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ABSTRACT
With rapidly growing global competitiveness, the requirement for higher system performance and improved production quality continuously increases. Many real systems are multivariable, nonlinear and time-varying with unpredicted uncertainties and disturbances, which pose difficult control problems because of their complex behavior and cross-coupling effects. 

Our research interests focus on intelligent multivariable control systems, where the system dynamics is captured by human knowledge and experimental data rather than accurate analytical models. A unique on-line adaptive fuzzy controller with embedded self-learning features has been developed to deal with uncertain and time-varying behavior of complex systems and a novel multivariable control method has been devised to analyze the multivariable interaction effects and achieve the multiple objectives simultaneously. This control scheme has been simulated for automotive cruise control, cargo ship steering, magnetic bearing system, multivariate chemical process and implemented for constant force control of grinding and milling processes. 
One potential research application is dynamics analysis and control for the next-generation micro-/meso- manufacturing processes. As machining processes scale down to micro and nano scales by orders of magnitude, extreme stable desktop machine tools are of paramount importance to produce precision-machined substrates using cutting tools that are rotated at speeds in excess of one million Revolutions Per Minute (RPM). Minimizing the effects of vibrations is vital because oscillation during the machining process will change the depth of cut and will inevitably reduce the quality of surface finish and the dimensional accuracy of the machined workpiece. In this particular research project that we are currently working on, the proposed system will be used for micro-/meso- manufacturing in improving the machining productivity and removing any possible existing vibration. With this experimental setup, 3D complex devices can be manufactured in a more controllable and faster way with extremely smooth nanotexturing surfaces for diverse engineering materials, such as metal, ceramic, biological materials.
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