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Abstract
2 SYSTEM LAYOUT

The ELETTRA local feedback system layout is shown in
fig. 1: two phBPMsdetectthe photon beam position in
the front-end and four corrector magnets move the
electron beam inside the ID straight section. The phBPM
signals are sampled by A/D converteand processed by
a Digital Signal Processor (DSHasedsystem \hich
implements the control algorithm. The D/A converters re-
transform the resulting output samples in analog signals
which drivethe power supplies of thecorrectormagnets.
1INTRODUCTION An Ethernet connection allows to communicate with the
The full exploitation of the high brilliance photdi®ams control system [5] workstationand to remotely control
produced by third generation synchrotron radiation sourcéise DSP operation.
relies on the transversability of the electronorbit at N )
the InsertionDevice (ID) sourcepoints [1]. The main 2.1 The Photon Beam Position Monitors (phBPM)

beam perturbations consist of slow driétsd vibrations  1ha two phBPMs [6re located irthe ELETTRAfront-
up to some tens of Hz. lorder toachievethe requested o4 They have a separation of lamdthe first one is

performance, activerbit feedbacksystemsare typically  |ocated 9 mfrom the corresponding 1D centre. Excellent
used [2]. performance interms of mechanicalstability hasbeen
At ELETTRA, where the development ofsuch Systems 5opieved byfixing the monitor supportslirectly in the
has beereonsideredsince the design phase of the facility,ocy pejow theconcretefloor of the storage ring. The
[3], a fast local orbitfeedbackhas beendeveloped and oheration of the monitors isased orthe photoemission

preliminarly installed on two out of the five IDs installed. oot of four bladesspaced 90 from eachother. Their

The system presently works in the vertical plane but its, icyar configuration alows to intercept only the fringes
operation can bextended tahe horizontal one with N0 ¢ the bheamand to sustain theradiation flux and the

hardware modifications. High resolution PhotoBeam narmal load. The two monitorare rotated by 45o0ne

Position Monitors (phBPM) are adopted. Taking eqpect to eactother (fig. 2). Inorder to avoid non-

advantage othe recenttechnology developments, digital |inearity andcross-talk between planes the photozam

signal processingechniques [4pre usedor the system Cg]ust beplacedclose to thecentre ofthe photoemitting
|

controller. They improve  system reproducibility anGyiements: amotorized x-ztranslation system habeen
flexibility by allowing to easily change the orbit developed for this purpose.

correction algorithm and/or compensating scheme.

The stability of the electron beapwosition is one of the
main issues for third generation synchrotrradiation
sources. A fast localeedbacksystem based ondigital
signal processingtechniques has beedesigned and
installed on ELETTRA.After a characterization of the
main system components, theesign choices are
presented.The software environment used for system
development and measurements is described.
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Figure 2: Photon BPM layout.

Eachblade signal is proportional to the overall photon
flux produced by both the IBndbending nagnets. Since
only the ID component has to lsensideredhe bending
one must beejected.lts contribution is proportional to
Figure 1: The local feedback layout. the electron beam curreahdcan be evaluategthen the
ID is still open.
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The signals from thdlades are pre-processed high
precision electronickcatedclose to thefront-end which
provides a submicron sensitivity. Theyare then
conditioned andamplified in order to assure good noise
rejection in the transmission to the Controller.

2.2 Corrector Magnets and Power Supplies

The ELETTRA combined horizontal-vertical inverted U-*

shaped corrector magnets [7] are used alsthivfeedback
system. The corresponding power supplies nthestefore

setup the VME boards (sampling frequency setting,
A/D converters calibration, etc...)

acquire input/output signals

generate arbitrary output waveforms

control the local feedback system operation and
parameters (filters, controller parameters, open-close
loop, etc...)

acquire data preprocessed by the DSP (spectra, rms
values, frequency responses, etc...)

. monitor the control variables.

L]

provide both DC and AC currents. The maximatiowed The ELETTRA control system remotprocedure call
frequency of the AC current depends on the DC offset afi@raries have also beentegratedwith Matlab andallow
is limited by the output voltage of the power supplies (682 accessthe accelerator equipment throughsimple

V peak). AC amplitudes of 400 mA up to 50 BHzd 200

commandline instructions [10]. The control of both the

mA at 100 Hz can be obtained for the maximum 12 A giccelerator andocal feedback system from thesame

DC current. Thefeedbackinput signal isenabled by a
solid state switctand isadded tothe DC setting coming

workspaceminimizes the timeneededfor measurements
and tests.

from the control system in the regulation part of the

power supply. The phasealelay induced bythe eddy
currentsgenerated irthe stainless steel vacuuchamber

4 SYSTEM MODELLING AND SIMULATION
The feedback setup allowed a quanhd effective dynamic

by the AC magnetic field has been measured. It is aboutcharacterization ofthe overall chainmade of power

degree at 60 Hz and 2 degrees at 100 Hz.

2.3 The Controller
The Controller isbased onthe VME busstandard. The

supply, magnet,vacuum chamberand phBPM. The
frequencyresponse of the system has beeeasured on
the real machine by modulating one vertical corrector with
sinusoidal signals at differefrequencies generated by the

eight analog signals coming from the two phBPMs ar®SP andacquiringthe beam oscillationdetected by the

conditioned and filtered to avoid aliasing effects by a
home-developed board with 4th order low-pfi$srs. The

phBPMs with the DSP itself.
The phBPM does nantroduceany appreciable cut-off at

same board provides also filtering and conditioning for théhe working frequencies (0 -200 Hz). The dynamic

output analog signals going to tpewer supply cabinet.

behaviour of the chain is damated by the corrector

A single board is in charge of the A/D-D/A conversion: itnagnet and power supply.

features amaximum rate of 200 ksamples/s oreach
independenthannelwith a resolution of 16 bits. The
DSP boardmounts a TMS320C4processor at 40 MHz
(50 MHz on the newboards) andts computingpower
could be enough to run thmrrectionalgorithms on both

the vertical and horizontal planes at the sampling rate of €

kHz. An additional CPU boardacts as &ridge between
the DSP and Ethernet. The A/D-Dékhdthe DSPboards

are connected by a mezzanibeis (Modular Interface

eXtension, MIX), while the VMEbus isisedfor the

communication between the DSP and the bridge board.
The programs running in the DS&we written in "C"

language. A complete development environmand a
special Ethernet communication protocalled SwiftNet

[8] allow to compile, download, run and debug the
programs in the DSP from UNIX workstations.

3 THE MATLAB-DSP ENVIRONMENT IN
ELETTRA (MADE)

The local feedback project has been suppdtienligh all
its phases by an effective workbenufised on Mtlab [9]
called MADE (MAtlab-Dsp environment in ELETTRA).

Matlab is a computing interactive environment suited fog

data analysis,dynamic system design and simulations.
The Matlabstandardccommandset hasbeenexpanded in
order to communicate with the DSP systdirectly from
any control room workstation. The communicatiefies
on SwiftNet. The newlydevelopedcommands take the
form of Matlab Mex-filesand areassociatedvith specific
software running on the DSP. They allow to:

A polynomial model inz has beercalculatedwhich best
fits the frequencyresponse of the system:third order
model is sufficient to characterize it up to 200 Hig. 3
shows the response of the modemparedwith the real
one.
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Figure 3: Frequency response of the real systempared
with the third order model.

tarting from thismodel severakimulationshave been
carried out using both Matlab and Simulink [11]ketter
understandhe closed-loop behaviour tiie system. The
model block diagram isshown in fig. 4. Thedelay
representsthe time lag due to the processing and
conversion time: it isestimated to be equivalent to two
samples, which means 25@s at the nominal 8 kHz
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sampling rate. The controller implemented for the firsA powerful software environment suited for digital signal

tests is a PID [12]standard regulator with transfer
function:
Ki

R(z) = Kpr + — + Ko(1-z™)
1-z

A first-order low-pass filter withcut-off frequency § has
been addetbeforethe PID inorder tolimit the dynamics
of the signal at the highdrrequencies and t@void non-
linearity of the power supply.
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Figure 4: Block diagram of the model used to simulate tHel

closed-loop system behaviour.

processing applications, called MADE, has been

developednd boosted the whole project.

A system model that fits the experimental data has been
calculated and is used to predict its closed-loop

behaviour. The describedfast local orbit feedback system
has been installed and the first operational results are

presentedin [13].
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