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ABSTRACT 

Design Digital Twinning (DDT) is the integration of high-

fidelity physics-based (HF) models, data-driven 

methodologies, and real-time sensing to create a virtual replica 

of a system. Unlike traditional digital twins, which focus on 

operational monitoring and predictive maintenance of existing 

assets, DDT is centered on the early-stage design process, 

enabling multi-disciplinary optimization (MDO). MDO with HF models of innovative, high-

performance, and resilient designs, as seek in domains like aerospace and marine engineering, 

can be affected by the course of dimensionality, especially for global design optimization. A 

remedy is the use of unsupervised machine learning to reduce the design space dimensionality. 

Recently, the parametric model embedding (PME) methodology, originally formulated for the 

design space dimensionality reduction of parametric models in shape optimization [1], was 

extended for structural optimization problems [2]. Furthermore, the goal-oriented PME was 

formulated (GO-PME) to further accelerate the convergence of the optimization process. The 

PME and GO-PME were applied for the multi-fidelity structural optimization of a 40 ft generic 

prismatic planing hull (GPPH) undergoing realistic hydrodynamic loads from slamming in 

waves at high speed [3], addressing weight reduction and structural safety increase [4]. A 

reduction of the (real) design variables from 32 to 13, defining the structural element sizing, 

was achieved and two solutions were selected from a Pareto set of designs providing, with 

respect to the original design, 32% and 22% of weight reduction and an acceptable and 

increased factor of safety, respectively, see Figure 1. The objective of the present work is to 

extend the structural optimization problem [4] considering an extended design space, yielding 

a mixed-integer optimization with a larger number of variables, up to O(400), defining 

structural element number, size, and position; thus involving topological optimization.  
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Figure 1: Pareto set (top) and factor 

of safety during slam (bottom) 


