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Overview

• Requirements for LLRF-automation
• Detailed FSM-theory
• LLRF-automation: separation of tasks

– Procedure Framework
– DOOCS FSM Implementation

• Procedures (briefly)
• Outlook

A handy FSM example
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Requirements for Automation

• Why?
– Devices are getting digital now, you need a PC rather than a

screwdriver
– Ease operators job, reduce operation errors
– “A large number of machine-errors is caused by the operators

themselves”
– Manageability, reproducibility, availability, …, *ility

• How?
– Be applicable on top of existing infrastructure
– An a priori consideration of automation is nice but unrealistic due

to the large number of subsystems
– Accomplish operators acceptance
– Transparency for subsystem experts
– Expandability and adaptability for subsystem experts
– Deal with several ways of bypassing the automation
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A Handy FSM Example
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• First of all, a finite state machine is a model for a
mapping between discrete spaces.

• In a ‘Mealy FSM’, the states can directly be mapped to
the output. (It’s like omitting the ‘D’-matrix in the
statespace formalism.)

• …but what, if we are interested in continuous quantities
like velocity? Make a quantization!
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System with discrete 
as well as continuous

quantities and channels…

Quantization
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Window+MatlabComplicated LLRF-System

Automation
FSM

Input-Q. Output-Q.
This box can be modelled by an (non-deterministic) FSM!!

Discrete Dataflow
Continuous Dataflow

• What can the quantization be for the LLRF? Most likely
procedures with discrete output-values.

• Two elements of the LLRF-Automation already
identified:

1. Procedures (plus infrastructure)
2. FSM for automation

• The DOOCS control system already provides a nice
FSM generator.
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Procedure Framework (Ideally)

!checkLoopphase
!calibDSP!tuneCavities

tuneCavities::okcalibDSP::rwerror

makeZZ::ok checkLoopphase::ok

Automation
FSM

!makeZZ
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Procedure Framework (Really)

button
configuration
-location of binary
-no restrictions

short description
(appears in logfile)

human readable
result (appears in
logfile, too)

discrete result of
the procedure

additional outputs
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Procedure Framework

• Would be nice to have addresses like
TTF2.RF/PROCEDURES.ACC1/LOOPPHASE/START
However, I could imagine more sophisticated solutions: every procedure has an
identifier. The FSM just “shouts” these identifiers into a channel and gets back results…

• Philisophy of procedures
– “Stateless” (no interaction while executed, no intrinsic

knowledge about previous executions)
– Independend of each other (but not necessarily)

• Distributed system not yet realized, but would be
nice to have

• A framework supported by DOOCS like this would
be helpful - not only for FSMs

• I think that application of slow-feedback is a
“stateless procedure”
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LLRF Automation: Big Picture
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LLRF FSM: Basic Idea

which button to push
where to find the result
condition for this transition

Very small extension to the generated
code:• Some basic “parsing” is implemented in TStateLogic

• A number indicates to wait a few pulses
• Several addresses means press several buttons
• Send any event to any state on entering a state
• Conditions can be ‘else’ or ‘all’ or several numbers
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LLRF FSM: Top Level View
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LLRF FSM: DSP-Calibration
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LLRF FSM: Exception Top



FLA Seminar Dec. 16th 14/19

LLRF FSM: Exception Handler
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LLRF FSM: Tweak
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LLRF FSM: Fast Adaptive Feedforward
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LLRF FSM: Summary

• Basic philosophy: model the operator.
• Goal was not to find the final solution but to build

something that can easily be changed
– Changing procedures, wait-cycles, conditions can be

done on the fly from any ddd-panel (restricted access
might be a good idea)

– Adding states, changing the structure needs
regeneration of code and recompilation - this is
automatic except from the TStateLogic-statements

• Not only changing but also exchanging is
possible
– Boguslaw is working on a more sophisticated solution

that omits the DOOCS FSM code generator - why not?
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Procedures: Overview

• Observation Algorithms for settings of DSP and cathode laser
– Send events in case of changes
– Internal tracking allows to distinguish between “operator-intervention” and

“automation-intervention” (!!!)
• Adaptive Feedforward: tested successfully with moderate beam-load

– Plans to test algorithm at SNS with heavy beam load in January 2006
• Loop-phase and system-gain estimation

– Running since several month, no operator-complaints so far
• Algorithms for DSP-calibration

– Separated into tasks (data acquisition and evaluation)
– Script-version has been tested, compiled version needs to be verified

• Coupler interlock reset
– Reset limits per day / per hour / per minute

• Offset calibration, setting of setpoints, ramping feedback, …
• What  can YOU contribute for YOUR subsystem…?
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Outlook

• FSM-approach meets requirements of transparency and *ility.
• Procedure-framework has proven to be something useful - I already

met people who are interested to use it.
• As next step, I would like to establish the adaptive feedforward in the

VUV-FEL. But this needs some time.
• Not yet addressed, but important: Database
• Experience gained for XFEL and ILC automation.


