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4' Overview |7

. R%H@mgmsetpgﬁ F-automation

« LLRF-automation: separation of tasks

— Procedure Framework
— DOOCS FSM Implementation

* Procedures (briefly)
« Qutlook
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4' Requirements for Automation |7

 Why?
— Devices are getting digital now, you need a PC rather than a
screwdriver
— Ease operators job, reduce operation errors

— “Alarge 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 —

' N ]: | 'y
S + d th -
> 1=, 2, .., 9 I Physical I @

* 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 2iw0

. the output. (It's like omitting the ‘D’-matrix in the

statespace formalism.)
Eg. (wuudu)-» (123434 """ """y — ]

I::I * ...but what, if we are interested in continuous quantities [:I
T like velocity? Make a quantization! T

-7 I wiouein I
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4' Quantization |7

« 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 l
FSM generator.

|
|
L __ _ Automation - - -
FSM == == 3§  Djscrete Dataflow

—l Continuous Dataflow
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Procedure Framework (ldeally) |7
IcheckLoopphase
ltuneCavities IcalibDSP
ImakeZZ
Automation
FSM
makeZZ::ok checkLoopphase::ok

calibDSP::rwerror tUneCavities::ok
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Procedure Framework (Really)

[(e]
(©
o

" "Stateless Procedures''-Server

Configuration Short Description Human-Readable Result
FUNO I ljwmm| [ | Operation Successfull! |[ 0 ][-0.02][1.39]

[FONT| g I Gpration swcessTaT [ [ [

[Fun2] }—“ﬂ%l Correcting offsets. mﬁset adjustment finished! (Maybe you need to run this one more time? P'IeasH c0 || 0 ” 0 I
FUN3 | I—mm%%%%%'l Correcting Toopphase. ” Loop Phase and System Gain Tlook fine. || 0 ||—1 .97” 0.12 I

FUN4 oo Adapting Feedforward (DSP-par.). Successfully adapted the Feedforvard: | 10 || 0 || 0 |
> 4
FUNS e [ Adapting Feedforvard | Feedfofiard Adaption successfu [[ o [ o J[ o]
R [ |
FUNG %%| [ successfullly set default feedforvard. ([[0)] |I] |I]
| -
FU : checking cot 'Ier interTocks. || Nl interTock observed. 0 | 0 0

FUN Defiunzebatandl :shovtidat 1 Chetkmﬁ'loopphase I 0_dr i 10r£ is applied. I” -13 || 0 || 0 |
7
FUN9 Nefiunfisldiuals voceh subd dat checking dfta quality. FE=0 or FF=0! Data quality is unacceptable. I || 9 || inf ||‘I05.87|
7

11 rf/runChecidetwor csh outl0.dat I Checking ‘emork f’ |_ 0 —l [Tl m
l
F [ Ramping F*dhack. | permission te touch FB! [T ][ o ][ o]
y -
R IVR 7 S— setting amp‘h‘tu‘ and phase. iﬁafi I é :m "Iwed to touch sP-values! l [T ][ o ][ 0]
‘ L]
FUN1 3] — At rater [ Looking for operdfor action. (]S 4 No operator action detected. [ 4 2 J[ O 0 |[ 0]

1

A ¥
FUN14” ' g cathode 'Ia*r settings. || Cathode g | 0 0

[FUN15] | ot e o - eving DSP calibrhtion-data. I saved data in 22-Nov-2005T1055-dspcaldata-ACC1. mat. | [ o ][ 0 ]
FUN16 cynEval 18 il P Evaluating BSP—ca“-Data. ” Finishedaml

[ o
[FUN17]

-b A
Calculating cavity signalfcalibration. || Stored data in cavcalibdata-ACC1-8.mat ||

[FUNT]|
[FONT9] |
[FUNZ0] |
UNZ1] |

|

I

1| I I
1| I I
C_short descriplion '
1 [ = 2 2

Script exed(ilil 3 |I|

QS |9 |||
(=}
(=}

FUN21]

offCal ACCH56 out2?.dat
out22.dat

] | — e - “alculated h'alndwidth out of range. (Maybe there is no drive signal at al13[-11 |[ 0 |[ 0 ]
[FUN24] [——cneStepiFROSF ICCHS ovk2idat | I calculated bandwidth out of range [[-11 ][ 0o ][ 0]
(U] | S—— AT T — Il Script execution error. [[-99 ][ 0o [ 0 ]
= m' |—“mﬁ% I | I Script execution error. I | -99 | | 0 | I 0 I
[Fun27] | 1| I Lo J[o J[o ]
[FUN28] | 1| || Lo J[o J[o]




4' Procedure Framework |7

 \WWould be nice to have addresses like
TTF2.RF/PROCEDURES.ACC1/LOOPPHASE/START

However, | 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

* | think that application of slow-feedback is a

| ateless_Hroced ure”
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— LLRF Automation: Big Picture —

' Local LLRF FSM ’ ‘ Local LLRF FSM ' |( Local LLRF FSM ) ' Local LLRF FSM )

Klystron FSM l Klystron FSM |
:\ ; ! t

| INTERFACE | | INTERFACE |

l Klystron FSM ] | Klystron FSM ’
-~
~ \
~
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4' LLRF FSM: Basic Idea |7

500
= — which button to push
o ® ‘@ where to find the result
I condition for this transition

, , Ve _ ated
* 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

TStateLogic* sd=TStateLogic::factory( )
sd->set_go( . ¥
sd->set_res( N Vi

sd->add_event(
‘ ?fp’f?m ’ sd->add_event (

flow:0

return ST_OK;
i

//// DO NOT EDIT THIS AND NEXT TWO ROVS
/f enter function for state 'EXERDQ’
int ROOT_EXERDQ_enter action(FSMstate *st p )

f_] {
B\E¢S{ - low level radio frequency fputs(
“ae

TStateLogic* sd=TStateLogic::factory( )i
sd->enter (st p );




LLRF FSM: Top Level View

= TTF2,RF/FSM,ACCL/ROOTS

©
©
(©

Sequencial prepavation flow and evvor state

NUL I

flow:0uL)

check b+ f sw

IDLE

h 4

SFCURF

flow:0

I
Klystron is a* secure 1eve];

1

FULL

flow:0

1|

TWEAK

—
=

1

OPERATE

ERROR

—

Parallel exception handting flows

EXCEPTION

flow:1(I)

NEXCEPTION

flow:2(I)

AN

v v

Applications

FASTAFF ‘ PAUSE ’ DSPCAL TUNING
‘ flow:0 i ‘ i flow:0 ’

- DESY
L)

low level radio fr

q y

FLA Seminar Dec. 16™ 11/19




LLRF FSM: DSP-Calibration

l‘/

500
Three-Step Vectorsum—-Calibration
aaa
GETDDATA 1) Choose number of qiterations tv% press start for data accquisition.
Get DSP ralData Watch the resultsS: saved data in 22-Hov-2005T1055-dspcaldata-ACC].mat .
flow: 0(I)
SR for the 3-STUB-TUNER CAVITIES DSP-MATRICES
evaluation of the data. Amp.  Phase Amp. Phase
watch the results: 10.'1090 ;;3'-837 —— Cavity 1 — '1,.-"'350 '1]3;323
d Finished data evaluation. 3_'1048 ;?%'05 — Cavity 2 —_— 2:0571 ;2:8923
EVALDDATA | v [l @itr 3 = i R
Eval DSP CalData 2'.&? ;;I..&? —— Cavity 4 S !1;?1.178 ;‘zlsss!i.as
Flows te B Cvity 5 e
2 B ity s e v R
Yiw  ma —— ity 7 —— 33 e
o3 des —— Cwity 8 —— 00 e
oon  oop —— Cavity 9 —— Q0 D
oon oo —— Cavity 10 —— 050 0
T R —
D RN cviv oz =D i
v NS cavity 130 S 0
o0 I S cavity 1 S
LY RN cvity 15— LD
veo Ihmill—— Cavity 16 = 00 K
‘%ﬁ&b"o"?n“&‘f‘mata 3) Decide if you Tike the data in the table above and adjust your waveguides
flow:0 and/or DSP matrices accordingly. (Not yet automized.) -
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LLRF FSM: Exception Top

999

I ~ TTF2,RF/FSH,ACCL/RO0T/

Exception Handling Subflows:

‘ NEXO01 ’ ‘ NEX02 ‘ ‘ NEX03 ‘ NEX04 ‘
Loop phase and Network Coupler Tracking of
systen gain availability interlock operator action
‘ NEXO05 ’ NEX06 ‘ ‘ NEX07 ‘ ‘ NEX0S8
Cath.-laser Field quality Signal unused
observation check calibration -

NEXO09 ’ ‘ NER10 ‘ NEX11 ’ NEX12
unused unused unused unused

NEX13 ’ NEX14 ‘ NEX15 ‘ NEX16 ‘
unused unused unused unused

low level radio freq y
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4|

LLRF FSM: Exception Handler

|7

v TTF2,RF/FSM,ACC1/ROOT/

low level radio frequency)

-

Q09

1|judE1}2081|J |
I T FY h h

C

T ‘

flow:0

i

|
C

C C
Jv 1 1
]

flow:0

i

|
C
C C
Jr 1 1
flow:0

T 1
|

C

|
NEXO8PA
‘ parri C ‘

flow:0
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LLRF FSM: Tweak

~ TTF2,RF/FSHM,ACC1/ROOT/

ERROR

1not

ERROR
1\else

ERROR

CHKSP
Check and set Setpoin

flow:0(I)

Go: TTF2.RF/FSM.ACC1. SAT/GEN SAT/FUN12.GD)
RES : TTF2. RF/FSM.ACCT. SAT/GEN_SAT/FUN12. RE

low level radio frequency

not

RROR
AFF FQUAL L
se
adaptive feedforward field quality check
uw]s=
flow:0 flow:0
G: TIF2. nr/rgmcu .SAT/GEJ SAT/FUNS. GO Go: 10a. RiZ1'SM.ACCT. SAT/GEN sm/runs GO
RES: TTF2. RF/FSM.ACC1. SAT/GER SAT/FUNS.RES RES: TTF2. RF/FSM.ACC1. sm/cN SAT/FUNS. RES
0:1:2:3; 113 ) B -12
RROR
RFB not

ramp feedback

flow:0

RiZ1'SM.ACCT. SA GEN SAT/FUN11.GD
RF/FSM.ACC1. SA GE%‘ SAT/FUN11.RES
else

RROR
CHKSPE oF

Check Setpoints on Exit

flow:0

R:Z1'SM.ACCT. SAT/GEN SAT/FUN12.GD
REZ1'SM.ACCI/GEN SAT/FUN12.RES
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LLRF FSM: Fast Adaptive Feedforward

low level radio fr

> TTF2.RF/FSM,ACCL/ROOT/

Purpose of this state is a FAST single step of

feedforward adaption without any data quality checks.

It is usually invoked very fast in case the
bunchlength was changed.

ERROR
FAFF ot

flow:0({I) ¢é11

Gd: TTF2.RF/FM.ACCT. SAT/GEN_SAT/FUNS. GO

RES: TTF2.RF/FSM.ACC1. SAT/GEN_SAT/FUNS. RES OFPERATE

Gd: TTF2.RF/FSM.ACC1. SAT/GEN_SAT/FUNS. GO
RES: TTF2.RF/FSM.ACCT. SAT/GEN_SAT/FUNS. RES]

C 09

q

y
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4' LLRF FSM: Summary |7

« Basic philosophy: model the operator.

e (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?
_ low Ieve@ency FLA Seminar Dec. 16t 17/19
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Procedures: Overview |7

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...? |

UNCLE SAM
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4' Outlook |7

©99

reconnect: I::)j SVR Rate | Norm Fast ‘ Slow I _Attributes )

ALL INFO WARN ERR E Enable Auto Loop-Fhase
Messages : |:| Enable Auto Feedforward
106: = =0! a quality is unacceptable. | [
s unacceptable. | [ D FSM Controls DSP SPs
S unacce) e. ([
.|
10:0: acceptable. ([
10:02:36 FE=0 or FF=0! Data qualit acceptable. ([ :l FSM may close Loop
10:01:51 FB=0 or FF=0! Data qualit acceptable. ([
10:01:24 C ation data inconsistent. [17:9
10:01:07 FE=0 or FF=0! Data quality is unacceptable. |[
10:00:23 FI r FF=0! Data quality i L

]

FSM-approach meets requirements of transparency and *ility.

Procedure-framework has proven to be something useful - | already
met people who are interested to use it.

As next step, | 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.
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