> VWe3eC@x. j 46) T, 31 WD 00142603 -1 METHOD AND APPARATUS FOR ADAPTI VE
FEEDFORWARD CANCELLATI ON ° REFERW,MWJMMNNED APPLI CATI ONS The present
application clains priority from tes 5 Provisi o}nalb@gtgzan
Application having serial No. 60/116,8d¢%dfi|ed on January 15,1 3
entitled | MPROVED ADAPTI VE FEEDFORWARD CANCELLATI ON. FlI ELD OF THE | NVENTI ON
The present i RySeheA IS related to disc drives. In particulpgirmusbdigerko
present invention is related to repeatabl e runout conpensati on. BACKGROUND
OF THE INVENTION In a conputer disc drivé; data is stored on a conputer
disc in concentric tracks. In disc drives with relatively high track
densities, a ser i i i t he
desired track durli %g%%gdxg?"&v%@§g%ﬁ%ﬁ?‘oﬁﬁ%iﬁgﬁlﬁ@ﬁﬁ%@@pI i shed by
utilizing prerecorded servo infor "f@ANCEELATEINon a dedi cated servo disc or

Bur i ng i rack foi owing,  theeRveEnn RLETRRTEEACAONS 12 heaa 1o ¢ ¢
denodul ated to generat—[@le_eﬂ,rgégﬁl gélrgp:aﬁ&?gl?g,z; ﬂﬂg}it}(@g@aumcpga%ovi des an

i ndi cation of the zo position error o ead "away fromthe track center.
The PES i s thefProdsivealtRadernit pplaation hardng seriad i o.60/ Ei6ivalfiledvn ch i s fed

back to control an a r that ifi t there are
fwo forms of niabbresarrearier bRaNER ABAITERE FrER EITNARR o

Non-r epeat abl e ceqgegpr afrfoseneral |y 25 unpredi ctable and therefore can not
be renmoved until after they occur. Repeatable errors, which are generally
caused by nechanical irregul ar iRIEER GMTHREENMENEIQN e of the disc drive or
errors introduced Wiﬁn Wi ti.ng t he .serlvodt r?cks, 1 GaN be ﬁreldi ﬁig} ed and
therefore theoreti cal'f Preant BEeHORIE Ffalgd S0 f5 SPey MR HF I K ener al |

t hese repeafablRedeHNRNENGEK RI18latddRDrepéalable rurldhtdotdpbng®d. WO 00/ 42603

PCT/ US00/ 01014 -3 The cancel l ation signal includes at | east one tap wei ght
mul tiplied by at BACKGROUND OF THE INVENTION

In a computer disc drive, data is stored on a computer disc in
concentric tracks. In disc drives with relatively high track densities, a servo
feedback loop is used to maintain a head over the desired track during

15 read or write operations. This is accomplished by utilizing prerecorded
servo information either on a dedicated servo disc or on angularly spaced
sectors that are interspersed among the data on a disc. During track
following, the servo information sensed by the head is demodulated to
generate a position error signal (PES), which provides an indication of the

20  position error of the head away from the track center. The PES is then
converted into an actuator control signal, which is fed back to control an
actuator that positions the head.

In general, there are two forms of head positioning errors:
repeatable and non-repeatable. Non-repeatable errors are generally

25 unpredictable and therefore can not be removed until after they occur.
Repeatable errors, which are generally caused by mechanical irregularities
in the structure of the disc drive or errors introduced when writing the
servo tracks, can be predicted and therefore theoretically can be cancelled

out as they occur. In general, these repeatable runout errors (RRO) are
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.l east one trigononetric function. To formthe cancellation signal, the

nmet hod and apparatus first determ ne a servo |oop transfer function
relative to a feedforward cancel |l ati on conmponent in the disc drive 6Be 5
transfer function is then inverted to formfilter paramste‘}ﬂ JLUEOZU oon
error value is then nmeasured for a current signal and is passed through a
filter formed wooeskdze filter paranmeters. This creates a fi |lpcansdoqosi tion
error value that is used with the tap weights of a current sector to
determ ne the tap weights for the cancel Pation si gnal of the next sector.
1o BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of a disc
drive. in whi Ch ARRGRLAIRLNSRRHESAN o 104FBRE 0B WBYRORURIARK e FIG 2 18

a prior art servo loop wth™n adaptive feedfo cancel | ati"on system 15

FIG 3 is a tofeastene tfigenaineiic Simotiom gT @feecthe cancellatiinn sigeal, the t he present
invention. FIG_ 4.1 a . frequency spectrumof a.posjtign errar signal. FIG
515 a simplifBHBAAER WPATIUA S deloweing 8 PHOIow ERr BTl f eedr of war d
cancel | ation. 2@ikkEto 8 féifGwal®edncall AABNornEiartie diRivel tihean adaptive
feedf orward cancel |l ati on system of the present invention. FIG 7 is a block
di agr am of tshe transferfundtide iGthed inr@d t@ foxn filtet pavadieteys.af pesitonnet hod of
adaptive feedforward can&gl | ati on cw&der thehﬁé%ﬁrgn%.i nven hg_n.#S FIG 9 is
a graph of a po?f?riv(?huee]f' TISPHHEC Bt ACRET i) éﬁp?sﬁ%(i] g Bsi ng t he
cancel | ation t gnfRifei#esd Rbml the iRk Pdrafkters. FIKE crbbteb & fidteBdPPELi@én @ POSi tion
error signal at the fundanental frequency using the cancellation techniques
of the present earrremiyethat is upedwithithe-tapogeiging obecurenBsePtortQJS00/ 01014 -5

di sc. Based on the r. ence si.qnal .. di gi . cont I r. 204 nerates a
digital cont rolée\ggr dggtﬁ‘]ea ap%eslée%?qr@%ﬁg Cglzincog‘nsé@afé{t?lgr?%ébsrﬁ%n?oﬁg node 206

(descri bed fourther bel ow) BRIEF DESCRUPOCNORTHRDRAGYINGBVerter 208. The
digital control value is converted into an anal og current b¥ digé\;al -to 5
anal og converter 20&l@nHistaperspestivryvienwrafarfisg drivenpwhirle aspsgtsof shover
anplifier 210 t n t.uat or.. control current. The actuator control
current is pro |r3?e(r51? oezm‘\%gin?a b@' 1 Cncrr%?'or in a head-di sc assenbly (HDA) 272

and causes the voi CFIGO? Is aidtart rveepatsiesh aduptive femifovrarde and pol arity
of the current. As the voice coil notor noves, head-ginbal 1 o assenblies
attached to theapgsledionsysterot or nove across the disc thereby changing the

posi tions ofs the heags éﬁsaatfo'g\ow 9f$31§9§1§ov9'| gta@@ctgi @goutﬁgéagnsr%évo patterns

I
stored on the disc, a head generates an anal og signal that indicates the
di stance from tpresddanvandionhe track center. The anal og signal is provided

to an anal og-to-digital converter 214, which t 5 forns,a digital signal
fromthe anal og si gﬁi 4 B ATEAUSNORTPES I YL! 4 RSB IB FERE with t he

reference signal tOF@GQS'iéCaesiﬁpﬁﬁéd bloPR dfict&h ofh _@blc(d:)}f@)thta@%ﬁti{@ fed back
to controller 204. Controller 204 uses the position error sighal to

gener ate a new fdedforabrdcomeelbitional ue. In particular, controller 204
gener at es i oi tal pfal 45 AHRhANSSab 0ot Lo 135 RRERaG QMRS the desired 20
feedforward cancellation system of the present invention.
FIG. 7 is a block diagram of the filter of FIG. 6.
FIG. 8 is a flow diagram of a method of adaptive feedforward
cancellation under the present invention.
25 FIG. 9 is a graph of a position error signal at the fundamental
frequency using the cancellation techniques of the prior art.

FIG. 10 is a graph of a position error signal at the fundamental

frequency using the cancellation techniques of the present invention.



:I'n énbedded servo systens, the servo information is stored in sectors al ong
the data track. FIG 3 provides a top view of a disc 300 sho r
sectors 302, 304, 306, 308, and 310 interspersed anong data }‘l\pglgjﬁﬁsggoa
314, 316, 318, and 320 along a track 322. Note that FIG 3 is not 2s drawn
to scale and that nost discs have many nore servo fields. For exanple, in
one enbodi nentwofho/4dses present invention, there are 120 servednusbasioper
track. Repeatable runout errors can be sgen by exam ning the frequency
spectrum of the position error signal Sured over several rotations of

t he 10 J U L 2003 WO 00/42603 PCT/ US00/ 01014 Specifically, a sine and
cosine termis &g@eﬁaste&ron%@&fé}@ﬁ@%%l dl; ta‘-’: cbﬁﬁéllﬁéxszm%eh&@t@%rtﬁgﬁél' zed
equation: ' m U(k)=~u; k~X~. sn( ) Q where: 5 X~, S~~ (k)
= sin~i ~ k~2/ I\Eonh@dgvamemtfmss(ek)hmugbs[cancellktm N;mmmg ngde¥ Wsk:, = H

l)(( . iagg tg EQ!DE%ik%@qeﬁ q’—‘%&‘fr l%lfg‘?’)ﬁgda‘ﬂ‘é%\é’ig%r tf’eaé'\@l/l?ﬁ V/%}V(?rtgé%a elli a'ltE ?gﬁ) s; stem

200 i npl ement s @i?&a éd?ﬁ%l@alhb'i%berléhﬂﬁé%aﬁalﬂ%@ﬁﬂ@ﬁﬂ@}eé &l-8&20, a random
access menory 22 and a sine and cosine table 224. Specitically,

m croprocessdr @E@ogwme@%r@@eemlngwm@m ipainplified byiappweare t ap wei ghts

for the previous_s t 05|t| errg for the t revi ous
sect or, alhi ch |§mP§§%r0ﬁPq%Rf°‘ﬂ§F§B af%la é?li' C@(r)lﬁ\%g?b gpafor ﬁﬂ)g’r'(gprocessor
220 nui tiplies @d}eern%pidvmd%ra%m%l&naxhotbymtaheeeﬂdem@afsgmb@t @IDmhi ch is
stored in random access nenory 222 and a sine or cosine function for the
previ ous sectorzﬂmuﬁﬁtbﬁﬁ@camﬂm@rﬁ@moa’ﬁlbésgizmf}hﬂl@ﬁﬁph&ﬁe@%r 220
then multiplies i : t sine 20 val ue
for the cuPr entpélgfc;l oér;lfetg £ oF eg &%ee&fﬁ%o&]g%g?c’%éh%{a% Q%’Z%nb%ﬁe servo | oop
of FIG 2 may bsssemnblksd zitta@ﬂed)tb the Fbicaicoil mok@imotsadosh the sliggnhéargba si ngl e
gain to the conbined elements. An exanple of a sinplified block diagramis

shown in FIG 5chamging s pasitigns of theheeds relabvesq Fagksgay ?li‘e&FSCP is shown in

pl ace of digital-to- head- di sc
assenbly 212 and ana ogg%)%vgl gl ?Hﬁgéocr)%ggﬂ%rsdl e & l% n%(il)‘%ogf FIG 2
is shown as conhgmillthait intinates dtedistance frorp the héad %&ﬁéuﬂ&@ﬁt@ZﬂOﬁ

PCTNS00/ 01014 -9 As nentjioned above, ideally this transfer function is
equal to one fo?“%‘i&“ﬁ?‘%‘dﬂ@?ﬂi’l%%d @@@W“P}%ttoéj‘%%ﬁaﬁv?rﬁert%@ waisBel | ati on
signal resuhis [ ORI RRRGR th ahdiEg BRALL NI EERATigHIAGheAleL ected by

AFC 45Q Hovvever Ives, |s t ster functionis rarely if ever
equal to one ancbmhmsdmt’fythdlrsferedmmgsalltspmdghby\ pqummeemyf signeb (RNt . As

such, the conver rior a Y ancel | ation systenms is
| ess than i deal 89%?9&%%‘%’@ r?m}oébﬁtg el?%?%%é%seﬁ‘? ROSSRETSA i nt r oduces
a new filter beﬁ\gﬁﬁrtotg@ﬁexﬁ&tawﬁéwa Ft&ﬂt&mvﬁhéoln Em@ﬂdﬁlar&@ﬂnbh@r Zoapt i ve
feedf orward cancel l ation system new filter changes the transfer

function so thagenesetes adrgtfabvalﬁadcslgmd @@H@dbﬁb@adﬁﬁwrd theclesgedr ovi des a
bl ock di agr an I"ég odi ment of the present invention show ng the new
filter as filfte ; ‘ch has a gain of F. In FIG 6, the remainder of

the servo | oop 502 ik evhbidded sé@olshstbmsfthEbdevo Infontdatonissdred of a
controller 504, sumer 506, digital-to- anal og 15 converter 508, power

anplifier 510, pRstarsalong thedetatiragk SEIG. 3previdesna b Yiew ¢fiadisc 3Whvert er 514.

The remai nder o Y/ gheC is also
simlar to the Iéh%%%%gﬁ%ﬁ}aégrsfzﬁgdg I %60%[ u ég&gﬁn(li %?éor pg or?:éécg&ggrﬁg ggt,a a Random
Access Menory SHadaamlz 314,316, 3B thrcid0Rtorigaldr&k322. Ntge Wt FIG.IBasmew fil ter,
the transfer function detected by the AFC system becones; d( PES) F(PES) =
FG EQ 13 U2 drawn to scale and that most discs have many more servo fields. For

example, in one embodiment of the present invention, there are 120 servo

fields per track.

Repeatable runout errors can be seen by examining the frequency

spectrum of the position error signal measured over several rotations of the



:whete (PES)' is the PES signal provided to the AFC system by filter 526.

Usi ng Equation 13, the present invention forces the transfer function 2s
detected by the AFC systemtoward unity at all frequencies b ﬁ't mgh
gain of filter 526 to the inverse of the transfer function su’ (P~
)~ =FG=~ G=1 EQ 14 10 J U L 2003 WO 00/ 42603 PCT/ US00/ 01014 -11 At
step 704 the fwoqoresey response of the actuator (P) is conbiweEdusedbidis he

cl osed- 1 oop response of the servo system7to produce the transfer function G
such that: G P~1+CP EQ 16 5 At step 706, ‘the transfer function Gis
inverted and fit to real nunerator and denom nator coefficients to formthe
filter paramet esec{Raly, ¥ sindgnd &Rthed®m ?gadcdehtfgf edch hhPndnfeaThRe achi eved

usi ng control software such as MATLAB (aval abl e from Mat hvvorks, Inc. of
Nat i ck, Massachigs@ts ig)the Spmarafiiedalqugtion:he ' i nvfreqz' function of MATLAB nmay
be used I n nost enbodi nents, steps 700 through 706 are only performed once

for each disc drive and ther@gcf) %Wfk f‘s,‘:(kthW,?s ,cw)ns fixed. gnce the
filter has been produced, track

"low'ng can begin at step 708. As the
head passes a sebvo index, an initial cancellation signal is produced at
step 710 that h¥8%he form 15 Uk + 1) _ ~ W ki, cos~i (k + I)(2~ t/N)~+ ~
W Sk+~ sin~i(k + 1)(2~/ N~ EQ 17 ere sents the h nic of the
f undament al gsector frequency, mls*ﬁﬂlg}toﬁl 1%%& of harrmnﬁ@nP

interest, and W k+~ and Wsk+~ are harnonic ic adaptive tap weights
that are initially set to zero. ZoXe@s(@twsvkﬁ,’%pHe position Br®r signal
produced for the first current sector (k) is passed through the F filter
(526 in FIG 6,ar800 in FIG 7) to produce a filtered PES value y . This

value is then used at step 714 _to updat hts for he next
sector (k+1) for all harnonics u*su :kthé("éqfé{(?g@ésm (55 W k+, QQN. ~ 5+

~y cos~i(k -1)(2~r/ N~ EQ 18 +~C nfi (k- (2/N)~E 19 10 J
U L 2003 WD 00/ 42603 PCTNS00/ 0 014? 5(") XE&U‘) }&} %
10 In FIG. 2, the adaptive feedforward cancellation system 200

implements equations 6 through 10 using a microprocessor 220, a random
access memory 222, and a sine and cosine table 224. Specifically,
microprocessor 220 generates a set of new tap weights using the tap
weights for the previous sector and the position error signal for the

15 previous sector, which is taken from analog-to-digital converter 214.
Microprocessor 220 multiplies the position error signal by the learning rate,
which is stored in random access memory 222 and a sine or cosine function
for the previous sector stored in sine and cosine table 224, Microprocessor
220 then multiplies each new tap weight by a respective sine or cosine

20 value for the current sector stored in sine and cosine table 224.

The servo loop of FIG. 2 may be simplified by combining elements

and assigning a single gain to the combined elements. An example of a
simplified block diagram is shown in FIG. 5 where an actuator block 450
with a gain of P is shown in place of digital-to-analog component 208,

25 power amplifier 210, head-disc assembly 212 and analog-to-digital
converter 214. Controller 204 of FIG. 2 is shown as controller block 452 in



. As tan be seen fromFIGS. 9 and 10, the prior art and the present invention
cancel the fundanental frequency conponent in about the sane anount of
time. FIGS. 11 and 12 show the cancellation effects of the prior art (és
present invention, respectively, with regard to the fourth ’e{;n@hchZm he
position error signal. In FIGS. 11 and 12, the position error Signal is
shown al ong vewbiosadeorxes 1000 and 1100 and tine is shown almomgudooeioront al
axes 1002, and 1102. To avoid instability, the prior art learning rate was
limted to .001. However, as shown by FI @'11, even at this maxi mum | earni ng
1 orate, the prior art is unable to fully cancel the fourth harnonic of
the position error shghghtiohét MUVE! @edlly thideinstdiduRétRasbqhdlt6Bhe &, the
sanme learning rate of .1 that was used for the fundanental frequency is
used for the foal {raqienciessiuch theha shargeih the dancellatignsigriabrésols ofart he fourt h
harmoni ¢ in about the sane anount of tine at r [ to cancel the 1
s fundanental f FEHIEMRESIBNORIMIOLST NG &M Qﬁﬁgg\gg?ﬁy ‘?ﬁ@éﬁ‘f?‘éﬂ?"e‘f‘ﬂu& t he
present inventi grdikd@iP&Sehit BEndaBklicH is @areBf if Bl @hQuafl forsiéamEyinconponent s
of the repeatable runout and cancels all of the frequency conponents in
about the safre Bvwppeisceirivies dehighlivdegsqueney depsodentedts sugh) theconvregéncequency
conponents were_nearly, reduced.to null within one 20, remxol utiqn of the
disc. In summr?/,préorn%c{aﬁgl e?%e%[f) g@f‘géﬂ‘c\é%artmé\esﬁ@{r%aS’llglges%lﬁ agdg%qi ve
feedforward cancel | afd 6ver8o@e@is pkobldrRtha@pf¥it iBeEitln iBBédatesa wtivsc 300 in
a_disc drive 100, The cancellation signal includes at |east one tap weight,
W ~+, , nmul ti pfiltecbeyeen theagsineshpositioryernomignal and theadaptivecos~i (k +
1)(2~c/ N~ . 2s d a enerati t I i i | includes
determning a sfee;gggorn%%)égg I}Caefr%% @rSYP%ﬁIC?ﬁlgn&%éﬁ%ﬁ%gbg%get%?g%g%gedf orward
cancel | ati ono cofgirREento A%d thadahsireuhitivg dppeoddhanshiey. FIR6tprovidesa f or m
filter paraneters. A position error value is then neasured at a current
sector, k, and PIRek gEerimsy apepbediragenie! the prseaid invention ghow g the 88Ws526 t o
create a 10 Jglel 2403 sYO ORLAREO3, BETE ¥S00/ 01014 - 15WHAT 1S CLAIMED | S:
1. A nethod of generating an aaaptl vE ¥ eedf orward cancel | ation si gnal for
a next sector of a dindGi 6, the dérsainder ofehe deieo bapSER lisdimilar & diagbf conpri si ng
at | east one ta ight nultiplied b | east rigononetric function,

t he net hod corrpﬁ(g’iezr?é‘ds‘toé‘ﬁ’étsd%f ?C(”é‘)m%"égé‘f"ﬁflﬁf‘ﬂeg&@%s‘i‘w "100%}5‘5‘%% ansf er
function rehati y&ae&eﬁs(ﬁ@?@mgm flri62N08kdaRAL A0 SONBRNSAN! ar\cf‘ax‘ieﬁ‘@%-ﬁi-sc

drive; (b) inverting the transfer function to formfilter paraneters; (c)
measuri ng a posiigimhcanveoer §H. Uheatmaindar ofcthe adeptivr feedfdywpuksi ng t he
position error val ue through ilter. fornmed fromth jLter .paraneters to
create a filter Eﬁ’cﬁﬁ%tf(ﬂ Sé’ﬁ&él? s%ilseg?f’lﬁg’;“?aéﬁﬁglees}ys gf%ﬁﬁen:zﬁﬁdt"ﬁcgu‘?%?p wei ght
for the cancel | aimiefdpsbdBedr 500ra RARIOREXEcesENMeIorP 332 ENd A sPRlahd@Bsihaie
filtered position error value and a tap n~eight for the current sector. 15
2. The nethod otabld 24m 1 wherein the servo | oop conprises an actuator
conmponent haying a tyanster f tion of P that i | e, of ving a head
in responseai{o a conﬁ&stkginaﬁ';m&éﬁ e6‘?“3%%@?‘5%%%“%%@2?3?%#@or si gnal
based on the posydtéabe&Smédle head, and wherein the servo |oop further 2o
conprises a controller having a transfer function of C that is capable of
generating a control signal based dRES) pd&iAESdn myror signal mydawherein
the step of determining a servo | oopUtransfléer function conprises

determining a where (PES)' is the PES signal provided to the AFC system by filter

526. Using Equation 13, the present invention forces the transfer function
25  detected by the AFC system toward unity at all frequencies by setting the
gain of filter 526 to the inverse of the transfer function G such that:

(PESY

1
=FG=—=G=1 EQ. 14
U G Q



~transfer function of the formP 1+CP 25 3. The nethod of claim 1l wherein
inverting the transfer function to formfilter paranmeters conprises
generating filter paranmeters for a filter function of y = qoﬁEg(Lm ?0%
PES(k -1) + b,PES(k - 2) + ao ya where bo, bi, b2, and ao, are-t iTter
parameters, PES(k) is a position error value for a current sector, PES(k-1)
is a positionwassomeoyal ue for a precedi ng sector, ~1. 0 JUlpc2066)/0Yd4

00/ 42603 PCT/ US00/ 01014 -17 8. In a disc _drive, a servo systemfor
positioning a head over a track, the serlo system conprising: ' a

controll er capable of generating a control signal based in part on a
position error signal ; - asgenbly
conpri sing an act ua?é?ggﬁa?ﬁlegg%@aég&gﬁeépgg%aogﬁge %ﬁﬁhn%\}/mégg ebﬁg(gd based at
| east in part ovith the cbosetiodp sispomse of teEwerhesystem toptatucatke capidsl e of
generating the posjtion error signal based on the position of the head over
a track; 1o anf B‘é‘tﬁ’t“i‘gé“‘ﬁb&ﬁf:orward cancel | ati on conponent capabl e of
receiving a filtered position error signal fijor a current sector and capabl e
of producing a cancellation signal foG=an§xztt‘sect or based i BQp¥rt on the
filtered position error signal, the cancellation signal being provided at
an output ofs the ~ Atewpcob)tht haRsfepfiipeienG it ecedpindsitng radl | east one tap
weight multiplied by at | east one trigononmetric function; and a filter

recei ving the pwdnarpign apd depromingten cogfticjants tofpirn thenaltey Rrramiereys ©re il tered
posi tion error ,sign ol Vi t t d

cancel |l ation cé’sﬁ‘pt%h%lrﬂ %Op?{]%lt%r@n@%%%%g #&E\%? ?1 g%%gfcjo%‘ﬁgi ?ﬁﬂ%%re\e%pr oachi ng
the inverse of asIMATLABYA®filablefedrh Mathwasky, &et. bf Waitk) & augbdhuisetes). t he
adaptive feedfgrward cancellation conponent tq the [nput of the filter. 9.

The servo syst eheeficaliathn mviiser drncimeriMAagt A PaneeBatstdar d 25
cancel | ati ofp conpon C I i i mUk + 1)
= WK ~5 cos@(k + 1) g%ﬁ%ﬁﬁfﬂt%?‘%ﬁdoﬁkﬁ%ﬂ%@?& \?vlf';ﬂty f#ésv@r%%aand VK +;

representing tapcakirghtlsdisodrivhend éhareafeeritbe fiker rembins¥igdl. 20D3 WO 00/ 42603

PCTNSO0/ 01014 -19 pgsition error value for. a se d .preceding sector, yo is
a filtered positi on%é‘ic?g?e fltgr has pen %FOHPB%ﬂ’iaﬁlé?‘gG’@flgg capge giaZStﬁpfi | tered

posi tion error 78| U8 thOheddscddla RRo HBEL U initial cancellation signal is

produced at step 710 that has the form:

m

15 Ulk+1) = }'i wee coslick + )2/ N)|+ D w2, sinliCk +1)(2n/N)] EQ. 17

1.k+
=)

where i represents the harmonic of the fundamental sector

frequency, m is the total number of harmonics of interest, and W3}, and
W . are harmonic specific adaptive tap weights that are initially set to

zero.

20 At step 712, the position error signal produced for the first current
sector (k) is passed through the F filter (526 in FIG. 6, 600 in FIG. 7) to
produce a filtered PES value $. This value is then used at step 714 to
update the tap weights for the next sector (k+1) for all harmonics using the
equations:

2 Wiza =W+ weoslik-00e/M]  EQ18

ik+1

W =W + upsinfitk - 1)(2n/N)] EQ.19



:S 14. The servo systemof claim9 wherein the controller has a transfer
function of C, the actuator-head assenbly has a transfer function of P and
the transfer function of the filter approaches 1 + CP . P 15. A disc drive

for storing data in tracks along a disc, the disc drive co S rvo
| oop for positioning a head relative to a track; and adapt W«Q ‘-lgg'f 2@}86

cancel | ati on nwamesieupl ed to the servo | oop for canceling rrmasbabbos
runout positioning errors based on a filtered position error signal. is
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n about the same amount of time that was required to cancel the
15 fundamental frequency component using the present invention. Thus, the
present invention improves the cancellation of higher frequency
components of the repeatable runout and cancels all of the frequency
components in about the same amount of time. Under one embodiment,
all of the frequency components were nearly reduced to null within one
20  revolution of the disc.
In summary, a method is provided for generating an adaptive
feedforward cancellation signal, U, for a next sector 304 of a disc 300 in a

disc drive 100. The cancellation signal includes at least one tap weight,

W% » multiplied by at least one trigonometric function, cosfi(k +1)21/ N)].

1kt
25 The method of generating the cancellation signal includes determining a
servo loop transfer function, G, relative to a feedforward cancellation
component 454 and inverting the transfer function to form filter
parameters. A position error value is then measured at a current sector, k,

and the position error value is passed through a filter 526 to create a
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1. A method of generating an adaptive feedforward cancellation signal

for a'next sector of a disc in a disc drive, the cancellation signal comprising
at least one tap weight multiplied by at least one trigonometric function,
5  the method comprising steps of:
(a) determining a servo loop transfer function relative to a
feedforward cancellation component in the disc drive;
(b) inverting the transfer function to form filter parameters;
(c) measuring a position error value at a current sector;
10 (d) passing the position error value through a filter formed from the
filter parameters to create a filtered position error value; and
(e) determining the tap weight for the cancellation signal for the next
sector based in part on the filtered position error value and a
tap weight for the current sector.
15
2. The method of claim 1 wherein the servo loop comprises an actuator
component having a transfer function of P that is capable of moving a head
in response to a control signal and of generating a position error signal
based on the position of the head, and wherein the servo loop further
20 comprises a controller having a transfer function of C that is capable of
generating a control signal based on a position error signal and wherein the

step of determining a servo loop transfer function comprises determining a

transfer function of the form

P
+CP’

25 3. The method of claim 1 wherein inverting the transfer function to
form filter parameters comprises generating filter parameters for a filter
function of § =b,PES(k)+ b PES(k—1)+b,PES(k —2) +a,y, where bo, by, b,
and ao, are the filter parameters, PES(k) is a position error value for a

current sector, PES(k-1) is a position error value for a preceding sector,
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109 () - MLOY& () - capable of moving the head based at least in part on the

control signal from the controller and capable of generating

the position error signal based on the position of the head
over a track;

10 an adaptive feedforward cancellation component capable of
receiving a filtered position error signal for a current sector
and capable of producing a cancellation signal for a next
sector based in part on the filtered position error signal, the
cancellation signal being provided at an output of the

15 cancellation component and comprising at least one tap
weight multiplied by at least one trigonometric function; and

a filter receiving the position error signal at its input and producing
the filtered position error signal that is provided to the
adaptive feedforward cancellation component, the transfer

20 function of the filter approaching the inverse of the transfer

function measured from the output of the adaptive

feedforward cancellation component to the input of the filter.

9. The servo system of claim 8 wherein the adaptive feedforward
25 cancellation component produces a cancellation signal of the form
Uk +1) =W cos|(k +1)(2n/ N)|+ W sin[(k +1)(2n/N)] with W and W

representing tap weights for the next sector k.
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the transfer function of the filter approaches 1

15. A disc drive for storing data in tracks along a disc, the disc drive
10  comprising:
a servo loop for positioning a head relative to a track; and
adaptive feedforward cancellation means coupled to the servo loop
for canceling repeatable runout positioning errors based on a
filtered position error signal.
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