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Development of an Indoor Path Planning System for Search and Rescue

Operations of the Firefighters

Heein Park, Jihoon Lee, Youdan Kim*, Chan Gook Park, Jae Hong Lee
Acrospace Engineering, Seoul National University

An indoor path planning system for search and rescue operations of the firefighters is considered. Path planning inside a
building where the fire occurred requires additional considerations compared to the general indoor path planning problem.
For example, mission time performing search and rescue is the main factor to be considered, and the indoor spaces of the
building might change rapidly due to the fire. The proposed indoor path planning system consists of five steps; i) map
generation, ii) map processing, iii) graph generation and reduction, iv) order determination, and v) path generation and
processing. In the map generation step, the map of the building is transformed into grids. In the map processing step,
unreachable zones are excluded. In the graph generation and reduction step, the information given in grids is transformed
into a weighted graph, where the weights of each edge are determined by the length of the path connecting the nodes. To
generate the path, four algorithms are considered; A*, RRT, RRT*, and PRM-A*. In the order determination step, the
order for rescue is determined by minimizing the length of the path. Finally, in the path generation and processing step, the
actual path satisfying the order specified in the order determination step is generated, and the path is processed. Numerical
simulation is performed to demonstrate the effectiveness of the proposed algorithm.

Keywords: path planning, optimization, indoor navigation
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2 SHCH (Ministry of the Interior and Safety, MOIS 2021). AS0 A SHAHOF ZAMHFIH AS20] MABHA
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SHHSEUAL Z2HE AAEN st H2= 20l OIRHX X L UACEH Chou et al. (2019): Building
Information Modeling (BIM)% OIZBoM AAIZ2Z ZFEHHZIS =MAZE H= AMAHES HCHOHACH
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M HIAlotE AIARIZ2 5HAHAIE HAMA ZZ2AHES =dett Azdd SHHUHAH=E TB8S
AXz gatettt. XNE-&E el HAHNNME B2 2H JHAIHEIE20 22l E0Hd A== =01 U=
gdeeo=z XMcoletth, ddiz gd HAHlAME A2 =08 NEE dHZE=z BHatetth = E=2
=M AEXE, AU AKX, 22 2 AE, deld =4 SSXNE2z AdeEth. dZ2AHE HAHUA=E
diz g€d HAHNA €22 JdHZE MA =4 AENERH =4 SSXNENAN 2 2ZUELS
FIXNE 2Ol zHIZE ddetth. 32=Hel HAHUNE B22 IJtAdS gatAlAH =L
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Fig. 1. Map processing example; original map (left) and pre-processed map (right).

Fig. 2. raw data (left), the graph generated by graph generation (center) and the reduced graph by graph reduction (right).
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S22 TR Z M (Traveling Salesman Problem, TSP)2| SXAHE Y E0|E SEGtH 02Mm?)e =S&E ez
FHE HZg = AL (Bellman 1958).
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Fig. 3. Path post-processing example; raw path obtained by RRT* (left), smoothened path of the raw path (right).
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Table 1. Simulation parameters.
A* RRT RRT* PRM-A*
Gridsize 02mx0.2m Growth rate 2m Growth rate 2m  Node# 426
Iteration # max 20000 Iteration # max 20000
Node # max 20000 Node # max 20000
Goal bias 0.05m Goal bias 0.05 m

Ball radius 2m
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Fig 4. Simulation setting visualized: 2D (left), 3D (right).
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Fig. 5. Simulation results; elapsed time (left) and path length (rlght).
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HE=E A*E Sol olE =0 Zcls A0l sHUA 0 O2td A=01 HOE A*Ib E2
HEROIXICH, 4201 HXIH A*HA CHE ZeIsS A= 20| <:’E|OH7§ = RUACL RRT*Y BR= =S
A

NHXH ZHZZ22 80l LAM U2B=Z (Lavalle 2006), 24201 =SEGIH =EHZZ2It
RRTII SEH0lcte B2 20l 20N A4HEH RRT*Ib HEoHC D ZEHEICH PRM-A*S| jq‘:’()ﬂ:
20l =2/ H0ILE H&AIZE0l A*20H 20 Jd U PRM-A*JF PRMS Edotd U Z2 Jis== 5004
Ot 2 WA EFE2E el A*s A=201 HES=SF JXIE Jlote+=E8322 S0 LHAIE, PRM%
SETE 0K @Eed €2 =2 22 ddiic 2HIt 81222 PRMO| HE6HCHL) EHEEICH

2 d70NME S H0UAM 22200 AXUAUE FxoH)| fet B2 HE AAES ALoRALCH
ssxO =

ddE BZ2AHE AAE2 Hol 28o0F otl), &= E el B2E ddolfor ofH, 0l <o
ANedd, gdE2=A 24, ZZ2AE, =X JIE S Jdgt BZAHE JIES HAotAUC = SF0A
eofst 3" A=20 et AIEdiold ZUE 28 A* JIE0l R=otX2, 222 AJIIot HE=F Hlbt
A0l Sotg HO0ICH 2201 A0et: *XIJF &&EotH RRTIH RRT*Y HIE 4522 S8HC=2
oS ?ok |2, ?_*%OI S&oE2+= oot Ectd H0I2=2 zHLH s&d AMOINA HEsh Y=
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