rE TR

DOI 10.15302/J-SSCAE-2026.05.004

Hlas N SR E I RE & RedliESe VAL &

PRIGEZL "2, WIS, SR, TR, s

(. R RF R R, K 410083; 2. WIVLSEIG s, Kb 410083; 3. Wi Lk A LA e 58 A%k, K 410205

FE: BReHIGEIE NIRRT e 4 Ty HESHET R R I RS 284,  IETEZ D B 28 Ab1a) 2 e b gk i U
B WA NEREHREH TE & LRERS NSRRI R, TN REHE RGN AL XS 172 55 1A DL AR B 176 5K
PR B IR A SRR AT . A SCAE IR A8 N R R AR BN GIE 4 72 R MR RIVIR . BLSah ., #ig ik
FsEaE E, MMESPATE . hRER RS A= iRl TR E BRASEE B R, ST T ALAS NG R H T ae 2 5E il
GV EAHLE]; MR 7oA RBE R . BRI ) SO AR P2 4 SR ML A N AR TR i O e 2 e i) 3 v = Y 1y il 7Y
M, PR T R ECERL EHE R T SRR, 2 T A NEREHIRER EHIETSE. REE. MEEN
RIBBRAE, WHAR (RS E. seiftk. al5Em) . 7ol GevE. B, 224D, gLt (BEARMA . RGER. AR
PAT) ZTALE AL N SR R e 2 e ) 1 v U BT I B AR R BRAR, P XHPEHIER B T OB R AR BOG . P AR Sk
RIS 5] RS T T R R . A AH B T HESIHL 2 NSRRI S5 RE G A A, v Re ity U B PR AL T 2R
fif R 5 B S

KRR REEhIE; MLESA SRR JuRELAL AR

FESHES: TPI8 XHEkFRINES: A

Robot Cluster Control Empowers the Paradigm
Transformation of Intelligent Manufacturing

Chen Xiaohong "?, Ming Hewen ", Zhang Yuhang "*, Zhou Xinmin*", Zhou Zhifang'

(1. Business School, Central South University, Changsha 410083, China; 2. Xiangjiang Laboratory, Changsha 410083, China;
3. School of Artificial Intelligence and Robotics, Hunan University of Technology and Business, Changsha 410205, China)

Abstract: As a strategic initiative to enhance industrial competitiveness and drive high-quality economic development, intelligent
manufacturing is currently undergoing a paradigm transformation from digitalization and networking to full intelligence. Robot cluster
control, as a key enabling technology for complex engineering systems, offers novel theoretical perspectives and technological
pathways for reconfiguring the organizational form and operational logic of intelligent manufacturing systems and for facilitating the
associated paradigm transformation. Building upon an elucidation of the current status, practical drivers, and theoretical foundations
underlying the integration of robot cluster control into manufacturing production systems, this study analyses the reconfiguration
mechanism by which robot cluster control empowers the paradigm transformation of intelligent manufacturing, along four dimensions:
task execution logic, collaborative decision-making structure, production scheduling mode, and resource allocation path. It further
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identifies three typical application modes (i.e., distributed assembly, unmanned collaborative factory, and dynamic production network)
and examines the practical case of Zoomlion’s intelligent factory for shared manufacturing, thereby illustrating the evolutionary
changes at the task, system, and network levels driven by robot cluster control. The study also summarizes the future challenges

confronting this paradigm transformation from technological (collaborative algorithms, real-time performance, reliability), industrial
(standards, ecosystem, security), and strategic-implementation (technology supply, system integration, organizational execution)
perspectives, and proposes targeted recommendations encompassing key technological breakthroughs, industrial ecosystem optimization,

and strengthened strategic guidance. The findings contribute to deepening the integration of robot cluster control with intelligent
manufacturing, and provide both theoretical interpretation and application-oriented support for the paradigm transformation of intelligent

manufacturing systems.

Keywords: intelligent manufacturing; robots; cluster control; paradigm transformation; collaborative control; distributed computation
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