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Abstract

Aiming at the problems of “data silos”, multimodal semantic gaps, and conflicts in “efficiency-safety”
dual-objective optimization in the integration of video surveillance data and business data in smart
logistics, this paper proposes an efficiency-safety dual-objective collaborative optimization system
design mode (ESCOS-DM) for the fusion of video and logistics business data. This mode constructs a
hierarchical architecture consisting of “perception layer, edge computing layer, cloud computing
layer, application service layer, and blockchain audit layer”, and realizes cross-layer collaboration
through a data interaction bus. It designs a cross-modal adaptation layer to solve the problems of
temporal-spatial alignment and feature normalization between video and business data, and adopts
multimodal attention mechanism and knowledge distillation technology to achieve in-depth fusion
of heterogeneous data. An improved NSGA-III algorithm is introduced to build a dual-objective op-
timization engine, which dynamically balances the efficiency objective (minimizing task delay) and
the safety objective (maximizing risk identification rate), while ensuring data credibility through
the blockchain audit layer. Simulation test results show that the system effectively improves logis-
tics operation efficiency and safety management level in cold chain transportation scenarios, veri-
fying the effectiveness of ESCOS-DM in solving “efficiency-safety” conflicts and enhancing the com-
prehensive performance of logistics systems. This provides a new technical design pattern for mul-
timodal data fusion and dual-objective collaborative optimization in smart logistics.
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Figure 1. Overall framework design
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(Open Network Video Interface Forum)#pis PL 25~30 fps HIIEF KA, &5 $daid Apache Kafka 78 E.BA
Y SERSFE 4, B A AR Al A 45 BB WebSocket HEi% 25 20t 32 £ [10]-[12].

(1) JB%H1)Z(Perception Layer). & AR AL FF RTSP/ONVIF #iX ) IPC $1% 5k, 25~30 fps, H.265
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Figure 2. Task allocation in edge computing layer
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(5) XPikH i1 J=(Blockehain Audit Layer). SCHIADRESE 2 RA2 B EH, RO, iR
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Figure 3. Data flow example for on-chain certification
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(6) FHEAZ H 828 (Data Interaction Bus). &EEINGINHZ . mimih 52 58 H RS Z s 5dE
EIE, MR I 2 TS MR UURRAE . S B . o H )T SR L A% R 5 AR 5
EORRE, I EEEE NS (TLS 1.3) 50056 R BENLH o SR FH 241 5 o2k 10 25 A& %1 i TLS 1.3 (Transport
Layer Security version 1.3)¥% 11, F TR Fem 25 5 2 4. % 1 51 7 #dE 58 H 4 (Data Interaction Bus)
HI R BHAR B

Table 1. Technical design of data interaction bus
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=i — B B REST/WebSocket S R FHE >1kQPS
CiRap b ] Hyperledger Fabric 2.5 A 5 HHE (<500 B/4K) & —E
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Figure 4. Data flow diagram for fusion and decision-making
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(1) %N JZ(Input Layer). KA ERIEMANE B bRt . FRAESE B TRACEE, A4 AR AURRAIE F) 2
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e

(2) BRI IERLJZE (Cross-Modal Adaptation Layer)o %0 B RE &K SR RFAE (RS 2048 4ENIL 55 32 4E)
MO RS B S YEFERMIE (R — 256 4E), SBId I 7 XS 55« KRR — A R 4505 I 2% 250805 () i) e 5 4
PEZE R

O B FRFFEE . SR 2RSS R % (Constrained DTW), H HARRECA -

= argmin”( 3 D, (sl.,tj)+/1R(ﬂ)] (1)
(i,j)e;r

SEHLRHR(25~30 fps) WAL S S ARA(1~5 Hzplk 55 S T IS Rl [RE, b B IRERES D, (-) W&
WA, BELHRIR(7)(A=0.3) (REEV AR R 7 A M
@ FFEA— A, 3@ #0UH — 1K (Quantile Normalization) s 55 ¥ RFE Gt — S A [F) &40

X' =F;"(Fy(x)) 2)

Hoh FOREAS BRUME RS, F B AL ER 3, @ DCECRREE S o A R, T BRI M 5%
AR RE 25 .

(3) #dERk4 JZ (Data Fusion Layer) . 11 2 B A7E 2 JIHLHI B2 CBAA-5 Mk 55 R 1E, 454 RN 2%
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O ZRAEE Y. KA AW - 8558 B (Query-Key-Value) 1 H FE A H :
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L=al,,+ (1 - a) Lsin “4)

o, ESENEREN o, L, XA KL SUEEEZTSZEB A ZER . SRR E SR %
T[] B B A SRR AR B L, AL S EORAEL) 15.0 MB, & T U2 % &85
(4) B % )2 (Decision Output Layer). $2U8 256 445 —FRAE X E = ABCESE R, il i gk NSGA-
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Figure 5. Simulation test workflow
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H%% AL RN ERE: TIKLLURM + 802.11ac WiFi, 21 TOPS # /(5:8b 21 FALUIEHE), S
M2 BRGRmAN, 15 W RITRERIHHGES G EAKIZE AGY &%), BHISFERER0
W/15 W/20 W =#4 [ i,
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N), FFH. 265 Tlgnis . BAEWALEE: 121714% - minBdE s, ARHEAFRGE 10 2B A B
(TERE 7).

(3) muilk5#(16 % CPU/32 GB NAF). ZARIG: HATEATWAFIEIE I (OpenCV + Dask) 547
T EHE <L T (Apache Spark). A7/ AC: FUIALEE 12 GB, #3516 GB, F4& 4GB RA % . %
IR HE AT S PAT IR (U Intel SGX),  HHR I BUEL(GPU hnik, AL >1 TB//IMA).

3.3. B E R

BRI R G REMNRSE R T 37 2. A BEIZIRCR - 24X B bW R AR AL BRI 45 5 51
T3 3. MARFEH, RGELH T HE - 22X BRI, $UET ESCOS-DM il =& 54
Wbk

Table 2. System performance test results
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I FE AR ik S i IR 55 A B R
AT 2 4E IR 50 ms/ i N/A WHFHG <200 ms
YR A N/A 50 K /) WAl 80 K £k/HD
I TE4 15% CPU (5 8% CPU /i BARIEIRIGIN <10%
S AL A 92% (A B AY) 97% (4R HBi7Y) Li4 98% (BRIRF D)

Table 3. Dual-objective optimization test results for cold chain efficiency-safety
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