$35% 46 S N T Vol.35 No.6
202546 H China  Safety Science Journal Jun. 2025

B35 ARG, E R, Sk, A BT O A RER M 2 TR FIT R[], tPEE R A R, 2025,35(6) 1 165-173.
5| A& YANG Qian, WANG Feiyue, MA Bo, et al. Multi-agent cooperation simulation for urban flood disaster emergency rescue[ J].
China Safety Science Journal,2025,35(6) :165-173.

ETHMSEGTFRENIKENZ ERH
EHE

WAk, BBk, B ok, FAEY, THL
(FPEAF WRAFEZAHAFRN, ¥E Kb 410075)

PEHES:X915.5 NERGE : A DOI: 10. 16265/j. cnki. issn1003-3033. 2025. 06. 1163
BERE L ERNFESE B RAN(2025))50265) ; KNMET K EEREMSEBRIBLREHEDTIE
FRPINFF RS RN Kij220402) ; PEEASFHRESERFOIFTRE (202422TS0476) ,

[# ZE] HIRBEAEARES TR E S, AT R E 4, RIE 4 Fr g R 4% x
ATMABREKEELEHERER MES TERTEWHEESR; IR T T R ENL2RKE L EEKD
i AR AR ZKERTREZKEAR FHRE E A f e B R FR, 58
FP . ZREE B E ERARBEFERENEMENARZ TR EZY ARBE M EXTHNE
EHE HEFIRERCE REEFARBZEEREN XL AREZ RO NH B TRA KX
ENARENIE RS, ZRERBA AT, 2T EA N EHER AR A A1k E R
ZREANBHARN,EREAFREZREARMEREHAFALEZNT ;R EAHEER
EAEMENARBEICRBE2ANSHAFERE R E, SH BB A, REZRE2# TR,
[X$R] WMFHkFRE;, NANE; FEEME; ZHEREEL;, HERE

Multi-agent cooperation simulation for urban flood disaster emergency rescue

YANG Qian, WANG Feiyue, MA Bo, LU Jiajie, WANG Zihuan
(Institute of Disaster Prevention Science and Safety Technology, Central South University,

Changsha Hunan 410075, China)

Abstract; In order to improve the coordination performance of multi-agents in emergency rescue, the
network relationship and internal correlation of four agents were sorted out for urban flood disaster events.
Combined with the multi-agent theory, the multi-agent interaction and cooperation framework was built.
The multi-agent cooperative simulation model for urban flood disaster emergency rescue was designed. The
changes in the number of rescued victims, average rescue time and total rescue time under different
disaster scenarios were studied. Results show that the extent of the disaster, the scope of search, the
ability of the dominant rescuer and the number of main rescuer are important factors influencing the level of
rescue collaboration. Enhancing the scope of search, improving the ability of the dominant rescuer and
increasing the investment of the main rescuer contribute to the improvement of the synergistic capacity of

disaster emergency response, and the proportion of those affected by disasters who are rescued rises. The
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robustness analysis shows that the scope of cooperation has a small effect on the number of rescued victims,
and the scope of search has a significant effect on the number of rescued victims and the total rescue time.
The sensitivity analysis shows that the ability of the dominant rescuer and the number of main rescuer both

have a critical value. Once these the critical values are exceeded, the rescue effect will tend to be

stabilized.
Keywords: urban flood disaster; emergency rescue;
rescue efficiency
=
0 3l B

UTAER , SRR AR AR T P 5K | ™ F R
M3 T 7K SC A 25358 X MK A [ R 1, 3Tl it
B I e AR R ST e R R
SUEHIRR R AT 2023 AE4xE [ 2RI E IAE ML, T
A 35 URIX S 2 M I R, 4 A Tt 5 e 3k st
5278.9 53 N IR AS [A) 2 BE 32 9, R B8 1= 2K i
309 A, k7 9 E O N U IR T % A is AT Y B
A SR T B e R SRR R — TR AR &R
G TR, AA RS R R R S
RpN I Z B B 2 BARRRAEY L FE R AR
IS, 22 TR R] A P ) A 1R BB R R SRR 5%
RS SR, AR e 3 T 14t 7 9 5 1) I
Rt Ab B R TR [ N A BT AE < WE AL Rl A
WNAE“T - 207 I B W 9, kb G5 — R 401
AL 521 Rz 32 0k 22 AL AR B v, 15 3
KIREARA A Atz ot 82 11k
] (4 A VDRI BON A RARSCRIC T . Bk, $E
N SR 2 AR ] 1) A WM R0 AR ORIk
204 iy % 5 A e ) S P

Xt N SR 22 F A B[] [ 8, [ P b2 2 0k
17 —31 5 i 5T, S 3 T4k 2 W45 43 At
JIEREE T LRI A VRS FR IS T I A 414
BVES R MR LT Wen %61 R FH R 40 81 J1 28 07 ik oy
B 7 3l R By 9 E T 2 AR X AT R HILE]
IR 6 Fh R R R Stk B, 28 REREE S
REMERBAI 2 AR I R A H R NI FE T
P 9 E N SRR 2 RPN B AL ik, B
ST A B IR E  EE T R T
BRI A N 2 U IR RO AESE , X E A B T TS
I | Je 350 B ) R 4 Jey P IR 3 b L 2 U R O
EDRISSI %" 5@ i Z 8 fe iR B IR T 2 59 E
EIIHLM 2 8] I 2R BALL 25120 )\ 28 e dA £f i
AL T Z BIRPMFEIPOR IR R . B AT, %R 2o
Z R L ]y e VERES 15 SR AE BRI /M 2 1

multi-agent cooperation; multi-agent theory;

AN RE AT AR IS RAE R, kD 3T it
PR E 5T 2 BA05 B L T
T, EFE BT TR E AT
IO R BRI 28 R B IR SE PR RR T 5t
2B RE ML SRt 1 AT DT L 07 K
S NN SRR I T MR £ 5 R R AR
P, A IERCR) A nl A5 PR G B DA D iy it
I IO o R R W B o R B ) B A
B NEI By & SEbE s i AR S S IR IS S R

1 ZFEEXRDH

e TR N R P AR v [ i o 25 A A
SR T - 207 FRPH B TR 9 F N 2B B
IRESTEN £32 B 2o V=¥ (¢ - SINER NS Sl
SCHRL 8,13 A3k L 87 35 N S fede 2 5 1R Al
VAW RITE S € NN SRR S € - L BB S €7
ERFH RBHA 4 K28 BURF ER M TR R
AR AR R L 2R AL T A0, 8 T 3
SRR A LA [ RN AR A T BUR
8, BB T A AR HOR — LR £ )
. ELAE U U B RS 7 421 3 B AL L 7
BN CERVESE SRR AR AP sE R ) g
W BT RARE R SE  Br RN B S
55N R Bl (B AT i B T BT R A AR R
VAVINIEE

4 REMRMVERSCRIE 1 s, E38HE
A HA 3 26 A 4 0F Y BT, HiAth 3 26 32
PR i) 32 RORCER T AR AT B A5, O B B 2 R A
SR ROTE 24 30 B A A I A
B BY Rtz AR e 7R S 5t 2 o 2 ) Rt AR
AR B I AT IR 55 S B, 2 A4S TE B ] S A BE TR
DHARATIIINZ AR E PR T AR —
7 1R Bt AL B I S I — T Az 3 TR
B B OIT: | 327 B R 32 ARl 1 R K A
NHAERFRRY . 4 REREHARRERS S T BA
N2 RARAT S, MR TR 55 X5 4, FEARCR N ]



& 6 1]

W5 T B O I S Rtk 19 2 FE A [ 0 - 167 -

FIAR BN EA RS

i  #%nm
Rt st

| ( e F T e e W i
|

| {_ 0 O aen !
ey

I
| g

A

E1 HaBEEEXHE

Fig.1 Relationship diagram of emergency

MR | |
|

response subjects

2 ZEEHEGEEE

2.1 ZFEZEIMENESR

iz 28 Re iR B X Rz 3 rh i S Ridg 3=
T 52 KBNS RIS T 2 F IR 2 &
A HEMERESE, Il 2 FirR . FEIZHEZR T A2 K
RGN 53 R A BRK B A 0 52 0 i B DX B
B 22 I IR 42 a5 DX SR 3 X8R, Rode 4K 3
FAHE T TR RN 3 2525 N S [ Y
SR S AR P AR, 32 038 TSR IRIAE FG 6y X 8
WISZ KRR, TEN QRT3 Rtk F AR 3Z2 K
H FAHAE T 52 RIAE N A B 5]

B2 SEEIEMMEER
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Fig.3 Simulation interaction mechanism between rescue subjects
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Fig.4 Simulation interaction mechanism between rescue subjects and disaster victims
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