EERRECE R BOE % e B o R Vol.35 No. 10
2025410 A China  Safety Science Journal Oct. 2025

RS RS RIS, BT OS, AF. W SR 48 S3DA2 HESR S N S AT AR AE MO R BEBOR [T]. P E R Rk o R, 2025,
35(10) :205-212.

#E 5| A#&3X: CHEN Tao, ZHANG Hui, HUANG Lida, et al. S3DA2 framework for emergency command system and key technologies of
emergency digital twin battlefield [ J]. China Safety Science Journal, 2025, 35(10) ; 205-212.

NaiEE DA IERENAYMFETFE
R IA R EIRA

M E man, K AR Teacan, AWk mesii,
H BB e, ENT e
(1 k¥ ZAR¥%¥E, LE 100084;2 b E K 2R BB AR ANE,LE 100094)

PEHES X959 NEFrSig: A DOI: 10. 16265/j. cnki. issn1003—3033. 2025. 10. 1646
BPRE : PETRRKBHRSZERE (2023-JB-08) ; + =AERESHLITIITE (2018YFC0823706) ,
[ E] NHARENARERBREIATEENERARE BBEEHREMT R SERLELRE
FEMARE—BRMERMEERFEEBRARLA, BB 4 ER(RE2REF O AFHED KE
AR REAZHEE) -5 PR & BEW X K AToh) BAEAR ok — P H 3 R R - -
HX| - K173 (S3DA2) HEZR B B, S B H R AR AR J AR AR L FikAeg, e m
ARFEEB"BAGBE, B L RAFERES FALEHE REHE/ ALE &Afﬁ}ﬁnyaﬁ
RRRANE VL 2024 SR EH A MR Tk 0 FH N B R, F AR EZE -2 ERREEN
BUENPEG RS ENF AN EEBRF T, FRENA, W%?*M%M%H&m%#%w 10 % VA
WO EEEKE 82 h 54 E S2h, A HFRTMA 5.9 x 10" m®, 5 EMER %,
[X$ER] mAHEE;, BRE-EIU-FX-RK-1T5 (S3DA2) R, HFFERKE;, XEH
Ay 4ERER, S PREA

S3DA2 framework for emergency command system and

key technologies of emergency digital twin battlefield

CHEN Tao', ZHANG Hui’, HUANG Lida', TIAN Ranran’, YAN Xiaoli’
(1 School of Safety Science, Tsinghua University, Beijing 100084, China;
2 Beijing Global Safety Technology Co. , Ltd. , Beijing 100094, China)

Abstract; To remedy the fragmented command tiers, a weak data-to-decision link and poor dynamic
adaptability, which have long limited the effectiveness of China “s emergency-response system, an
integrated framework based on digital-twin technology was investigated. A generic four-tier, five-step
model—comprising an emergency-command center, on-site command post, rescue teams and individual
rescuers, together with the steps Sense, Simulate, Strategize, Decide and Act—was established and
extended to the S3DA2 framework. A cost-minimization formula for optimal decision making was derived.

Building on this framework, an emergency digital-twin battlefield technology system was established,
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encompassing multi-source data fusion, twin modelling, fluid-solid-coupled/artificial intelligence hybrid

simulation and multi-objective decision optimization. A fluid-solid coupling, multi-agent rescue simulator

was developed and validated with the 2024 Tuanzhou Dyke breach on Dongting Lake, enabling a real-time

closed loop between the physical scene and its virtual replica. Results show that breach-width predictions

deviate by less than 10%, total sealing time is reduced from 82 h to 52 h, and the estimated rock-fill

demand of 5.9 x 10* m® matches field measurements.

Keywords: emergency command;

twin battlefield; key technologies ;
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