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An Evacuation Route Assignment for Multiple Exits based on Greedy
Algorithm
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Abstract

Some studies were conducted for the purpose of minimizing total clearance time for rapid evacuation from the
indoor spaces when disaster occurs. Most studies took a long time to calculate the optimal evacuation route that
derived minimum evacuation time. For this reason, this study proposes an evacuation route assignment algorithm
that can shorten the total clearance time in a short operational time. When lots of exits are in the building, this
algorithm can shorten the total clearance time by assigning the appropriate pedestrian traffic volume to each exit and
balances each exit-load. The graph theory and greedy algorithm were utilized to assign pedestrian traffic volume to
each exit in this study. To verify this algorithm, study used a cellular automata-based evacuation simulator and
experimented various occupants distribution in a building structure. As a result, the total clearance time is reduced
by using this algorithm, compared to the case of evacuating occupants to the exit within shortest distance. And it
was confirmed that the operation takes a short time In a large building structure.

Keywords : Indoor Evacuation, Total Clearance Time, Optimal Evacuation Route, Traffic Assignment, Greedy
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Figure 2. Evacuation route assignment using a graph
network
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O=N (n: # of rooms)
E=M (m: # of exits)
Cle)={e} forVe:e€sFE
wle)=0 for Ve: e€EFE
while(0# &)

{

/I Open node group is composed of all room node
// Exit node group is composed of all exit node
/I Assign node group per exits. Initial value is allocated by own
/I A wait persons per exits. Initial value is 0

/I Repeat while open node group is to be empty set

Lete=FE be an exit for which w(e) :min{w(e): eEE} /I Select exit have minimum waiting people

if(n(e)>1)

/I Select random exit when minimum wait people exit is multiple

Lete = E be an exit randomly selected for which wle) =min{w(e): eEE}

// Node group is adjacent to current exit

Let A(3) < O— Cle) be a set of nodes for which i< Cle)

if(AG) = @)

Letj be a node for which d(j) =min{d(j): j€A(i)} // Select nearest node from current exit

{
Cle) = Cle) U {5}
0=0—{j}

}

else

{

// Add assign node group
// Except from open node group

// If all adjacent nodes are assigned to other exits, Ignore assign status make adjacent node
Let A(i) € N— Cle) be a set of nodes for which i< Cle)

AssignCondition = false

while(A(i) = @ A AssignCondition = false)
{

// A(i) can be reduced to by following rule

Letj be a node for which d(j) =min{d(j): j€A®G)}

AssignCondition = AssignRule(j,¢’)  for Je’
if (AssignCondition = true)
{
Cle) = Cle) U {j}
ae’) = o) = {5}
}
else { A@)=AG)—{j} }
}
if(46) = @)
wle) = oo

-

: ¢ € E—{e} //Check assign rule

/I Delete from assigned to exit group was before

// If un follow the rule, except from adjacent node group

/I 1f node to assign is none, Current exit’s wait people set as OO

Figure 4. Pseudo code of evacuation route assignment algorithm
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Figure 8. Example of unreasonable evacuation route

assignment 11

Figure 9. Assign connection rule
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Table 1. Nomenclature

E Number of pedestrians waiting for
! evacuation through exit i

. Number of pedestrians in node j
*J allocated in exit i

m; Number of nodes allocated in exit i
fi Pedestrian flow at exit i

iy Evacuation start time at exit i

" Maximum of arrival time

e from node to assigned exit

l,;j Shortest path from node j to exit i

I Maximum of shortest path

max from node to assigned exit

v Average walking speed of pedestrians
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Figure 12. Evacuation route assignment status

Table 2. Shortest path from node to exit

A B C
N L N L N L
1 10 5 10 8 10
2 10 15 9 15
3 20
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Figure 13. Whole process of evacuation route assignment algorithm
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Table 3. Test results [

The nearest exit guide
Evacuation
route
(person) (person)
1400
1200 600
1000 500
Cumulative 800 200
number of = 500
400 200
evacuee
200 100
0 0
0 100 200 300 400 500 600 509
—— ExitA —---- ExitB — -+ Exit C e Exit D Lol R T — EXitB — « - EXit C woveeeee Exit D e
Exit Evacuation time Evacuee Exit Evacuation time Evacuee
c A 570 1156 A 324 578
7 B 159 93 B 441 337
each exit
C 165 192 C 201 288
D 159 99 D 441 337

Table 4. Test results 1l

The nearest exit guide

Evacuation
route
(person) (person)
1000 00
500 P 600
T e 500
Cumulative | | | 7 T 400
number of =60
................. . 56
occupants
100
0!
400 500 609 (] 100 200 300 400 5q0
——Exit A e BB mmmem ExitC — - =ExitD — - - ExitE e ——EXit A e EXit B —mmmm ExitC — - —ExitD — - - Exit E(M
Exit Evacuation time Evacuee Exit Evacuation time Evacuee
A 237 242 A 306 490
Compare B 597 763 B 441 515
each exit C 450 916 C 438 684
D 219 250 D 375 401
E 270 303 E 318 384
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