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ABSTRACT

This thesis proposes novel reinforcement leamning (RL) based game-theoretic
formulations for adaptive-optimal control of nonlinear systems, affected by external
disturbances and/or modeling errors. In control literature, one of the most widely used
adaptive control approach to deal with disturbances is the well-known H, control
methodology. However, conventional H, based approaches depend heavily on the
analytical solvability of a corresponding Hamilton-Jacobi-Isaac (HJI) equation, and
assume full knowledge of the system dynamics. For majority of practical systems, these
requirements are hard to satisfy. RL based approaches, on the other hand, frame
controller optimization problem as finding optimal control policy, for the environment
modeled as a Markov decision process (MDP). This assumption of modeling the
environment as an MDP severely limits the scope of application of RL methods, as it
places a strong constraint on the structure of environment. Further, MDP formalism is
quite restrictive in the sense that it allows only a singile agent operating in a stationary
environment.

Work in this thesis is an attempt to overcome these limitations, by providing an
alternative framework based on the theory of Markov games, for adaptive-optimal control
of unknown nonlinear systems, in presence of external disturbances and uncertainties. In
the proposed Markov game based formulation of controllers, controller-disturber tussle is
viewed as a two player zero-sum Markov game, in which a ‘disturbing’ agent tries to
make worst possible disturbance while a ‘control” agent tries to make best control input.

The problem is framed as finding ‘minimax’ solution of a value function. We propose an
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online procedure for learning optimal value function, and calculating optimal control
policy.

Comprehensive empirical evaluations of the proposed Markov game based
control methodology on several standard tasks, such as control of two-link robot
manipulators, inverted pendulum swing-up, and steering control of a mobile robot,
illustrate effectives of the approach in handling external disturbances and parameter
variations. Further, performance comparison of the proposed approach against other
control approaches, e.g., H, theory based robust game controller, RL based robust
controller, and Q-learning based controller, indicates viability of Markov game based
control. A formal convergence analysis shows that the approach converges to optimal
function values. We extend the proposed approach to continuous state-action space
control problems, by implementing a continuous-action variation of Markov games in
conjunction with generic function approximators such as neural networks, and fuzzy
inference systéms. Fuzzy inference system based approach has been termed fuzzy
Markov games as it adapts fuzzy Q-learning approach to Markov games.

Next, we investigate sufficiency of usiné a minimax based learning in Markov
games. We propose two novel hybrid Markov game based control approaches that
incorporate ‘fictitious play’ and ‘cautious fictitious play’ algorithms from the game
theory literature for improving performance of Markov game based controllers. Proposed
fictitious play approach to Markov game based control attempts at ‘safe and consistent’
control, i.e., obtaining a performance superior to the pure Markov game approach.
Objective of Markov game based hybrid control using cautious fictitious play is to strive

for ‘safety and universal consistency’, i.e., reasonable control performance against all



environments. Empirical evidence shows superiority of proposed hybrid methodologies
over baseline Markov game based and other non-Markov game based approaches. We
give convergence analysis of the hybrid Markov game based control.

In addition to the work on Markov game based control, our contributions include
work on hybridizing the model based and model free RL approaches for the non-game or
MDP based control. We propose a novel approach termed Trajectory based Modified
Policy Iteration (TMPI) that uses finite-length trajectories through the statc-space, to
iteratively build and improve an MDP model along with cbst-to-go value estimates.
Empirical comparison of TMPI, against other RL algorithms illustrates effectiveness of

the TMPI approach.
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