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ABSTRACT 

hlo~lcrr~ syst(‘I11 i~lc,rlt,ifc,nticjr1 is applied to rf cavity t.lining on 
(II<: ISIS sy”‘~l’r”trorl. FOIU t) 1x5 of test signals i~re inns- 
I iz,at~~il to isii’s’i i,hPii, s’lit ability fkr rcAn.1 time m(~asurcmcn1, 
i:I ari ux.c~lt~ratur ~~ll\~i:.~1lr~lr~lt. The Psrudo Ran~.lo~n Binary 
YiKrlal (PROS) a1>1x’ars to t,e the most ild~,~rnt,n.gt,t,ils. Mcs~- 
;ilr-.ntwlt 3 i~~itl~i- ,L~)I ~rinl operating coltditions allow alltomatii: 
irlt*nt ific,atil!rl for n w If ;uliil)tiilg lonp. Thr intrrn.ct,irr softwar4i 
1\1!2’l‘f.A13 is 11sf~1 to priw3s thr data arid tlit- i{leritilied rnodtrl 
ii r(~1)wsrllteil ill ~xII+z(*Y~, four:. Thr rndrl shows good car- 
n l,ltic,u \vitlk sj h’tlr~ I~~~rh:~rliiall~~t~. 

INTROr)l!CTTON 

IlIt. [.<I!+ I<[,’ ,yst~~ris[ I] irli (,rl)orat,r- 0~nl.riil 14~)~:‘. for volt- 
qq’? frec~“‘~:lq, ph“““, iri1.1~ t iL5,it.l; ph;s~ ;.II(I iit:i~m lo:~tlii~g 
r i~illlwli~;tt isJll. ‘IV\i~ i~liiil~q,ll~~ l’i.~~c~~~~kn(.;~~ t,ilrliri~s lti5.l) cilllltl rlot 
ri’;ii II th,h risi;ilirc,il cil( Ilr:i,ry ariil Vi;fs ,i.~l$L~i<WtLYl l~y il tligit;tl 
lLi(i[J (I~‘i)qlrl~ I). ‘1’111’ AV~~,EII of thca digital lovl) rf~~lliir01 Kdi11 
<ill(l plii!w i,:t'i~i,l,t~~ll~'lll Irl'c'i' tlrc. fnYp'~lH‘) Imllil illl<l t1,4> lx‘]‘- 
w::c~I~~ ‘31 ion <)1 t hf. u’iiji( rli+;ih ill i! (-oiic.i~;r~ ri*-rthc~t*l;li ic3l Ftrrln. 
‘I‘llic pri~~~~~~.~s i:. I<I.~)KII il> ~iyz-tr~lil i(l!~rll.ili~.;,t.i~~[l. 

‘I’hv i,?,~~vc,t~t.io~~;ii a~~~~roaf-II to syhtem ir!c,ritilii.;it.ioII is to 
I, f~;l?l,,t’ !:I(’ P’Yp,:~*l:“’ 1.0 7. silillioidal frqil4~‘wy :i,kv~‘t)t i>l‘(‘r tilt. 
~~;~~sl~;ui~l or t,(J Ii st<‘p fillwtion. ‘I’hc: swcy~t, fi.~:ql~~-l~q is timr 
(I~Il’illlllil& itIl<l Iliil \tr.;l fur.i~tir~n (‘<ill [)r0~lllc’l~ 21 Iilrgl’ i)l’i’r- 
‘ll~lilt iii t,lltA t1111111i; :‘rror. ‘I‘llt5r t,t>sl sign& :Ir(‘ ii150 ilTl$iLl- 

J ;fd(.t,r8r:; tcb:, iil,~it !lii.;iti6ul tlllrlng uorrllal s!,~l~4~t~rr-~t ran 0prr;l- 
11~311. Rlt-i~s~irinc, clrlriritz, rl~,rlii;J uIu~ri~ti+,il liw .ll~ ;I~lv:lllt.ng(~ 
tll,lt (:JV locals ,.~II IIP ~~~i~~lc ,rtl:lptiv<>. 

Ill : I.<, it<‘i’~c-,,rt(‘i’ .tnrl ; >IOCL~~ iridllntritx S~~llr~,t~il~:r-j~ili~-ii~il 
1141 r~l~>r~ic. hipl:iil,(.)] mlcl I)h~~u~lc~ Ranclr~ril Ilirl;lrJ. Sigl;ali 
, l’ltr~si/:r,4,5] ‘irt’ ubt7l /‘()I. k\,itcni iilc,rit,itii:;rl,iriil 01 1 lK’i(,> 
Ilie’ I’II IiS :wr~~ f01111tl I0 lw t,trti most suit.;ll)lr 411,l <,asily a& 
jl.il al~lt~ for t1sf2 i~li~lt~r ~IW:~I:I~ <,~m atia)rl. 

SC:IIROE:I)F,l~-I’IIASED I~AHMONIC SIGNAL 

I’li~~ SI.III IW(I+,I, I)I~,~,sv~I hi~r~~~o~iii. Ggrlal[Z] is 3 t u111p~~sii4‘ of 
“‘~““114. spad plw it~o~lill~itt~il liarlnollics. wit li a gi wn 
[‘L”““‘ >,p’l.tInlIll: 

J/(t) := k$ ,/&Tj. cc)s (7 + d::) (1) / 
O~I~TA!~YI 1~1, 1 i~t/ T[riivcmit,ir3 R~:sc*ari~li ;1shw.liii,(3, In<,, 
!‘I II_ t,llc. lJ.5’. Lkcparinlent ui Iherrry under Coni ract No. L_ 
1)15-!\(‘O:!-S~~f~~fI~lfl,l’lli. 

I.‘igllr(L 1: l(lo( 1~ ~jiil~~riiii. i)f tt.<k ;trlgllll.ritt,tl tI ;ulifi,r f1.lii.i ii)11 
m~wlllwnf'nt RCh('lll'~. 

ivh~~w, 11~ is t,l*:, I-tti;il,iVe pswwr spwtrlkrn aild ~+a t,llct phiec of 
t,llra I.! h hzrrrci,Iric~ (if tht2 Ftjilris srrIf3 4tf N 1lnrmonic.s wit,h 
pwi+xlicity ‘I’ ‘II 1,’ ptiast~ ni~~tlulaticm is givf:u 11;;: 

i;-1 
ijtk - tjr -- i’?T ZI: :k - m)p,,, (‘2) 

whcrp, cp. is t,h(’ pl~;wx (~ft.i~r: t':~r~darIlc~I~~al ~lti p,,. is lh(s r<~l~l.t.iw: 
J,‘,“c’I’ S]“zc%~lllll Of t,ht> Wth hNlTlOlli~. 

‘I’hc: phixw r~~~illtl;lt,ioil rf,st:lts ix a ic~lllctic~:l in i,ll~f tx.ak 
value: of t11(: signal:‘J,:%]. 1 “0 oht.ain a flat, output responst: r+ 
rlui:ce ii “[)IC’,liC.t.lU11” uf the input, signal using thr r~~su115 0i 
sinll3oidal fwlurricy sweep irletllod. If C:(jw) is the rejponsr 
dn4l k’(jw) Ihr% I”ouric-r tr;tlisforrn frown Eq (1) tllrll the rr 
quircitl iuplit sprdrlml ~~(gl,r) is: 

i ‘3: 

whw, I:1 = 27rkjdV lor 11am011ic: k. 

i”igure 2 shows the response after scverai iterations of the 
input signal. Ikra.tions are for a fixed power spectrum with 
phn~z rriotlnlatd according to Eq. (2). This iterative r’ro- 
wss is a major diS,ldVA3tikgf? in t ll(: prtw~rlt applidion ‘I‘hch 
approach is useful when the input, signal nerds to have a ban& 
limited pww:r sptxtrurn. 
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Lcigllre 2: (il) llill.li~Olll~’ ti,Yt ii~rlill fillo\Y11 1’Or 0111: full C JjC’lC. 
(II) ‘luriilig vl‘r~ir S~;,II:I I i’01. ~~x~.iLiLl.iorl s11owr1 ~II Fig~lrc* ‘2(a). 

I Iif, .i~li,~~rLap,f~ i>i ~dtirlii~i~ :,ii,rrd:s il. :i\:-‘:‘rli ihil.l.t:lii iit.ilili i:, 

I Il<,ir ~-onst,;l~l: p,‘bc’l 5Iwctrrirn ,il~,i l;u k c,f Ix?ri<jciic ro:11po- 

rlc~rrtz ill Ilrc, .Tigrl;rl. 111 ;.cliliii4)ii tlrrsir ,?lilo,.~~l.~~,l;.i~r,l, i‘llrli.tiorl 
i’ iiti irn~~~~lsc-. 1:) tllv, rll~.~<:ri~~~’ i>t’ :~oLs:~’ tilis c,1,1 Ilc ;irr;k:,p,+I !(I 
IW ~ir~r~~~rIt~l;rt~~iI \vitlr ;hr~\ il~~:lli~,iil ir.jblit alp,;ilikl ~,r(,~~st. I’lli-: 

\\a’, ii 1t. 14~v,t11: Ill tilt> :~~t~.,i~iit al)l~liiatic~rl. ‘1’11~ ii\itcwcbl ivlit 

IIN II,‘; j/)1 ilillc’rwlt :rj.,liltls ,trf’ 3l,ow11 in I:ic,lrlt~ :I 

I:1 I1Ti.r t,i(‘f> il I> f’ilsil’r tl) f2,Vlit’l.iLll’ H [li~‘llll~1 lilllrlrl1li sl&i1it. 
lldvill# ‘io:~l(’ p~~rloO1c iti ( IslIt will) illi ailtiir’c,: rc Idi ii)11 fll1ic ticlrl 

i l<bi~ly ;~j)j~n,:ci~.~;itil g t,lldt, of :+:iliti* 110Lsi~. 711r llillary 1.01-1ii i5 

11r0w’ 1’1 it t.r ,$I fl#r i\.~.tc~r 1 i,l~~~illlii~~,li~~il ,\l)j~li~ ,ItibrL 0I h.li.li i. 

‘;&wll i II t 1.f’ tll:ii;is IOOII /,_I .,li~,b ti i.i F+,~II(. I Sll~ii,:ili:j)~,::,!~l 

01~ tl,rs ii.i~slli~rl ~i’ipoii~i’ is 1 tic, [..lli.ill4tml rv<lv)liic’ ivorn ilic 

!iil),li I. 
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Figltre 3: (a) N~~~~nalizt:tl alltoc,l.,rrc,l;lti~,tl furlcciwl. (1’) NOI, 

r,l;lliif-tl ;nitcv~clrr<* li4tiorl flrnct io:l (if :.t:ta PKRS iicilal. 

Some care is requil-ed in generating the PRBS[3,4,5] to en- 
sure it has the necessary autocorrelakion function and powder 
spectrum. The PROS in Figure 4 was generated using t,he pro- 
gram of Ref. [3] and downloaded into t.he function generator 
in Figure 1. 

A 4fW5 bit, 1’11 ISS was g(:ncr:~t~:j witll in IL.5 jrs innuiili:lm 
pulst. lc-ngth. Systvtll ident,ifiration is nistlc in f!w syrlc:hrot riiii 
accelerat,ion cyrlrs. With no 1xm11 accelerated an amplit,udt? 
of 0.15 V was used, but this was reduced to 75 rrrV whell ac- 
celerating 1 I23 prot~ons in 10 ms. At this level the PRIjS 
perturbation rc:sult,ed in a 10% beam loss. I,irnited rc~olution 
of the digital to analogue convcrtcr prcvcuteil fiirthel, Irduc-- 
r,ion of the PRBS. 
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tritiirlfi, rmc,r -ii’li:ll 

..-- , 
I’;,stlrIldtcs of lll!~ i’l 0~5 antI a11t,0 ptnw~ 5jxv.t ral ilr~lislli~3 

IJ-l’l‘t’ 1r:;,dv li!,iIl~; t II<) hItZ’I‘I,!lfq(i] iiiftv;arr~. Tlw t i.CIIF-f<SI. s 1,.i1-- 
act(*rist,ic for al! t,)l>f3 d t,c-it sipll ,il<.a slli)wll in I“irtircl 5. 
.~lbovc! 12 LIIL lil<S i!;ila ii il~,rt=linl,li~ LII!~’ to t III- 1 Iini,g 5:;s 
trar:i imJ lirllil Illiwlb. ‘1‘11~ I’III3S 3.~~3~1~1~ Ii:, IH~IWY il tli~w* 
uttaintvl \vith iil:llsoltliti ~~scil2tioIi tllti:iIic 11 ,it 111,ts ” ’ iiri<l 
Iiliu ‘ct’ gtiri pill! b ill t,ilt- rycl<s. ‘I’l~t: dillcnwl, r~‘ilvin$i I II I.iir- 
manic and stt:p signals is probably C!IW t,o poor :I)vc.tral IIW- 
sit.ii:h. Witi llaiIrliSnic- 5igniil roultl 1,~. iilip1’~~vr~(l lby riYl~~~ip;llillg, 
its spcrtral dcaslty. For the step signid. rlv~wtiw,t drive5 lilt: 
l,i;ts rwxlator irltl, nor:-linca;u opv~atiotl. ‘I‘ll.* rc*i,llts ;I.pI”.o.icli LZ 
the true rrspo~~s~: as the overshoot is rtdl~crtl, hut illi is lirn- 

ited l,y Ineasuriilg ;icc,lr,zr?;. Armlr;ic~y t.)f iW.iIlliition is jutlpl 
by the coherence function, *fu3,: 

1 

IQ,*, 2 
ruu = - -... -. _- 

PW‘I ID,!, I 
(S) 

For it I’HHS. a value of 0.8 is cibtaine(l ov<:r ahnost the- 
full hantiwidtlb, bvhereas stvp nnd hiLrI[!onic sign;ilF show the, 
~~rt:scnce of noi5e’[3‘. 
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Figure 5: (a) Variation of gain values with rcsljcct to fre- 
q11(‘11cy. (b) Variation of phase values with rrsl~rct to frt~~ 
,il,““ry 

TRANSFER FUNCTION MODEL 
(PARAMETRIC) 

‘1’1~~ s-transfolrn of ~i,l~i~t-to-oiltl~~~t is given by: 

Y(z) = G(z)(f(z) t fI(z)E(.?) (6) 
~vli(al(:, 1-I:) is t,tic, oill,put signai, (‘{z) tile inpllt containing the 
I.t5t signal and demantl functioll, E(z) the disturbance such as 
I~~)ISV. II(;) the trader futlc.ticon for the dist,urbailce and G(z) 
is ihr systeln transfri, Cunction. l’arametcrizing the inpllt- 
0111 pelt data c.onsisls of cl11 vc filling in the conil)les tlonialn to 
a ~)remnligured model which can isolate the noise components 
E(t), n(z). The best model obtained for the PRBS input- 
olltpt:t data is the “Output-Error“ model[3,4]. The structure 
i, given by: 

U(z) = ,-7~~~u(z, $ E(Z) (7) 

wit.11 b’(a) = bl $ b$ 1 + b& + + b,,&“b-‘) 
F(r) = 1 + u&’ + aZt-* + . + (L~~z-‘~~. 

Calculation of the polynomial coefficients and their orders, 

;“Y 
and nb and the time delay r~k is done iteratively. The 

Iequency characteristics of the ‘optimised’ model is shown in 
Figure 6 and provides a good description of the system over 
the 12 kIlz bandwidth. The results are obtained using half the 
data the other half being retained for model validation tests. 
7’11e validation results shown in Figure 4, use the same PRBS 
but measured at a different time. The pole-zero plot for the 
model is shown in Figure 7. The proximity of the poles to the 
unit circle shows the dynamic nature of the system. 

10-I 
- Non-parametric model 
-------- Parametric model 

Frequency in Hz 
Figure 6: (a) Gain curves for parametric and nonparametric 
models. (b) Phase curves for parametric and nonparametric 
models. 
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Figure 7: Location of poles and zeros on a unit, circle 

CONCLUSION 

The use of PITHS appears to provide a method of mea.suring 
transfer functions during normal synchrotron operation. This 
allows for the subsequent development of adaptive loops. The 
techniques can be extended to multi-input multi-output con- 
trol systems provided uncorrelated test signals are used.(5] 
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