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Abstract: This article considers that a device under study is affected by multiple environmental conditions, if these
conditions are dependent it is important to find models that jointly consider the effects of multiple Accelerating Variables
(AV) into a multivariate model in order to make accurate inferences about the reliability of the device. The degradation of
any product will always be positive and strictly increasing, due to this the gamma process is considered to be the best way to
model a degradation process given that it has independent an non-negative increments. We consider that three AVs have an
effect on the degradation of some performance characteristic of a product and that each AV can be modeled marginally
considering the shape parameters of the gamma processes, if the scale parameters are equal then is possible to obtain a joint
trivariate gamma process via partial cumulative sums. The marginal gamma processes are defined based on the three AVs
and the trivariate gamma is deducted including a general scheme of test based on the AVs.
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1. Introduction
Degradation models have had great relevance in the last years in the area of reliability analysis, its benefits are well
known; it is possible to reduce time of testing, even if no failure times are obtained it is possible to get reliability information
with degradation increment measures. Robust reliability information can be obtained combining degradation measures and
failure times.
Degradation information can be obtained in most of the devices that are subject to a reliability study and this can be
useful to make inferences about the life of the device itself (Lu & Meeker, 1993). In some studies is possible to measure
physical degradation as a function of time. In other applications is not possible to observe the physical degradation. Instead,
measures of the performance degradation of the product may be available. For highly reliable modern products, often takes
much longer time to obtain degradation data and failure times under normal conditions of use, this requires the use of
accelerated life tests (ALT). ALT exposes the product to higher levels of environmental stresses such that it is possible to
obtain degradation measures and failure times in less operating time. Precisely, the reliability assessment based on
degradation data has been presented to be superior that those studies based only with failure time data (Lu et al., 1996).
Many authors have studied degradation models based on accelerated tests and stochastic processes. Park & Padgett
(2006) used stochastic processes to model two accelerating variables in a degradation process; the approach used was based
on a generalized cumulative damage. But did not consider the dependence structure in the multivariate model. Degradation
models based on gamma process has been identified as the main way to model degradation given the characteristic that its
increments are independent and non-negative having a gamma distribution with an identical scale parameter. In the case of a
gamma degradation modeling, performance can only decrease over time; this is why it is considered to be suitable to model
wear, crack growth, corrosion, consumption, fatigue, etc. (Park & Padgett, 2005; Bagdonavicius & Nikulin, 2000; Bordes et
al., 2010; Lawless & Crowder, 2004; Pan & Balakrishnan, 2011). Useful information about gamma process can be found in
Noortwijk (2009), Bagdonavicius & Nikulin (2001), and Sinpurwalla (1995).
However, the integration of accelerated degradation models into models of complex dimensions is still an ongoing
research topic of great interest. This modeling is based on multiple components, multiple performance characteristics and
multiple degradation processes. These represent different approaches to model the diverse states of the degradation of a
system or product. A common assumption in most of the work regarding degradation modeling is that the device under test is
only affected by only one environmental condition. But it must be noted that in reality a product is affected by multiple
environmental stresses. For example, a solar cell which is an alternative green energy generator is affected by temperature,
voltage variation, vibration, humidity, etc. In such situations, multivariate degradation models based on multiple accelerating
variables (AV) are needed to obtain reliability information about the performance of the product.
The degradation increments are independent, positive random variables that can represent a failure motive in a
device under test, thus the partial sums of this increments can be represented as a failure at a critical level of degradation.
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