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ABSTRACT

Systems engineering is at a crossroad now at the beginning of the 21% Century. One of the
main challenges of any paradigms in systems engineering is being able to handle complex
systems under unforeseen uncertainties. A system may be called complex if its dimension
(order) is too high and its model (if available) is nonlinear, interconnected, and
information on the system is uncertain such that classical techniques cannot easily handle
the problem. A system of systems (SoS) is a “super system,” or an integration of complex
systems coordinated together in such a way to achieve a wider goal with possible higher
significance. Applications of SoS are quite extensive — examples are future combat
mission, Global Warming, Mars missions, Air Traffic System, Global Earth Observation
System, Electric Power Grid System, Energy systems, etc. In system of systems
engineering, almost all aspects of system engineering need to be revisited. Two aspects



are sensing and control. From the control problem point of view, the difficulty arises that
each system’s control strategy can not depend solely on its own on-board sensory
information, but also due to communication links among all the neighboring systems or
between sensor, controllers and actuators. The main challenge in design of a controller for
SoS’s is the difficulty or impossibility of developing a comprehensive SoS model, either
analytically or through simulation, by and large, SoS control remains an open problem
and is, of course, different for each application domain. Should a mathematical model be
available; some control paradigms are available which will be the focus of this chapter.
Moreover, real-time control — which is required in almost all application domains — of
interdependent systems poses an especially difficult problem. Nevertheless, several
potential control paradigms are briefly considered in this chapter. These control
paradigms are hierarchical, decentralized, consensus-based, cooperative and networked.
In this presentation system of systems are being introduced, challenges are brought up
and potential solutions and needs are discussed. Special emphasis on UTSA ACE
Center’s SoS technology will be demonstrated. Some Animated and experimental
implementation as well as media movies and clips will be shown.
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