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In recent years, self-driving technologies in cars have become more and more mature. This affects the whole 
automotive industry. Autonomous cars are expected to have more up-time and more total usage time compared 
to the current generation of non-autonomous vehicles. 

 In semiconductor industry for automotive applications, functionality over lifetime is a quality target. With the 
increasing usage time in self-driving cars, new challenges arise in the prediction of remaining useful life (RUL) 
in the context of prognostics and health management (PHM). Predictions of remaining useful life are both 
important for on-line monitoring and product testing before shipping. For this, statistical models for lifetime 
based on accelerated stress tests are needed. 

 We propose a semi-parametric transition model for the calculation of the lifetime drift of discrete electrical 
parameters based on accelerated stress tests. We further discuss methods for extrapolation of projected drift to 
calculate interval estimators for the remaining useful life.    
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1. Introduction 

 Accelerated stress tests are used in the 
semiconductor industry to simulate the 
lifetime of devices in a shorter-than-real time 
frame. 

Electrical parameters of devices are first 
measured, then they are put to harsher-than-
usual stress conditions, i.e., heat, cold, or 
humidity. Then, the parameters are measured 
again at certain, predefined times, called 
readout times, and the devices are put back to 
the stress test and so on. 

 

The electrical parameters of the devices change 
as the devices age. This drift of parameters is 
called lifetime drift and is taken as an 
indication of the level of degradation within 
the device. A statistical model for the lifetime 
drift is needed to guarantee customer quality 
and calculate the RUL. 

2. Methodology  
A model for continuous lifetime drift has already 
been proposed previous work of the authors, 
Lewitschnig (2022), based on Hofer (2017). We 

3188



3189Proceedings of the 33rd European Safety and Reliability Conference (ESREL 2023)

now introduce models for discrete parameters in 
the case of both discretized and truly discrete data. 
The model for discretized data is based on an 
adaption of existing methods and the model for 
truly discrete data uses non-parametric estimations 
of transition probabilities to obtain a Markov 
model for the lifetime drift. 

3. Outlook  

We further discuss extensions of the models to 
extrapolate future behaviour and compare them 
with different regression-based methods for the 
calculation of the RUL.  We discuss both quantile 
and expectile regression methods and also propose 
a regression method based on calculated model 
quantiles to obtain interval estimations for the 
remaining useful lifetime.  
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