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MAD-ESPO Method for Emergency Path Planning of Forest Fires
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Abstract: Objectives: The dynamic spread of forest fires can be regarded as a dynamic obstacle system,
and its nonlinear diffusion behavior poses a challenge to the safety and timeliness of emergency rescue
paths. The existing path planning methods are difficult to achieve temporal matching between the evolution
process of the fire scene and path decision—making, resulting in obstacle avoidance failure or suboptimal
route costs. Methods: Focused on the spatiotemporal obstacle avoidance problem of emergency rescue
paths in the dynamic spread environment of forest fires, a dynamic obstacle field is constructed firstly
through a forest fire spread prediction model. Then, based on this field and a static obstacle field, a map al-
gebra dynamic euclidean space shortest path with obstacles algorithm is proposed to generate a dynamic ob-
stacle avoidance Euclidean distance field and its corresponding source—point field. Finally, path extraction is
implemented based on the obstacle avoidance distance field and source—point field. The timing matching be-
tween the planned path and the fire spread was achieved, and the optimal safe path was calculated in dynamic
fire obstacle scenarios, while extreme-risk areas were delineated. Results: Using the “3-30” Xichang forest
fire as a prototype, dynamic obstacles were constructed in the fire scene. Multi—scenario comparative experi-

ments evaluated varied travel speeds and time safety thresholds, includingcases withcomplex multi-ignition
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scenarios featuring artificially superimposed dynamic obstacles. The results show that the planned shortest

path effectively avoided the fire-affected zones, with extreme-risk areas delineated through the dynamic ob-

stacle avoidance distance field, while maintaining safety—timeliness trade—off balance. Critically, setting

context—appropriate time safety thresholds can significantly mitigate fire exposure risks without compromising

rescue path costs. Conclusions: This proposed method provides a highly interpretable and robust solution

for emergency rescue in dynamic obstacle environments, achieving fire path timing matching through dis-

tance field with optimal safety threshold calibration, which has significant application value in forest fire

command systems.
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FRMROK T S — Fh K RS AN S R
IO R Bk IR I AR E L ki R
5 I v A Bl 25 RO R 32 KU AR KRR A
N A 0 Ml I B AR S W KR A P R R, H & A
J7 o) B AR LR S R BE X T AR R R . DA
& HF 2020-03-30T 15: 35: 00 B (1 75 5 Ff bk k5
i, 2= AH 2 H 120 K58 4K I 68 h, I
1k &k & 9 ¥ 8 10 km/h, 24 h 3 ko AL
it 1000 hm?. 33 A I 23 2 285 52 2% 1 6 kRN 2
RO B I A R A ™ IR PR DR, A
AT [ K 37 & SE R 5N SRR TR R Y S I
SR WIS T 1) K 37 2l 25 B A A AR LR B 52
Y B¢ 0z a5 ON DR AR Bl 25 R I A T [
wRR

Y BT BR AR I AR R Tl 8 F 5
SEANT E R AR R AL A R Z
H br i B o mg ', olE i el ATBIE S A Z 4R
ST 1 B AR R ) A A HL AR AT R X S
e ik b AV AT 2 285 3 S B A AL SR A o O 2K ) ]
HE— 20 4l Ry T 6] BRI B 5 25 6] R fe A B A
% (Euclidean space shortest path with obstacles,
ESPO)™ # HS A A5k N THGE R
o7 2R

LA AR LR B B X AN R 3 5B 22 =
A AR B2 WS BRI AR E i R R
ARV RO S e vk AT A etk Uy )Tz
M T AT B Eh5 e 4 e A e
B4 3 5 s N T 337 1 W SE 2o 1 4870 3 4=
W AR S EHLAS N e S T AL
LT OR B BEM AL T, D (dynamic AHM™ |
LPA’(lifelong planning A")""* % 34 & 2054 1k 38 1
Jey 58 BRI S B B A R AR L T ALAR N A
UNGRING IR R 3775 R R T RSB RUE 7S 'Y
G5 AL G A SR W R A AR AT
R ZKOROE 2 KRN s BT B S AL AR
NS g BRI S e o RN 24 T 1) AR AR K

KPR X R B SHE G I Fmh LR AT
PR Jmy BR M - A E LA 3 B K 3 ) 25 Bl A B A
AL, N L3351 5 b A R i /M LPA 8 %
MELLIE VK 375 0 26 v A A 3 R B OR Y g 2
T, D5k T RE DA Jmy 35 8 1T 22 W 4 Jey e AR o

T [51] K 37 R 7K B W i A O 55 B B, JX 86
W05 4 2 W I i) 22 A T A B, A s ) 9
A7 Y AT 3 AT ODR S SR AT T[] 3K 2 R A Y e
B AR SR L 5 75 ESPO [ B & Al K 25 ] i
Y)W Sh AR, AL, AR ESPO [l 9 3 75
WK G B i 25 ] et #6452 (Euclidean space shortest
path with dynamic obstacles, D-ESPO) [n] £ , 24
HIl B B ESPO [ 3 3% 4 A BFS (breadth
first search) , MA-ESPO (map algebra based EP-
SO)HEE A 1F 5 ESPO [R]85 8 ff . A D-
ESPO M0  Ji 1 T e e R A8 10 5 A2 S AT
I FE A SR AT G . LA A (DT LPAY)iE
H T A A D R R AT R AL E R, R T
B i3 28 Ak 5 AR T A Sh AR B AR R R
BT R e B A M T AR B S A
A SRy B AR A, T DR 5 B X B A A Ak Y
FUFCRAE A0, I LPA™ R . Sh B RS AE R
R 5 5 A 49 1 1) e A I B 3 ek e s IR
B 2l A5 B e A 1 P ] 5 S B A
15 B A ThAT Y Bl A5 DT I

AL T 27 A — 0 B S S B ALAL T RT3 AT A
AT RS BEL SN S A5, K 37 501 725 e B A X 13 B
FEK AL B T 1) HA T O | B 65320 S HLA B )
PR, B C A DI AT 308 5 A0 S AR TR A T RS
FEANA N 2 2B AR Y ST Al kb B AR
R — S AT Y R AR A I Y LR 3 A
15, 5 & 3 10 50 785 4 ik JC 375 18 5 I AR R O 12
PRH A B G 2 A A R K g s XU DX B
R T B N 5152 TR XU 5 B0 e D AR L 2 3L B
SR NN T S ARSI R R/IME . I,
AR SCEF R BRI N S Rz o K Bl A B A AR



250 B 11

B H SLAF  FRAR KR N 2 H AR LRI MAD-ESPO J5 % 2327

P — o T P A BB 5 3 1 s 2 IR B R i 8
['] 5 S % 42 50925 (map algebra based D-EPSO,MAD-
ESPO) , i i S A Y 55 i 2 #5 FE 25 35 19 By
(I, FE S S LT SEI S Rl 28 A AR AR A

1 HFHENRYIZEG = THHREAL

RRAR KA Dy SR 5 e e A 259 K s
OB BAT 0 35 25 B 25 20 0 S B I A
Bk FLHE e K S il 5N BT I R BRI &
R G I A SR e L B AR LRI 5 ok Bk A4 B0 Sk
W BEJw , Rtz BALLA T 2 3 B 5 K3 i I I
T 2R ——0 73 X Sk A Bod Bk /T 2 9k 3 8
TE B i B X, 9 A7 B s e e N B e . B
AW 5T B HL A K S S TUIASERL  A0 ME LLAT R
R = R A IR — 2 i A R L 19 3l 2 2K

Gy i 5 X L5 Al oA B0 06 T A A A I 28 29 o R
R 2 00 M e BIVAS AT A s A I DX 3 T
T, T FLE T S B K A BEL BT 1) 0 R R B AR
= I AL G AR ML 22 0% I T BN R AR, 2R
WL B A A7 AR AT R T A B 24 BEL BT IXUR: , 6 325 5K
1o B A% e AL i o

TEFR MK KBRS 5o b RN B T BT )
B AF 7 AE K 7 B A A B I 2SR R M
H R IR R R Y f L AT B AR, L — B AR
LI 45 SR 0 AR AT N A2 A 7 o A B, %
% B i R WK 8 5, B AT 2 2, T
BRI 2 2,05 FC AR R T 2 K 3 B TR R
2 LU B A A s 2 % BT K B [ AR BE
W, DT JBE S — U AT 51 A YRR BRI B . AR
SCEERS Lk 3 SR i B e A, I 3 4 i K
I DX, foe o JEL B 4 1T 1 TS o

............................ iy ¥
JE AR

et

52 B 3 B

kit

P11 i K 37 5 26 A Y A R SR e S
Fig. 1 Path Planning Solution Approach for Dynamic Obstacles in Fire Scenes
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Table 2 Comparison of Shortest Path Data at
Different Travel Speeds
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