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A review of data-driven control systems design: concepts and
methods

Ali Khaki-Sedigh, Sepideh Nasrollahi

Abstract: Over the past two decades, an increasing number of engineers and researchers in the
field of control engineering have shifted their focus towards data-driven methods for system analysis
and design. The defining characteristic of these data-driven approaches is their departure from
conventional models and their associated assumptions. Instead, these methods harness the wealth of
readily available, cost-effective, and reliable data derived from real, complex, and complex adaptive
systems. Their primary objective is to facilitate system analysis and control solely through measured
data, without relying on explicit or implicit model utilization. In this article, we commence by
presenting an overview of the design principles embedded in model-based control systems, with a
specific emphasis on adaptive and robust control system design methods. Subsequently, we delve into
the fundamental principles of data-driven control system design. To comprehensively examine these
data-driven methods, we categorize them into two groups: those grounded in machine learning and
soft computing, and those based on traditional control systems analysis and design methods, often
referred to as classical methods. Within this article, we initiate with a concise review of machine
learning and soft computing-based methods before delving into a more comprehensive exploration of
classical methods in this field.

Keywords: data-driven control, system design, classical methods, machine learning, model-based
control
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! Persistence of excitation
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4 Complicated system
5 Complex system
6 Complex adaptive system

! Simple plant
2 Single Input-Single Output (SISO)
3 Multiple linput-Multiple Output (MIMO)
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6 Active learning

" Deep reinforcement learning

8 Multi-Agent reinforcement learning
® Zero-shot learning

! Deep learning

2 Supervised learning
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4 Reinforcement learning
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5 Causally Left Invertible

& Stably Causally Left Invertible
" Cost Detectability

8 Gain related

! Potential loop

2 Virtual reference input
3 Feasibility

4 Incremental stability
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3 Pseudo Partial Derivative (PPD)

! Generalized Lipschitz condition
2 Compact form dynamic linearization (CFDL)
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4 Full form dynamic linearization (FFDL)
® Pseudo orders

! Partial form dynamic linearization (PFDL)
2 Control input linearization length
% pseudo gradient (PG)
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