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Abstract

With the rapid development of e-commerce live-streaming platforms, the deeply coupled business
paradigm of “content production, real-time interaction, and instant transaction” has significantly
improved user engagement and transaction conversion efficiency, while simultaneously amplifying
risks related to content safety and transaction compliance. Conventional centralized moderation ar-
chitectures face substantial challenges in such scenarios, including large latency fluctuations, high
bandwidth and computing costs, and broad exposure of sensitive data, especially under conditions
of massive concurrency, weak network connectivity, and increasingly stringent privacy and compli-
ance requirements. To address these issues, this paper proposes an end-edge-cloud collaborative
technical framework for multimodal real-time content moderation in e-commerce live streaming.
Building on the theoretical foundations of multimodal content moderation, edge computing collab-
oration, and lightweight model deployment, a streaming data model termed “StreamID-Segment-
Event” is constructed for continuous live-streaming scenarios. In addition, a hierarchical detection
framework consisting of “L1 fast filtering, L2 edge-side fine-grained detection, and L3 cloud-side
review” is designed. By integrating visual detection, audio recognition, text understanding, and cross-
modal consistency verification, the proposed framework enables real-time identification of risks
such as non-compliant content, false advertising, and misleading marketing. Meanwhile, an edge
inference optimization scheme based on knowledge distillation, quantization, heterogeneous accel-
eration, and elastic containerized deployment is developed to improve real-time performance, ac-
curacy, and scalability under resource-constrained conditions. At the engineering governance level,
a closed-loop governance mechanism is further established, covering security and compliance, au-
ditlogging, human-machine collaborative review, and online evaluation. Moreover, a KPI system
is constructed to comprehensively assess timeliness, accuracy, cost, and user experience. The re-
sults indicate that the proposed end-edge-cloud collaborative architecture can effectively reduce
end-to-end moderation latency and full-volume backhaul pressure. By balancing detection accuracy,
system cost, and governance compliance, it provides a technically feasible and practically valuable
solution for multimodal real-time content moderation on e-commerce live-streaming platforms.
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Processing, CEP)SEHL 2 S Al (tn “ OB ] i o + BN RIBBUR H bR H B ) IO SEITERS) s A 5] AAE 2Ry
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2.2. BEHE SR - 38 - &hE

K 1 HAL {5 b #E B0 2> (European Telecommunications Standards Institute, ETST)#2 H (1) £ 82 N il 2k i+ 5
(Multi-access Edge Computing, MEC) 3 TEH AL G e i1 5. fAif S8R 77, NIRE. SRS
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MRS5S Ra B, BT SAEMNGE . KT 5 AT FEaE P SR IEH[14]; —RZM
ISR s R, WAL R R F % R G BRI BE A R A TR SEE, I00F 7 “HI
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R E @ BRI, RE SRS fEZ AL HRE ) SR T 58 n @l . TN AE, Bz
CHRHESCR H AN R R LR ), CRFRISHLE .. e OAE. FISEMMEZ g RdE; ME s
VI7E B A B B 22 R R A IR RE WX S AR HEL A, SR, A, B S AR A 2 KT A A
RIBEBI B3 [15] [16].
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FERE - I IERLAE[17] [18]o S XA IS5, Dyt — D BRR T B IF T R e 1, TR LW 45 &l
5 RSEMTE R TURMER, Rk TR B E T M4 e m A il 5 XS T ek th rTBEL R I, FE
fic 5 B e PR PR B EIE R R A%, DUR IR “ RS & - Mk BER A% 170 IR HE B HRIE[19] [20] XAl
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NIER B RSS2 A R BIA R, ASOREEE S G4l 50N “ StreamID-Segment-Event” =75
4. Hrpr, Segment N[ E RS Be(flin 1~2 £0), A& MR 40T Be 50 R SCAE H; Event 3£
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s 2 BRI LI SR U N AL BE 51 8, SERE HUR & . SRR N 55 DL T R 20 i ib 7R
(Complex Event Processing, CEP)JIBCANA AT xfdwth ST BEFEA, AN Bk RG2S 00 2 v B
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HRMLRA[22]. B0, fEi - 4 - ZHEZEMTE, FERA CRRE EIRILSE . RIS i B AL SR
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AISE B, DL s A [0 A% R 1) 78 06 L5 Bl A 4 T A B R R

4. XERARGZE
4.1. FESESHMIESR

AICRA L1 PO JE-L2 R R-L3 R R A7 0 Z e L1 e S U DARE I 5 AR PR
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5 OCBEIEYE s L3 7E 2wty P FH KA Y/ 2 AT 25 A5 28 %o v XU v BB SR A I 26 1T A R AR A, [ ol S A% 512 [
FEINZ DB AR HE R 5 G [ 17] [18].
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A% T B RS E 215 % IR 5 (Automatic Speech Recognition, ASR). &4 il /AUR R IR 5 6 2
PEREINCAN R B 20, 75 50 RARAE) . AL AT R AR X ASR BICOC B ] nge A S LA IS S 3R 31,
FFUAE AR AN R “AEE X7 AR T, WIS BRI R &k [24].

44. BES—BMHSERERRA
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8 BT — SRS 29— BB HAEBE S e A5 Al I, 5 v WU S5 00T il R A% (251 -
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AL HE 2% (Graphics Processing Unit, GPU)/f# 4 ¥ 28 4b 3 ¥ 5 (Neural Processing Unit, NPU)I 25 mi_L k{7 =
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52. REAMSTHIT

WA T L A NGBS BURBHE A HE, LGRS N FERE T R B 4% S GE 507 M H], 5%
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Fit. sHTEH S SR E8[27].
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