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Modeling and simulation (M&S) methodologies have become crucial for implementing, designing, and analyzing a broad variety of systems. Among the existing modeling and simulation techniques, DEVS (Discrete Event System Specification) formalism provides a discrete-event approach which allows construction of hierarchical models in a modular manner. DEVS formalism has been extended to handle simultaneous event execution. Real-time DEVS allows real-time simulation and real-time inputs to the simulator which in facts upgrades the simulator to a controller. DEVS and Cell-DEVS formalisms have been successfully used to develop complex models in different fields of science including: physics, biology, chemistry, ecology, as well as computer networks, traffic modeling, real-time control applications and many other systems. Example of such models would be: fire spread in forests, land battlefield of two armies, computer networks, robot control models, and ATLAS.

Our CD++ is a modeling toolkit that implements the DEVS and Cell-DEVS theories by applying the original formalisms. The toolkit includes facilities to build DEVS and Cell-DEVS models. This tool has been revised and extended several times, and currently supports standalone, real-time, parallel conservative, parallel purely optimistic, and web service-based simulation. 

The contribution of my research is on developing an embedded version of this toolkit called ECD++ to be used as a real-time controller in any embedded system. CD++ was used as the base for development, building on previous research focused on real-time applications with hardware-in-the-loop. This approach uses this framework to incrementally develop embedded applications, and to seamlessly integrate simulation models with hardware components. The use of DEVS improves reliability (in terms of logical correctness and timing), enables model reuse, and permits reducing development and testing times for the overall process. Consequently, the development cycle is shortened, its cost reduced, and quality and reliability of the final product is improved. Besides, four new features have been added to CD++ to support embedded functions. 
A robotcart has been provided to test and develop more complex and applicable control models using ECD++. ECD++ has been installed and necessary code for integration with ECD++ has been added. An external board has been provided. A Telnet connection has been established between the board and the computer. ECD++ codes have been compiled on the computer and then the executable simulation file, the model file and the event files were copied to the Target board. The simulation executable file was then run remotely through Telnet connection. Connection between the robocart and the board was via USB port. Real-time data has been provided from different kinds of sensors such as touch and ultrasonic sensors, and the robot started responding to obstacle on its way and followed the path which was specified in the event file.

The main goal of my current research is on extending this controller to work with more advanced sensors and multiple robotcarts. A plan is under study to port this controller on a Virtex-2-pro FPGA board to be more industrial in applications such as path finding, mine detection, medical surgery and diagnostics, manufacturing emulation and many other risky situations that a robot can work instead of a human. 

Having a mathematical based theory behind the controller makes it more reliable especially in real-time applications in which reliability is a very crucial issue.
