BRI\ TFI LK 2025 4F

1 REHE RS E T A 5B R
DHEAEHERFIERGHKDIETEREWEFTEMR
3 T
it & M R B
FEHE 5k AV, AFESLE O OBEEMR, B e
(1. BHKF T HEARBREEDRBIRARLASEL R 510070, Rk :2. B AF FhAyE5IHEF12,519070,7 &
%3 ERMRFE HHERESA IAERIL,519070, ) RekiE 4 BHRFE FFEE,510632, 7 R M5 BB KFE KR

524 IAFZ FEMFMTEE 6. ABRIRF TLEZFRAIRE FEFAFTHE 7. FAEI RS £A#MEFTLIL, &
BAE AT B )

WEILIKRLRET,ITERA S REZLLHEEAH RG> AXERFRNERAT, ALV HENEKXENNS R
KAHHRTHAFEE LR HEHRFTIE"OERHFRME, BERAANTRLERTE. AALEMKRIL. A E T EEE
FPERBOER , FEMNEF T AR EAANGARL AL R AR ELERRETEF RGO I L4 00HF X ERF K ER
RWBEANEREREME T EHARERE. AR ANBEEH TREMN  FEEMN A ZaREZTEOHZERAAKRHORMKZR
ER, M TR RXERTRANLEZAAME S EARLARK, QLB IR BEHENRNLRE FHATHRLI TEAAEN/E
BLE KRN IFFE/RAEENIIFEST S KNIFRPEEARENEEETRER FHAEERER BRI IEE. S RIL
ANAETOALESNKEARR AT AL HNERT AKX ER TN ERRARAEBEER T FOA TR, B, KT T Ak
H— SRR I L EHESAXEREFTRINER AT T ENZE  EMEFTENER2T0, A FRFERAEHFENR
AR AT A Tk,

KR T4 0 T ERM FAEME LA HERAARE ST

h & 42 TH166 kAR SR A NERS  xxxx-xxxx(XXXX)XX - 0001 - 23

o& o6

Synchronization Architectures and Methods for Distributed Flexible Smart Manufacturing

Systems: Research Progress and Prospects
LI Mingxing"”®, ZHANG Kai"**, SU Yifen*, QU Ting"*’, ZHONG Ray Y.’, HUANG George Q.*’

(1. Guangdong International Cooperation Base of Science and Technology for GBA Smart Logistics, Jinan University, Zhuhai
519070, China;2. School of Intelligent Systems Science and Engineering, Jinan University, Zhuhai 519070, China;3. Institute of
Physical Internet, Jinan University, Zhuhai 519070, China;4. School of Management, Jinan University, Guangzhou 510632,
China;5. Department of Data and Systems Engineering, The University of Hong Kong, Hong Kong, China;6. Department of In-
dustrial and Systems Engineering, the Hong Kong Polytechnic University, Hong Kong, China;7. Research Institute for Advanced
Manufacturing, The Hong Kong Polytechnic University, Hong Kong, China)

Abstract: The coordinated management and control are a critical scientific challenge in Distributed Flexible Smart Manufacturing
Systems (DFSMS) in the context of industrial internet. These systems, formed by order-driven cross-enterprise intelligent manufac-
turing units, operating under the concurrency of external stochastic demands and internal multi-source disturbances that hinder dy-
namic coordination among heterogeneous units. Extensive research has been done by focusing on three core challenges: intelligent
system integration, self-organizing structural optimization, and adaptive operational control. This paper systematically reviews and
synthesizes recent advancements in synchronization architectures and methodologies for Industry 4.0 DFSMS, including: (1) Syn-
chronization architectures, examined through informational, resource-oriented, and management perspectives; (2) Synchronized
manufacturing system configuration methods, encompassing cross-entity multi-level structural optimization, reconfiguration under
uncertainties, and resource/structural capability assessment; and (3) Synchronized operations management and control methods, in-
cluding multi-process, multi-unit coordination, system state perception with disturbance analysis, and adaptive decision-making un-
der multi-source disturbances. Moreover, future research directions are discussed for theoretical, architectural, and methodological
extensions to advance synchronization in industrial internet-based DFSMS. This comprehensive review establishes new paradigms
and critical insights for intelligent manufacturing system science and collaborative management.
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Fig. 1 Distributed Flexible Smart Manufacturing Systems (DFSMS) under industrial internet
environments
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Fig. 3 Theoretical framework for synchronization of smart manufacturing systems
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Fig. 4 “Information-Resource-Management” integrated Architecture for Synchronization
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