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LLRF Automation and Adaptive Feedforward

alexander.brandt@desy.de
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FSM-Architecture

Procedures
• Compiled scripts of any 

programming language
(and any Matlab-version)

• “Fire and forget”:
–Invoke - Run - Return
–“Stateless Procedures”

• E.g.:
–Adaptive Feedforward
–Loop-Phase

• Web-Documentation
• Algorithms are identical 

for all RF-stations and 
read a config file
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FSM-Architecture

Procedure-Server
•Doocs-interface for 
configuration and access

•History-Display
•Email-Notification
•Timeout-feature (free 
configurable)

•Multithreaded
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FSM-Architecture

State-Machine
•Moore-FSM:

–“Do something on enter”
–Here: trigger a procedure

•Flexible design
–On-line reconfigurable
–Off-line “restructurable”

•Current design: model 
the expert-operator

•“Database” stores all 
settings, calibration-
tables, parameters for 
the procedures, …
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FSM-Architecture

User-Interface
•Simple view for the 
operator

•Extended view for the 
expert
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Procedure-Documentation

http://tesla.desy.de/~abrandt/llrf-procedures/moverView.html
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“oneStepAFF” Web-Documentation
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Adaptive Feedforward

Adaptive FF w/ beam load
(ACC2/3, 30us, ~1nC)
Remember, this is just the FF
contribution!
E-Log 10/3/2006, 14:15

Fancy pulses
w/ adaptive FF
E-Log 25/3/2006, 8:58
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Adaptive Feedforward

Feedforward-
Table

Flattop w/
Adaptive FF
(3 Iterations)

Flattop w/o
Adaptive FF

SNS LLRF Control Panel
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Adaptive Feedforward

Feedback (FB)

Feedforward (FF)

1st idea: FFnew = FBlast+FFlast …is instable :(

2nd idea: FFnew = LP(FBlast)+FFlast …is even worse :(

low-pass
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Adaptive Feedforward

Lowpass:

3rd idea: Instead of a low-pass use a “time-reversed low-pass”:

Time-reversed lowpass:

FFnew = TRLP(FBlast)+FFlast …is surprisingly stable :)

time-reversed low-pass
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Adaptive Feedforward

• Currently used: time-reversed 
lowpass at 2.5kHz (just 3 lines Matlab
code!)

• Good results after 2-3 iterations
• However: exception handling most 

important!
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Loop Phase Correction

Loop-phase control enabled…

Loop-phase control disabled…
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Procedure Server
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On-Line Reconfigurability

A click here defines what happens on enter…
• can be a number (like ‘wait 25 pulses’),
• can be an event (make transition somewhere),
• can be a procedure
• can be a combination of them.

Where to find the numerical result 
once the procedure (timer) has 
finished - can be any DOOCS-
address!

Conditions, that the result is compared to
(which lead to a transition)
• can be (a list of) number(s)
• can be a ‘not’, ‘else’, ‘all’



FLASH Seminar  May 29th 2006 21/32

init

enter

during

Off-Line Restructurability
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FSM Top Level View
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FSM Tweak State
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Simple Operators View

Switch off FSM

Ramp RF to the 
target values
(…)

Enable adaptive FF
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FSM-Expert View

Scrolling messages from all procedures

Debug
level

Simple
operators
view

Access to FSM-structure
(for on-line reconfig)

Target values are
automagically updated
while operator is working
with the DSP!

…but only as long
as this is desired!

Checkboxes determine the behavior
of the algorithms (and the algorithms
determine the behavior of the FSM).

Algorithm expert settings
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Operation Experience

• “Permanent features”
– Loop phase running with <1 error/week (fixed  usually the next 

day)
– Adaptive feedforward (rarely used) with ~1 error/week (fixed 

next day)
– Few things run without operator awareness (signal calibration, 

operator-tracking)
• “Occasional features”

– DSP ramp up after down: tested but not used
– DSP ramp down after klystron trip: tested but not used

• “Optional Features”
– DSP calibration, detuning display, … just used by me from 

time to time
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DDD FSM Framework

• Nice, but probably to unflexible
• That’s why my implementation extended it by

– Procedure server (with features like timeout and 
email notification)

– Factory-classes for a simple reconfiguration (still 
needs compilation)

– Parser that interprete online configuration (“go”, 
“res” and “c” - buttons)

• Re-working the automation should be as 
easy as re-designing a panel

• Extension of the DDD FSM Framework is in 
progress…
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Finally…

• FSM is in permanent commissioning - Valeri
and I are activating features and testing them

• Adaptive Feedforward is
– available at FLASH
– tested at SNS (to be implemented in August)
– on it’s way into the FPGA

• Still: there is a lack of operator acceptance / 
cooperation

• Good experience made with the flexibility of 
this approach (fast bug-fixing, adaptation to 
operator needs)
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…




