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Abstract

In recent years, small and medium-sized ceramic enterprises have placed increasing emphasis on
product design innovation capabilities. However, constrained by limited access to design resources
and traditional approaches to process knowledge accumulation, their design capabilities and re-
sponsiveness have struggled to keep pace with the growing demand for personalized consumer
products. This paper proposes a reasoning-enabled digital design service platform architecture
based on a ceramic process knowledge graph, referred to as RDSPA, which provides low-cost, low-
threshold design knowledge services for small and medium-sized ceramic enterprises. The core of
the platform is a process knowledge graph oriented to the ceramic design domain, which employs
a heterogeneous graph structure for semantic storage of process knowledge, utilizes a graph atten-
tion network for cross-category reasoning and retrieval, and integrates Beta-spline parametric
modeling and improved Harris corner detection to support continuous form representation of ves-
sel types and automatic image feature extraction, respectively. Modular experiments have validated
the effectiveness of the two core technologies—improved Harris corner detection and Beta-spline
curve fitting—demonstrating that the improved algorithms outperform classical methods in both
detection accuracy and fitting precision. A path retrieval test conducted on the prototype knowledge
graph has validated the effectiveness of the reasoning module in discovering cross-category associ-
ations. The platform design model, centered on the process knowledge graph and reasoning-ena-
bled services, can effectively enhance the design capabilities and order responsiveness of small and
medium-sized ceramic enterprises, offering a viable pathway to bridge the gap between their de-
sign capacity and market demands.
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Figure 1. Four layer architecture of RDSPA
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Figure 2. Logical relationship of key technologies in RDSPA
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Table 2. Comparison of accuracy of different curve fitting methods
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