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Route Optimization for Emergency Evacuation and Response in
Disaster Area

ABSTRACT

Lately, losses and damage from natural disasters have been increasing. Researchers across various fields in Korea are trying to come
up with a response plan, but research for evacuation plans is still far from satisfactory. Hence this paper proposes a model that could
find an optimized evacuation route for when disasters occur over wide areas. Development of the model used methods including the
Dijkstra shortest path algorithm, feasible path method, genetic algorithm, and pareto efficiency. Computations used parallel computing
(SPMD) for high performance. In addition, the developed model is applied to a virtual network to check the validity. Finally the
adaptability of the model is verified on a real network by computating for Gumi 1stNational Industrial Complex. Computation results
proved that this model is valid and applicable by comparison of the fitness values for before optimization and after optimization. This
research can contribute to routing for responder vehicles as well as planning for evacuation by objective when disasters occur.
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Fig. 1. An Evacuation Probability Curve(a) and a Cumulative Curve(B) by Rayleigh Distribution
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Fig. 2. Presentation of Relationship Between Intersections and
Nodes
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Table 1. A legend of Virtual Network and Features

Number | Symbol Type Feature
17~32 @ | Intersection 4x4=16
33~80 o Origin (3%x4x2)x2=48
1~16 © | Destination 4x4=16
I~12 External Quarter of internal block
block demand
13~21 Internal block

Table 2. Demands and Capacities of Evacuation Modal (Whole Network)
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Fig. 5. Virtual Network for Model Validation

Total f| D f
otal number o . ef"a".d Modal Modal choice Capacity of Modal Number o Number of Evacuees
Evacuees distribution Modal
Route bus FIFO 30 persons per vehicle 10 300 persons
6,000 3"‘¥1€1€fh Shuttle bus FIFO 40 persons per vehicle 2 80 persons
distribution -
persons U=5.0 min Passenger Car Random 3~5 persons per vehicle 50 150~ 250 persons
Pedestrian Random - - 5,370~ 5,470 persons

Table 3. Optimized Intersection Patterns and Optimum Values About Each Objective Functions — Virtual Network

Intersection 171181192021 222324 [25|26(27|28|29(30]|31]|32] Fit.1” | Fit.2? | Fit.3”

optimized pattern | ||l ol g Ly [y p o a2 23] 3] a2 25043 | 11095 | 60893
for Obj. 1

optimized pattern ||, | o | s ) ol 6 | 5 7| 8| 7 9|5 |4al3]| 3|4 31247 7200 | 69867
for Obj. 2

optimized pattern | || o | s\ 3l s | o | 6| o s |6 |7 |alal2] 7| 27015 | 13203 | 23821
for Obj. 3
no action 1616|1616 | 16| 16|16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 39385 | 8.764 | 264.649

1) Fit. 1 : Fitness of objective function 1( < 10*persons-min)
2) Fit. 2 : Fitness of objective function 2( < 10°persons-meter)
3) Fit. 3 : Fitness of objective function 3(< 10'min)
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Table 4. Demands, Base Traffics and Number of Vehicles of Whole

Network
Modal Demand Base traffic nmnl?er of

vehicles

pedestrian 9,654 4,301* -
passenger car 22,877 11,683* 10,522

route bus 574 - 5

shuttle bus - - 2
total 33,105 15,984 10,527

* If link could not had base traffic, virtual base traffic is applied to link
: 3% of sidewalk capacity and 10% of road capacity
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Table 5. Optimized Intersection Patterns and Optimum Values About Each Objective Functions — Gumi

21 22|23 | 2425|2627 |28(29]30|31|32(33/[34]35]36
Intersection 37 138139 |40 | 41 | 42 |43 |44 | 45| 46 |47 | 48 | 49| 50 | 51 | 52 | Fit. 1" | Fit.2? | Fit.3”
53|54 |55[56|57|58|59|60/|61|62|63]|64]65]66]| 67

1414141314 |14 | 9 (1414 ] 13|13 |14 |15[13] 6 |12
1314 (145 4 |10 14| 6 | 12| 7 |14 7 6 | 13| 15 | 13 | 159321 | 110.162 | 20.512
9| 4 3 3| 14|14 (15]14]14| 6 (15|14 13 ]15]13

optimized pattern for
Obj. 1

141314131414 | 8 [15]14 ] 13|13 |15|15[13] 6 |12
137 (1366|1014 6 [12] 7 |14 7 |6 |13|14 ]| 14| 196578 | 87.258 | 21.688
{713 S| 14|14 (15]14]14| 6 |15 |14 13|14 ] 13

optimized pattern for
Obj. 2

1411414 |13 |14 |14 9 | 14|14 |13 |13 |14 ]15|13] 6 |12
1314 (14| 5|4 10146 127 |14 7|6 |13]|15 |13 | 159321 | 110.162 | 20.512
914 |3 3| 14|14 (1514 ]14| 6 |15 |14 13 ]15] 13

optimized pattern for
Ob;. 3

17117171717 17|16 |17 | 17|17 |17 | 17 | 17 | 17| 16 | 16
no action 17116 | 17|16 | 16 | 16 | 17 | 16 | 16 | 16 | 17 | 16 | 16 | 17 | 17 | 17 | 434.534 | 117.963 | 26.853
16 |16 |16 | 16 | 17 | 17 | 17 | 17 | 17 | 16 | 17 | 17 | 17 | 17 | 17

1) Fit. 1 : Fitness of objective function 1(< 10*persons-min)
2) Fit. 2 : Fitness of objective function 2( < 10°persons-meter)
3) Fit. 3 : Fitness of objective function 3(< 10*min)
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