Model-based Controller

Feng QIU
Nov. 12, 2014 @ CERL (KEK)



Model-based Applications

» What we can do if we “know” the system well?
» Can we evaluate the disturbing signal
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DOBC controller

C

> Remove the evaluated disturbing signald from FF table (seen beam loading as a

external disturbance)

» This idea 1s named “Disturbance Observer-based Controller (DOBC)”
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Preliminary results ©
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Thank you for your attention
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DOBC control

» What we can do if we “know” the system well?

» Can we evaluate the disturbing signal and remove them in the FF table?

» DOBC (Disturbance OBserver Control)

MicroPhonics + Lorentz detuning
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Model Based FB optimization ()

» The “Q” filter (LP filter) is used for improving the robustness
(remove the high frequency noises)?

MicroPhonics + Lorentz detuning

Klystron Ripple + Beam loading ¢
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- filter, then the d can be still
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> PI Ctrl.
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Total LLRF diagram ©

» PI+DOBC
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Comparison (Bode Diagram)

©

» PI Ctrl VS. PI+DOBC
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Simulink Model

» Simulink Model (see AdvancedPIDV 1.mdl)
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Simulation (Beam Loading compensaticii)

SA/A [%]
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Beam Loading simulation
Suppose worst beam loading (rectangle profile)
% Beam loading performance is better in DOBC control (Typel and Typell)
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Programming (in theory) ©

FPGA Hardware Analysis
Grey Model (G) BK model (G)
Hardware

Q20 Q31 Q20 Q31

Q — filter 4 6 4 6

DSP48Es Q-G1 8 10 10 12

(Total 128 DSPs)

| channel 12 16 14 18

/Qchannel (24 > 32 28 36

Q — filter 6 8 6 8

Delays Q-G! 8 10 10 12

(1/81.25 MHz)

Second Order IIR filter
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Programming (Real VHDL) ©

FPGA (Versmn) DSP48Es (Total=128)

HO Low Pass

HO Low Pass + Notch 84 OK

HO Low Pass + DOBC 104 NG (timing issue)

Conj.+1%t Order + DOBC 92 OK

Final Version (DOBCV4)
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1.3 GHz
I/Q
Mod

Test Bench (FBG + FB7)
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Algorithm (inside FPGA)

I
—» —» Z
Q
—> 4
4;%3/0—»214—»
. FB |
‘ON/OFF | BACZ
—:>o/o—:~> z'1$—>

FF / FFbeam i

SEL

]

v

IIR OFF (delay=0)
IIR ON (delay=4)

LSETIQ 77777777777
4* az"‘#»@—»z’l%—o/o%—» g ——
ADC . FB
SEL :
- IIR FIL i SwW | PI
- 3 > Ly 4 Z1 340/0—>3 > 2l
IR OFF (delay=0) | Only KP case
IIR ON (delay=4)
¥In
DOBCv4 (I Channel)
Out | In
DOBCSW\ OFFSET
L FFout
B @ z>1 > » 2 »_iio/o—ib L 711
RF | | LIMIT DACI
. ON/OFF |
3 | 1
@P z > 772 M@—l» >zl

19



Algorithm (DOBCV4)
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FF operation (WO DOBC)

C
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FF operation, WO DOBC C

CERL:LLRF:FB6: :FB6OpenLoopWODOBCLPBW10000BW300HzR ectangle: Wavetorm(16-Oct-2014 15:12:23)
RF: ON, FB: OFF, FF: ON, (FFA=10000, FFP=0), R=79.
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BW=500 Hz (Inj. 1)
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FF operation (with DOBC)
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FF operation (with DOBC)

CERL:LLRF:FB6: :FB6OpenLoopWithDOBCLPBW10000BW500HzRectangle: Waveform(16-Oct-2014 15:14:11)
RF: ON, FB: OFF, FF: ON, (FFA=10000, FFP=0), R=79.
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Amplitude (Filter Channel)

Comparison (FF operation, Rectangle)(T
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Amplitude (Filter Channel)

Comparison (FF operation, Triangle) (T
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FB operation
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FB operation (WO DOBC) <

CERL:LLRF:FB6: :FB6201410101708DOBCWL10000Gainl 000WODOBC500HzBW: Waveform(10-Oct-2014 17:11:36)
RF: ON, FB: ON, (KI=0, KP=500), Cavsim: ON, (WL=17036697), FF: OFF, R=159.

L3€1:0.12723%rms ADC1:0.08908deg.rms < HPC2:4.5609%rms ADC2:2.7875deg.rms
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BW=500 Hz (Inj. 1) 28



FB operation (WO DOBC)

BW=500 Hz (Inj. 1)

CERL:LLRF:FB6: :FB6201410101708DOBCWL10000Gainl 000WithDOBC500HzBW: Waveform(10-Oct-2014 17:10:12)
RF: ON, FB: ON, (KI=0, KP=500), Cavsim: ON, (WL=17036697), FF: OFF, R=159.
<A§C1:0.10439%rms

ADC1:0.078938deg.rms < AFIC2:4.6764%rms
; : : : 2 : : : :

ADC2:2.8923deg.rms
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FB operation (Rect.) ©
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FB operation (WO DOBC)

BW=50 Hz (ML 1)

CERL:LLRF:FB6: :FB6201410151314DOBCWL10000Gainl 100WODOBC50HzBW: Waveform(15-Oct-2014 13:19:22)
RF: ON, FB: ON, (KI=0, KP=1000), Cavsim: ON, (WL=67251814), FF: OFF, R=1599.
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FB operation (With DOBC)

BW=50 Hz (ML 1)

CERL:LLRF:FB6: :FB6201410151314DOBCWL10000Gainl 100WithDOBC30HzBW: Waveform(15-Oct-2014 13:17:52)
RF: ON, FB: ON, (KI=0, KP=1000), Cavsim: ON, (WL=67251814), FF: OFF, R=1599.

ADCI1:0.075649deg.rms =2BT2:18.1381%rms
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FB operation (Tri.) ©

x 10

1.6 I [ [

. : — With DOBC (KP=500)
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— WO DOBC (KP=1000)

1.5395
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BW=50 Hz (ML1) 33



