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Abstract: Generally, the quality of a product is a function of the degradation of multiple performance characteristics, such that
a failure of a product may be described when any of the multiple characteristics reach a critical level. Thus, a failure comes
from a competing process in which it is important to consider the joint behavior of the degradation of the performance
characteristics. Furthermore, the degradation process of every characteristic may be different in their nature, such that the
degradation paths of a characteristic may be non-monotone, and for some characteristics, the degradation paths may be
monotone. If a monotone stochastic process is adjusted to non-monotone degradation paths and vice versa, the reliability
assessment of the product may be inaccurate. In this article, a bivariate degradation model with inverse Gaussian and Wiener
marginal processes is proposed. The joint modeling is developed by considering the Frank copula. It is well known, that the
inverse Gaussian process has monotone increasing paths, while the Wiener process has non-monotone increasing paths, such
that the two possible behaviors of the degradation paths are considered. The proposed model is illustrated with a degradation
dataset, and it is estimated via a Bayesian approach. In addition, some important insights are provided.
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1. Introduction
For highly reliable modern products, often takes much longer time to obtain lifetimes under normal use conditions,
this requires the use of degradation tests (DT) accelerated degradation tests (ADT). Precisely, the reliability assessment based
on degradation data has been presented to be superior that those studies based only on lifetime data (Lu et al., 1996). Meeker
and Escobar (1998) presented examples in which a single variable of degradation is used. They describe some specific models
for degradation curves, usually these models start with a deterministic description of the degradation process, after this,
randomness can be introduced using probability distribution functions (PDF) or stochastic processes in order to describe the
variability in initial conditions and parameters of the model as the product properties. According to this, most of the failures
can be traced under a degradation process. Many authors have studied degradation models based on stochastic processes (Park
and Padgett, 2006; Park and Padgett, 2005; Bagdonavicius and Nikulin, 2000; Lawless and Crowder, 2004; Pan and
Balakrishnan, 2011; van Noortwijk, 2009; Bagdonavicius and Nikulin, 2001; Sinpurwalla, 1995). Some of the most used
stochastic processes in degradation modeling are the Wiener process and the inverse Gaussian (IG) process. The Wiener process
is a stochastic process with continuous sample paths; however, its paths are not monotone. This means that some of the process
increments may not be positive. This process has been widely applied in the reliability analysis of degradation data given that
some degradation processes may be characterized by a gradual drift of the mean value which indicates an additive accumulation
of degradation with constant wear intensity. This may suggest that the degradation increments follow a normal distribution (Ye
et al., 2013; Tang et al., 2014; Hu et al., 2015). On the other hand, the IG process has been widely used in degradation modeling
and has been found as a natural choice to deal with degradation data. The IG process provides monotone degradation paths and
it is closely related to the Wiener process with drift. Indeed, it can be treated as the first-passage time distribution of a Wiener
process. An important practical advantage of the IG process over the gamma process is that its first-passage time distribution
has a closed form in terms of an IG distribution. Some works in degradation modeling based on IG processes can be found in
Pettit and Young (1999), Wang and Xu (2010), Ye and Chen (2014), Peng et al. (2014), Ye et al. (2014), Peng (2015), Lee and
Tang (2007).
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