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ABSTRACT

In many application areas, experimental analysis are been increasingly replaced by numer-
ical simulations in order to save design and development costs. However, modelling physical
systems accurately often result into large order dynamical systems that are computationally
heavy to simulate. Thus, approximation becomes important in order to have cost-effective
simulation. There are different model order reduction (MOR) techniques that can be used to
reduce the order of large dynamical systems. MOR results in a system that is dimensionally
reduced and has input-output characteristics almost similar to the large order original system.
MOR techniques have been widely used by many researchers across disciplines to successfully
reduce large order systems. There are different MOR techniques depending upon the type of
system. The two broad categories of MOR techniques for linear systems are based on singular
value decomposition (SVD) and on Krylov subspaces. Similarly, there are quite a few MOR
techniques that are used for nonlinear systems like proper orthogonal decomposition (POD),
trajectory piecewise linear approximation (TPWL) etc. The focus of this thesis is on TPWL
and its variants.

The TPWL method involves first selection of few linearisation points (LPs) on the system
trajectory. The system is then locally linearised at those LPs and reduced using linear MOR
technique. The weighted summation of the reduced models is done to obtain the final TPWL
approximation. Although TPWL and its variants are very popular among researchers and are
widely used as nonlinear order reducing tools, they possess some issues especially with the LP
selection that needs attention. Selection of LPs is a crucial step as it decides the effectiveness of
the overall approximation. The quality of the approximation does not always depend upon the
number of the LPs only but also on the correct placement of LPs on the system trajectory. The
conventional approach of deciding the LPs included the uniform division of the system trajectory

at a constant preselected distance, often resulting into inadequate sampling. Moreover, the user
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defined thresholds make the approximation heuristic in nature.

The major concern of this thesis focuses on identifying issues related to the conventional
LP selection in TPWL and addressing them by proposing new criteria that are capable of
judiciously placing LPs on the system trajectory thereby generating better approximations.
Later in the thesis, criteria is proposed that not only removes the ambiguity associated with the
TPWL method, but also generates better approximations with far less number of sub-models.
The proposed schemes have been tested and simulated on few nonlinear circuits including

transmission line circuit, RC ladder network and inverter chain circuit.

Keywords: Large order systems, Nonlinear circuits, Model order reduction, Trajectory

piecewise linear approximation, Linearisation points selection.
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