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Abstract

In the process of logistics transportation, complex risk scenarios formed by the coupling of environ-
mental, equipment, and human risks have put forward higher requirements for the perception ca-
pability, response efficiency, and cost adaptability of safety supervision and risk early warning sys-
tems. Aiming at the problems faced by small and medium-sized logistics enterprises (SMEs) in safety
management, such as the limitations of traditional single-spectral video monitoring, cloud processing
delay, and high deployment and maintenance costs, this paper proposes a logistics safety risk early
warning mode (abbreviated as MIEC-EWS) and its system implementation scheme based on multi-
spectral imaging and edge computing. Taking economy, usability, and reliability as the core construc-
tion principles of the MIEC-EWS mode, the scheme enhances the risk target recognition capability
in complex environments while optimizing hardware costs through the fusion perception of visible
light and thermal infrared dual spectra; improves real-time response performance relying on edge-
side lightweight inference and the end-edge-cloud three-tier collaborative architecture; and adapts
to the cost control and operation and maintenance needs of SMEs by combining cloud-based SaaS
services and modular deployment solutions. Field simulation test verification shows that the MIEC-
EWS early warning system is significantly superior to the traditional single-spectral monitoring
scheme in terms of risk recognition accuracy and real-time performance in complex transportation
scenarios. Moreover, its hardware cost, deployment efficiency, and operation and maintenance
mode are all adapted to the actual needs of SMEs, providing a low-cost and high-reliability system-
level solution for the transportation safety supervision of small and medium-sized logistics enter-
prises.

Keywords

Dual-Spectral Video Monitoring, Edge Computing, Transportation Safety, Risk Early Warning,
Small and Medium-Sized Logistics Enterprises

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 5|8

Wi i i 22 4 A A O Aot ST I e v A% 288 KU 6 B I T AL RGBT % . AE WIS a4
B, RS EERIRAE YIS AR T P RE TR R A AR R, EEARE =3 B RS
BHRA ERBOL) W R R . SeRe ) AR O AR (U8 55 2 3 3 A1) . K28R
BB AT, TR T SRR 5, W is ki 22 e B IR Bh Ak 1] [2].

PR GEIR 2 T 81— AT WG (RO ) AL 42 28 GEAE JSE 0 W7 128 i 2 S i ) 4 22 s I g A 1 1)
ARR[3-[6]. —J7HH, ZRT B0 WICHAR VIR, RGN SR ST T R BE )RR T B
I fEFEE N COSE L 10° Tux BEUSEBRAS St ep, 90 B ) S B0 T R L 95 D' DX4sR ) s B
MATEK, MHEWERT 50 KIHZERTT, AT EHBRITHG, BRI, 1T NShEEREN
Bz H AR IR BHER R PR 60% AN, #ET 51 A R Bt e, ok R “ i iaRiE” « “iTA
R SRR O, DU LA RG] CATR AR - mim R AR E e gia, L
B it 2818 W 28 A i 28 25 o IR 5% 2 J5 FREAT OB AT, A2 SRS A 1 0 BRI SRR, MO
S R DL BT BRI 5T ) B AR G A AT TS BT R i R E R 2.0 &, X —fiEbRig

DOI: 10.12677/csa.2025.1510252 86 T LR 58


https://doi.org/10.12677/csa.2025.1510252
http://creativecommons.org/licenses/by/4.0/

RBR %

T JT/T 1242-2023 GBI Hi 25508 BE AU 128 08 R HEORINTE) KU FUE g B 3R < 500 ms”
ISR M RE 7], EmdiEfiz s, 2.0 A IEEE 2 LA S BT M 50 K, HfELL R iR #1 3T
TREC TR SREE, Joii AR s A . B2, PIisiii R 2 X 20 “IEE - W& - AN
ZHREMEME R 5 (URIR RS FEEIZ KRG + 230 REAE RS IR . B35 T E5H
I+ TRIE e RS A KL, T AL GBS M 4% R G BT B 4 B 1) RS 5 (o AR
PR EEHAE . “ O RL” B EB)EAT ISR, R = 0 22 KU DRl - DRI 14 ) 23 AT e T, 3 DASEZER
CRBE RS - FHOEERVEAG - S RIE T AR A, SRR E A RS R EA R 50%,
TeiFH 2 RN AL G TS i 2 A I R G IR TR R[] [8].

AR, 2R 5L G H R B RIS i A W 5 K T Ra ok T B8t
Her, Z0ail s A v WG IR AR AN S LB E R, AMUREER S . s e SR A B
TR ER RS H b 1 SO 5 I P R AR (U BT A ] 5 0 25 S PR AR AR ), SERESE I “PUBEan Ty + HMBEiE
e OB AN, KIEIS 58 T RGUE B RIS T I XU IR B PR (3] [9]-[11]: [RIR, 14 &kt B4l
AR MT3 HT + JRURS: R 10 ) S T BATE 55 R U 28 2 s B N 51 A, ksl 1 80% A_F IR AR A i
PR T TR N AR, #4575 5 CRER BB #EHI7E 300 ms LAP[12]-[14]. $RTfT, B0 FAT) 75 76 LA
NORBEI B R . — & 2 BRE BRI (FR P RS R ST AR . SRS A R
1)y ZFRADLGAT S GIR B BN U EE SR SO (BN 22 ZE A T SR BN PR B R A I 1) ), =T ) S Bris
s B RGBT (T U F N A B AR HIZ 4ERE D)

FEAE A TR A, W T HARBIRATE &5 X G BRI s N i 5, 75 R G0N FH it o T
I B8 22 SEBRIRHE[15] [16]o FERCAIES] b, AR Z AR &R G RIWEAE o6, w14 5000 7t
VAN ISP TR, ER B AEREVE T T, R A 2 5 B & TR R Lo A SRR, S8 26 4 302 A
Kk 3 RBA b 4Rk B, sz LHER N R, & b f5 4 & m S G S8 = i 78
BERr b, A RGN EFRIE S ) G s, LGRS N A R SRR A

BEXTIZ e HRAR, AR SCTHT 1) /NI A Y BRI S 75 3R, 8 A — ol T i) /N A2 £ M ) U e AR A B
b A A TR AR SQ(FHT AR : MIEC-EWS) X RGN 7 %« MIEC-EWS #ExQ DA 3EME . &) Bl 1t 5 AT S ik
VE Rz R ), 3@ T D 5 T LA RO 1 R SR T, TEARAG AR A AR R TR B, SRAK ST AR IR
A AR R RE 11; DR B EVEE A Gl , 4Gl - 1% - 2l = b [F) 1 B 4R S i
NVERE ;s ARFCALHAL BT R4k G WIS AT 4R . FE S R b N Al AR T R G 8 FE A T PR RRAS
B S A S S B ) R, e I N 2R B\ SERR IS i s R B E T A BRI A . ARSCH R B TT
BRUN R

1) AR BA O GG Bl A R 2 SR R L/ A8 LT A0 RO B A T 58 11, 7E CRE U B bR iR BE 7 1 1R]
B, AR RRAECIA 2061 I e B BRI, R ARG MR IE R

2) ¥y - W - mE R EITESER . BT R RN - D% - mimth A, s SS 2 S BT
VEANAEND, SR ZE B ZE B\ itk ST RS 308

3) G TR T % MESTEM L RGBTSR, E&TRIZKIIRE, IR, 2
F DB N LYY

RSCHLAGER e 1 S AR T ] A i TR AR AR @ SR ) S0 - 1 - = =R RIS, BEE
A AR O S B LR RN S B R A A DGR B A HERE S ST U L U - 1 - P EDEAS SR R
TR 23 SaaS HiRk55%5 MIEC-EWS JCHESEILE AR, 18 i Rt [l X rp /N Al 22 4511 36 41F MIEC-
EWS R4MISERL, a4 L.

DOI: 10.12677/csa.2025.1510252 87 THENUR S 5 R H


https://doi.org/10.12677/csa.2025.1510252

RBR %

2. MEERAREENS “ix -8 - &7 ZBihEZE&
2.1. EEHNDFEEIE MIEC-EWS FidE fEEn

EExprh Al “ B A R BORMES . BE RS Kby, MR 2. Y. TR =
RAZO SR, #)5E MIEC-EWS U R4 2 2 (1) T4 1),

Table 1. MIEC-EWS early warning scheme construction principles
% 1. MIEC-EWS FE R RN

Lo SR Zy R R ) REFEN
A0 S5

AL S fajfb & Wy BE RS

B BL D¥RAE Hibe 4
BTt

R 2 DYy RGHE

2.2. REUW=EhEmEREE T

MIEC-EWS T R4 KM “ui - 1 - =7 BE=ES A R 2% 1) [17].

1) s 2

BTG Sk (5 B A T AN £ =6 5M8): 7T HO6(200 /1183, 120 dB HDR, SR 4
5R), LT AN256 x 192 43 HER, £0.5°CIIEREE , —40°C~150°C BE B o SEALBEBRL: 77 IE 2} (BDS-3)/GPS
WL, ENAEE £ 1.5 KOFRHIER), HFRAMRMEFHAMU), BEESERIREE T R FRE S E
AEfE: 5G B H9 MHS000 (GZHF NSA/SA XU, V2X 5 Fr: (il 9150 C-V2X (PCS5 ELERMZE <
50ms, 7HiAE >500 K). PRAELEBE TGk ZRIOCHE = 6, T WOGHE Sk AT I Es oL, FA
BBk TR RSN, B AUOSHKA . IR RS S 5 KRG

SRR
Rk HARAH
WREAETE
A T
SR
S84 -~ /m
WH
T \ B /
A
BDS/GPS || #BinZ&E [ LRSS e smmE
AR /

Figure 1. Lightweight three-tier collaborative early warning architecture design
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Figure 2. Simulated test environment deployed at the park site
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Table 4. Manually set risks
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