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Procedures
ml Compiled scripts of any
programming language
Tl / ————— & ---- (and any Matlab-version)
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4' FSM-Architecture |7

Procedure-Server
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4' FSM-Architecture |7

State-Machine
*Moore-FSM:
. 1] H ”
—“Do something on enter
________________ / _Io2 S& o —Here: trigger a procedure
baver o et *Flexible design
atabase | «—*  _On-line reconfigurablel
e e e e —Off-line “restructurable”
ayer . .
Procedure-Server 5 *Current design: model
the expert-operator
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y | [ ) L
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4' FSM-Architecture |7

User-Interface
«——-sSimple view for the
L o operator B
Lol T oo Amomm oo el *Extended view for the
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Procedure-Documentation

Ehttp://tesla.desy.de/~abrandt/lIrf—procedures/m overView.htmlj

808 LLRF FSM ALGORITHMS |

[E | (3 | {.}| A http://tesla.desy.de/~abrandt/lIrf-procedures /moveryiew. html a(Q- Google

LLRF FSM ALGORITHMS

oftfCal Determine Vectormodulator-Offsets
setSGandL P Set System Gain and Loop Phase
oneStepAFF Do one Iteration of Adaptive Feedforward .
defaultFF Apply the Default Feedforward
couplerRst Look for Coupler Interlocks and Reset them
fieldQuality Look how good the Field-Quality is
checkNetwork Check for Network Availability
rampFB Ramp the Feedback
setSPVal Set the Setpoints in DSP
operatorAction Look for Operator Action
kathl aser Look for Changes at the Cathode Laser Settings
getDSPCalData Retrieve DSP Calibration Data
evalDSPCalData Evaluate the DSP Calibration Data
signalCalib Do Forward / Reflected Signal Calibration
getDetuning Caleulate the Detuning
klvIsDown Check if Klystron is still alive
findFancyPulses Look for Fancy Pulses
rippleLoad Load Ripple Tables
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“oneStepAFF” Web-Documentation

S —
ONE ADAPTIVE FEEDFORWARD ITERATION =
o G )
./ ftesla.desy.de/~abrandt/lIrf-procedures/moneStepAFF.htme = Q- Coo
ONE ADAPTIVE FEEDFORWARD ITERATION ~|
sl
|
:
oneStepAFF = One iteration of adaptive feedforwand
DESCRIPTION
Performs ane step of the iteration for adaptive feedforward . .
The 2lgarithm only does someshing, if the checkbox in the FSM-contral-pane] is ticked ..
The 2lgarithm is iterative, s0 you can perform as many steps 25 you like, until the feld quality is as yoo whish it to be. Usually, good convergence is alredy achieved after three
erations.
The algarithm requines the feedback to be on.
The alparithm does alot of consistency/exception-handling checks, If something suspicous ocounes, the algorithm simply does nothing during the curnent iteration. |
In the cxpert panel, ane can adjust from which setpaint value on the algorithm will be active. Nothing is done if the current setpaint is helaw that value.
:
Since the current DEP-cade i3 not compatible with the adaptive feedforward cancept in case beam compensation is turned an,the alporithm will tum ofl the beam compensatian
in case it was an,
RETURN-VALUES
D=Adaption success fall! OR: Feedforward was off. Mo adaption is done. OR: Feedback was off. No adaption done. OR: Soccessfully set defanlt feedforwarnd in case the checkhax
is un-ticked. |
y -
l=Nat allowed to touch tahles {checkbox..) 2=lradient lowe than threshold. Mothing done.
F=8witched off ald beam compensation.
A=Veto rom BIS. Mothing dane.
10=daacs o/w errar
11=Data inconsistency {handwidth out of range, signal too naisy, .}
12=Adaptive feedforward algarithm i returned an error message {very unlikely )
21=Canfig-file noi found
o
IMPACT =
bl
|
A
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4' Adaptive Feedforward |7

[1 FF_TABLE.AMPL

3400.
3200. | Adaptive FF w/ beam load
2o0o. | (ACC2/3, 30us, ~1nC)
2900. ¢ Remember, this is just the FF
2800. + . .
2700. | contribution!
2600. E-Log 10/3/2006, 14:15
2500. +
2900, f oo lon b b e o Lo Ll
650. 750. 850. 950. 1100.
Res= 1_Ruf= 0 I
[1 VECTOR . 5UM_ AMPL [1 VECTOR .SUM_PHASE
de+04 < P,
Fancy pulses sleiilo
w/ adaptive FF 2e+04
E-Log 25/3/2006, 8:58 1e+04
0. I||||||| H!II e AT o i e e -11. I|||||||||!||||||||||||||
Q. 1000. 2500, 0. 1000, 2500.
Res= 1,Buf= 0 []1 Res= 1.Buf= 0 []
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Adaptive Feedforward
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4' Adaptive Feedforward |7

Feedback (FB)

Feedforward (FF)

1stidea: FF o, = FBstFF st ---1S instable :(

2"didea: FF,,, = LP(FB,)tFF ...Is even worse :(

last

low-pass i€

AAAAAAAAA
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4' Adaptive Feedforward |7

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

Lowpass:

Time-reversed lowpass:

FF..w = TRLP(FB )+tFF -..1S surprisingly stable :)

time-reversed low-pass €
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4' Adaptive Feedforward |7

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

e Good results after 2-3 iterations

e However: exception handling most
iImportant!
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4' Loop Phase Correction |7

L1 Loop Phase Error ACC23

Loop Phase f System Gain

Loop-phase control enabled... Algorithm Configuration
Minimun system—gain: + 0.07
TRT TV
AAdAA AA
Maxinun systemn—gain: ﬁvg.lg
Algorithm active only for Ao
SP higher than [vamﬁ ivéé-ﬁe
h 2 h Enable for short pulses g
13.5.06 14.5.06

L1 Loop Phase Error ACC23

Loop-phase control disabled...
) ey

10 h 16 h 22 h 4 h 10 h
16.5.06 16.5.06 16.5.06 17.5.06 17.5.06
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Procedure Server

N A rr
B Stateless Procedures’''-Server
[FUND] —Firapfiupme.=h octT.dat ][ 1500 || Il Operation successfull! |[ 0 ][1.96][0.28]
FUNT | e Ty by mapr AL ETRTA oo 1| 1| SCript execution error. [[F99][ 0 J[ 0 ]
[FUNZ] [—cf gt csh octt.dat ][ 1500 || Correcting Offsets. Il SCript execution error. [[F99][ 0 ][0 ]

[FUN3] 5 L [[1s00 ]| Correcting loopphase. I[ corrected loop phase. [[[2 3-89 [0.12]
|'FUN—4'|| 1500 | [ Adapting Feedforvard (DSP-par.). || AppTied zero Feadforward (Fesdforvard was off) [0 ][0 ][0 ]
|FUN5” TTeE "WF-’: ET TR | 1500 || Adapting Feedforward || Feedback is off. No FF-adaption possible. || 1] || 0 || 0 |
WPJEWIWH Applying default Feedforward. I[ Successtully set default feedforvard. [0 ][0 ][0 ]
[FUN7| [rfruntep TerFebr sh cnt 7 dat T 1500 || Checking coupler interlocks. Il EXecuting... [[F98][ 0 [0 ]
[FUNS| [firunzftandlP =i oS dE T 11 1500 | Checking Toopphase. I[ No drive from 1Irf is applied. [[o ][0 J[ 0]
[FUNS] i mnFdaTiEy sh eots.dat 1500 | | thecking data quality. I[ FE=0 or FF=0! Data quality 15 unacceptable. |[9 | [dnf ]117.92
FUNT( [FeFfrunthecllbe kT =h ot I0.EE ] [Mq500 | | Checking network. I[ Network works fine. [[o ][0 ][0 ]
FONTH e a1 500 | | Famping Feedback, I[ Successtully ranped FE to target value! [0 [0 ][0 ]
FUNTE [ mnge et ch ot It ][ 4500 | [ setting anplitude and phase. 1| successtully ramped SP to target value! [[o ][0 ][0 ]
FUNTH [cflrunteseaber it fon.eh onf 1345 [My500 | [ Looking for operator action. Il EXecuting... [[F98][ 0 [0 ]
W ,W‘ [ checking cathode Taser settings. || Executing. .. | ,ng—l [0 ][ 0]
FUN1E [ef runteElsTeaTlats sh ot I5.05E) 4500 | [ Retrieving DSP calibration-data. || SCript execution error. [[F99][ 0 ][0 ]
Fum'q1|m%%mmqm | Evaluating DSF-Cal-Data. || Script execution error. | | —a9 | | 0 | | 0 |
FUNTH i s jgnattal el oh ectl7.dat [ q500 | [calculating cavity signal calibration. || There is no drive at all! [[Z ][0 ][0 ]
m | 1500 | | calculating detunings. || calculating detuning done. | | 1] | | 0 | | 0 |
Fl]m'q| 1500 | [Setting ampTlitude and phase (sTowTy). || [Co o o]
m | 1500 || Looking if Klystron is alive. I[ Executing. .. | F98—| [0 ][]
FUNZ] [FrnEndrpsy ey sh s lLGH 1500 | | Looking for fancy pulses. 1| Feedforvard is off. IO [ o 0]
FUN2Y [ eill &t [ 0 || I[ Script execution error. [[-99][ 0 J[ 0 ]
FUN2] [—=EGndlF EE et dat [0 || calcyjated bandwidth out of range. (Maybe there is mo drive signal at|§WHN [[ 0 [ 0 |
FUNZ4 ’T‘ [ Applying ripple—correction. I[ SCript execution error. =990 ][0 ]
FUN2H [ enfgTelead ah ot 2t T 5o || Festoring zero ripple-table. I[ Script execution error. [[-99][ 0 J[ 0 ]
FUNZg —==EE gt adm =m0 || I[ SCript execution error, =990 [0 ]
oz | I Co o]0 ]
FUNZ2H[——fnEmlg e it [0 || Il SCript execution error, [[F99][ 0 [0 ]
FUNZY %ﬁrﬁx—n 0 [ 1 SCript execution error. (=99 ][0 [0 |
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4|

On-Line Reconfigurability

|7

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

Conditions, that the result is compared to T
(which lead to a transition)

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 (alist of) number(s)
e can be a‘not’, ‘else’, ‘all’

low level radio frequency

can be a procedure

can be a combination of them.

= TTF2,

RFAFSH, ACCLROOTA 1

Network Cpler Interl Operator-
\. EXIDLP la] EXIDNW ‘ ‘ EXRIDCP ‘ EXIDOP
flow: 1T} flow: 2013 flow: 3013 flow:4(I)
N rFS EI Fr S EI rFS F N @ rFS F N
as Al a3 <l
f" w w w
‘ EXMOLP | ‘ EXMONW ‘ ‘ EXMOCP ‘ ‘ EXMOOP
flaw:1 flom:2 flow:3
* e * =S T = -
€] dlg I Ol
w w -w w
EXRERLP | EXERNW ‘ EXERCP ‘ EXEROP
‘ flow:1 E ‘ flow:2 E ‘ flow:3 E ‘ flow:4
C C C C
<] o <] 3 <] i <] -
w w w -
EXSOLP | EXSONW ‘ EXSOCP ‘ EXSO00P
flow:1 E| ‘ Flow: 2 E| ‘ Flow: 3 E ‘ Flow:4
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Off-Line Restructurability

FA4F D0 NOT EDIT THIS &AND NEXT TWO ROWS
S¢ init function for state 'EXERDQ
int ROOT EXERDN init action(FSMstate +st p )
i

fputs ("ROOT EXERDQ:: “'init“" ewvent procedure: RO0T EXERDQ init acticon “n", stderrc);

TStateLogic* sd=TStateLogic::factory("EXERDQ"); init
sd->set_go("ROOT_EXCEPTION. EXERDO_GOD"Y; I —
Slj.—}SEt_IES I:uRD DT—EKDEPTI 0. EXERD D_RES ":l ; = TTFZ2,RF/FSH,ACCLAROOT,
sd-radd_event ("EXERDQ", "exerdg esmodg’, "ROOT EXCEPTION. EXERDQ T1'); Loop-Phase Network Cpler Inter
sd-radd_ewent ("EXERDQ", "exerdq exsodg", "RO0T _EXCEPTION. EXERD] T2'); EXIDLP EXIDNW EXIDCP
flow:1(I Flow: 201 Flow: 3L
return 5T _OK; = }.) = x .(.) F= . ‘t;)
} gl gl a3
///# DO NOT EDIT THIS AND NEXT TWO ROVS ¥ MOLP S O > NOCP
£foenter function for state 'EXERDQ! ‘ | ‘ ‘ ‘ ‘
int ROOT_EEERDO_enter_action (FSMstate *+st p ) Flow:1 Fes] Flaw:2 Fes] Flow:3
{ rF F™ F
€l g o
fpots ("ROOT EXERDA:: “'enter“" event procedure: ROOT EXERD] enter action n' y . 2 . 2
EXERLP EXERNW EXERCP
TStateLogic* sd=TStatelLogic::factory("EXERDQ") ; ‘ 1wt |E| ‘ 1w 2 ‘EI ‘ 1w 3 ‘
sd-renter (st p )
] ] €]

return 5T 0OK;

<]
} w

] ]
~ERSOLP ~EXSONW EXSOCP
#4747 D0 NOT EDIT THIS AND NEXT TWO ROWS Flow:1 L ez I | flowa ‘
Af during function for state 'EXERDQ'
int ROOT EXERDN during action(FSMstate *+st p )

i

fruts ("ROOT EXEREDO: - Vduringh" ewent  procedure: ROOT EXERDO during acktion “n", stderr);

TStateLogic* sd=TStateLogic::factory("EXERDQ"); .

return 5T 0K;
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FSM Top Level View

= TTF2.RF/FSMACC2 3/ROOT/ 808

Sequenrcial preparation flow and error state FParallel exception handiing, wmonitoring and speciai-application flows

MU 1

check b f =w NEXCEPTION
Flow:0i)

IDLE ERROR

Flow: 2(I)

w
SFCURF— 14 i
Elystron is a* secure level

flow:0

1

FULL

|

flow:0

1|

TWEAK

i

1

OPERATE

\
\

w

r_w
FASTAFF ‘ ‘ PAUSE ‘ | NSPCAL | | TUNING

flow:0 flaw:0

Applications
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FSM Tweak State

= TTF2.RF/FEM.ACC2_3/ROOT/

288
ERROR “£RROR
AFF c FQUAL
adaptive feedforward field quality check
flow:0 flow:0
T[]
ERROR “ERROR
CHKSP SGANDLP RFB
Check and set Setpoints system gain and Toop phase ramp feadback
flow:0(I) flow:0 flow:0
ERROR FROE
CFTUNE CHKSPE
check fine tuning Check setpoints on Exit
}LEI flow:0 flow:0
OFEFATE
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4' Simple Operators View |7

RF Operat'ion: ACC2_3 Don't close Toop iF red!
SWitC h Off FSM acez couplers 1L ACC3 couplers IL

SPVQ]tage 123455;78123455;7&:.'5['361'2lé
AAAL BB '|g
+ 20.25 MV/n e—
A T3DDK
T7 0K
SP Phase rel. bean i

AAAN BA

Wac. cal WV, Ca

tuZlgg .Vac.CpB(H/.Vac €
)

. Feedforward Inter'lockl Inter'lockl

[X] Feedback R |_
Ramp RF to the Loop Sain e | |

+ 40.00 [H 2.4 ||{1ystron overuiewl

TYTW UT

target values (oo ] o
() \ | vs &asp || pac output |
Expert | FSM Expert |
ACC2 ACC3
Pfor_cC5 144 .65 kw Pfor_C1 138.55 kW
[1 YECTOR .SUM. AMPL [1 YECTOR .SUM.PHASE
4_5e+04 ] ﬂ 180. <
Enable adaptive FF
Ze+04 L 0.
3 -60.
le+04 + ~120.
O__ i |!||||||||| 11 _180'|""|""|""|""l”"
0. 1000, 2500, 0. 1000 2500
Res= 1.Buf= 0 [1 Res= 1,Buf= L
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4' FSM-Expert View |7

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

Scrolling messages from all procedures

\ Options: Hessages: l % I{ril_—'s] w.a.Dm % ::)eb:Jg
eve

Enable auto Loop-Fhase

Target values are (2] 17:02:18 Data qua]'ity is high. :) [9:0]
automagically updated D Enable Auto Feedforvard 17:02:14 Elystron is ready! [20:0]

I:I S Lol Dsrlsre 17:02:12 Checking coupler interlocks.

. . - 17:02:11 Looking for operator action.
Whlle Operator IS Worklng 17:02:09 Checking cathode laser settings.
W|th the DSP| 17:02:06 No interlock observed. [7:0]

17:02:05 cathode laser unchanged. [14:0]

17:02:05 Loop Fhase and System Gain Took fine. [2:0]
FS may close Loop 17:02:00 Checking data quality.

17:01:58 Looking if Elystrom is alive, .
17:01:58 Mo operator action detected. [13:0] S|mp|e

operators

i

...but only as long =7  Operator intervention at
2s this is desiredt — DSF overurites the FSM

X

D Enable Auto cplr IT Est Ramp view
K —
ROOT
/ [ LrExpert ] [ P Expert | ‘ ‘ i II . '
Algorithm expert settings .\
Access to FSM-structure
(for on-line reconfig) .
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4' Operation Experience |7

e “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
o “Optional Features”

— DSP calibration, detuning display, ... just used by me from
time to time
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4' DDD FSM Framework |7

* 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 iIs In permanent commissioning - Valer!
and | 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

o 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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Continuous Data T11 71 ] Continuous Data
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