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The Design and Practice of Disaster Response RL Environment Using
Dimension Reduction Method for Training Performance Enhancement

Sangho Yeo' - Seungjun Lee' - Sangyoon Oh™

ABSTRACT

Reinforcement learning(RL) is the method to find an optimal policy through training. and it is one of popular methods for solving lifesaving
and disaster response problems effectively. However, the conventional reinforcement learning method for disaster response utilizes either
simple environment such as. grid and graph or a self-developed environment that are hard to verify the practical effectiveness. In this
paper, we propose the design of a disaster response RL environment which utilizes the detailed property information of the disaster simulation
in order to utilize the reinforcement learning method in the real world. For the RL environment, we design and build the reinforcement
learning communication as well as the interface between the RL agent and the disaster simulation. Also, we apply the dimension reduction
method for converting non-image feature vectors into image format which is effectively utilized with convolution layer to utilize the
high-dimensional and detailed property of the disaster simulation. To verify the effectiveness of our proposed method, we conducted
empirical evaluations and it shows that our proposed method outperformed conventional methods in the building fire damage.

Keywords : Reinforcement Learning Environment, Disaster Response Simulation, Dimension Reduction Method, PCA
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Fig. 1. RCRS(RoboCup Rescue Simulation)[7]
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Table 1. The Definition of Feature Vector

Feature Description
X X coordinate on the map
y Y coordinate on the map
damage Loss of health point at each step
hp Health point of the agent if health point

is zero, agent is dead

Amount of water which is carried by the

aterquantit
waterquantity agent(i.e, fire brigade )

fieryness Degree of fire damage in the building
Structural damage to the building before
brokeness ) . .
fire disaster is happened
Temperature of the building. if
temperature | temperature drops below certain

threshold, the fire is extinguished
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Fig. 2. Overview of Intergration between RCRS Simulation
Environment and RL Agent

A. 100 step, without normalization B. 110 step, without normalization

C. 100 step, with normalization D. 110 step, with normalization

Fig. 3. Comparing Transformed Image With/without Normalization
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Table 2. Hardware Configuration

Type Specification
CPU Intel Xeon Cascade Lake(Gold 6226R)
RAM 384GB DDR4
GPU Nvidia V100

Table 3. Software Configuration

Type Specification
DL Framework PyTorch[20] 1.4
ML Library scikit-learn 0.23.2 [21]
Container Framework Singularity v3.1.0
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Table 4. Compare Group for Evaluation

Name Description

Small feature |Feature vector which applied the feacture
vector selection of [14]

Large feature .
8 Feature vector as shown in table 1

vector
Image Image which obtained by converting

the feature vector of table 1

Algorithm which decide the fire extinguish
Greedy priority of building by greedy search

strategy

Table 5. Configuration of RL Agent and Environment

Type Description
DRL Algorithm DQNI1]
Replay buffer size 1,000,000
Frame history length 4
Learning frequency 4

RMSProp[22](learning
rate=0.0001, alpha=0.95,
eps=0.01, weight_decay=10"?)
2,100,000(300 step per episode
7000 episode)

Learning start step 1000

Optimizer

Total training step

Epsilon decay rate Linear decay from 1 to 0.1

scheduling during 10000 steps
The number of building 37
The number of agent 1

J—

The number of refuge
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