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1 INTRODUCTION
This document enumerates requirements for the control system for the ILC test accelerator facility at NML. The primary purpose of the NML control system is to support ILC cryomodule, crab-cavity, instrumentation and LLRF development and testing through all phases of the ILC research and development program. Other goals for the NML control system include: flexibility with respect to component hardware and software configurations; support development and testing of concepts for the actual ILC control system; and operate as a production accelerator; all while maintaining the stability and functionality of the test accelerator.
This document covers the requirements for the control system product, the control system user interface, and the control system development environment.

1.1 Definition of Terms and Acronyms

	ILC
	International Linear Collider

	ILCTA
	ILC Test Accelerator

	LLRF
	Low Level Radio Frequency

	May
	Indicates an action or behavior that is allowed or desired, but is not required.

	NML
	New Muon Laboratory

	PID Loop
	Proportional-Integral-Derivative, a feed-back mechanism for correcting errors in an automated control process.

	PDF
	Portable Document Format, a file format specification for document exchange.

	Shall
	Indicates an action or behavior that is required

	System
	The NML control system


2 REQUIREMENTS

The following sections enumerate the capabilities required of the control system for the ILC test accelerator facility at NML.
2.1 General Requirements – GR

General requirements include behaviors and actions of the control system as a whole.

	ID
	State
	Requirement
	Source
	Comments

	GR1
	Unapproved
	The system shall not mandate a particular hardware platform solution with respect to the component devices and subsystems under its control.
	3.1
	

	GR2
	Unapproved
	The system shall not mandate a particular operating system solution with respect to the component devices and subsystems under its control.
	3.1
	

	GR3
	Unapproved
	The system shall not mandate a particular software environment solution with respect to the component devices and subsystems under its control.
	3.1
	

	GR4
	Unapproved
	The system shall not mandate a particular software tool solution with respect to the component devices and subsystems under its control.
	3.1
	

	GR5
	Unapproved
	The system shall not restrict functionality based solely on the physical location of the user.
	3.1
	


2.2 Operational Requirements - OR

Operational requirements include the behaviors and actions associated with overall operation, monitoring, and control of the ILC test accelerator.

	ID
	Status
	Requirement
	Source
	Comments

	OR1
	Unapproved
	The system shall employ the Control Room Logbook as its electronic logbook
	3.1
	

	OR2
	Unapproved
	The system shall provide boot service to any device or subsystem under its control
	3.1
	

	OR3
	Unapproved
	The system shall provide the ability to control and monitor PID loops for any device or subsystem under its control.
	3.1
	Sufficient?

	OR4
	Unapproved
	The system shall provide a mechanism to control and monitor optical transition radiation detection.
	3.1
	

	OR5
	Unapproved
	The system shall provide a mechanism to control and monitor the phase scan application.
	3.1
	

	OR6
	Unapproved
	The system shall provide a mechanism to control and monitor emittance
	3.1
	

	OR7
	Unapproved
	The system shall provide a mechanism to avoid conflicts in operator actions
	3.1
	

	OR8
	Unapproved
	The system shall provide a mechanism to control and monitor stepper motors
	3.1
	

	OR9
	Unapproved
	The system shall provide a mechanism to control and monitor dipole corrector magnet power supplies 
	3.1
	

	OR9
	Unapproved
	The system shall provide a mechanism to control and monitor quad magnet power supplies.
	3.1
	

	OR10
	Unapproved
	The system shall provide a mechanism to control and monitor spectrometer magnet power supplies.
	3.1
	

	OR11
	Unapproved
	The system shall provide a mechanism to control and monitor vacuum devices.
	3.1
	

	OR12
	Unapproved
	The system shall provide a mechanism to control and monitor the supporting infrastructure for the devices and subsystems under its control. Supporting infrastructure includes: applications, servers, crates, network,…
	3.1
	Refactor?

	OR13
	Unapproved
	The system shall provide a mechanism to control and monitor the cryogenic system.
	3.1
	

	OR14
	Unapproved
	Cryogenic controls shall be operable from the Central Helium Liquefier control room
	3.1
	Only? Or is this a special case of GR5?

	OR15
	Unapproved
	The system shall provide a mechanism to control and monitor the photoinjector
	3.1
	

	OR16
	Unapproved
	The system shall provide a mechanism to control and monitor the laser
	3.1
	

	OR17
	Unapproved
	The system shall provide a mechanism to control and monitor modulators
	3.1
	


2.3 User Requirements – UR

User requirements include behaviors and actions that support the users of the ILC test accelerator. Users include operators, experimenters, developers, …
	ID
	Status
	Requirement
	Source
	Comments

	UR1
	Unapproved
	User Interface: All displays shall be opened initially in non-edit mode.
	
	

	UR2
	Unapproved
	User Interface: The system shall provide a mechanism for authorized users to activate edit mode to configure display contents.
	3.1
	

	UR3
	Unapproved
	User Interface: The system shall allow display contents to be configured without affecting the operation of the test accelerator.
	3.1
	

	UR4
	Unapproved
	User Interface: The system shall provide a mechanism for authorized users to define new displays without requiring change to the control system implementation.
	3.1
	

	UR5
	Unapproved
	User Interface: The operator interface shall consist of an X-window server display.
	3.1
	This requirement may be too implementation specific

	UR6
	Unapproved
	User Interface: All operator displays shall have a consistent look and feel.
	3.1
	


2.4 LLRF Requirements – LR
LLRF requirements include the behaviors and actions associated with the development, testing and operation of LLRF for the ILC test accelerator. 

	ID
	Status
	Requirement
	Source
	Comments

	LR1
	Unapproved
	The system shall initialize LLRF without requiring user intervention.
	B. Chase
	

	LR2
	Unapproved
	The system shall operate LLRF without requiring user intervention.
	B. Chase
	

	LR3
	Unapproved
	The system shall provide a mechanism to control and monitor klystrons
	3.1
	


2.5 Instrumentation Requirements – IR
Instrumentation requirements include the behaviors and actions associated with the development, testing, and operation of the ILC test accelerator instrumentation components. Instrumentation components include beam position monitors, bunch length monitors, beam loss monitors, optical transition radiation detectors, …

	ID
	Status
	Requirement
	Source
	Comments

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2.6 Timing Requirements – TR

Timing requirements include the behaviors and actions that address timing and synchronization of individual ILC test accelerator components, and between those components.

	ID
	Status
	Requirement
	Source
	Comments

	TR1
	Unapproved
	The system shall employ a timing system for use in testing that does not interfere with operation of the test accelerator. 
	3.1
	

	TR2
	Unapproved
	The timing system may be a simulation of the test accelerator clock signals.
	3.1
	

	
	
	
	
	


2.7 Configuration Requirements – CR

Configuration requirements include behaviors and actions that address the configuration of both the ILC test accelerator components and the control system.

	ID
	Status
	Requirement
	Source
	Comments

	CR1
	Unapproved
	The system shall provide configuration service to any device or subsystem under its control.
	3.1
	

	CR2
	Unapproved
	The system shall provide a mechanism for saving the configuration of any set of devices or subsystems under its control on-demand
	3.1
	

	CR3
	Unapproved
	The system shall provide a mechanism for saving the configuration of any set of devices or subsystems under its control automatically according to user-defined criteria.
	3.1
	Ambiguous, need to define criteria (startup, periodic, when changed)

	CR4
	Unapproved
	The system shall provide a mechanism for saving the configuration of the control system on-demand.
	3.1
	

	CR5
	Unapproved
	The system shall provide a mechanism for saving the configuration of the control system automatically according the user-defined criteria.
	3.1
	See CR2

	CR6
	Unapproved
	The system shall provide a mechanism to restore a saved configuration of devices and subsystems under its control.
	3.1
	

	CR7
	Unapproved
	The system shall provide a mechanism to restore a saved configuration of the control system
	3.1
	

	CR8
	Unapproved
	All saved configurations shall include meta-data that includes the date, time, user, and machine state at the time of the save.
	3.1
	Machine state is ambiguous.

	CR9
	Unapproved
	The system shall provide a mechanism to include free-form text to be included with the saved configuration meta-data.
	
	

	CR10
	Unapproved
	The system shall provide a mechanism to view a saved configuration and its meta-data in a human readable format.
	3.1
	

	CR11
	Unapproved
	The system shall provide a mechanism to define a saved configuration as “standard”.
	3.1
	

	CR12
	Unapproved
	The system shall partition “standard” saved configurations from all other saved configurations.
	3.1
	


2.8 Archiving Requirements – AR

Archiving requirements include behaviors and actions dealing with the acquisition, preservation, and reporting of data from both the ILC test accelerator components and the control system.

	ID
	Status
	Requirement
	Source
	Comments

	AR1
	Unapproved
	The system shall be able to acquire digital output data up to a maximum frequency of 5 KHz
	3.3
	

	AR2
	Unapproved
	The system may be able to acquire digital output data up to a maximum frequency of 10 KHz
	3.3
	

	AR3
	Unapproved
	The system shall be able to acquire digital output data with a minimum resolution of 12 bits
	3.3
	

	AR4
	Unapproved
	The system may be able to acquire digital output data with a maximum resolution of 24 bits
	3.3
	

	AR5
	Unapproved
	The system shall be able to record asynchronous events.
	3.1
	


2.9 Alarm Requirements – AL

Alarms requirements include the behaviors and actions that allow the definition, configuration, detection, auditing, and handling of error conditions of the ILC test accelerator.

	ID
	Status
	Requirement
	Source
	Comments

	AL1
	Unapproved
	The system shall be able to monitor analog alarm signals
	3.1
	

	AL2
	Unapproved
	The system shall be able to monitor digital alarm signals
	3.1
	

	AL3
	Unapproved
	All alarm signals shall be logged through the central logging system.
	3.1
	

	AL4
	Unapproved
	The system shall provide a mechanism to enable and disable any alarm signal
	3.1
	

	AL5
	Unapproved
	The system shall provide a mechanism to define adjustable limits for all analog alarm signals.
	3.1
	

	AL6
	Unapproved
	The system shall provide a mechanism to enable and disable any alarm limits.
	3.1
	

	AL7
	Unapproved
	The system shall provide a mechanism for classifying alarms according to dynamically defined groups.
	3.1
	

	AL8
	Unapproved
	The system shall provide a mechanism for filtering alarms of interest according to group.
	3.1
	

	AL9
	Unapproved
	The system shall provide a mechanism for classifying alarms according to level of severity.
	
	

	AL10
	Unapproved
	The system shall provide a mechanism for filtering alarms of interest according to severity.
	
	

	AL11
	Unapproved
	The system shall provide a mechanism to issue a page when a particular alarm occurs.
	3.1
	

	AL12
	Unapproved
	The system shall provide a mechanism to define a time period when any configured alarm page should be issued 
	3.1
	Needs breakdown to better describe “off-hours”.  e.g. Resolution of time period, what kind of calendar (day, week, year)

	AL13
	Unapproved
	User Interface: Enabled alarms shall generate a visual notification when triggered
	3.1
	Ergo Standards?

	AL14
	Unapproved
	User Interface: Enabled alarms shall generate an audible notification when triggered
	3.1
	Need a frequency range, rep rate,  and min dB

	AL15
	Unapproved
	User Interface: The system shall provide a mechanism for silencing audible alarms for a configurable period of time.
	3.1
	Should this be on a group, severity, individual basis? Should there be a max disable time?

	AL16
	Unapproved
	User Interface: Any user of the system shall be able to configure a custom alarm display.
	3.1
	


2.10 Diagnostics & Analysis Requirements – DA

Diagnostics and analysis requirements include behaviors and actions for software tools that support the development, testing, and operation of both the ILC test accelerator components and the control system.

	ID
	Status
	Requirement
	Source
	Comments

	DA1
	Unapproved
	The system shall provide a mechanism to plot the values of any memory mapped vector.
	B. Chase
	

	
	
	
	
	

	
	
	
	
	


2.11 Safety Requirements – SA

Safety requirements include behaviors and actions that protect the users of the ILC test accelerator, other personnel located at the facility, and the facility itself.

	ID
	Status
	Requirement
	Source
	Comments

	
	
	 
	
	

	
	
	
	
	

	
	
	
	
	


2.12 Security Requirements – SE

Security requirements include behaviors and actions to insure the protection of, and appropriately limit access to and use of, all computers at the ILC test accelerator facility.

	ID
	Status
	Requirement
	Source
	Comments

	SE1
	Unapproved
	The system shall satisfy the requirements set forth in the Fermilab Policy on Computing.
	3.2
	

	
	
	
	
	

	
	
	
	
	


2.13 Remote Access Requirements – RA
Remote access requirements include behaviors and actions that provide access to, and control of, the ILC test accelerator to authorized and authenticated users not physically located at the facility.
	ID
	Status
	Requirement
	Source
	Comments

	RA1
	Unapproved
	User Interface: All operator displays shall be remotely accessible
	3.1
	

	
	
	
	
	

	
	
	
	
	


2.14 Developmental Requirements – DE

Developmental requirements include behaviors and actions associated with the procedures, tools, and development environments employed during the development cycle of the control system.

	ID
	Status
	Requirement
	Source
	Comments

	DE1
	Unapproved
	All software developed for and used in the system shall be maintained in a source control management system
	3.1
	

	DE2
	Unapproved
	Software may be developed such that it can be executed in various environments
	3.1
	This requirement is ambiguous and needs a better definition

	DE3
	Unapproved
	All publicly distributed development documents shall be published in PDF format
	3.1
	Not a given yet, but some format should be chosen.

	DE4
	Unapproved
	All publicly distributed development documents may be available via the web
	3.1
	


3 SOURCES
The sources provided in the requirements tables in section 2 are described below. Where possible, a link to the source is provided.

3.1 ILCTA/NML Controls Requirements Document, ILC Doc-325

https://docdb.fnal.gov/ILC/DocDB/0003/000325/018/NML_ControlsRequirements.doc 
3.2 Fermilab Policy on Computing

http://security.fnal.gov/policies/cpolicy.html 

3.3 Cryomodule 1 Instrumentation 08NOV2007 Meeting Minutes

http://www-bd.fnal.gov/issues/wiki/Cryomodule1Instrumentation08Nov2007 
4 APPROVALS

	Name
	
	Department
	
	Signature
	
	Date
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