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A Prognostics Approach for The Remaining
Useful Life of Engineering Devices

Hasan A. Bjaili

Abstract

Prognostics is a term that engineering borrowed from medicine to refer to the dis-
cipline concerned with the Remaining Useful Life (RUL) of an engineering device.
This thesis surveys the RUL prediction techniques and classifies them into four cat-
egories of model-based techniques, knowledge-based techniques, experience-based
techniques, and data-driven techniques. A comparative review is given for the main
features, prominent advantages, potential shortcomings and main subcategories for
each of these categories. The survey is supported by an extensive list for up-to-date
references. This thesis also derives and implements a novel non-linear state-space esti-
mation algorithm utilizing a feedforward backpropagation neural network. We devel-
oped a novel version of the backpropagation algorithm by incorporating the knowl-
edge of state-space model, hence named the State Space Backpropagation (SSBP) al-
gorithm. The algorithm is applied to a classical problem of non-linear dynamics and it
shows superiority in accuracy and convergence speed in comparison with several
existing algorithms for this particular problem and similar non-linear ones . The work is
part of an ongoing activity to study problems of the discipline of prognostics which deals
with the prediction of the Remaining Useful Life (RUL) of a component or a sys- tem.
This prediction can be based on a plethora of models, including that of present state-
space estimation. The thesis also studies one of the most prominent problems in
industrial prognostics, namely the estimation of the Remaining Useful Life (RUL) of the
most popular industrial battery, viz., the lithium-ion battery. it presents a state- space

model of the battery, and then estimates the dynamic behavior of seven of its

iv



process variables and two of its sensor variables. The estimation is achieved via
two well known estimators, the Unscented Kalman Filter (UKF) and the Particle
Filter (PF) when noise of various levels and types is injected. Numerical and
chart comparisons of these two computing estimators are reported and

discussed.



