3
S3( 4 S3(-R3&-T3
S31 6 S31-R38-T3
S32 1 S32-R3E-T3
S3: 4 S3:-R3E-T3
S34 2 S34-R38-T3
S3¢ 4 S3E-R3E-T3
S3¢ 2 S3¢6-R3E-T3
S37 4 S37-R37-T3
S3¢ 2 S3¢-R3€-T3
S3¢ 2 S3¢-R4¢-T4
S40 2 S40-R49-T4
S41 2 S41-R41-R34-T4
S4z 2 S42-R42-R34-T4
S43 2 S43-R45-R34-T4
S44 2 S44-R4C-R34-T4
S45 2 S45-R43-R34-T4
S46 2 S46-R44-R34-T4
S47 2 S471-R4€-R34-T4
S48 2 S48-R47-T4
S49 5 S49-R48-T4
S5(C 1 S5(-T1
SH1 1 S51-R27-R25-T2
Sh52 2 S52-T3
S5 1 S5:-T3
S54 1 S54-T1
S55 1 S55-R7-T1
S5¢€ 1 S5¢-T2
S57 1 S57-R35-T3
Sb¢ 1 S5¢6-R3E-T3
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