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FLASH - Overview

Field Requirements Beam Performance (BAM, BCM)
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Acts within a pulse / Perfect Field controller is the first
step to an optimal beam controller!
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1. System ldentification Tutorial 2. MIMO Controller

Black Box Model, Bode Plot, Based on Model,
Identification methods Develop Controller as SISO system

“eedforward
and Learning
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System ldentification — Black Box

What is inside the black box?
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System ldentification — Black Box

Voltage Divider

Output =.* Input _
Static System

Gain =1/2
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System ldentification — Black Box

What is inside the black box?
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System ldentification — Black Box

Low Pass Filter Upyr(t) = Urn(t) - (1 — e_t/T)

T=R-C
" Dynamic System

Time constant

u - ]
What is the static gain?
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System ldentification — Black Box

Low Pass Filter

I Magnitude in dB  (Mag_, = 20 log(V_/V ))

0dB =1

w=2rf
s
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System ldentification — Black Box

Low Pass Filter

Input (blue) - Qutput (red) (o = 0.01 - 1/s)
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System ldentification — Black Box

Low Pass Filter

Input (blue) - Qutput (red) (o = 0.1 - 1/s)
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System ldentification — Black Box

Low Pass Filter

Input (blue) - Qutput (red) (o =1 - 1/s)
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System ldentification — Black Box

Low Pass Filter

Input (blue) - Qutput (red) (o =10 - 1/s)

0 0.2 0.4 0.6 0.8 1
Timeins

Magnitude in dB

0dB =1 O O

-20dB =0.1 [

w=2rf
} } s

1 1
0 001 01 1 10
Sven Pfeiffer | FLASH Seminar - “System Identification and MIMO Controller” | 31.1.2012 | Page 12




System ldentification — Black Box

Low Pass Filter

Input (blue) - Qutput (red) (v = 100 - 1/s)
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System ldentification — Black Box

Low Pass Filter

0 Time Domain
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Time to Frequency Domain

U(s) G(s) Y (s)
u(t) g(1) y(t)
Time Domain Frequency Domain
2 Signals are given 2 Signals are given
- System impulse response (g(t)) - System impulse response (G(s))
- Input signal (u(t)) - Input signal (U(s))
Looking for output signal y(t) Looking for output signal Y(s)
y(t) by solving the convolution Y (s) by multiplying G(s) and U(s)

integral

@)= [ ur)olt—riir o—e Y(s) = G(s) - U(s)

Laplace Transformation
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System ldentification - Basics

Uls) G(s) Y(s) =G(s)-U(s)
u(t) g(t) y(t)
| Y(s)
Goal: Get the transfer function G(s) G(s) = U (s)
Excite the system by different signals
Theory: PRE Signal
- step |
. 1_ ......... =S YTy Y — ..l__.l__
- sine = - : :
- ramp .E. 05_ .......................... -
- impulse S ol HH A TEEE AU - -
%-0.5 ---------------------- -
< A —— e I U D] U D 1
Practice: 0 10 20 30 40 50 60
' Time [a.u.]

- prb signals (pseudo random binary)

Different possibilities to get a model of G(s)
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System ldentification - Types

System Model
Real System P Approximation of Real System
Describe the whole Given: nothing Given: Structural
system by physical constraints based on
Equations physical assumptions
— complex and — estimate — estimate free
impossible to obtain input/output parameter
in reasonable time behavior
White Box Model Black Box Model Grey Box Model

@
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System ldentification — SC Module

FPGA System

Setpoint

-
/
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System ldentification — SC Module

G.(s) — 2(w1/2)x (8 + (w1/2)7 —Aw, )
" Aw2 + (s + (wi/2)x)? Awr s+ (wiy2)r

[Dissertation T. Schilcher]
Yi(s)\ _ |Gi(s) —Ga(s)| (Ui(s) Ui(s) Yi(s)
(YQ(S>)‘ [62@ Gl(s)] (UQ(S)) Vo) | Genn(s) | Yoo

System ldentification and MIMO Controller
exploiting Symmetries of the RF-System

Symmetry Groups R [COS (0) —sin (5)]
SO(2) - Structure
Simplest form: Rotation Matrix S (5) COs (5)

Detuning, Klystron

Chain, ...
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System ldentification — SC Module

Go(s) — 2(w1/2)x (8 + (w1/2)x —Awy, )
" Aw2 + (s + (wi/2)x)? Awr s+ (wi1/2)x

[Dissertation T. Schilcher]

Yi(s)\  [Gi(s) —Ga(s)] (U;(s) _ ASSl_Jme.:
(Yé)(s)) a [G;(s) Gl%s) } (Ué)(s)) Main behavior is known

Grey Box Model

System ldentification and MIMO Controller
exploiting Symmetries of the RF-System

Symmetry Groups R [COS (0) —sin (5)}
SO(2) - Structure = | .-
Simplest form: Rotation Matrix S (5) COS (6)

Detuning, Klystron

Chain, ...
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System Identification — Grey Box Model

Restrictions at FLASH for Sl: Known:
Pulsed mode - Bandwidth (1 real pole)
Limited excitation time — Flattop - Resonant modes (8/9 pi mode,...)
~_ : (2 poles — complex conjugate pole pair)

e % = © D, 0 r
’ Co\ntrol loop elk+l) = 0 (I’J w(k) + [FJ@
@ — [C ¢k

gradient .
Flat-Top , Decay Grey box model:

(MV/m] Filling
* Fixed model structure
 Get physical insight

251

» 2 step identification for
different frequency ranges

« 200Hz vs. 200kHz (800kHz)
2048 Time [us]"O1¢" | 31:1:2012 | Page 21 %

» Specific excitation signals




System ldentification — SC Module

2 step identification

Grey box model:
First focus only on low frequency behavior

Algorithm
(Set e andl 0]

Initialize and Identify
¢ 1 andC

Low frequency PRB excitation signal

Change Excitation
Signal

no

Low Frequency
Model valid?

« Bandwidth
« Static Gain - Cross Couplings
x10* Data on Channel 1
5 | T T T | T T I I I
| — ] w0. EX.
| =——1Iw.Ex.
4 - .. ... AI
1 IDetrend
3 | ==—FF wo. Ex. []

N = = =FF w. Ex.
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N
[

1 N T T A e T e T e T
0
_ ! ! ! i ! ! ! i i !
0 200 400 600 800 1000 1200 1400 1600 1800 2000
time [ps]
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System ldentification — SC Module

2 step identification

Amplitude Spectrum of Channel I

Amphtude Spectrum of Channel I

4000~ Algorithm (et @, and C. =0} 4000
£ 3000f | | £ 3000
& . . . = = : !
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£ 2000 Y = a0l AP
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Signal ; z
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1.8 2 22 24 [ Choose new Chirp 0 2 > 22 24
Frequency (Hz) , 1° Sine Slgnal Frequency (Hz) | 4

High Frequency
Model valid?

(

Chirp Sine Signal

SC cavities with high quality factor
Longer excitation time for res. modes

Amplitude [a.u.]
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f1 time: [us] o f2
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System ldentification — Bode Plot

System
Identification ACC1

<«

Magnitude [dB]

200 =
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System Identification — Cross Validation (VME)

Data Validation Yl - System vs. Model
All tools are developed

on VME - System: ! : |
Sampling time: 1US 0 ............................. .............................. ........................... : ........ 3
L : : : f [
=
=
T 500
£ :
< :
: W : —— Black-Box Model
1000 W # TSRO SO - ——Grey-Box Model |
- | : | —— System-Output Y,
High frequency validation i i i
, 1300 1350 1400

o A ,,,,,,,,,,,,,,, o ,,,,,,,,,,,,,,,, ............... time [us]

~100 Low frequency behavior

Black — Box Model

V‘SI [a.u.]

_200 .............................................
— System Output Grey — Box Model
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— Black-Box Model ] .
T ; 5 High frequency behavior
100 Y U | YA N a2 R A A A . ..... N - El I B F 1 | I

Grey- Box Model
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System ldentification - uTCA

All tools for System Identification

are developed for VME System Elﬁri?\bmggte
_ 8/9 pi mode study period
One measurement with uTCA with UTCA

System
Bode Diagram pTCA +

o

Magnitude [dB]
Ly
o

-100

400

200

Phase []

-200

10 10* 10

frequency [HZ]
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System Identification — Cross Validation (uUTCA)

Data validation - Best: black =! red

- Addltlonal Phase drifts are possible uTCA - ACC1:
% . ” ) ! ll'l _ H ”H Sampling time: 1/9us
O | / lhod| Higher ADC resolution
2 1000 \,\ )& 7l I —uro
‘% 2000 ' | , | Ireal
. . Ylsimulatiun
G - Box Model validation U0

E 2000 SIS e W TUTITR ' _________________ ' ____________ C
E= 1000 : - : : 5 Qreal
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Controller Design

Ur(s) Yi(s)
Yi(s)\  |Gi(s) —Ga(s)| (Us(s) . .
(o) = love Gusy) (vm) e Gt o)
Scaling and Rotation Part .
P |cos (0) —sin(9)
{ sin (0)  cos (0)

G(s) = Scaling * Rotation = K* G (s)*R

Benefit: K* G (s) is SISO — Controller Design — SISO Controller C(s)
Is very easy

Crew(s) = R C(s) = [01(5) Cz(s)]

—Oz (S) 01 (S)
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Controller Design
r -T_ » C(s) ——— G(s) >y

o=l co] ()= [an 516

Bode Diagram pTCA

o OF
o « G(s) for uTCA
2 -°0  from u(t) to y(t)
=) « Static coupling of
= 100 -20dB (0.1)
400 « Controller should
% 200} decouple the system
8 5 and reduce the 8/9 pi
o mode

-200

10° 1) 10
frequerjcy [Hz] v sller”| 31.1.2012 | Page 29



Controller Design
¥ -T_ > C’(S) > G(S) > 1

o= col ()= [an <516

Bode Plot of C(s) - G(s)

o 50

S,

B b ——— e —— e * C(s) * G(s)

B | | « from e(t) to y(t)

D B0l e 5y o o « Static coupling of
= ' ' -40dB (0.01)

Current developments
on dynamic decoupling
— necessary for BBF

frequency [Hz]
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Controller Design
¥ -T_ > C’(S) > G(S) > 1

o= col ()= [an <516

Bode Plot of C(s) - G(s)

o 50

S,

B b ——— e —— e * C(s) * G(s)

B | | « from e(t) to y(t)

D B0l e 5y o o « Static coupling of
= ' ' -40dB (0.01)

Current developments
on dynamic decoupling
— necessary for BBF

Phase []

Part of my next

FLASH-Seming
frequency [Hz]
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Field Controller - Results

Histogramm (normal distribution) of 200 RF pulses
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Thank you for your attention!
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