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Abstract 
Digital-twin-based structural diagnosis and prognosis are essential for enhancing the structural integrity and economy 
of aeronautic structures [1]. However, most research focuses on individual structures, creating a digital twin to 
represent damage growth while accounting for multiple uncertainties [2]. Little attention has been paid to multiple 
similar structures at the fleet level. Individuals within a fleet often share characteristics that enable grouping according 
to a specific purpose. Considering similarities within a fleet can improve the efficiency of digital twin-based diagnosis 
and prognosis. 
 
In this study, we consider two categories of uncertain parameters in individual digital twins within a fleet: fleet-shared 
and standalone. Fleet-shared parameters have the same or very similar true values among individuals in a fleet, while 
standalone parameters vary due to manufacturing or environmental factors. Our main contribution is the addition of a 
sharing step in the particle filter, allowing the distributions of fleet-shared parameters to be shared among different 
individuals. To maintain correlation among states and parameters, we use Gaussian copula functions [3] to measure 
and recover correlation before and after sharing. 
 
Preliminary validation using several hypothesized specimens with simple crack growth processes illustrates our 
proposed approach. Results show improved accuracy in parameter calibration, leading to improved diagnosis and 
prognosis. Further validation on complex structures with complicated damage growth mechanisms is left as future work 
by the authors. 
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