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Modern systemidentification is appliedto rf cavity tuning on

the ISIS synchrotron. Four types of test signals areinves
tigated to assesstheir suitability for real time measurement
in an acceleratorenvironment.The PseudoRandomBinary
Signal PRBS appearsto be the most advantageous.Mea
surementsundernormal operatingconditionsallow automatic
identiñcationfor aselfadaptingloop. The interactivesoftware
MATLAB is usedto processthedataandthe identifiedmodel
is representedin pole-zeroform. The model shows good cor
relation with systemperformance.

INTRODUCTION

The ISIS RF systems[l] incorporatecontrol loops for volt
age, frequency, phase. inter-cavity phase and beam loading
compensation.Theanaloguefrequencytuning loop couldnot
reachthe requiredaccuracyand was augmentedby a digital

£ loop Figure 1. The designof the digital loop requiredgain
andphasemeasurementover thefrequencybandand therep
resentationof the responsein a concisemathematicalform.
This processis known as systemidentification.

The conventionalapproachto system identification is to
measurethe responseto a sinusoidalfrequencysweptover the
passbandor to a step-function. The swept frequencyis time
consuming and the step-function can producea large over
shoot in the tuning error. Thesetest signals arealso unsat
isfactory for identification during normal synchrotronopera
tion. Measuringduring normal operationhas the advantage
that the loop can be madeadaptive.

In the aerospaceandprocessindustries.Schroeder-phased
harmonic signas23 and Pseudo Random Binary Signals
PRBS[3,4,5j are used for system identification. Of these.
the PRBS were found to be the most suitableand easilyad
justablefor useunder normal operation.

SCHROEDER-PHASEDHARMONIC SIGNAL

The Schroeder-phasedharmonic signal[2 is a compositeof
equally spaced phase modulated harmonics, with a given
power spectrum:
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Figure 1: Block diagram of the augmentedtransferfunction
measurementscheme

where. Pk is the relativepower spectrumand Ok the phaseof
the kth harmonicof the Fourier seriesof N harmonicswith
periodicit T. The phasemodulationis given by:

k-t

Ok = - 2,r S k - 2

where,o is thephaseof thefundamentalandP is therelative
power spectrumof the ,nth harmonic.

The phasemodulation resultsin a reductionin the peak
value of the signal[2,3. To obtain a flat output responsere
quiresa prediction" of the input signal using the results of
sinusoidalfrequencysweepmethod. If Gjw is the response
and Yjw the Fourier transformfrom Eq. 1 then the re
quiredinput spectrumCJjw is:

Yjw
Ujw

= COw
3

where. w 2irk/N for harmonick.
Figure 2 shows the responseafter severaliterations of the

1; input signal. Iterationsarefor a fixed power spectrumwith
phasesmodulatedaccording to Eq. 2. This iterative pro
cessis a major disadvantagein the presentapplication. The
approachis useful whentheinput signal needsto havea band-
limited power spectrum.
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Figure 2: a Harmonictest signal shownfor onefull cycle.
bI Tuning errorsignal for excitationshown in Figure2a.

PSEUDO RANDOM BINARY SIGNAL

The advantageof randomsignals in system identification is
their constantpower spectrumand lack of periodic compo
nentsin thesignal. In addition their autocorrelationfunction
is an impulse. In the absenceof noisethis can be arrangedto
be uncorrelatedwith any demandinput signal present, This
was not relevant to the presentapplication. The autocorrela
tions for different signalsareshown in Figure 3.

In practiceit is easierto generatea pseudorandomsignal
having someperiodicity, but with an autocorrelationfunction
closely approximatingthat of white noise. The binary form is
morepracticalfor systemidentification. Application of sucha
signal to the tuning loop is shown in Figure 4. Superimposed
on the measuredresponseis the calculatedresponsefrom the
model.
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Figure 3: a Normalizedautocorrelationfunction. b Nor
malizedautocorrelationfunction of the PRBS signal.
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Somecareis requiredin generatingthe FR.BS3,4,5]to en
sure it has the necessaryautocorrelationfunction and power
spectrum.The NIBS in Figure4 wasgeneratedusingthepro
gram of Ref. I1 anddownloadedinto the function generator
in Figure 1.

A 4095 bit PRBS was generatedwith a 0.5 ps maximum
pulselength. Systemidentification is madein few synchrotron
accelerationcycles. With no beam acceleratedan amplitude
of 0.15 V wasused,but this was reducedto 75 mV when ac
celeratingI £13 protonsin 10 ms. At this level the PRBS
perturbationresultedin a 10% beamloss. Limited resolution
of the digital to analogueconverterpreventedfurther reduc
tion of the PRBS.
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Figure 4: a PRBStestsignal. b Simulatedandmeasured
tuning error signal.

FREQUENCY RESPONSE CHARACTERISTIC
NONPARAMETRIC

The systemcharacteristicin the frequencydomain,COw, is
given by the ratio of the crosspower, $I,VOW, to auto power,
d’tujw, spectraldensities.

Gjw = ‘L.,Ow
- 4t._Qw

Estimatesof the cross and auto power spectraldensities
weremadeusingthe MATLAB[6] software. Thetransferchar
acteristic for aM typesof test signal areshown in Figure 5.
Above 12 IcHz the datais unreliabledue to the tuning sys
tem band limitations. The PRESresults lie betweenthose
obtained with sinusoidalexcitationobtainedat max " and
Sn ‘o’ galn points in thecycle. The different responseto har
monicand step signals is probably due to poor spectralden
sities. The harmonicsignal could be improvedby redesigning
its spectraldensity. For the stepsignal, overshootdrives the
bias regulatorinto non-linearoperation. The resultsapproach
the trueresponseas the overshootis reduced,but this is lim
ited by measuringaccuracy. Accuracyof estimationis judged
by the coherencefunction, y:

- I

___________

For a PRBS, a value of 0.8 is obtainedover almost the
full bandwidth, whereasstep and harmonicsignals showthe
presenceof noise[31.
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Figure 5: a Variation of gain valueswith respectto fre
quency. b Variation of phasevalues with respect to fre
quency-

TRANSFER FUNCTION MODEL
PARAMETRIC

The :-transforrnof input-to-outputis given by:

1t = GzUz + HzEz 6

where. 1t is theoutput signal,Uz the input containingthe
test signal anddemandfunction. Ez the disturbancesuchas
noise. 11z the transferfunction for the disturbanceand Gz
is the system transfer function. Parameterizingthe input-
output dataconsistsof curvefitting in the complexdomain to
a preconfiguredmodelwhich can isolatethe noisecomponents
Ez. 11z. The best model obtainedfor the PRBS input-
output datais the "Output-Error" model[3,4]. The structure
is given by:

Uz = t-pjUr + Ez

with B: = + 62z + 6z_2 + ... +
Fz = 1 + a1rt + a2z2 + . . - + a,,r"-.

Calculationof thepolynomial coefficientsand their orders,
n, and no and the time delay n5 is done iteratively. The
frequencycharacteristicsof the ‘optimised’ model is shown in
Figure 6 and providesa good descriptionof the systemover
the 12 kHz bandwidth. Theresultsareobtalnedusinghalf the
data the other half beingretainedfor model validation tests.
The validation resultsshown in Figure 4, usethe sameNIBS
but measuredat a different time. The pole-zeroplot for the
model is shown in Figure 7. The proximity of the polesto the
unit circleshows the dynamicnatureof the system.
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Figure 7: Locationof polesand zeroson a unit circle.

CONCLUSION

The useof NIBS appearsto provide a methodof measuring
transferfunctionsduring normalsynchrotronoperation.This
allows for thesubsequentdevelopmentof adaptiveloops. The
techniquescan be extendedto multi-input multi-output con
trol systemsprovideduncorrelatedtest signalsareused.[5]
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