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Slow Extraction from SIS18

FAR ==

Working point near sextupole driven third-integer resonance
Separatrix beyond which particles are unbound & extracted

RF Knock Out (KO) extraction

Amplitude-driven extraction

*™N Driven by
] with stripline kicker
2] e Static optics, beam-on-
E 0- = \
3, & target fixed
:6:/ required & momentum

“10 o 10 20 30 distribution preserved

X/ mm

‘SIS18_KO”

x' [ mrad

Quadrupole-driven extraction

Separatrix-driven extraction

Driven by
with fast quadrupole

Dynamic optics, beam-
on-target drifts
Works also with large

chromaticity, but then
momentum drifts

‘SIS18_SLOW”
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Slow Extraction from SIS18 F-\IR === 1

Working point near sextupole driven third-integer resonance
Separatrix beyond which particles are unbound & extracted

SOS replaces KO excitation signal

RF Knock Out (KO) extraction <o Extraktion
Amplitude-driven extraction E-Septum Korrekturwinkel I—ZB mrad
6 . Extraktionszeit | 3000.0| ms
4 _\ D_rlven by . DG Trigger Verschiebung (relativ) I—DE
N with stripline kicker DQH pre (KO) [ o004
I E Static optics, beam-on- Sextupol Amplitude [ o.0g]
S ﬁ || targetfixed Sextupol Phase _____so0deg
—27 g [ KO Rauschbandbreite (DQH) [ 0015
—4 1 KO Zentralfrequenz (frakt. QH) IW
. required & momentum ko Amplitude (Anfang) oo
-0 0 10 20 30 distribution preserved KO Amplitude (Ende) o0
x/mm KO Zeitkonstante (Anfang) I—CI'E:
P )y | KO Zeitkonstante (Ende) I—DE )
S/S18_KO spill Abbruch erlaubt
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Spill Optimization System for KO Extraction

Based on Software-defined radio technology
macro-spill shape (ms to s)
for micro-spill quality (us to ms)
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Spill shape

average (5 ms)

Extraction time /s
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Spill quality

lef

raw counts (50 ps)
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Spill Optimization System for KO Extraction F-\IR iI= 5= Il

Detector Software Radio KO Exciter

Stripline Kicker
GSO1BO1EH
in SIS18 Tunnel

Bl GHHDDI2P Scintillator
GHHDDI2I lon-Chamber
GHHDDI2S SEM-Grid
GSO9DT DCCT
GSOUDL2I Sept. BLM
GHADDIAE Experiment

Digital Signal |
Processing with
GNU Radio

CPU: 0.2- 10 MHz W8
+ FPGA: 200 MHz

BEA Electronics Radio & PC KO Amplifier
in BG.2.009b in BG.2.009b in BG.1.016
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Current Status and Operation in 2025

Standalone system for single pattern
Pattern with SOS: “KO Amplitude = 0” in ParamModi
Other patterns: usual KO Extraction with ParamModi

System operation in 2025
Setup: Philipp & Rahul
Responsible: Dedicated person from user group
Gradual transition to operators intended
Documentation at git.gsi.de/p.niedermayer/exciter/-/wikis

GSI Helmholtzzentrum fiir Schwerionenforschung Philipp Niedermayer (ACC), Rahul Singh (BEA)
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KO Rauschbandbreite (DQH)
KO Zentralfrequenz (frakt. QH)
KO Amplitude (Anfang)

KO Amplitude (Ende)

KO Zeitkonstante (Anfang)

KO Zeitkonstante (Ende)
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https://git.gsi.de/p.niedermayer/exciter/-/wikis

SOS as a “Toolbox”

FAR ==

Different operation modes (depending on user needs & beam energy/intensity)
E.g. “Full extraction and improved quality” at high energy/intensity
E.g. “Partial extraction and ultimate quality” at low energy and low intensity

GS09DT ML 2024-06-08 13:09:33.030 T=300:C=8:5=6:P=46 - SI518_KO_HHD_20240608_Fee
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GNU Radio GUI

Spill detector settings

Feedback and/or amplitude curve

Output settings and monitoring

Documentation at
qit.gsi.de/p.niedermayer/exciter/-/wikis

GSI Helmholtzzentrum fur Schwerionenforschung

FAR ==

=

itation for RF KO extraction with feedback & u&ﬂuﬂ_‘:{f ddscl75)

= |

Detector Signal
Threshold low: -0.5 V

Value: 2.019e+07 particles/s

Excitation Signal

Farticles stored: | 7e+07
IFeedforward: Off
Feedback control:

Controller value: 0.927125

On -

Global level normalisation: |3

Output
V| Enable external trigger

Spill duration:

Output active

Data saving

Level Control

Threshold high: -0.3 Vv

Detector: | Spill [particles/s per Hz] ~

Automatic Optimizer  Expert

Target rate: 3e+07 particles/s
Kp: |0.14 Ki: |70 /s

Limit: | 1.5

Trigger count: 392

v| Auto duration (trigger gate)

OQutput RMS: 0.257153 V

Abort burst at limit

Calibrate Offset

Calibration: |79

Filename: |data/%y%m%d/%H%M%5_tmp.200kSps.complexé4

Expected spill duration: 2.333 s

Kd: 0s Ta: [0.1ms

Manual trigger

Overload: 0.000000 %

Philipp Niedermayer (ACC), Rahul Singh (BEA)

0 0 02 04 06 08 1 0 10 20 30 40
S I O N |
[ [
Configuration: |1 = Info: |U73+ 500MeV/u Save config Restore config
3. December 2024 9



https://git.gsi.de/p.niedermayer/exciter/-/wikis

GNU Radio GUI

KO Rauschbandbreite (DQH)
KO Zentralfrequenz (frakt. QH)

More options for excitation signal

Documentation at
qit.gsi.de/p.niedermayer/exciter/-/wikis

GSI Helmholtzzentrum fur Schwerionenforschung
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Excitation for RF KO

ctraction with feedback & u&uuu,ﬂr ddscl75)

==

Detector Signal
Threshold low: -0.5 V

Value: 2.019e+07 particles/s

Output
v| Enable external trigger

Spill duration:

Output active

O

Configuration: |1 =

Info: |U73+ 500MeV/u

Threshold high: -0.3 Vv

Detector: | Spill [particles/s per Hz] ~

Trigger count: 392

v| Auto duration (trigger gate)

OQutput RMS: 0.257153 V
0 02 04 06 08 1
T Y

[

Save config

0
L

Calibrate Offset

Calibration: |79

Data saving Filename: |data/%y%m%d/%H%M%5_tmp.200kSps.complexé4
Excitation Signal | Level Control =~ Automatic Optimizer =~ Expert
Revolution frequency: |1050.3836 kHz
v/ 1) Noise signal Tune q: |0.33 Width dg: 0.012778 Amplitude: |0.5
V| 2) Sine signal Tune q: |0.6628 Amplitude: |0.3
. V| 3) Sine signal Tune q: |1.6615 Amplitude: |0.3
4) RBPSK signal Tune q: |0.327 Width dg: 0.015 Amplitude:

Manual trigger

Overload: 0.000000 %

10 20 30
I S N I N |

40
|

Restore config

Philipp Niedermayer (ACC), Rahul Singh (BEA)
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https://git.gsi.de/p.niedermayer/exciter/-/wikis

GNU Radio GUI

Automatic parameter optimization

Documentation at
qit.gsi.de/p.niedermayer/exciter/-/wikis

GSI Helmholtzzentrum fur Schwerionenforschung
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Excitation for RF KO

ctraction with feedback & u&uuu,ﬂr ddscl75)

==

Detector Signal
Threshold low: -0.5 V
Value: 2.019e+07 particles/s

Data saving

Excitation Signal

Start: |0.5s

value: 0

Output
v| Enable external trigger

Spill duration:

Output active

O

Configuration: |1 =

Level Control | Automatic Optimizer

Objective: | CV (Coefficient of variation)

Threshold high: -0.3 Vv

Detector: | Spill [particles/s per Hz] ~

Calibrate Offset

Calibration: |79

Filename: |data/%y%m%d/%H%M%5_tmp.200kSps.complexé4

. Variables: |['sig.qex1’, 'sig.dgex1', 'sig.qex2', 'sig.qex3']
Bounds: |[(0.32, 0.36), (0.005, 0.02), (0.63, 0.68), (1.63, 1.68)]

Duration: |2 s

Expert

Repeat in spill

Resolution: |0.0005 s

Desired value: 0.1

Trigger count: 392

Repeat until:

W.r.t. target rate

Optimize

v| Auto duration (trigger gate)

OQutput RMS: 0.257153 V

Manual trigger

Overload: 0.000000 %

0 02 04 06 08 1
S Y

[

Info: |U73+ 500MeV/u

Save config

0
L

10 20 30
I S N I N |

40
|

Restore config

Philipp Niedermayer (ACC), Rahul Singh (BEA)

3. December 2024

11



https://git.gsi.de/p.niedermayer/exciter/-/wikis

Python Qt GUI FAR ==

2 RFKO Extraction with Fee - Data File Viewer — [m) x
. . .

Online monitorin S

[ Auto update data [ Only when compl ¥ Set ref- previous dat Data time range: to 5

lth d d ] t d J 130933 ko fb wobble koPsines Spill rate resclution: [1e-3 s [ Cumulative
WI e ICa e a p p J 125159 ko fb Spill spectrum: 1eb Hz [Logscale o
J [~ Show duty factor [~ Show set rate
mJ ~ Autoscale

A€s HQE

Spill rate

Spill spectrum
1014

Measured spill rate

10134

Farticles/s

Power spectrum / a.u.
e e
= 5 o
5 5 =
L " L

-

=)
w
"

T T
10! 10? 107 10*
Frequency / Hz

T T T T
0.0 05 10 15 2.0 25
Extraction time / s

Controller output Spill quality

ofu

KO amplitude

-
N
N

Spill quality

KO Amplitude (Anfang)
KO Amplitude (Ende) 0.0

=
Coefficient of vaniation ¢y
o o o &
5o oo oo
PR

024
KO Zeitkonstante (Anfang) 0.5 10 15 20 25 e Tod har o
| ST ELE)E Tirme resolution Ateunt/ S
KO Zeitkonstante (Ende) | Btevaate =50 Bteant .
| |Loaded trace 0 from /home/usrp/exciter/data/240608/130933 ko fb wobble ko2sines.200kSps.complex64 =]
Loaded trace 2 from /home/usrp/exciter/data/240608/125159_ko_fb.200kSps.complex6d J
|

R o = = |
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FAR ==

Optimizer

Goal: reduce spill fluctuations -
Minimize c¢,, = std/mean £ ol
On time scale At.gyye = 50 s ... 500 ps | Pl T |
Method Extraction time / s Abovaluate = 50 At
Steps
Measure Spi” qua"ty Excitation Signal ~ Level Control | Automatic Optimizer = Expert
. . . ariables: |['sig.qex1’, 'sig.dgex1', 'sig.qex2’, 'sig.qex3'] Add... =
Adjust frequencies & bandwidths ’ R ————
Bounds: |[(0.32, 0.36), (0.005, 0.02), (0.63, 0.68), (1.63, 1.68)]
Start: |0.5 s Duration: |2 s Repeat in spill Repeat until:

BOBYQA Optimization Algorithm
Intra-cycle — find good settings quick
Cycle-by-cycle — find optimal settings

Objective: | CV (Coefficient of variation) ~

Value: 0

Desired value: 0.1

Resolution: |0.0005 s

can also optimize feedback or amplitude for macro-spill shape

GSI Helmholtzzentrum fur Schwerionenforschung

Philipp Niedermayer (ACC), Rahul Singh (BEA)

3. December 2024
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Optimize
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FAR ==

Feedback System

Wanted: no deadtime, steep rise & no overshoot Amplitude-driven extraction
. . 64
Optimal very important i
Correct chromaticity, smallest separatrix, etc. |
: :
Fine-tuning of feedback parameters g0 5
Rise-time and PID controller gains 7 \
_4_
_6 _/
10 0 10 20 30
N ’\ X/ mm
1\ Overshoot
Y
Qo I =T e IES
o i ~
= A
8 ,' Rise \\
L N
Deadtime Extraction time
3. December 2024 14
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Plan for System Integration ‘{":}. F-\IR I=5= 1

Implement missing & legacy features

Integration into control system

Serve more than one user in multiplexed operation

Subset of highly available spill detectors for feedback (DCCT, TE1 & HHD PDCs, ...)
Connected and selectable via multiplexer

Sync data from LASSI & LSA
Dedicated unified Java GUI
Simplifications (defaults, pre-sets, optimizer) and separate expert functionality

GSI Helmholtzzentrum fur Schwerionenforschung Philipp Niedermayer (ACC), Rahul Singh (BEA) 3. December 2024 15



Plan for System Integration ‘{":}. F-\IR I=5= 1

Wish: Gradual transition from “expert system” to standard operating toolbox
Feedback from operating during the process (direct or via Seva Kamerdzhiev)

Knowledge transfer and hands-on during user operation in 2025
For you: How the system works
From you: Best practice for daily usage

GSI Helmholtzzentrum fur Schwerionenforschung Philipp Niedermayer (ACC), Rahul Singh (BEA) 3. December 2024 16
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FAR ==

Summary & Outlook

Spill Optimization System for KO extraction

Spill rate feedback & spill quality improvement
System integration & transition to operating in the course of 2025 foreseen

Later also for quad-driven SLOW extraction
Spill rate feedback on fast quad & spill quality improvement with built-in tune wobbling

Very similar setup & operation
Tested successfully at SIS18, requires involvement of EPS group
quad-driven RF-KO quad-driven
no feedback

with feedback with feedback

ssssssss

Stored
intensity
in SIS18

Extracted
intensity
on target

Philipp Niedermayer (ACC), Rahul Singh (BEA) 3. December 2024
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Backup Slides
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Spill Optimisation System (SOS) F-\IR I=5= 1

Similar System for both extraction methods SDGNURGUIO
Using fast quadrupole as actuator (GS02KQ1E)

Software-defined Radio

| Quality, - :
Pulses .» Acquisition ——» Optimizer —»{ Wobble Signal

1

and analysis :
Y | 3% ) Controller !
L"—"— O, ‘

Amplifier :7

\/
Quadrupole

E-Septum

GSI Helmholtzzentrum fur Schwerionenforschung Philipp Niedermayer (ACC), Rahul Singh (BEA) 3. December 2024 19



KO vs Quad-driven Extraction

GS09DT_ML
Mode: | Calibrated » || I[)
Scale: | 1.32E8 - |+ | A
C X1 sm | H
Under Range | Over Range | Data Error

1.04ES8

particles (@extr.)

GHHDDI2S
Mode: | Calibrated * ([ I[)
Scale: | 1.00E8 - |+ | A
C X1 sym | H
Under Range I Over Range | Data Error

5.40E7......
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2024-06-08 13:09:33.030 T=300:C=8:5=6:P=46 - 5I518_KO_HHD_20240608_F
1.25E8

1.0E8

[particles]

5.0E7

2.5E7

-

3.0 20 1.0

Tirme

20%‘};9&3-08 13:09:33.030 T=506:C=8:5=6:P=11 - SIS18_KO_HHD_20240608_F
9ET7
BET
TET
BE7
5.0E7

[Particles/s]

4ET
JER
2E7
1E7
0.0E0

3.0 2.0 1.0

Time

GS09DT_ML
Mode: | Calibrated » (1)
Scale: | 1.71E8 -+ A

c o\ =[] sym | H

Under Range | Over Range | Data Error

1.31ES8

particles (@extr.)

GHHDDI2S
Mode: | Calibrated * || 1)
Scale: | 1.00E8 - |+ | A
q X\ =[] sym | H
Under Range | Over Range I Data Error

7.46E7......
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2024-06-08 12:50:02.834 T=300:C=9:5=4:P=29 - SI518_SLOW_HHD_2024060
1.5E8
1.25E8

1.0E8

[particles]

5.0E7
2567

0.0ED
4.0 3.0 20 1.0
Tim
20%4;95-08 12:50:02.834 T=506:C=9:5=4:P=8 - 5I1518_SLOW_HHD_20240608

SET
BET
TET
BET
5.0E7

[Particlesis]

4ET
AER
2E7
1E7

0.0EQ

Time
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Operating example

RFKO Extraction with Feedback - Data File Viewer

Data source

© Auto update data  w Only when complete I Set ref-3 to previous data

J 123046_ko_tmp
ﬂ 121029_ko_tmp
=

R 120114 ko_tmp

Y e |

Plotting optiol
Data time range: to s
Spill rate resolutior (Se-3 s I~ Cumulative

Hz [Logscale

I~ Duty factor

Spill spectrum: 1le3
spill quali

v Autoscale

A e pQ=

167 Spil rate

=706.608 y=2.65179e+06

Spill spectrum

w oo

Farticlesfs

Power spectrum fa.u

10 15
Extraction time /s

Controller output

10t
Frequency / Hz

spill quality

— ol

SE&BE SR

Coefficient of variation ¢,

15
Extraction time /5

Loaded trace 0 from /home/op/data/240608/122925_ko_tmp.200kSps.complex64
Loaded trace 0 from /home/op/data/240608/122945_ko_tmp.200kSps.complex64
Loaded trace 0 from /home/op/data/240608/123006_ko_tmp.200kSps.complex64
Loaded trace 0 from /home/op/data/240608/123026_ko_tmp.200kSps.complex64
Loaded trace 0 from /home/op/data/240608/123046_ko_tmp.200kSps.complex64

10 103
Time resolution Atcount/ 5

FAR ==

sddsc051 (clier] Excitation for RF KO extraction with feedback & optimizer (sddscl75)

Detector Signal
hreshold low: |-0.5

Threshold high: |-0.3 v

Value: 4.821e+06 particles/s Detector: | spill [particlesfs per Hz] ~

Excitation Signal | Level Control | Automatic Optimizer  Expert
Revolution frequency: |1050.3836 kHz

1 1) Noise signal Tune g: [0.33 Width dg: |0.0127779479

a,autoscale_view()
rovefopd dakalplet o foedback data.pyi228; Userllarnings Lot
utoscale_vie

no positive values,

a

oo datafplot. ko Fosdback data.pyic2d; Userlarning: Data
a.autoscale_vi

no positive valuss,

oielop, - dataplot..rfko_Feedback data,py:228: Userllarning: Data
a.autoscale_view

|#honeop . /data/plot rFko_feedback_data.py:228t lserllarning? Data
a.autoscale_vieu()

|Phomeope . datarplot_rFo_Feedback_data.pyi228: Userllarning: Data

o positive values,
no positive values,
o positive valuss,

no positive valuss,

a.autoscale_view
|#hanerop/ . /data/plot rFko_Feedback_data.py:228: Userblarning: Data
0 a.autoscale_view()

GSI Helmholtzzentrum fur Schwerionenforschung

and therefore camot be log-scaled,
and therefors carnot be log-scaled,
and therefore cannot be log-scaled.
and therefore camot be log-scaled.
and therefors carnot be log-scaled,

and thersfore cannot be log-scaled.

SIS Extract v/ 2) sine signal Tune q: |0.669808927

v 3) Sine signal Tune q: |1.65850051

4) RBPSK signal Tune q: [0.327 Width dq: 0.015

output
v/ Enable external trigger Trigger count: 216
spill duration v/ Auto duration (trigger gate)

Output active Output RMS: 0.000000 V

0 02 04 06 08 1

Calibrate Offset

Calibration: |79

DT icn-me: | date/vy%mSedeHMoS ko tmp 200kSps complexéé

Amplitude: 0.5
Amplitude: 0.3
Amplitude: 0.3

Amplitude:

Manual trigger

Overload: 0.000000 %

[kere

x
/hans  Configuration: |1 ~
lered

x

Info: |U73+ 500MeV/u Save config

tered in divide
p.round(y/eps1 1on_u)*epsilon_y

ranerobd /daca/plm cPtinizer loa,pe:179: Runtinelarning: invalid value enccunt
lered in milt

op@sddscl?s:
%mesm% Saving to File dotarZ40B06/122904_ko.tap.200KSps conplexdd
FileSink] Saving conp

UlTrigger] tra oo 30340600 122378 CEST

[FileSink] Sawing to ile data/240B06/122325_ko_tup.200kSps conplexbd
[FileSink] Saving conpleted

lTrigger] trg received 2024-0-08 12:23:45 CEST

%mesm% Soving o | me  dotar 24060/ 122545 Ko.tap. 200K .conpl e
FileSink] Saving

[ Trigsmr] s rocoromd 2034-t6-08 12130108 CEST

[Fi1eSink] Seving to f1le date/240608/ 123005 Kko-tup.200kSps.conplextd
[FileSink] Saving conple

lTrigger] trg received Soai-te-ts 12630078 CEST

[FileSink] Sawing to file data/2406067123025_ko_tup.200kSps. conplexbd
[FileSink] Saving conpleted

lTrigger] trg received 2024-0-08 12:30:46 CEST

[FileSink] Sawing to ile data’240B06/123045_Kko_tup.200KSps conplexbd

UEFlleSmk] Saving conpleted

u

Philipp Niedermayer (ACC), Rahul Singh (BEA)

Restore config
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GNU Radio F-\IR I=5= 1

Flowgraph (strongly simplified) with PID controller

Software-defined radio : i
Optimizer o ] GNU
Excitation Signal
Target rate Feedforward
RX TX
—> 1 Kalibration O Kpip +O ® Kn 1 1
ADC Pulse counter Norm DUC DAC
Feedback Controller
Tri
Timing °
Kdetector < Soill Knparticle s Kstripline EE Kamp D —
pill rate
Detector Particle Beam Stripline kicker RF Amplifier
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SIS18 KO Exciter

RRF Group (Bernhard Zipfel)
Monitoring: https://www-windows.gsi.de/hf-monitoring/ACQmain/system3.htm
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+56 dB

Measured: +43.4 dB
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https://www-windows.gsi.de/hf-monitoring/ACQmain/system3.htm

Spill Abort FAR ==

SOS System

Currently: switch off when excitation power exceeds treshhold
Future: switch off via spill rate set-point signal (dynamic intensity control)
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Project Plan: SOS System Integration

Project Lead: P. Niedermayer & R. Singh

Status: 11.10.2024
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Project Description

Subprojects / Tasks

This project will upgrade the software-defined radio (SDR) based spill optimization system (SOS) to
provide essential user functionalities, and fully integrate it into SIS18 regular operation with multiplexed
operation, and to commission the full system with beam. The spill pause and spill abort functionalities
will be combined into a general functionality of user defined real-time spill rate control.

A dedicated FESA class and GUI for operators is required. The multiplexed operation requires obtaining
context based beam and machine parameters by interacting with the LSA database and LASSIE FESA class
for detector calibration. The feedback system necessitates real-time communication of FESA software
with GNU Radio frame-work as well as a reliable communication with a programmable switch between
beam-line detectors and the feedback system.

e Specify the system

*  Purchase and prepare hardware (GNU Radio with Yocto OS, multiplexer/switch, timing cards etc.)

e Add legacy KO functionalities to SDR

¢ Add real-time rate control functionality in SDR

¢ Add automatic optimizer functionality with multiplexing possibility

*  Write FESA software communication with GNU Radio and LASSIE + GUI

¢ Commissioning of the full system with failure scenarios concerning machine protection
¢ Documentation and training for the long term system usage and maintenance

Project Goals

Resource Profile

1.  Replace the DDS based RBPSK KO signal generator with the feedback capable SDR signal generator

2. Remote controllable multiplexer for cycle-to cycle switching between beamline detectors and
detector overload/failure checks

3.  Add real-time (2-5 ms response time) dynamic spill rate control function and automatic optimizer in
multiplexed operation

4.  Full FESA / control system integration with dedicated GUI

5.  Enable operations team to operate and maintain the system in the long term

Year Estimated costs Person months
2024 20k 8
2025 15k 12
2026 5k 4
Total 40k 24

Major Milestones

Risks, Boundary Conditions and Comments

Q4/2024 | Finish specification and hardware procurement for multiplexed operation

Q1/2025 | GNU Radio and FPGA Implementation of legacy KO and realtime rate control functionality

Q2/2025 | Multiplexed operation with automatic optimizer

Major Risks:
- Detection of detector failures/overload
- Availability of FPGA resource

Concerned departments:
- BEA, ACC, ACO, EEL
- OPE, RRF, SYS

Q3/2025 | Realtime FESA class and communication with GNU Radio, LSA, LASSIE, Timing, Multiplexer

Q4/2025 | Commissioning of the full system with beam

Q1/2026 | Documentation and training for regular usage in operation

Boundary Condition:

Comments:
Detailed comments in shared GSI Seafile folder:
https://seafile.gsi.de/group/982/
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New GUI (layout draft in progress)

Menu Plot Status Expert Language
Context: | SIS18_KO_XXX_CONTEXT.C1
Detector: | XXX lon Chamber (GXXXDIXX)

Rate: 0.00e0 particles/s
Macrospill Feedback | Microspill Optimizer
Excitation signal Preset...

v 1) Noise signal  Tune q: 0.327

Amplitude normalisation: | 5.3

Spill Control

Target rate:  1.0e6 Is Stored: 1.0e7 Expected duration: 10.0s

Dynamic spill rate | HAD (GHXXDIBE)

Controller value: 1.00  Limit: | 1

Feedforward Control
Parametric Curve =
Amplitude: | 0.50
Amplitude: | 0.10
Amplitude: | 0.20

Amplitude: | 0.80
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