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Abstract
This document describes the Detailed Specification of the accelerator control system component "Beam Transmission Monitor System". This system is part of the “Machine Protection and Safety Systems” work package and covers the PSP code 2.14.10.11.4.
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1. Purpose and Classification of the Document
The purpose of this document is to specify the Accelerator Control System component "Beam Transmission Control System" for FAIR (PSP code 2.14.10.11.4).

This document is the most detailed type of document in the hierarchy of Control System specifications.

Whenever regulations and requirements are specified in the General Specifications, Technical Guidelines or Common Specifications of the Control System they are only referenced in this document. The related documents are listed in Appendix II.

No legal or contractual conditions are treated in this document. All related information is given in the General Specifications for FAIR.
1.1. Responsibilities

The responsibilities with respect to changes and modifications of the present document are entirely in the hands of the Controls Department of the GSI Helmholtz Centre for Heavy Ion Research GmbH (GSI) Darmstadt.

For initial information please contact the administration of the Controls Department.

Further information on the organigram, names of responsible persons and task leaders, as well as the agreed document release and approval procedure is summarized in the organizational note 'Controls Project for FAIR'.

1.2. Classifications of Requirements

The following definitions of requirement classifications are being used throughout the document:

· "Must" or "shall" or  "is  required  to"  is  used  to  indicate mandatory  requirements,  strictly  to  be  followed  in  order  to  conform  to the standard and from which no deviation is permitted.

· "Must not" or "shall not" mean that the definition is an absolute prohibition of the specification.

· "Should" or "is recommended" is used to indicate that among several possibilities one is recommended as particularly suitable, without mentioning or excluding others or that a certain course of action is preferred but not required.

· "Should not" or "is not recommended" mean that there may exist valid reasons in particular circumstances when the particular behavior is acceptable or even useful, but the full implications should be understood and the case carefully weighted before implementing any behavior described with this label.

· "May",  which  is  equivalent  to  "is  permitted",  is  used  to  indicate  a course of action permissible within the limits of the standard.

2. Scope of the Technical System
2.1. System Overview
The Beam Transmission Monitor System (BTM) records beam currents and particle counts of a multitude of dedicated beam diagnostic devices along the GSI & FAIR accelerator chain from the point of beam production to the target.
It records all data from every single machine pulse or cycle and correlates it in order to calculate beam transmission quality. The system includes computational capabilities to calculate beam current or particles where qualities (e.g. charge state due to stripping) or energies of the beam change. It correctly handles multiple injections into synchrotrons and storage rings (e.g. beam accumulation) as well as splitting beams (e.g. separating a pilot beam) and must not fail upon sporadically missing data. The beam transmission system must fully feature the multiplexed beam and parallel operation of GSI and FAIR machines.

The beam transmission system stores all transmission data in a comprehensive beam transmission database for further offline analysis. It provides an application to explore and analyze historic transmission data, produce transmission reports and present online transmission data to the operational crew.
The Beam Transmission Monitor System serves as a beam quality monitor for the Interlock System.
Moreover, the beam transmission system allows defining a number of certain conditions which, when met or violated, issue a message to an operator or send a signal via a dedicated interface to other systems of the control system (e.g.  Interlock System). Those conditions must be partly configurable dependent e.g. on the current beams and partly fixed with respect to official regulations.
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Figure 1: System Overview
2.2. Limits of the System and Environment
2.2.1. Limits

Even though the Beam Transmission Monitor System is a part of the machine protection system, a poor beam transmission must only be considered by operators and the Interlock System. It is not the responsibility of the Beam Transmission Monitor System to guarantee internal safety of any equipment.

2.2.2. Interfaces
The Beam Transmission Monitor System has interfaces to many other components of the control system like equipment, front-end controllers and software processes:
· JAPC for accessing devices

· The FAIR Logging System [4]
· The FAIR Alarm System [3]
· The Beam Transmission Monitor System serves as one source of the Interlock System [2]
2.2.3. Environment
The Beam Transmission Monitor System (data acquisition and storage) runs on one central server. The GUI-Application runs on multiple nodes.
2.3. Basis of Concept
2.3.1. Functional Requirements
The Beam Transmission Monitor System fulfills the following functional requirements:

	Number 
	Description of the Requirement 

	BT_010 
	The Beam Transmission Monitor System must guarantee that all available transmission data of beams in the GSI/FAIR accelerator measured at every shot by a set of devices from source to destination can be processed. 

	BT_020
	One data set of related measurements must present the same beam / same cycle all over the facility (source to destination).

	BT_030
	It must be possible to integrate all devices, which
· deliver the amount of beam particles

· deliver base values to calculate the amount of beam particles 

into the Beam Transmission Monitor System.

	BT_040
	The system must handle devices (like counters) for which additional data (e.g. a calibration factor) must be considered – this data is either input from an experimenter or is calculated depending on other information.

	BT_050
	The set of devices must be configurable for each beam chain:

· Static  (a default device list for each beam chain)

· Semi-dynamic depending on various beam parameters like

· kind of extraction (slow or fast)
· beam intensity (beam current transformers)

· Dynamic  
· beam disruptive devices for temporarily data acquisition
· automatic data acquisition of devices in beam  

	BT_060
	Multiple injections must be supported (measure on each injection)

	BT_070
	The Beam Transmission Monitor System must be scalable and grow together with the facility while providing the full functionality from the beginning.

	BT_080
	Beam chains shall be divided in sub chains. After the beam has passed a sub chain, the interlock system has to be informed about the transmission quality and the available data has to be stored in the database for further use (it is not enough to collect all data at the end of the complete beam chain).

	BT_090
	Logging shall be provided on different levels (devices, database,...)


Table 1: List of Functional Requirements

2.3.2. Non-Functional Requirements

The Beam Transmission Monitor System fulfills the following non-functional requirements:

	Number 
	Description of the Requirement 

	BT_110
	Extensibility: It must be possible to easily integrate new devices (of already known device types) on the fly.

	BT_120
	The database design must be performance optimized to ensure data archiving with the  accelerator’s cycle frequency.   

	BT_130
	For online analysis every beam chain shall be stored. Older data will be deleted

· on demand 

· automatically 

	BT_140
	For offline analysis the data shall be compressed to reduce storage requirements

	BT_150
	Usability: For offline analysis it shall be possible to choose between the reduced data set or the original one

	BT_160
	The Beam Transmission Monitor System must be configurable for different usages of the accelerator (e.g. commissioning, high intensity beam, shutdown).


Table 2: List of Non-functional Requirements

2.3.3. General Constraints
The system to be built must adhere to the guidelines and recommendations for software developments in the FAIR accelerator control system context, as referenced in [1].

The datasets must be stored in an Oracle database provided by the main contractor.

For accessing devices JAPC must be used. The system makes use of specific device properties implemented in the equipment front end controllers.

For Logging the FAIR Logging System must be used [4].

For utilizing alarms the FAIR Alarm System must be used [3].

The Beam Transmission Monitor Application must adhere to the GUI guidelines as described in [6].

The supplier of the work-package must identify the relevant standards before start of the development.
2.3.4. Architectural Principles

The Software Architecture Guideline for the Control System [5] fully applies.
3. Technical Specifications
3.1. The Devices
The Beam Transmission Monitor System (BTM) has to handle a lot of different beam diagnostic devices with different physical characteristics and therefore different representations (different properties). These devices offer a variety of data, e.g. current, counts or charges. For further details of beam diagnostic data acquisition see [7].
For the calculation of the particle count often additional parameters are needed, like energy, pulse-length or even calibration factors given by an experimenter.
Devices influence the beam in different ways. Non-beam-destructive devices can measure all the time, disruptive devices only temporarily (as long as they are in the beam).

Not all devices are suitable for all beam parameters, e.g. counters make only sense with slow beam extraction.
3.2. Beam Transmission Monitor
Depending on the actual beam chains and beam parameters the Beam Transmission Monitor System generates device lists. Whenever beam parameters change, or devices enter or leave the beam, these lists change.
The BTM gathers data online for all beam chains and all devices, calculates the particle count and stores this data in the database. In addition it informs the Interlock System about the transmission quality.

Information about not properly working devices (e.g. offline, values out of range) must be stored too, but the data must be marked as invalid respectively unusable.
3.3. GUI Application
The Beam Transmission GUI application can be used for online and offline display of transmission data and the user can change between these modes without restarting the application. The application runs as often as needed at one time on different consoles.
It must be possible to show transmission data in the following modes:

· Trend mode – data along a timeline for a configurable space of time
· One shot for a beam chain in one diagram
In both modes the user can choose between several kinds of data:
· Absolute particle count (measured and calculated for each device)
· Transmission relative to the first device in the sub-chain (in percent)
· Transmission relative to the predecessor device (in percent)

In both modes it shall be possible to select the devices to be shown.
In the online mode the user can choose up to two actual available beam chains for display. 
As soon as new data is stored in the database by the BTM, it has to be displayed by the GUI application immediately.

In offline mode the GUI must offer all available beam chains during a specified time period. Filters must be provided to reduce the number of beam chains. It must be possible to choose between compressed and non compressed data.
3.4. Database
The datasets must be stored in the relational database used for FAIR. The database design must be performance optimized to ensure data archiving in the frequency of the accelerator facility.
It is not sufficient to just store the particle count. The device data and the additional data for the calculation of the particle count are needed too (traceability). BLOBS shall not be used.
The traceability leads to a big amount of data which blows up the database size and reduces the speed of data access. So it is necessary to reduce the data amount for historical analysis. Hence, the database needs two kinds of transmission data storage: Extended (complete) datasets for a configurable space of time and compressed datasets for long time archiving.
3.5. Configuration of the Beam Transmission Monitor System
The system must provide means to configure thresholds for beam transmission and other parameters.
4. Quality Assurance, Tests and Acceptance
4.1. Development Methodology

The Beam Transmission Monitor System shall be developed in an iterative and incremental methodology.

Each iteration cycle must result in a running system which can be evaluated, and tested, at FAIR site. The first iteration must concentrate on the most important functionality. In successive iterations, the system is enhanced by adding features until the desired total functionality is reached.

In the initialization phase, the technical design concept and the plan for the iterations must be developed, and must be approved by the FAIR contracting body. At end of each iteration cycle the achieved status of the system will be evaluated and the iteration plan will be adjusted. Each iteration cycle must be approved by the FAIR contracting body before it can be started.

The following list of iterations is a proposal which has to be refined and to be agreed upon by the contracting parties.

Iteration 1:

· Development of a beam transmission software concept for monitoring
· Database design for online data
Iteration 2:

· First implementation of database design including API

· Prototype of BTM
· Design for GUI Application

Iteration 3:
· Approved Prototype of BTM generating test data

· Prototype of GUI Application, reading the online test data
· Performance tests of read/write access to the database

· Data reduction algorithm for historical data

Iteration 4:

· Database Design for historical  data
· Approved Prototype of GUI Application, including filters
Iteration 5:

· Implementation of database design for historical data including API
Iteration 6:

· GUI access to historical data

4.2. Quality Assurance System of the Supplier
The Common Specification "Accelerator Control System" [1] fully applies.

4.3. FAT

The Common Specification "Accelerator Control System" [1] fully applies.

4.4. SAT

The Common Specification "Accelerator Control System" [1] fully applies.

5. Documentation

The Common Specification "Accelerator Control System" [1] fully applies.
6. Warranty
The conditions and warranty period specified in the Contract applies.
7. Scope of Delivery

The following components have to be delivered:

· Database design for Beam Transmission data and devices
· Implementation of the database design
· API to access the database
· Concept for the data acquisition
· Concept for data reduction
· the Beam Transmission Monitor service for 

· data acquisition

· data storage

· communication with the Interlock System

· Signalling of Interlocks

· Design for the GUI application

· GUI application for online and offline analysis

· Documentation as described in the FAIR Common Specification "Accelerator Control System" [1]
Not within the scope are:

· the front end software

· any hardware (server, database server ...)

· the API to the Interlock System

· the API for accessing devices

I. Attached Documents

List of abbreviations for controls (Abbreviations_Controls.pdf).

II. Related Documentation 

[1] F-CS-C-01e, FAIR Common Specification "Accelerator Control System"

[2] F-TS-C-08e,  FAIR Detailed Specification "Interlock System"
[3] F-TS-C-09e,  FAIR Detailed Specification "Alarm System"
[4] F-TS-C-10e,  FAIR Detailed Specification "Diagnostic Logging System"
[5] F-DG-C-03e, “Software Architecture Guideline”

[6] F-DG-C-02e, “GUI Guideline”
[7] F-DS-BD-40e, FAIR Detailed Specification “Beam Diagnostic Data Acquisition System”
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