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 in order  to Lr･ eate  a  rapid  aecessing  featurc or  optica]  disk dr'/ves, the optical  head shoul,d  be posit･ ioE]ed as  aecurately  as

passible near  :1ie target tr･ ack  if seeking  motion  [s desired, First, an  accurat:  seeking  span  decision al･goriLhm  employed  to

predictt-]:-espiraltracks'retationaL'ti･umberduringseekillgisd'/scussed,Second,amethudofcorTectingamiscountinthe
numbcr  e･i' crossing  tratks for acc/ura!e  track-counL  a･ccessing  is proposed. During  the seeking  aperation,  the metltod  of

correcting  the  trm:k  .=)isco･unt ca"  generate a  virtual  t･ rack'  -crossi- ng  puLse  ifi real  timc  
'when

 a  track-cTossi.ng  pulse is miss-
ed  due te a  distorted traek/' ng  error  signa] during .seek/,ng. Thcst  two  methods  are  practieallyinstai{ed in a  130 mrn  Inter-
nationar' Organizat{on for Standardizatien (ESO) ibrmL.t･ optical  disk dr･ ive and  cfibctive:'y  operated  for accurate  irack-

ceuntaccessmg.

KEYINOeeasS:
 eptical  tiisK drive, seeKing,  ciirect accessing,  track-tount, ISO fo/ mat,  mirror  zone,  tra:king  error

          signal,  track-crossing  pulse, rnis:olinx

geg. gentrodiuctEopm

  To use  opticaa  disk drfives as computer  peripheral in･･
struments,  it is ne･cessary  to imave a  higher accessing  func-
t/ien in order  to search  datarapidly. To reduce  the access-
i,ng time  in the  optical  disk drive, some  direct accessing
[nethods  have been  developed, which  use  the  prcgrooves
/o･n  the disk surfaee  instead cf  exterllal scages  to detectL
both the optical  hcad movement  and  veXocgty.i'])  Since
t.he track  pitch of  an  optical  disl/c is much  smagler  than  the

resolution  of  the external  scage,  morre  accurare  head posi -
tioning can  be achaeved.  These methods,  however, have
the disadvantage of  possibAy rrifiscounting  the number  of

tracics crossed  when  trie trdockfi"g error  signati  is disturbcd
by preformatted  data or a  rruirroT zone  at  the  header area.
This frequently reg'-Its  in tignc-consuming  reseeking.  

"t'o

meduce  the accessing  time,  it would  be advaRtageous  to

position the optical  spot  near  the target track as aceurate-

ly as  possibl/e during the initiag macroseeking.

  This paper discansses a  rapid  accessing  method  that  caB.

accurategy  coun[  the  nmumber  of, tracks crossed  during
seeking  and  precgsegy position the opticaa  spot  near  the
target traek. gt first describes the aggorithm  that  deter-
mines  the  sceking  span  by  predicting the rotational

mumber  ot'  the  spiTal tracks during  seeking,  Second, it
discusses the methcd  cf  correcting  thg  miscount  in the
fiumber  of  tracks crossed  which  occurs  dwring seeking.  Fi-
nally,  it proposes  tkat  tkese  methods  can  be installed gn
an  gntemational  Organization fsr Standardization (gSO)
tcrmat  130 mm  optggal  disk drive and  operated  effective-

fiy. gn this paper, 
``seek'ing''

 is used  tc uiean  searching  a

destination track  und  
``ac'cessing''

 is used  te mean  sear-

L'hing a  target track  and  a target sector, Seeking  ti.me
added  to latency is acce,ssing time,

g2. AceveTate Seektieeg Sgeasw nvecisaon AagopTgthffcrg

  Since a"  optical  disk has a  sp2raU  track  structure,  the

opticai  spot  canngebe  .vcsitioned at  the  target. track  even

if the number  of  tracks  crossed  is counted  correutlv,

Figure I, illustrates tb.e spct  locus o"  a  disk durin'g

macroseeking,  The  disk is assumed  to rotate  once  whSle

looking for 2 tracks, for convenient  explanation  in the
figure, When  the  spot  traverses  2 tracks from the inner to
owter  direction, frogn T･ r, 4 to Tff. 6, the first track-eress-
ing point is the target track, On  the other  hand, when  the
spot  seeks  2 tracks in the opposite  direction, from  T･ r, 4

lead

    vof
 tracks

O  currem//'pos;tEon

op ctestfifi#i'ion

  X trcctc- crossing
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to Tr. 2, the third  track-crossing  point corresponds  to the

destination, Therefore, the seeking  span  is 1 track in the
former  case,  and  3 tracks in the  latter case.  Accordingly,

for accurate  track-count aecessing,  the seeking  span

needs  to be adjusted  for the  number  of  di sk  rotations  dur-

ing seeking  so  that  the  spot  does  not  overrun  the target

track to an  outer  track when  seeking  in the inner-to-outer
circumference  direction, or  so  that the spot  does not  stop

at a  track before the destination when  seeking  in an

outer-to-inner  direction.
  Since the required  time  for macroseeking  can  be esti-

mated  beforehand,  the  number  of  disk rotations  during
macroseeking  can  also  be estimated  when  an  approx-

imate seeking  span  is determined from the distance be-
tween  the target track and  the current  track. Practically,
an  accurate  macroseeking  span,  N,,.k, is determined  ac-

cording  to the following algorithrn.  When  an  130 mm-

diarneter ISO-format  optical  disk is used,  the difference
between  the target address  and  the current  one  is con-
verted  to the  number  of  sectors,  N,ct, The N,cd divided by
the number  of  sectors  per track, KscL, gives the  number  of

tracks, NL,T,, with  the number  of  residual  sectors,  RscL, ieft

over,  as follows:

           ± Nscr= ± KsctXNt[k+Rset (2･1)
(+: when  seeking  inner to outer;  

-:outer
 to inner),

whereKscL=17(1024

 Bytes!sector disk), or

     31(512  Bytes!sector disk),

and

              N,,k20, R,.t)O.

  On  the other  hand, the required  time to cross  Ntrk
tracks  can  be predetermined before the start of  the seek-

ing motion  by referring  to the measured  relationship  be-
tween  the seeking  time and  the seeking  span,  as  shown  in

Fig. 2. Since the velocity  of  the optical  spot  is controlled

so that it follows the target velocity  recalled  from  a  read-

only  mernory  (ROM), in real  time, the measured  relation-

ship  given in Fig. 2 is almost  independent of  environmen-
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tal change  such  as  temperature. Also, the disk rotational
speed  is known, which  means  the total number  of  disk
rotation  seetors,  S,.t, during macroseeking  can  be esti-

mated  in advance.  By  converting  the number  of  sectors,

SroL, to the  number  of  tracks,  N,.t, the  following equation

is obtained:

where

Siot=KHer× N[oL+RroL (2.2)

           Nrnr)O and  Rret)O･

Then,  an  accurate  seeking  span,  N,.,k, which  takes into ac-
count  the  number  of  disk rotations  during  seeking,  is

given by the  following equatjon:

           Nseek=Ntrkl (NteL+Ncmp) (2.3)

(-: when  seeking  inner to outer;  +:  outer  to inner),

whereIF

 R[er >  Rsct THEN  Ncmp ==  1, Or

IF RrotERsct THEN  Ncmp=O･

  The longer the seeking  span  is, the larger Nrot+Nemp
becomes.  Nrot+Nc.p  corresponds  to 4 or  5 in the  case  of

full-stroke seeking.

g3. Crossing  Track  Miscount  Correction Method

3,1 Aigorithm
  Accurate detection of  track-crossing is essential  in the

direct accessing  method  because the method  uses

pregrooves  on  the disk to detect the  number  of  tracks

crossed  and  the crossing  velocity.  Tracking  error  signals

disturbed by preformatted  data in header areas  can  be rec-

tified by using  an  appropriate  waveform-shaping  circ-

uit. 
i)
 Figure 3 shows  a  sector  form  at for 512 userbytes  of  a

130 mm  ISO-format disk.4) The  field of  the offset detec-

tion flag (ODF) is prescribed to  be  a  mirror  zone  with

neither  pregrooves  nor  preformatted  data, by the ISO  for-

mat  in Fig. 3, Therefore, the  pregrooves  are  discontinued
at an  ODF  which  has a length of  one  userbyte  for detec-
ting a tracking offset on  all header areas.  When  an  optical

:E.I'o'
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Fig. 2. Measured seeking  time  vs.  seeking  span  when  a  130mm  ISO-

 formaL  disk is used,  This figure is used  for estimating  the  number  of

 rotational  tracks during seeking  prior to the  start  of  seeking  opera-

 tton.
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: Offset Detection FIag
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Fig. 3, Sector format  for512  userbytes  ofa  130 mm  ISO-fermat  disk.
 Offsel detection fiag, which  has a length of  1 -serbyte,  is a  mirror

 zone.
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spot  cresses  a  mirror  zone  rapidly,  the tracking error

signal  is distorte･d and  the centes  of  the  track cannot  be
detected, as shown  in Fig. 4. Thus, the  following mis-

count  correction  method  has been  developed  to accurate-

ly count  the  number  of  tra.cks eTossed  during the  sea.king

operation.  Fgrst, thas method  always  measures  the  cross-

gng perjods over  two  tracks, 7k and  7;t-i, just prior to the

track being crossed  duriRg seeking.  Then a virtuai  traclk-･
c.rossing pulse i's generated at  the  moment  when  thc cross-･
ing perjod of  the  track befing crossed,  T, satgsfies

            Tll.5 × (71+T･k.iY2. (3.1)

T･ his method  utilizes  the fact that only  one  track is missed
ciuring track detectiom. Such  track  detection omission  oc-

c'urs during fast rnovement,  and  the  fluctuation of  thc
track-crossing  period during .fast movement  is veTy  small

even  during acceleratEon  or  deceaeTation. gfrhe next  trac'k

center  cannot  be detectcd during the current  track-eross
ing period, Texceeds  one  and  a  half times (7k･ +  Tlt-[)12,
the crossing  track  befing detected is eonsidemed  mis-

counted  and  one  
'virtual

 track-crossing pulse is then  in-
serted.  isM the next  track cemter  js detected within  thc  cross-

ing period of  the track  being crcssed,  Tsatisfies cq.  (3,b
and  a virtual  track-crossing  pulse is not  generated.  :/f a
miscount  occurs  for tws  of  rnore  consecutive  tracks, only
the first track  can  be coi'rected.

3.2 Conditionsfbrew'oper operation

  When  the previous track-crossing perSod, 71t is misread
at  the  mirror  zone  and  detected as shorter  than  the  true

value,  an  excessive  vi'rtual  pulsg may  be generated. To
avoid  the generation of  an  excessive  pulse due to an

operational  ermor  in the nogic circuit  used  for rniscount

correction,  the previous two  track-crossing periods are

averaged.

  Afi excessive  viTtuag  track-crossing pu}se Ss agso

generated when  thc tTack-cTossing  period varics  rapidly

due to a large accegeration,  even  if track  detection omis-

 Pre-

 grooves

rnissing puise

Trackingerrorsignoi

TraekcrossingpuPse

lf.g. 4. Pregroovcs  ar:  discontinued at every  mirror  iol)c  in header

 areas.  Track  crossing  is net  detected whcn  the  optica]  spot  eTosses  a

 mirr･ or  zonc  of  an  LtO-forine: ･disk at higlt speed,

.VK-f -v
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TK-e
[wIKI{

e K-i#K t

Tg
  mr.-..  tjn)e

Fl'g, 5. Track-crossing pJlses  during decelertttion. Track-cross',ng

 periods Tle., and  TL are  ai･ways  memorized  in the  drive.

             (t'k-T-cv7Lv)luv=Lt

             (v-orT)T=L,, and

             v==Vk  im2crTav,

wheTe

   L,: track t)itch (m.),
    cr: deceleration of  the  spot  (mls2),
  vk-i: track-crossing velocfity  at  tk-i (m!s),
and

    v: track-crossiiig velocgty  at  t(m!s),

  Equation (3.3) mcans  that the spot  moves

distance from  time s"k.  ,, to t in Fig. 5.
the  moving  distance of  the spot  from time t
Equatgons(3,3)-(3.

of  change  of  the track-crossing  period, Tl  7L.,

determi"ed by the  accegeration,

veand

 vk-i  is plotted in dri'g,6  when

ILr=1.6 × le-G (m)･ and  or=60  (m!s2) are
eqs.  (3.3)-(3.5). Ifi Tl  ?",.<1,S is satisfied  in

cessive  pulse is generated.
is assigncd  to F-ig, 6, T-fT,..#1.014 is
means  that  the  track･crossing  period ehanges

g,4%  when  the velocity  of  the optical  spot  is

mfs,  As  will  be descrSbed gater,
miscount  at the mirror  zone  occurs  for a

sSon  does not  occur.  Now,  ieE us  calculate  the  rate  of

change  for the  tmaclc-crossing  period  during acceaeration
or  decelcration, and  deterrnine the appgicabiEity  of  the
averagjng  process. Figure S describes the  track-crossang

pulses during decegerataon. In this figure, 7L. is defined by

             7L. S' (T}+ 7le-,)f2, (3 .2)

The  movement  of  the  spot  is given by the following equa-
tions by using  eq.  (3,2):

(3.3)(3.4)(3,5)

                                     2L, in the

                             Equation(3,4)giveg
                                      to "'+T.

               S) can  be used  to determine the degree
                                      whieh  is

                         cr, and  the  track-crossing

  locity, vk-i.  The  ccrnputed  regationship  between T"! T..
                                    the values

                                 substituted  for
                                  Fig. 6, no  ex-

                     When  the  value  vk-]=O.g  mfs

                                 obtained.  This

                                      less than

                                      over  e.1
                          it is recognized  that the

                                      i30mm-

diameter disk rotating  at 2400 rpm  when  the track-cross-
ing veiocity  exceeds  C.3mfs.  Hence,  the degree of

change  of  thc track-cTossgng  period resulting  from high
accegeration  or  deceEeration may  not  cause  an  excessive

pulse generation if virtual  pulse generation is suspezded
during  low-speed movement  below  O,1 m!s,

3,3 iixperimentag'resutts

  To  investigate the  performance  of  the  track  miscount

correction  method,  a  macroseeking  operation  was  con-

ducted using  a  130mm-diameter  ISO-format  optical

disk, The  revolutien  of  the disk was  240e  rprn. Figure 7

shows  resugts  from  an  actuag  operation  of  the  miscount

NII-Electronic  
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lll !! 1 l [!llll lll lllllll 1 [1 ! 1 V/rtuol track-cresspng  pulse

{c)1i ･l"
Movlng veloc/ty

{D)1
Drive ,current of  linear meter

1.
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O

o Ql O.2

Initia] velocity vk-[mls]

Fig. 6. DegTee of  change  of  track-crossing period Tl 7L. vs  initial ve-

 locity t'k.i  when  the head acceleration  is 60mls].  Track-crossing

 period T  seldom  changes  during one  track  crossing  at high speed

 because Tis  nearly  equal  to  TU..

{A)tt
Tracking  erro[signal

CB)t"

'
 

'
 

'
 

'
 

'
 PuLsedtrackingerror

tC}J VIrtuoltreck-erasslngpulse

{D)K

l;K//TKi,sxag/+TKW, 
TrackcountingpuEse

            ttt  t       tttttlt
       Z,5lls:i 1 1 1 1 

,
               tt.

Fig, 7. Virtual track-crossing  pulse generation by a miscount  correc-

 tion circuit.

Fig. 9. 0peration of  correcttng  track miscounts  during full-stroke

 seeking.ViTtualtrack-crossingpulsesweregeneratedwhenthetraek-

 crossing  velocity  was  over  O.3mfs,  and  a total of  29 pulses were

 generated, one  in pearly  every  sector-crossing  time, while  moving

 -ear  the  maximum  speed,  O.6 mfs.

                 T}i,1,5Tle (3,6)

is adopted  in Fig, 8 instead of  eq. (3.1), an  unnecessary

virtual  pulse is outputted  before detecting the track

center,  and  one  excessive  crossed  track  would  be
counted;  however, the averaging  process described in eq,

(3,1) prevents the  logic circuit  from  operating  incorrect-

ly,
  A  full-stroke seeking  operation  was  performed  to in-
vestigate  the  number  of  virtual  pulses generated during
seeking,  as  shown  in Fig. 9. Virtual track-crossing  pulses

were  generated when  the  track-crossing  velocity  was  over

O.3 m!s,  and  were  generated in nearly  every  sector-cross-

ing time  while  moving  near  the maximum  speed,  O.6

m!s,  and  a  total  of  29 pulses were  inserted between

detected track-crossing  pulses. If no  virtual  track-cross-

ing pulse is generated, about  thirty track  positioning er-

rors  will occur  during the  first macroseeking  operation,

which  would  result in several  milliseconds  added  to the

reseeking  time.

g4. Random  Accessing Test

  To  evaluate  the  comprehensive  performance  of  the ac-

curate  seeking  span  decision algorithm  and  track  mis-

count  correction  method  discussed in g2 and  g3, the ran-

dom  accessing  test was  carried  out  half a million  times.

Figure 10 shows  the distribution of  the positioning error

tA)p t. . ,..  Trackingerrorsjgnal

i2ipt'''g .
 i ,,,:,"ez,,r,:,,gg,:r,:::error

(D}tt
,
 ,, . Track cressing  pulse

    
'
 pEE[/ 

ITRt:g,
 1.s+Ll

                     t

Ne pulse [s imserted at  time t

Fig. 8, No  operation  of  miscount  correction  circuiz, No  excessive  vir-

 tual  pulse is generated at time  t.

correction  circuit. A  virtual  pulse is added  between real

track-crossing pulses when  the spot  traverses a  mirror

zone.

  Figure 8 shows  the  effect of  the  averaging  process  of

the track-crossing periods. In fact, if

xloi

  2so

  225

  200

  [75oh8

 tsoeS.

 
125za
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 ,,q
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   as

#  Randorn Ao ess lest #

5xloS  Tims
OH-49scH(

 18750  Tacks  )

o
 (.4  -4 - -2 -1
        Miscount distritution

         MEfi]  FWD

         -  REV
rwD,lnneFtoouter-direcfionseeking

RSJ:Outer-to･Lruver-direcfionseekaj

+1"iL2t-O/tesleklngepsnLnFWDdjreorHen

-1[i!1,2+-)/imkingsponlmREVdlrecilon

- + +5 +4

[Tracksl
}4

Fig. 10. Distribution of  positioning error  at first macroseeking  in the

 case  of  half a million  random  accessing  tests. FWD:  Inner-to-outer-

 direction secking,  REV:  Outer-to-inner-direction seeking,  +i{i==1,

 2, - - ･): Reseeking span  in FWD  direction, -iCi= 1, 2, - - -): Reseeking

 span  in REV  direction.
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during the first mncroseeking  operation  at each  accessing

coinmand,  The  optican  spot  was  sent  to the tamget  track

wgth  approxSmately  7C percent accuracy  within  lhe  first
macroseeking  and  posAtgsned within  pgus!minus  one

track wgtli  an  accuracy  cf  90 percent or  more.

esS. Concausioges

  An  effcctive  means  of  reducing  disk drive･ accessing

t'ime is to positicn the optical  spot  as  close  as  pogsibge to
the  target  track  in thc 

'first
 macroseekgng  opcration.  To

do this, an  accurate  seeking  span  decision atgorithm  alld

en track mgscownt  csrrectt/on. method  were  proposed  and

successt'ully  implemented  in a  g30 mm  ISO-format  op-

tScal disk dri.ve to deyruonstrate their  etfectiveness,  As  a

resllit,  scveral  millfisecond.s  of  ungiecessary  resegking  time

M. OGAwA  and  O. ETc

were  saved,  These  techni'ques  are  applgcable  nct  onGy  to
130 mm  optgcal  dislk drives but also  to 90 mm  opticag  disk
drives.
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