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ABSTRACT

With the recent transformation of the garment manufacturing industry toward the "small-batch
and quick-response" model, sewing workshops have evolved into a multi-component parallel
production mode with convergent final assembly. In actual production, dynamic disturbances such as
worker proficiency variability, random equipment failures, and unexpected process deviations cause
the production takt times of different sub-lines to decouple. This leads to "incomplete kits" at
convergence points, triggering work-in-process (WIP) accumulation and assembly downtime that
severely constrain overall production efficiency. To address these issues, this thesis presents a study
on loT-based monitoring, dynamic prediction, and parallel collaborative scheduling for sewing
workshops oriented toward multi-component kitting.

To resolve the problems of heterogeneous equipment and data silos in sewing workshops, a
"Cloud-Edge-End" IoT remote monitoring system is designed and implemented. An anti-interference
edge gateway with dual-band Wi-Fi modules enables high-rate real-time data acquisition from multi-
brand sewing machines. A breakpoint resume mechanism based on the Message Queuing Telemetry
Transport (MQTT) protocol and a static Modbus register mapping mechanism ensure data
transmission integrity and real-time performance. A Web-based dashboard and mobile APP realize
digital mapping of production factors, providing a data foundation for subsequent kitting analysis and
scheduling decisions.

Addressing the inability of static working-hour models to capture real-time worker proficiency
variations and predict kitting risks accurately, a dynamic prediction method for workshop production
status based on digital twin technology is proposed. A Dynamic Data-driven Twin (DDT) model is
constructed using a sliding time window mechanism, which utilizes real-time takt data collected via
[oT to dynamically update the working-hour distribution parameters (mean and variance) in the
simulation model, achieving adaptive tracking of worker fatigue and operational efficiency
fluctuations. Experimental results show that the Mean Absolute Percentage Error (MAPE) of the
prediction is reduced to 2.17%, and the Root Mean Square Error (RMSE) is reduced by 85%
compared to traditional probabilistic simulation models, effectively quantifying future kitting risk.

Targeting the conflict between local sub-line efficiency and global kitting performance in multi-
flow convergent production, a parallel collaborative dynamic scheduling strategy oriented toward
kitting rate optimization is designed. A multi-objective optimization model is established to maximize
the kitting rate and minimize the makespan, and a pull-type collaborative mechanism is proposed. By

improving the Non-dominated Sorting Genetic Algorithm II (NSGA-II) with a two-layer encoding
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strategy and an insertion-based greedy decoding mechanism, rapid optimization under multi-

constraint conditions is achieved. The kitting index is improved by over 43% compared to standard
NSGA-II. When facing disturbances such as rush order insertions and equipment failures, the strategy
significantly enhances workshop collaborative efficiency. Compared with non-collaborative FIFO-
based dispatching, the total completion time is reduced by approximately 5%, verifying the

effectiveness and robustness of the proposed method.

Keywords: Sewing Workshop, Component Kitting, IoT Monitoring, Dynamic Prediction,
Collaborative Scheduling
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