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Motivations
Rapid prototyping by means of automatic code generation (ACG) is an essential tool in the context of HW/SW codesign of real-time systems [1].
• it contributes to reduce both the development cost and time;
• it permits to easily comply with quality standards (such as MISRA [2]);
• it contributes to improve safety and reliability of the control software.
Enabling ACG for rapid prototyping is facilitated by awide choice of commercial tools (Simulink Coder [3], dSPace platform [4],. . .),that can be customized to deal with practically any HW/SW platform.

DTT Framework for Rapid Prototyping of real-time control modules
The DTT framework to deploy real-time control and data acquisition systems relies on an integrated environment based on:
•MDSplus [5] – a data system widely used in the fusion community that provides:
– a complete Application Programming Interface (API) for data management;
– a set of tools for data visualization and configuration browsing.

•MARTe2 [6] – a framework for real-time applications originally developed at JET andcurrently used on several machines, including TCV;
• Simulink Embedded Coder [3]
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Rapid prototyping of DTT magnetic control modules
The first validation of the automatically generated code is done by running both the plant and the controller within a single MARTe2 instance
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Test case 1: Vertical Stabilization controller
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Test case 2: PF current decoupling controller Setup for Test & Validation of the communicationinterface
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Such setup can be exploited to assess performanceagainst network connection reliability
Setup for Hardware-In-the-Loop (HIL) validation

Relies on a dSpace SCALEXIO real-time target

HIL performance assessment - Case study
A HIL setup is deployed to assess theperformance of a MARTe2 controller ona ARM-based Multiprocessor System-on-Chip (MPSoC):
• The dSPACE SCALEXIO real-time targetis used to emulate the plasma model
• The Zynq™ UltraScale+™ MPSoC boardfrom Xilinx runs theMARTe2 controller at5 kHz
The assessment has shown different pre-dictability results by varying the softwareconfiguration
• Solo Controller: the controller is initiallyexecuted on a Linux system without anyco-located application. The executiontime is in the needed range in average butthe non-real-time nature of Linux causessporadic deadline misses during execu-tion.

• IsolCpu: by using the Linux PREEMPT-
RT patch and the isolcpu feature the con-troller achieves more predictable resultswithout any deadline misses at the costof higher average execution time. How-ever, the board is underutilized since weuse only one processor.

•Membomb: by co-locating applicationswith high memory bandwidth utiliza-tion, despite the isolcpu and PREEMPT-RTmechanisms, the controller is subjectedto strong interferences causing deadlinemisses.
•Regulation: by containing the application
in Virtual Machines, partitioning the cache,
and regulating the memory bandwidth, theexecution time is more stable without anyunexpected interference [7].


