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This paper aims to address the challenges in reliability assessment of products operating in cold environments, which are
characterized by small sample size, high uncertainty, and complex failure mechanisms. Traditional reliability assessment
methods typically rely on large amounts of sample data and specific lifetime distribution assumptions, leading to limited
applicability when data is scarce and failure modes are diverse. To overcome these limitations, this study innovatively
incorporates Bayesian Nonparametric (BNP) theory and develops a novel reliability assessment framework. This
framework eliminates the need to pre-specify a specific probability distribution model, enabling it to flexibly learn failure
modes directly from data and effectively integrate multi-source information, such as limited test data, expert opinions,
and historical information. The paper focuses on the application of the Dirichlet Process Mixture Model (DPMM) in
analyzing failure time data and the use of Gaussian Processes (GP) in modeling performance degradation data in cold
environments. The accuracy and robustness of the proposed method under small sample conditions will be verified
through simulation studies and case analyses. This research provides an effective new approach for the reliability
assessment of high-reliability, long-life products in cold environments.
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