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Proposal for a standard motor interface
for Tango device servers
Purpose:

This document describes the proposal for a common interface for Tango device servers controlling motors.  The document enumerates the list of commands and attributes that would constitute a standard. The document also intends to set a common approach to the use of motors by stating on operational issues, i.e. not only the interface must be standard but also the behaviour. The ultimate goal of this document is facilitating the possibility of exchanging Tango servers or clients between institutes that have specific knowledge on dealing with motors.

This document is based on the current implementation of different device servers. It pretends to obtain a merge of different approaches on a single standard.
Device naming:
Motor device servers will export one device per motor channel.   Devices representing a motor card or group are not part of this proposal and are not, to this date, the subject for standardisation.  Nevertheless one standard attribute concerning motor card devices is proposed below in this section.   As motors are in most cases linked with channels in a motor card controller Tango clients exposing this relationship would benefit of a standard naming convention. The proposal is:

Device names for motors corresponding to channels in the same motor controller card would set the member part of the device name in <domain/family/member> to the motor channel number.  

     Example:  exafs/oms_card3/1
A server creating automatic device names for each motor channel would take care of respecting this rule.   If the server implements a motor card class exporting its own device name no explicit relation between the card name and the channel names is expected but the card device would implement a MotorList attribute returning the list of individual motor names and always respecting the naming rule exposed above. If the server does not implement a card class it is the responsibility of the Tango database manager to create device names following the rule.
Clients relying on this naming convention would ask the user to enter either the card device name or the root name for motor device names.  If the card device name is given the list of motor device names will be obtained automatically with the MotorList attribute. If the root name is given instead the client will generate the motor device names by following the rule.
In the following lists of commands and attributes the following convention applies:

Blue = optional / Black = mandatory

States:

Movements include backlash

	State
	Description

	ON
	Fully operational, all ok. Waiting for command

	OFF
	Power off

	MOVING
	A movement is ongoing.  (including during the whole execution of complex movement)

	FAULT
	A hardware or communication fault has occurred. Movement is impossible. 

	ALARM
	Inform of a warning condition.  State machine identical to the ON state and in particular starting a movement is still possible. When reporting the state if MOVING and ALARM situations are both possible, MOVING will be reported.


Commands:

	Command
	Input / Output
	Description
	Allowed

	Init
	None / None
	Tango standard
	All

	State
	None / None
	Tango standard
	All

	Status
	None / None
	Tango standard
	All

	Reset
	None / None
	Starts action to get out of FAULT state
	All

	Abort
	None / None
	Aborts ongoing / programmed actions on this motor
	All

	DefinePosition
	Double / None
	Changes current position register
	On/Alarm

	DefineEncoderPos
	Double / None
	Changes current encoder position
	On/Alarm

	GoHome
	None / None
	Starts a search for reference movement. Sets 

position to HomePosition attribute on success
	On/Alarm

	Forward
	None / None
	Starts continuous movement in positive direction
	On/Alarm

	Backward
	None / None
	Starts continuous movement in negative direction
	On/Alarm

	StepUp
	None / None
	Starts relative movement of 

StepSize attribute
	On/Alarm

	StepDown
	None / None
	Starts relative movement of minus StepSize attribtute
	On/Alarm

	SearchHome
	None / None
	Starts search for home switch. Movement will stop at home without resetting position register. 
	On/Alarm


Attributes:  
All attributes are memorized attributes.

	Attribute
	R / W
	Type
	Description
	Allowed

	State
	r
	State
	
	

	Status
	r
	String
	
	

	Position
	r/w
	Double
	Returns current position in user units.
Writing it starts movement to that position.
	

	Steps
	r/w
	Long
	Returns current position in steps.
Writing it starts movement
	

	SlewRate
	r/w
	Long
	Gets or sets velocity in steps/sec
	

	FirstStepRate
	r/w
	Long
	Gets or sets initial slew rate in steps/sec
	

	Acceleration
	r/w
	Long
	Gets or sets acceleration in steps/sec2
	

	Deceleration
	r/w
	Long
	Gets or sets deceleration in  steps/sec2
	

	Backlash
	r/w
	Long
	Gets or sets backlash in steps
	

	HomeSlewRate
	r/w
	Long
	Gets or sets velocity for go to home movement
	

	StepsPerUnit
	r 
	Double
	Gets steps per unit conversion.  Not writable, sets by property. Reflects mechanical resolution.
	

	LimitLow
	r
	Boolean
	Status of low limit switch 0=Off / 1=Active
	

	LimitHigh
	r
	Boolean
	Status of high limit switch 0=Off / 1=Active
	

	HomeSide
	r
	Boolean
	Status of home bit
	

	HomePosition
	r/w
	Double
	Position, in user units, at home position
	

	EncoderPosition
	r
	Double
	Current encoder position, in user units
	

	EncoderSteps
	r
	Long
	Current encoder steps, in steps
	

	EncStepsPerUnit
	r/w
	Double
	Conversion factor between position and steps for encoder. Reflects encoder resolution
	

	StepSize
	r/w
	Long
	Reads / sets value of stepsize for commands StepUp, StepDown
	

	ServoLoop
	r/w
	Boolean
	Reads / sets activation bit for servo control loop. 0=Off / 1=Active
	

	SettleTime
	r/w
	Double
	Settling time for servo control to decide on command completion (in seconds)
	

	WindowSize
	r/w
	Double
	Size of the settling window for servo control (in steps)
	

	DerivativeGain
	r/w
	Double
	Derivative component of PID for servo control
	

	ProportionalGain
	r/w
	Double
	Proportional component of PID for servo control
	

	IntegralGain
	r/w
	Double
	Integral component of PID for servo control
	

	
	
	
	
	

	SoftLimitHigh
	r/w
	
	Software High limit (in user units) – would change if calibration changes (see below)
	

	SoftLimitLow
	r/w
	
	Software Low limit (in user units) – would change if calibration changes (see below)
	

	
	
	
	
	

	Protected
	r/w
	Boolean
	A number of attributes become protected if set to 1/ unprotected if set to 0. The attributes affected by this are server-dependent. The protection aims at calibration and setup parameters and not to authorize movement or not.
	

	HardwarePosition
	r
	Double
	See comment on calibration below
	

	Sign
	r/w
	Boolean
	idem
	

	Offset
	r/w
	Double
	idem
	


Position / Steps - Calibration
In its simple implementation two attributes are used to report position and to trigger movements: Steps and Position. These two attributes should be available regardless of the server implementation. 

Two cases:

1. The commands of the motor controller hardware interface are step-based:

a. Steps will report the hardware register. The value of the Position attribute will be the result of a calibration to units (mm,deg, etc…) in the user space.  The simplest calibration would be 

i. Position = (HardwarePosition) = Steps / StepsPerUnit. 
b. The proposed calibration scheme is:

i. Position                = (Sign * Steps / StepsPerUnit) + Offset

ii. HardwarePosition = Steps / StepsPerUnit

2. The commands of the motor controller hardware interface are position-based:
a. Steps will be based in the resolution of the motor. In its simplest way calibration will be as in case 1.  HardwarePosition will be the value read from the controller

i. Steps     = HardwarePosition * StepsPerUnit 

ii. Position = HardwarePosition

b. The proposed calibration scheme is:

i. Position = ( Sign * HardwarePosition) + Offset

ii. Steps     = HardwarePostion * StepsPerUnit

Other calibration schemes are possible. Example: DESY.  Two sets of calibration values co-exist. Attributes: Offset, UserOffset, etc...  A Boolean attribute determines which of the sets is used to report the position. 

WARNING
1. Calibration schemes may affect the calculated values for other attributes. 

2. This scheme allows calibration to be implemented at the server level. It does not stop from implementing a calibration scheme at the client level. Using both could lead to confusion.
3. When using calibration at the server level special care has to be taken to update clients if the calibration changes. The Protected attribute can help in locking calibration once it is done. Another approach would be to implement read only attributes and use properties to choose calibration values.

Other commands and attributes 
Certainly this proposal does not include all possible attributes and commands. Some motors have very specific features that make only sense for its own use.  The use of the Tango attribute list query allows applications to propose specific attributes to users without previous knowledge of the motor interface.

Nevertheless is desirable that, if attributes are interesting for more than one project, they will be the subject of standardisation. In this way at least a standard naming will be spread about our facilities.  Those attributes or commands should become part of future versions of this document. This document should be available, with versioning system on the 
www.tango-controls.com website.

For example some proposed attributes that may be (or not) included in the standard interface are:
· TotalMoveTime, RemainingMoveTime (total/remaining estimated time for current movement)
· TangoMotorVersion (to report the version of this interface implemented by the server)

· ….

MotorFeatures

Some applications need to know if a motor controller or a device server implements (or not) a certain feature. In the absence of the feature the application may decide to take an action.  Examples are:  Encoder, Backlash…

In principle the standard Tango query for Attribute and Command list is enough for that. It is nevertheless required that the optional attributes exposed in the lists above are implemented ONLY if the feature is really assumed by the server.
