Introduction

The aim of the WEST (W -for Tungsten-Environment in Steady state Tokamak) project is to minimize technology and operational risks of a full tungsten actively cooled Divertor on ITER. It was started in 2013 and consists in transforming the Tore Supra tokamak into an X point Divertor device, while taking advantage of its long discharge capability.

The WEST software architecture has been defined [START_REF] Ravenel | Status of the new WEST plasma control system[END_REF] based on the 20 years development of TORE Supra and re-factored as small components named "IRFM Framework". This framework includes features such as database access to read and write files, the timing system network management to synchronize controllers during experiments and the shared memory network based on Dolphins hardware to exchange plasma control data in real time between controllers.

In addition, the framework has been extended by a new middle level component named WestBox introducing two main specifications: to ease the development and integration of new controllers elaborated by external collaborators, and to ease the integration on WEST of systems.

This paper aims at describing the achieved developments of the new WestBox software component by showing the internal design. As an example application, the integration of the DXICS (X-ray Imaging Crystal Spectrometer) controller on WEST is described in details.

WestBox Architecture

Technical overview

On WEST, the acquisition software infrastructure is distributed as a CMake based framework including some small low level C legacy libraries, a core C++ library, and a client implementation customized for each data acquisitions system. CMake is a cross-platform free and opensource software tool for managing the build process of software using a compilerindependent method. It supports directory hierarchies and applications that depend on multiple libraries.

WestBox : an Object-Oriented Software

Component for WEST CODAC Porting the compilation rules from older operating system dependent Makefiles to CMake was a big step in modernizing and simplifying the inter-dependencies between all WEST CODAC software components and the rest of the WEST infrastructures. It also allowed introducing a continuous integration chain [START_REF] Colnel | Software quality management approach for WEST CODAC[END_REF] in order to check source code quality before deployment over the acquisition units in production.

The libwestbox is based on Qt: open-source toolkit for creating complex cross-platform applications [11]. Applications designed with Qt can run on various platforms such as Linux and Windows, with little or no change in the underlying code-base while still being a native application with native capabilities and speed. 

Libwestbox: a complete toolbox

The Libwestbox is the new C++ component from the IRFM Framework [3] [4]: It includes all objects required to perform data acquisitions at IRFM. The architecture of the Libwestbox (fig. 1) is composed of the following main modules:

-Acquisitions Manager: used to control the data acquisition hardware with multithread and multi-core support. The data can be streamed in real time through the IRFM network if necessary to the dedicated part of the "ARCAD" database, the legacy measurements data storage used at IRFM.

-Chrono Manager: used to catch events to synchronize data acquisitions from the real time network. This object uses the libtschrono component which is an interface to the hardware connected to the IRFM real time network.

-Database Interface: used to read / write parameters and files from the database. This object uses the libtsdb component from the framework which is an interface to the legacy IRFM "ARCAD" database.

-Events Listener: used to communicate with the top level acquisitions manager "Supervision" over the local network. This object uses the libtsmom component from the framework which builds with the Message Oriented Middle-ware (MOM) used at IRFM (as RTWorks™ -a legacy and proprietary communication software component).

-Modular Finite State Machine: used to intercept and respond to the top level Supervision events during experiments. This is the core component of a data acquisition unit installed at IRFM.

-Log Manager: used to archive and rotate the data acquisition unit events into files. This component allows broadcasting to a web interface, or to a remote service located on the network.

-Data Streamer: used to encapsulate and format real time data to network frames to stream measurements on the database.

-Websocket Interface: used to simplify communication between the Westbox State Machine and delegate measurement controllers (aka National Instruments ™ devices).

-MOM definitions: declare all common values and structures used by the Message Oriented Middle-ware, aka the topics, the data container, and the communication grammar.

-Widgets Collection: a set of common graphical software components used to construct users friendly GUI related to the real time acquisitions, aka curves, statistics, graphs, etc.

-WestBox Client: the last framework component is the Westbox Controller "Client" application which uses all of the previous software components on the target acquisition unit. The Westbox client is customized by physicists to adjust to the hardware and to handle data storage on the database.

The Acquisition Unit Controller

The Westbox Controller is the client application, running on data acquisition units, with guest codes designed to acquire data during Plasma discharge experiments synchronously with supervision events (fig. 2). System is in charge of distributing a master clock and discrete timing events [START_REF] Leroux | New developments on Tore Supra data acquisition units[END_REF] to all units. These events are generated by a main controller named DPILOTE which will send timing information depending on pulse features [START_REF] Moulin | Upgrade of the timing system for Tore Supra long pulses[END_REF]. Timing events are caught by the chronology hardware in the data acquisition unit and passed to the acquisition job.

Westbox controllers share data via a shared memory network for Plasma discharge control. A top level node named PCS for Plasma Control System [START_REF] Nouailletas | From the conceptual design to the first simulation of the new WEST plasma control system[END_REF] collects all main signals involved in maintaining Plasma stability over this real time network. It's also used to forward actuator requests in real time (fig. 3).

Figure 3: Overview of the networks topology used at IRFM for all data acquisition units

The real time network on WEST is based on Dolphin's reflective memory [START_REF]Dolphin express reflective memory for embedded system[END_REF]. Each node can interrupt the PCS node and the module in charge of the real time network has to manage in parallel the interruptions of all emitting nodes.

The Controller follows the Plasma pulse sequences received from the Supervision. To achieve this task, the controller uses the MOM infrastructure and an internal finite states machine (fig. 4). This latter is managed by the inference engine from top level Supervision. For each goal notified, the controller runs customized code corresponding to the unit's transition, and returns a state interpreted by the Supervision. A central view is updated in the IRFM control room providing operators incharge with quick feedback from the units at all stages of an experimented sequence (fig. 5). Other Supervision notifications are sent during experiments (fig. 6). One of the most important is to prepare the acquisition hardware accordingly with the database settings. When this transition is done, the controller will be considered by the Supervision to be ready to acquire data for the pending experiment. At end of pulse, a notification is sent to the controller to close the hardware and upload the acquired data to the database. 

Managing the Data Acquisitions

The controller's purpose is to store the acquired data to the database for post processing and analysis by physicists. Two options are implemented:

-Streaming: used to record long acquisitions for slow measurements, such as temperature, pressure, etc. The data is stored and streamed in frames which are received and decoded on the fly on a delegate server in charge of database storage. Data is then quickly available to physicists at the end of shot.

-File storage: used to manage fast acquisitions which the necessary bandwidth and the amount of data can be huge. To save network bandwidth for Plasma control, file uploading is delayed until after experiment.

Post processing can be done by the controller for reduction data. A dedicated WEST format is preferred to store files in legacy IRFM "ARCAD" database, but in the future new formats will be proposed such as MDSPlus [START_REF]MDSPlus software tools for data acquisition, storage, and methodology for management of complex scientific data[END_REF] and IMAS [START_REF] Imbeaux | Design and first applications of the ITER integrated modelling and analysis suite[END_REF].

A Versatile Controller

One goal of the Westbox framework is to be able to host new guest devices not developed originally for the WEST project. A typical example is to integrate an extra Labview™ controller, without rewriting too much of the guest implementation.

For this purpose, the Westbox controller can be configured in a "Gateway Mode". In this mode, the finite state machine transitions are forwarded to the Delegate Controller using for instance Websockets technology (fig. 8).

Websockets are a standardized protocol that allow opening two-way interactive asynchronous communication sessions between a user application and a server. With this protocol, you can send messages to a server and receive event-driven responses without having to poll the server for a reply.

Websockets are also used to open a communication channel between the delegate controller and the WEST database server: the delegate controller will be able to load settings and to store data files directly. To exchange data between the Westbox and the delegate controller, we use a simplified and normalized XML grammar including states, properties, dates, and values (fig. 9). 

Example Application: The DXICS Acquisition Unit

The DXICS was the first guest acquisition unit to use the Westbox architecture, dedicated to perform Plasma X-ray Spectroscopy measurements using Bragg diffraction on a crystal optimized for Ar XVII, Ar XVIII or Fe XXV [START_REF] Vezinet | First Fe XXIV, Ar XVII and Ar XVIII spectra measured on WEST using a 2D imaging X-Ray spectrometer[END_REF]. 

Outlook and conclusion

A versatile Westbox Controller was design during 4 years and has been successfully used with different guest devices as part of the distributed data acquisition infrastructure of WEST since 2015. It's now routinely used to achieve measurements (fig. 12).

Ongoing developing work includes new guest delegate controllers based on Python, Matlab, and EPICS [START_REF]EPICS experimental physics and industrial control system[END_REF]. MQtt MOM backend will be also integrated within the finite states machine. Also, the database will be expanded to support the MDSPlus file format and the ITER compatible IMAS shared storage.
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 1 Figure 1: Overview of the Cmake and Qt based Westbox infrastructure
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 4 Figure 4: The exchange between the Westbox machine states and the supervision to coordinate acquisitions while a Plasma experiment
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 5 Figure 5: The sequence diagram of Westbox states machine used while a Plasma experience
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 6 Figure 6: The timing sequence received by the Westbox controller while a day with many Plasma experiments
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 7 Figure 7: Overview of the Websocket based infrastructure with a remote delegate Labview (TM) Controller (case of DXICS acquisition unit)
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 8 Figure 8: Websocket based connection between a delegate controller and the WEST infrastructure, form the Supervision to the low-level acquisition devices
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 9 Figure 9: Example of XML data exchange between Westbox and remote delegate controllers.
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 10 Figure 10: Overview of DXICS controllers.
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 11 Figure 11: Pilatus Images results taken with DXICS acquisitions unit and corresponding spectra measurements performed while campaign C3b (2018).
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 12 Figure 12: List of current Westbox based acquisition units used at IRFM.
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