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Abstract : Addressing practical bottlenecks—such as delayed response in the dispatching of firefighting and
rescue equipment, resource misallocation, and failure of dynamic coordination—under complex
disaster scenarios (e.g., fires in high-rise buildings, underground space collapses, hazardous chemical
leaks combined with sudden meteorological changes)—this study proposes and empirically validates
a practical dispatching system based on a framework integrating multi-source heterogeneous sensing,
intelligent decision—-making, and a closed-loop feedback mechanism. By integrating edge computing
terminals, a three—dimensional disaster digital twin, and a lightweight multi-objective optimization
algorithm, the system reduces the average equipment deployment time by 37.2% in real-world
exercise scenarios, increases the accuracy of critical equipment matching to 94.6%, and reduces the
latency for generating cross—departmental task coordination instructions to less than 1.8 seconds.
The study further reveals the nonlinear threshold effect of communication bandwidth fluctuations and
the disaster evolution rate on system dispatching robustness, providing a reusable methodological
framework and an actionable engineering implementation pathway for the intelligent management of
emergency equipment.

Keywords : intelligent dispatching; disaster response; equipment management; digital twin

—. DISEHkER: ERRERRNEFAENEEMNE
E7

ST IR BRGE IE AT T ARG (A 5 52 R B R P 2R i R BE Y
JREE ., R, TS EEE 2 RS AR AT
B SRR HUAIN FRETE TS IRTEERER S EAL
T, REESMAFREGEIT 66%; B ilams=T, 2
WS B NEERE & ek T R e, TBUVA IR A
MARE Ry de/NC. = eIt SRR R A G 2200 = FE AR I 2
KERE ., YORRE SEIAE M =AM R G SeRE

(—) EARER: MBESCRENEDBR

DA H TR B EEARICHE R T A = E R W =
—, SLNRHIRLERETTES, SRR SRR AR 2 Y
JME T CHIRIAE,; H, shZ WA Sh &L A e FAIAL

i, TCIEAEEE IR, WA KSR MED N LB ESS -
YRR — BRSO H=, AN AR S LR RO S
TR, MEDASHEE T A I 1 AR & U R AT 5 T T
ER A G R gl . R sk SRR G R AE R T
T LR 5 5 TR Z R A AT 2

(=) AERARE i 5%l saik

ARG R 2 TS A TR B R A 8 E 1 ST
PEIEN, FRE—FP L R - PSR - ST I Z P ER
RO, IEA RS ISR A, SR SRR AL
TIEhSRG . ES ISR RIS, DU R
SERELAA G ATt FEIEERL 1, WIRRE S R
(Rugpus )+ I ( Topome ) SUCFCHE (Mg ) Z KA EALTT (A6
M, RGN SR, SAEE S T ERTE
SRt

Copyright © This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License | 043



T72RlE | ENGINEERING SCIENCE

—. XgRk

(—) REFREENRTRRE

GTE RS AR T P e S KU P i Oy 22 RUPRE Bl AR T
o W ViR, HBHEIEL SR =BG 7204 -
J - SRR S R L RIS AR MBS A
HRE S8 = S TR SCBU RS AL AT 15 GoU e I SR A
PRV Z RAEAT:, CAhmE e R RS PR g A L
Wo MR T HIRR KT8 B 9L S —— ANESHR
EREVME, R L RN RSO, AR
B TSR FE ) 22 MBI AR 15 A PR A

RN TR
HWaia
P UPE S LEMV )
313 ¥EK f&itk
N E ek
SR

1. ERRENEZ RERIRSIBIER

(Z) HREREEEENERMES N

SRR TT AR L T 5 B e U Rt 5 g mT e
M, (BT A B PR S AR UG, XEDA K H I
GBI R R 5 SR S ST eI S ) 3 SR O R R T S
WA, HIRBAEESEOEZEATRY], AXARRAHZ
ERESHgE; 2 BRR I RILENIT =N B RSN, el
N5 REME B2 IRAEE T R R Stk (HUSErt S e
R AR B U A0 T A5 9 5 PSR . = 2807 SRR S
P, AR S AR A RE S A M R = A B G R, 7T
B R e A RS A b

(=) BFFEIEHEG TR

U HITAL T 2R A A B AT 1 0 AP e A A ol . 222k
PRF R R (T AL R, TIXT 2 AR S RE ST N T™
HONAL s AR UTRS BRI I RIS I R HE IR 2005 3
HER A P ME R =R BB, HARARESE 76T 5k = T 5194 By
RERFBIVETE LA EASAEDR, S SLIR S RE AU MR  [F] TC
HESZATRRAE, AIRAT . PR BIHOSDER K R, XA “EIR R
AE” rOEBhEE, MR RGME DS IEE K E B T 255
TR B S PR A R sk

=. MRERE

(—) REEHREIGT
AW H— R AICE BN 2 - i - I =

R, s 2PrR, HABZR IR RE, Wi E ey
SR R R P G 1) 43 E P sieals. ZHDREEERIHE . 2 A
PRUCAE SR fip e S8 i R R PR AA IR, SUBRLES YR T SR 200 e 5
B DS TR B B L ST | B, Slisk
INECa R . RS AT A N B, SR g
BASR; 200 & AURARR AR / UK /IMU 2 Il il i 4
TG, AR ERIE O M 5G-Uu+NR-V2X BB E S, #ift
ZRR IS G516 HIK . R GURE T SCYIRE R a 4
VBRI BN I — S a5 kA" SKah 5%
TR, “YomfrE s s T SEIIRIE A" PREE S
IR ZAUATETH R TS NS S B AT T = (A
I BFCI T, sl &I E Tst T 2 T R A T BRIl
RGMHERERR ",

Feul
RAGAHRE
£ EARRACRIES
e IR

RAFTRATUN - & Fookhh
¥, 3

N

MR &R
SKERURTR IR
FEPSH R
SR AL

NGAIBER R AR

Kiplv BRS8N - hik
EAXEA

\

iR A
PR/ SIAIMUZ A 25 Rl
BT
reREEKED
5G-Uu+NR-V2XUAEB {51
S

HKinkie L%

2. LHRER G =ENEE0E

(Z) BLE%: BRNSAERNRELSBiRHK

AR T s S AR R R L BAsi s, s
fAlvfy Pareto FVA BTI 5 VEZN NI B TR A& SR AL . 1ML A
FEATFEA S () R A AR B, F 4R B I R — &R
1285 WP BL T IR, B KR el 128,
st 7 R G 548 T/ INFT N P B 5 Pareto BTV EALRPEMEEL 1%
24, FFREE T SHaE R LRERCE; YFMTIRE B
0.03, % 200415 ELIGIE R 7E 92% 5t R4l 171k H. B kR %L
FEMET 1.7%. VAT IEE 1, SEUCR ARG Sk kT

044 | Copyright © This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



510 FURMBTE KN, FECRIE Pareto SeUMEERTIE T, HK
E RV SRR B P I AE 800ms PN, AL SERR T RPN . 4
BRLATR" (TSR

# 1 BRSO ER

SHAT | A5 | W | BEE L S

N
SINALAR L

I 125 | et sk, i)
BKAE S | SAAT RS R

50 T I
Pareto i1 TERIESFE | S B
IR o4 | HEEHERA | RS ANUBRRA A
AL TR | SR, R
TR | 5200 SRR D,
St (o5 | PREHGES | FURE, w709 LT
R4 O3 | g AR | ST, B R
PERR | BRI LT

(=) LRSS HIBRERR

SIS LIRS AT E G B ROz R | gt A e, TT
B FMS s miat, Eim BAsAok .. ek Ehe %t
RMTG JeRF 5, A RIS e LS N R L2 7] P SEite
[ RAESEES NS B . 4T Bz e 37 T2 20 TR A% SR AR S L R0
MR 12.7TB. 508 b T G R A M 5 23 A O 2
B OVRAME HOLE 2, Hir, SO1 75 8ils 2 B 5K B
T, XR7 28 Z 0T Hhs4ite 5 12 2 B b 2 102 R b, &
B RAFEMIEE A SRR A SR 1 A G EN (LE
By SO4 375 AR BRE I HR AT 2 AR, SR F SR et
A5 450m HEERRRTERE, AU 1 BRRPLEEA. 2 A PIRTE
N AEILE PRI, S A — I ZS EE e,
FAAEAMET 100Hz, EADRE T 0.3m, BRI B ok i
PR — (i — ST (R G S 57

% 2. SR BT TR R

| e o | TR s 2 o
e RFELRER i TR
S 28EBY it | 2 BAEMENE . 3R RS
sor | f;ﬂffm g, B | SRR TSGR
JZAFE 122 E i
ﬂﬁ%ﬁ%&iwﬁ i{ﬁm&ﬁ 1 EHARMIEEA . 2 BT
I £ 450m

i
}

. SERufER

(—) AERBMERANR

WE 3R, REAGHEEBLSMAIFE S (S0 -S07)
RS SIS A SR BN I R (1 o L s, BRI (E R 142.6 7,
KRAGAVIMEFEZ IR, MIRFFEIEIL37.2%, &iHR N
N S 1196 1 A T 531 B 2R 66.5F) 2 ], M A1 2 4 45 T
36.8% - 40.1%, KW EEHEGRIZIEET . RN,
18 SO4 5 LR TR 5o, KRG 8.7% MHERE K, T2
WAL IS N Bk +12.4%, (Y& I 5
SENSFS (FANEIRTRE . A X EUZH A 22 4 U ¢ AR 4648,

H#R & Cohen” s d > 1.8, UESHEFHA G450 BNE 3%
o ZHSRUE SRV T 2 IR A S A RS eI . B SR
FRI T 7 AR A 5 210 AP LAY, DARG S F- 248 &40 RS
B A 52 91.3%.

— (AR
—_— kKRG

YR ()
®
g

o

B i B <> o o
WS RS

3. FAREG S FE IR ERI L,

(=) #ECERERRSSEM

SLUGEERRN], REEL QRIS 5T R R
SEAAYIREICECRE ST, BEORETIRINE T 94.6%, W& 47K, 8
98 5 UG A R A e R AR e PR R C 2R 2 S
B (1K T 12.5 Mbps F, W6 3 M 89.1% & %89 %2 82.3% (5.0
Mbps) , SIFEHH TGS TAE12.5 Mbps LA EIXA,
AHEISO R, FrEEUE AT T 93.7% - 94.6% IX
(Ao 240 R A SO i oty S e, HE s T LT
IR, TR SR S R REU A IO, SEGE R
WTERIC I e FEA BE A IRTS A, BB 5 R T RE ML R, [
PSR, 12,5 Mbps IS E/ME, TR GERE
. ZHP IS AT IR & R ISR S R AR, 2
SINTIER, UCHCTT 2 EEA MRRRE | IELRFEM AT
BB M R AR

BESRSLAERELR

94

92

84

82

®

EY

<%

\‘0' ® '
SERHEETR (Mbps)

ISR

4. WIS IRAINI e LA RIS S
(=) EBENIhRES ERINE
E SPR, ZITE 1 A R oA S e 1Y
IEZRERE, SCIED B, bRz B, FIEXAL6 - 2084
[L68.3%, Wl F GEAEsh AR IR ST 5 B P B R T R
wIR G, ZEMER (<1L.0F)) SR g P 647 55 (1 I I

Copyright © This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License | 045



T72RlE | ENGINEERING SCIENCE

REREST, AR (>3.0%0) (L5 3.2%, FEEHE THEHEE S
TREEHUEI R, RESWLEEZ SRR, % 3H—Hm,
RIEG—5298.2%., I 7 % G FL 2 96.7% 1 Ve U o 58 i e 26
100.0% SRR L — N7 — IR =4E— Sk iR R, Hp
FEVRIT SEHURERIE IR BT BIME,  BDUEA S A AR Fk
R, AR TR HE T 37 8RR & AL piHER), KRGk
21 s, HAAa S AEm P — By — LRHGR =i A3 lH
HROREREN R, R AR E RSN 2 Ak L AR T AT
RAIE S P B
% 3. SR R LB AR

BERE: fabraE L SEME | AFREME
i =Je A A B —
LIS 5% A > b
RiEG—= S 98.2% = 95%
- TSP TIE KRR B I
N B I A 32 A >93%
BB AR AL 96.7% = 93%
st e | 30O ARSEE RO -
R RliE SRS [ 100.0% = 98%
{ESEREERD
1404
1201
1004
g 801
g
E 60 1
wl
201
0- T r T
N N v ) b 9
ESERITE (1)

5. BRI EIESERIBRD HESE

243k

R, itie

(—) BSMHRARAERET: AR EREE BT

M I T i 5 2 (2 S E LA A B R T 1
TOIREN T, HS s Sl HER A HR TR 63.5%, &
MR FET R G S AL UE A AR, R
GEMEREIR T RIS P57 288 R — PR R ) I 254 52
#,ORIET RIS IS RIS R S K F =
REZF e

(Z) iR ERENIFLERENSRRETERT

SCIEZRNT, 12.5 Mbps i FHEHARICLBESE, Mk
R TR G 268 TR ok FES) SR & IR B s 29182
RS A IR AT RS, P SHE P A2 ERE 2 9.8 Mbps,
BERTIEE I EREE T A et

. Eig

Sk

ARG, ZUUEHITL &SI BHMERT T YU R T A
FEREE TR I S R B RS A B 2 H AR ST
AELRE Pareto HITMFSTRATFIN, R RIGER A S,
LSS 23

A Z GO AE 3 GUH D RUR N SE AR AL TR, S8
20234 NI BEHG B A7 3l 2 4 ] L AR B R AR T 31.4%, B
IEHAUSEALHE ). SLBRE, ARG A R AR 1%
BEIIE, (IR R A S UCRCRE I, SRR AR T R
55— BRI AN, NEARRE ST RS R A R B R
THEEH . YRR

ARIFE R AR S 2L AR RS, 14
HER IS PFE R PR TS EE AR EEUR ;. IR KRS
PRRAEAR GO R e i ST FP A, SR
W, BB IAR R BRI AR T, SR PIRIATER,

[ BB S5, Lyl , 00, P BRI . T ) 3 L 7 (Y B 9 T SR R 7 (0], HLBRR 2 —— e I BOA274 2023, 48(5): 1875.

[20 2505 . A HER G AR AR M (1), AARRIARFSE 2025,2(2): 1.

[31 82, bk, TR0, ABEEAR , PR, JREE , XM , BUTBL HLER S TR e SRR P B 5 A a4 (0], HUBRR 7 —— P I B2 2023, 48(5): 1657,

[4] Bk R
% ,2023,48(5):1923.

[5] ZERE . HBIRI¥ P o O T IR Pt S BUATFSE 1), ST i SRR, 2024, 1(3): 143,

(6] K . A AT AR AR (1), ARSI | 2024,6(9):88 - 90.

B R, B0, B AR BT TR 460 B AT SR 3 U 5 0 5 (1) MR B2 —— th R Tk 2

[7) FhaEeE | WK, R, AR . AT SR F A ST I R A LR (). JUBTRITTS S BT, 2024, 3(6): 46 - 48.

18] BEIEAR . 1R B R AT BB 30T (0. AR ARSI L2024, 7(2): 82 - 84.

(O] M, ABH, TR . M =D RORTE R I BE I P TGS ). TR TR | 2024,3(15):4 - 6.
[10) #HT | R IE . BT GIS WS i 9 MU AR S SR IR (). SRR TS5 , 2024, 5(22):7 - 9.
X5, #0edE , i, XIMZ , T A0, RARIT . ET AIE RIS AR RS AT s ()], Jesradi ,2024,44(18): 1828001,

2] Pt | 55 . T ACHEIHRAOTse e MR E (7). TR A ,2024,3(9):73 - 75.

046 | Copyright © This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



	复杂灾害环境消防救援装备实战调度系统研究

