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SEQUENTI AL NUMERI CAL | NFORVATI ON ENCODER AND. - _
DECODER 5 FIELD OF THE | NVENTION  -1- This invention generally
relates to the field of encoding and decodi ng - position information of-
a recording . unit_in a recording nediumlike .a rra netic di sc drive.

10 BRI EF DESCIREQUENTIALT RIRAMRINFORMATION ENGORER ANR sc dri ves
store data in the form of magnetlc fdgéé Pg#tten and read by an.

I nductive or nmagnetoresistive head. Q di sk, data is organi zed

into hundreds or thousands of concentric circles also known as tracks, with
individual bits of -.data witten exactly on the center of these tracks.
Mbder n diSsc Wo& tioning system which nonitor's
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of controll i pBitioASnRNAGHomErd ieb&'dlr%f urlifia arﬁ&ﬂrdingaﬁe@ﬁn 'li'ke a magnetlc

disc drive.

20 BRIEF DESCRIPTION OF THE PRIOR ART
' Magnetic disc 'driw-res. store dnta in the form of magnetic f_qu,'writte‘n and
- read by an inductive or rnégnetoresistive head. On each disk, data is organiZed
into hnndreds or thousands of concen&ic circles also known as tracks, with '. .
individuai bits of data written exactly on .the center of these tracks. Mo_dern_disc _
15  drives contéin a positioning system which rnonitors read-back signals from certain
pos1tlon-encoded reglons of each track, obtaining posmon information data which
is vital to the crucial task of controllmg the exact position of the read head as it |
either reads data on one track or moves quickly from one track to another. The
~ position mformatlon data, llke the stored data, consists of small regions of flux
20_  written to the disc durmg the manufacturing process.
“The position- information data like track number, sector .n.umber Or zone
number typically represented using binary code is recorded on a disk dti.\)e, using .'
Gray code. Each position mformatlon data is encoded as a unique combmatlon of
position mformatxon code represented in Gray code using "O"’s and "1"s. The
25 position mformatlon code is recorded on the disk dnve usmg two types of flux
' patterns, representing "Q" and "1". When there isa need to retrieve posmon
e mform_atlon data, the ﬂux_ mformanon is read and assembled as a Gray cod_e .
number representing the position infonnation code. Then the position informa'tion__
| code thus _assetnbied is converted to corresponding position information 'd.ata; The
30 decoding of oosition informatiOn code to corresponding position information data
is accompllshed by either using a look-up table or fatrix multhllcatlon Thus, to
-decode sixteen position information codes, if a look-up table is used we would

need a look-up table contammg sixteen entnes, with each entry needmg four- blts
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ei t her r%@,@%@ on one track or npves quickly from one t p@ElsdeA9PMOL her.
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regions of flux 20 witten to the disc during the manufacturing process.
fThe position inf ormation data |ike tra number, sector nunber or zone
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code using position I nformation code Is recorded

on the di Skmbu%mr@idwemﬁeﬁeeededfusfdgunamx muluﬂadanenandwuthmtasentl ng "O
and "1". Wien there is a need to retriev osi.tion tion data,

the flux i nfesknin table, pther posgiblgencading mathods yhich @&Peb‘ﬁ?ﬁe"‘s‘“‘{ niBnurrber

represen i
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position information data - is_acconplished by either using a | ook- u
‘table or nadataxdeegdingnrocess wenld negd 8 logkaup table, beaiissio %FP!%@H"%O& tion .

I nformation,_ co ook up table is used, we woul-d - need a = .

| ook- up tabl"@n%eﬂPéﬁﬂqs%8hél xteen entries, wt h each entry needi ng four bi ts
WO 97/ 22068 _ As the number of tracks in a disk drive increases, the size of the look-up ' :
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. 10 table increases. For example, to encode and decode 4096 unique tracks us%ng

3 4096 umque binary posmon information codes would require a look-up table
containing 4096 entries with each entry needing twelve bits. With the number of
_tracks per disk increasing rapldly while the actual size of the disk drive _ |
decreasing, if alternate .cod_es are used, there is a need to improve encoding and |

15  decoding method and circuitry while reducing the size of look-l_lp table.
SUMMARY OF THE INVENTION

| Aceordingly, it is an object of this invention to provide an encoding and
20 decoding method wherein the decediﬁg of the position information code requires a
' look-up table that has less entnes than the total number of posmons to be encoded. |
The present invention in its broad form relates to a method of encoding
.positxon information for a group of recordmg units on a recordmg medlum, the
: recordmg medium having at least one group of recording unit, each group of
25 | recordmg unit encoding X posmon information data. Each group of recordmg unit
further having a predetermined number P of pnmary groups, each primary group
having a predetermined number N of reeording units. Each recording unit further
having plurality of information units for recording a primary 'iabel capable of
N being decoded to a value indicating its position within- the prirhary grc":_up. Each
30 record'i'ng. unit within the Iprimai'y grbup .ha'ving a primary label that is different N
: from the primary label of every other recordmg unit within the same pnmary '
group, where the value of Xth pnmary label is designated by Px. Each group of -
recording unit further having plu_rallty of se(_:ondary groups, each secqndary group



for the [‘.Wélgt”zmsl nformatlon Thus, -t he nunber of entries f@rmbgg/igmk up -

tabl e be equal to the nunber of position i nformati on codes
recorded on the disk drive. Though_Gray code nay. be decoded using
Yratrix mul tiplication and WlthOUt a —3-| ook- up tabl e, other possible

encodi ng net hods' whi stead of . 5 codg t be
easily decod@d‘%ﬁ%&ﬂwg%})w Sf[PE an‘l*—'l‘}fs agd%eé:ter pan N'Each )
near - random ion’ . '
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- containing 4096 entriesswt Ing twelve'bits. Wth'the
nunber of secondar)agx‘oapmithmﬂmlpmmiahegoﬁmppﬂhmy/\gnohps sdchtMt uaI 'si ze of

~ the di'sk drive ~_ - _decreasjn i.f alternate codes are t here |s a
‘need to inprove @ﬁco@?h@l(gﬁﬁx’%wﬂbﬁ@mﬁﬁlsr@?ﬁ% 2R ar e9 éj’f"y whi l-e"
reduci ng the sizeyQf - SUMVARY

_ OF THE | NVENTI ONGX PMWP%XSWA&* AOEY) yhen Bx ‘Ss‘!esgﬁhaé‘bj 6ct of this

i nvention to provindespacifie embddingeneofithe @nvention,ovhengherealne of Mhisrgeeatert he
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value Px of the primary label -
 differs from the value Sx of the secondary label by the quotient of (XIN) if Px 1s :
greater than or equal to Sx. Further, the value Px of the primary label differs by
| (Quotient: o_f (X/N)-M) from the value Sx of the secondary label if Px is less than-
15 Sx. |
Further, the pnmaty labei of the pnmary group and the secondary label of '
the secondary group may consist of binary code gray code or an arbitrary label '

having an assigned binary value.
20 ~ BRIEF DESCRIPTION OF THE DRAWINGS

Flgure 1, is a diagram showing pos1t10n mformatlon data encoded as
posmon mformatmn code using arbitrary labels and correspondmg look-up table -
_needed to decode the position information code.

25 Flgure 2, is a diagram showing position 1nformat10n data encoded usmg
arbitrary labels having an assigned value and representing l_)mary numbers with
~ corresponding look-up table needed to decode the position information code,
. accordmg to an embodiment of the invention. o |

Figure 3 isa dlagram showing position information data encoded usmg |

30 arbitrary labels havmg an assigned value and representmg blnary numbers with -
. corresponding look-up table needed to decode the posmon mformatlon code, |

'accordmg to an altemate embodlment of the invention.
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The pres Apggtion inits broad formrsel ates toarreth c?g)] gpqi ng
position | n?ormat ion for a group of recording units on a recor I'ng - medi um
{ he recordi ng medi um having at | east' one group of recording unit,

each group of 25 recording unit encodi4rgy X position information data. Each -

group of recording unit . further having a predetermined number P of
prinary groups, é‘"ggtn'eﬂr.ilmiaffhygrgmhpwmgposxtmmnfegmauwm::mdedeuanunber N of

recording u IS [ unlt f Vi-n plurallty of
I nformati on%nl?ngﬁ'%&u@g%rogdﬁg l?{gdﬁlg}erﬁﬁgre l@&?’ﬂ'{%é‘sﬁg arbitrary bei ng -
decoded t o0 abéR)Havinghahl a@ﬁgnagvalﬁéaxﬂqsp&s&ﬁng\/bidammﬁ&rpas d&Redb&f iaup. -Each
30 recording unit within the primary group having a primary |abel that is

di fferent igure % r om t he primary | abel of every other recording unit ,
Wi thin the sane LA, where .the val ue of Xth primary | abel
 is desighated by%re%wd}pgaglgsypw?ﬂgposmqnée top ?I}?Pfle‘r?ﬂﬁher havi ng
~plural ity ObecoffifgHidting ARYREn eaﬁemekﬁro\*ﬂwﬁv&u &E&&%PGS 3 :
PCT/ US96/ 19771 g f¥ébtion ustip arth _havi ng
- a predet er miabels havingean nglfledr\@blﬁmdngpmsnMBg hinary\vhumizexs wdetsbnbed\in Each

r-ecordi ng- ugﬁt of, the secondary group having plurality of i nformation units
g a secondary | abel capabl e of being decoded to a val ue. "

- The val Ue of XthFigure 65 ROMA&aM dh@@/ﬁ{g ﬁo%:t%%ﬂ)ﬁﬁﬁ@&x &¥a ecﬁi:odl—d'ﬁsﬂg[ hf)d of

| ~encodi ng position

10  arbitrary labels composed of 0’s and 1’s, havmg an assignied value and
" representing binary numbers with corresponding look-up table. nee_ded to decod_e :
_ the-positioxi' information code, according to an altexfnat_e embodiment of the
invention. . | | B ' |
" Figure 7, is a diagram shoWihg position information encodedona
15 recording medium according to an 'embodirhent of the invention using arbitrary
- labels composed of 0’s and 1’s, having an ass1gned value and representmg ‘binary
numbers as descnbed in Figure 6.
" Figure8, is ablock dlagram for logxcal implementation of the preferred
.embodxment to encode and decode 16 position information codes
20 : _ -
| DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, and more particularly, to Fig. 1, there is
| shown sixteen position information data 10 corfesponding to respective position
.25 ihformation codes 11 using sixteen arbitrary labels. Further, look—ﬁp table 50 -
accepting sixteen position mformatlon codes 11 as input 51 and prov:dmg s1xteen' :
posmon information data 10 as output 52 is shown When there is aneed to
rétrieve the pos_ltlon information data 10, the position mformat_10n code 11 is read
-from the recordi-ng mediom. The position information code 11 so read 'f_rom the
30 recording medium is presented to the look-up table 50, as input 51. The look-up
'  table 56 delivers as output 52, the position information data 10 corresponding to

the position information code 11 that was received as input 51. For example, if
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gr oups _}

the secondary groups with the Xth primary | abel of t

such t hat X = Px + N(Px-Sx)/(MN) when Px is greater than or
equal to Sx; . X=Px + N(P5Sx)/ (MN + (M (N when Px is |ess
than Sx. - ‘I'n a specific enbodi ment of the invention, when the .

val ue of M ﬂemmnenfomammdmlﬂyeau fromehqamdnwasIINmIGO%lnﬂbWzltscondary | abel |
nmbi ned_such, t hat t primary | abe

diffors fr omef?{@e%ﬁ ‘E}B“’gzl W‘Pﬂ‘@“&é@gﬁﬁgévl‘fe&bgf“ WCPHESPQ%'F‘E@HE“M f (iqh N)

if Px i the val ue Px of e

' X 1S 2 repRéseafity cdﬁh@ﬁoﬂn{%ﬁt&oﬂlﬂf UEI;?%\II?QRO _

pri-mary Iabel | ffers I ent fromthe val ue Sx of

t he secondary Ial&elltlsfeviaennfsomdssforémmg]:fesc@non of Fig. 1, sixteen positibher , the
primary | abel. of .the ri rrai) grou ngd the secondary- I abel of ' t he

secondar¥ ’r”d S engp V‘%ﬂﬁmﬁpﬁs}“@b@@fmﬂﬂm%ﬁ%loﬁary | abel

havi ng an a tEHi‘? n F DESCRI PTI ON
~ OF THE DRAWﬁﬁ%BS ?’ab@ls %ﬁh&amj&f—iﬁ tl? r?(fe')’.alde t|hes P 3“80%1mrf %nnnaéxﬁg p05| tion -

i nf or mat i oncuﬂﬁspomhnpﬂmhcnmnformatm@dﬁﬂal there is afneedmtusealmd@p tb‘bld“g arbitrar y
| abel s and corr.espondi ng | gok-up table needed to decode the position
i nf or mat i onCUBHRINESixteen entnes Figure 2, is a di agram show ng p05| tion

i nformati on dat apef | nary nunt‘Bere xgsﬁyv%{fﬁﬁt%ellggs?déniln ViRyeY on a@SS! gned'l

val ue and representin
10 10 corresponding to respective position information codes 11 using s1xteen

' arbltrary labels created using combinations of four primary labels 40 and five -
secondary labels 44. Further, four pnmary ]abels 40 havmg avalue4l and -
representmg binary numbers 42 is shown. Five secondary labels 44 havmg a value |
45 and representing bmary numbers 46 is also shown. In this embodxment all of

15  the primary labels 40 are different from secondary labels 4. A look-up table 50
havmg nine entries, accepting four primary labels 40 and five secondary labels 44
as input 51 and prov1d1ng nine binary numbers as output 52is also shown.

Refernng now to Fig. 3, there is shown sixteen posmon information data
10 corresponding to respective position mformatlon codes 11 using sixteen - |
20  arbitrary labels created using combmatlons of four primary labels 40 and ﬁve

' secondary labels 44 Further, four pnmary labels 40 having a value 41 and _
representing bmary numbers 42 is shown. Five secondary labels 44 h_av1__ng a value
45 and representing- binary numbers 46 is also shown. In this embodiment, all |
four of the primary labels 40 are also used as secondary labels 44. A look-up table:

25 50 havmg five entries, acceptmg four primary labels 40 and five secondary labels :
| 44 as input 51 and providing five binary numbers as output 52 is also shown.

| Referring now to Flg 4, there 1s 'shoWn sixteen position .informaﬁon data
10 encoded as pos_ition information code 11 in one of the group of recording units -
12 which comprises an alternate implementation of the preferred er_nbodiment of

30 the present invention using nine arbitrary labels having an assigned value and

representing binary numbers as described in Fig. 2. The recording unit 12
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orrespo ok up ‘tabl e needed’ to decode the p05|t|on n-code,.
accordi n%%h ‘enbodi nent of the invention. . | gurgﬁé??wl s a

'dlagran1shomnng position inforrmati on data encoded using 30 arbitrary.
t abel s havi ng ‘an assi gned val ue and refresenting binary nunbers with
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Figure 4, .@Miwmmlﬁd%égﬁ?%‘h i nformation data encoded on a -
recording medi unrg@ga h@h&ﬁbtﬁg?ﬂﬂiaf?r&oﬂngtlhﬁtlﬂst&ﬁﬁgﬁ)[hbﬁﬁl ng

arbitrary ng an assSignéd val ue and representing binary
- nunbers as ARPHA bmlpmmary label 2K ihgving a¥alue®f 0 and mdlcamgug;lpoglt@n Os a diagram’

- showi ng position information encoded on di

to an .erfbodwihinth 6WW?W%¥§?BH“‘G§”E§°ISW§|“PFW "Cr%‘rgaﬂﬁealt %\%Cﬁgrglnng '

aE aSSI gned v ¢ t - H :
a{)r‘i'x%a&gg be12R l-%@ﬁn% d%ﬁg&?ﬁ% 1ﬂ<ﬁg%imﬁf§%ts‘gﬁosﬂﬁﬁqrwm thd I gur:e

- gure sition informati on data
-encoded usi pémary group, the primary recording unit 19 storing a label THETA as a primary

label 23 havmg a value of 2 and 1nd1cat1ng its position 2 thhln the primary group,
the primary recording unit 20 storrng a label DELTA as a primary label 24 havmg
o 10 a value of 3 and 1nd1cat1ng its position 3 w1th1n the primary group. _
| The recording unit 12 further 1nc1udes four secondary groups 25 each of |
which includes five (designated as N) secondary recording units 26, 27, 28,29 and
~ 30, each secondary recording unit 26 27,28, 29 and 30 storing labels AMBER _
B having a value of 0, BLUE havmg a value of 1, RED having a value of 2, GREEN |
15  having a value of 3'an"d YELLOW having a valu_e of 4asa secondary label 31, 32,
33,34 and 35 respectively. ' '
Further, in Fig. 4, Oth primary label is 1dent1fied by legend 36 and ()th
secon_dary label is identified by legend 37. Similarly, Sth primary labelis
idenﬁfied by legend 38 and 5th secondary label is identified by legend 39.

20 Now, designating the value of Xth primary label as Px and the value of
Xth secondary label as Sx, accordmg toa preferred embodlment of the invention,
the secondary labels 31, 32, 33, 34 and 35 are combined with the primary labels
21, 22, 23 and 24 such that the value Px of the primary label differs from the

“value Sx of the secondary label by the Quotient of the division (X/N) if Px is
-25 'greater than or equal to Sx where N is the number of primary recording units.
Further, the value Px of the pnmary label differs by M subtracted from the
| quotient of d1v1s10n (X/N) from the value Sx of the secondary label if Px is less
- than Sx, where Mis the number of secondary recording units. o
| - As an ‘example, according to the preferred embodiment shown in Flg. 4,

30 thevalue of Oth primary label 36 is 0. The value of Oth secondary label 37 is 0..

| 'Further, the value of primary label is equal to the value of secondary label.
Accordingly, the vaiue’ of _Oth primary label 36 differs from the value of Oth
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10 ar bigg ,% ok2bel s conposed of O's and 1's, havi ng an ' /gg.,gftl ue and
representl ng brnary numbers with correspondi ng | ook-up tabl e.nee

_decode t he position information code, according to an alternate
enbodi ment of the " .invention. =7=- ~ Figure 7, is a diagram .
showi ng position information encoded on a 15 recor di ng medi um accor di ng

to-an enbodseserdarplabehd? byQewhichis the qneficnt of theivision (0/4) (Lebeiatientofposed of

B R N e

| ogi cal i npgpgnt ati on of the preferred enbodl ment to .encode -and - ,
decode 16 position information codes. 20 - . DETAI'LED DESCRI PTI-ON G: o

THE PREFERRED EVASBneisrrsample, according to thefpasferred embordimentshoma ltlFagm ngs, and -

|mr)nt gr [rargiﬁt Io?\ ?5@6@6‘5&3%&#2@% ‘fe?[?e‘@n“f‘\@%ﬁg 2op eg@gpﬁ] mat |_on

codes 11 usipghéy, teSfuedfiriniay YabbPRGesS thdn'thé bﬁﬁe of &elsmu.?%m@ﬂ. e 50

accepting si xteen position information codes 11 as Input 51 and providing
si xt een Accqrdmgly,dmvahfemfrﬂhpnmar}dabelﬁﬁchﬁemmopumeﬁﬁluewfﬁnm Wen -
there is a need.,to refrieye th p0|t| i nf or on data.l1l0, the
position i nfeSPRdary B’r‘?elc%?d@' té“ihéc léécfﬁle "rf(r)r‘g}ﬁ‘{bﬂéc EE%‘BWHQ“% um~-The
position i n&ﬂ&,eawlﬁg.?(m&iﬁ@é éuél@erft 8 theldiniSioh 3¢ ﬂiiqla}]ﬂew&g laBeFby!m ! S

presented . to the | o as | nput table 50

deliverm asNoﬂtpnﬂanﬂofprIimargaewdrdmgunnj ormation data 10 correspondl ng to-

the position inforngtion code 11 that_ was receiv as i nput 51.. For
'exarrgi e, if Xs r1rt8is evident from %he foregoing cfescnptlon o? 4, sixteen pos]itlon

- information data have been encoded using sixteen position information codes :
created usihg nine arbitrary labels having an aséigned Qélﬂe_ and represenﬁng' N
: binary__nunibers. To decode the position information code thus encoded peé'ds a
15  look-up table wiﬁ only nine entries, according to the disclosed invention as
against sixteen entries according to the prior art. '
| Referﬁﬁg -ndw to Fig S, there is shown sixteen position'inforixiation 'data a
.10 encoded as posmon information code 11 in one of the group of recordmg umts
12 which comprises an alternate 1mplementatlon of the preferred embodlment of .
20 the present invention using five arbitrary labels having an assigned value _and
' représenting binary numbers as deséribed in Fig. 3. The recording unit 12 -
includes four primary groups 13, each of which includes four (desxgnated asN) -
- primary recording units 17 18, 19 and 20. .
Further, the Flg 5 shows the primary recordmg unit 17 storing a label
25  ALPHA asa primary label 21 having a value of 0 and lndlcatlng its _posmon 0
witﬁin the primary group, the primary_recording unit 18 storing alabel BETA as a
pﬁmary label 22 having a value of 1 and indicating its position 1 within the B
- primary group, the primary recdrding unit 19 storing a label THETA as a primary |
label 23 havmg a value of 2 and indicating its posmon 2 within the primary group,
30 the primary recordmg unit 20 storing a label DELTA as a primary label 24 havmg
a value of 3 and indicating its posmon 3 within the primary group.
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medi a was | NDI GO and was presented as input 51, the | ook-up table 50
del i vers. 1000 as correspondi ng out put =-8- 52 representlng correspondi ng
position information data 10. As it is evident fromthe

foregoing descri ffhiercardingiugit 12 fuﬁhmxadndqscfgurtsegmndarssgroupm%camtqfon dat a
i on _informtjon co

have bee t |
arbitr arg Ieg’g‘g‘g}émcg'ﬁ’lﬁ ﬁ@ &(&F%%WE M)ée%’éﬁﬂe"e?‘ﬂg‘%d@?tf ﬁg’nz-gkpoﬁmt i on code
to - COILGNGOLLh tBedn gérh/ltrﬁ%lﬂcsﬂlngftﬁft%t 2228099 and 30'Gbfing FabRIsEIBHAC Use a

- look-up table cont teen entri.es. Referring now
to Fig. 2, _tHaefngamlﬁWEE’BAhmnpmsaheoﬁl;TﬁlETMawmg adedlve af2, 10 :
correspondl ng-to respectlve po&tm ITB.'[IOI’I co es 11 usi si xt een -

__arbitrar? | A hagmgagaing ¢f § angd Mgra Yl Of 5t 35 Ae8eGORAL| s 40 and
five ag&?gﬁ!aﬁiﬁbaﬁ%ﬂﬁrgs@ém ?/ four pri mary |abels 40 having a -

val ue 41 an reptres Inary numbers 42 is shown. Five secondary

| abel s 44 havi ng Furthet, i Fig. 5, Oth4rintaidl labepisddenitificd by égead 36anddr s 46 is
al so shown. In this enbodj ment, all of 15  the primary- |l abels 40 are -

" different f r%@ﬁ@éﬁb\#ﬂdﬂ?lqeam wlegend 3% oximilarly o3th prigigry label is
| identified by legend 38 and 5th secondary label is identified by legend 39.

.10 Now, des:gnatmg the value of Xth pnmary label as Px and the value of
 Xth secondary label as Sx, according to alternate embodiment of the mve,ntlon, the o
secondary labels 31, 32, 33, 34 and 35 are combined with the prirhary labels 21, _
22,23 and 24 such that the value Px of the primary label differe from the value Sx -
of the secondary label by the Quotlent of the d1v1s1on (X/N) if Px is greater than or L
15 - equal to Sx where N is the number of pnmary recording: units. Further, the value
| Px of the primary label differs by M subtracted from the quotxent_of division -
(X/N) from the value Sx of the secondary label if Px is less than Sx, where M is
the number of secondary recordmg units.’ | | o _
As an example, according to the alternate embodiment shown in Fig. §, the :
20  value of Oth primary label 36 is 0. The value of Oth secondary Iabel 37is0.
Further, the value of primary label is equal to the value of secondary label. '
Accordingly, the value of Oth primary iabe] 36 differs from the vatue of Oth
'_ lsecondary label 37 by O, which is the quotient of the divieipn (0)4) (i.e. quotient of
the division of the value of primary label by N, the number of primary- recording
' 25 units). - . _ ' _ _
_ As another example, according to the preferred embodiment shown in Fig.
5, the value of 5th primary label 38 is 0. The value of Sth seconda.ry label 39 is 5.
Further, the value of pnmary label i is less than the value of secondary label.
Accordingly, the value of 5th primary label 38 differs from the va_lue of Sth .
30 se_condary lebel 39 by -5, which is 5 (the value of M) sub_tracte'd from the quotient -
- of the division (0/4) (ie the quotient of' the division of the value of prirnary_label'
by N the number of priméry recording umits). ' '



havi ng nine_entries, accepting four primary Iabels 40 and {1 ndar

| abel s MO 97/22068 ;¢ |nput 51 and providing nine binary nuhﬂgpégyﬁgiﬁtputySZ.

_is also shown. "Referring nowto Fig. 3, there is shown sixteen

"position information data 10 cosgsesponding to respective position

information codes 11 using.sixteen 20 arbitrary | abels created using -

combi nations of Asduis evidemefrym thbfdrégodill @dsoriptioneof Fig. 5, shaesmsiitonl abel s 44.

Further, four primary | abels 40 having a val ue 41 and - representing

bi nary nurrmfpgnatm dita hayfrbeerpacoded Buipg sixipen ppwtion IMommationgodes,al ue

45 and repr t nbodlnent

al geéfe'd @e@ﬁ%@aﬂ&@ﬁéﬁaﬁﬁa@?g@ﬁ@dg@ﬁg@g%@resgféc dary | abel S

44. A | 0ok bitfary fibnbers5To defodeatié pesitidniaforniation sodecthueicoded fiseds apr i mary:

| abel's 40 and f.ive secondary | abels 44 as input;: 51 and providing’ f|ve

bi nary ﬁuwmcsum@bmmpnlw vesniries cacsprdifg to the disclosed inventiopd@sri.ng now t o

Fig. 4, . 1 | formation data 10 -encoded
#t sn&. "%Ln%éﬁ‘a Eoingis e rﬁé&-{bo taﬁ |

as p05|t|o SPRL N 2o the group of recording units

12 whi ch corrprl Feferfiflg AbWab Fig.©, tiehd 8 RBOWR kixten @bsitibe infoshaionataebodi ment
of 30 the present invention using nine arbitrary |abels having an a55|gned
val ue and 10 corresmapdmsénmsngcwprmmon infoamationsodessth usingisixieeri g. 2. The

lr:,_ec(]:-;) [nggg? 1%&m'yaabels composeg o? 8’% and 1s, created using combinations of four6

10  primary labels 40 and five secondary labels 44. Further, four primary labels 40
 having a value 41 and representrng binary numbers 42 is shown. Five secondary _
labels 44 having a value 45 and representmg binary numbers 46 is also shown In
this embodiment, all four of the primary labels 40 are also used as secondary
~ labels 44. A look-up table SO havmg five entries, acceptmg four pnmary labels 40
15 and five secondary labels 44 as 1nput 51 and provrdmg five bmary numbers as .'
| output 52is also shown. | _
Refernng now to Fig. 7, there is shown sixteen posmon mformatlon data
10 encoded as position information code 11i in one of the group of recording units’
12 which compnses an alternate 1mplementat10n of the preferred embodiment of
20 the present invention using five arbltrary labels composed of 0’s abnd 1’s, havmg :
o an assigned value and representing blnary numbers as described in Fig. 6. The
. recording unit 12 includes four primary groups 13, each of which includes four
(designated as N) primary recording units 17, 18, 19 and 20. I
_ Further the Flg 7 shows the primary recording unit 17 storing a label
25 00100asa pnmary label 21 havmg a value of 0 and indicating its posmon 0
within the primary group, the primary. recording unit 18 storing a label 11110 asa
primary label 22. havmg a value of 1 and mdrcatmg its position 1 wrthm the
- pnmaxy group, the primary recording unit 19 storing a labe] 0001 1 as a primary
_ label 23 having a value of 2 and indicating its posmon 2 ‘within the primary group,
30 the primary recordmg unit 20 storing a label 10000 as a primary label 24 havmg a
value of 3 and 1nd1cat1ng 1ts posmon 3 w1thm the primary group



I ncl udes_four (designated as ri:mary groups 13 each of _which include .
four ~ WOQS/R2¥By recording umtg 17, {89 -'19pand 20. PC'IVUSM’lg"'l"z—lurther',
the Fig.4 shows the primary recording unit 17 storing a | abel ALPHA as
“a primary |abel 21 having a val ue of -fpand indicating its position 0 5
within the primry group, the primary recording unit 18 storing a | abel
BETA as a ' (Thefevording it 12 Zurieéy invdudes Youriseconidasy groaps 25achiof ng i ts
position 1 within the_ primary group, the primary recording unit 19
storing a Ndmlnméqsoﬁa%(d&ﬂsna%wl\ﬂ secondawe'ccoz@na&mtﬁaia‘ma&é of 2 and

i ndi cating_i pQsi. t.ion Lt hi.n the,prg . hmary - ,
recordi ng 3“55 ? 0,2%1%@ %%C?’Pﬂéygéﬁog%& hl@%@' ggk’az%{nﬁngaqsfmlmagolgf’a?ﬁ p}%\/’ i né 10 a
val ue of 3haviflg aNVdiveasfioNTabel Bl 100 Bving @ valuaidrh| AbEITOOR! havihy adameRf o
The recor drngbunl t- 12 further includes four secondary groups 25 each of:

, \é\gi chdi ficl 2d 3el_fIQ(«)QOﬁa@gggw&@wfémma@emm&ayimmm<Pf94mts 26, 27, 28,
L and . c ap r-din nit 26, 27, 28, 29 and 30 - :
storing | aﬁ@oggm%glﬁfﬁggg‘fﬂﬁweﬁgv%y. 0, BLUE having a val ue of ‘1,

- RED having a valpaghéf, iﬂig@ﬁﬁwgﬂeilﬁqa?’ilahgl\zﬁb R&nﬁﬁ&@g%légglzd% ARFOt{ELLON havi ng -

- a value of 4 as a secondary |a . , , and 35 respectively.
Furthgr, i:sed;mgar_ydal&iijisxpgﬂtgfiqdwylla,lgmd37ssimm5ﬂleliﬂr?§fwlai§bﬁd 36 and Oth -
secondary | abel. entib,fbi ed by | egend 37.. §n.lLa 5thoorimry |abel is
identified?%?“-ﬁeégﬁze%ﬁééﬁa“‘gﬁy%?@ﬁﬂ’ . .lliag'f&%ﬁ“_s‘{‘?%'éﬁ?ff .4 by | egend 39,
20 No‘yovﬂ%higﬂﬁfﬂg"tﬁ? viiGe Hﬁg(ﬁgr))(ﬂha&tlbbdl lak PRGN HiRDRMueasF PX and the

1
val ue o? s Xth secondary | abel a: according to a preferred ,
enbodi ment Xsh s¢doadanyJabel a98x, accordingtth @ltemetsregabodimens of thedayergion, the, 34 and

- 35 are conbi neqd with_t ri y l.ahel s L. .21 22 23 a 4,such that
the val ue. Ascoatianiiabels oy 59 g 3B ar paumtpipes it g€ ety Tabes 2" 112
_ 22, 23 and 24 such that the value Px.of the primary label differs from the value Sx o
: of the secondary 1abel_ by the Quotient of the diviéion (X/N) if Px is greater than or .

| -:|..5 equal to Sx where N is the number of primary recording units. ‘Further, the value
- Px of the primary label differs by M subtracted from the quotient 6f division ‘
(X/N) from the value Sx of the secondary label if Px i_s less than Sx, where _M is
the hﬁmber of secondary recqrdin'g units. . o |
As an example, according to the alternate embodiment shown in Fig; 7, the
20 . value of Oth-primary label 36 is 0. ‘The value of Oth secdndary label 37is0.
| Fﬁrther; the value of primary label is equ;al-to the value of secondary label. '
Accordiﬁgly, the.value of Oth primary label 36.differs from the value of Oth
secondary label 37 by 0, which iS the quotient of the division (0/4) (i.e. quotient of o
- the division_ of the value of primary label by N, the number of primary recording |
‘25 | units). ' _ '
. As another example, facéording to the pre_ferred embodiment shown in Fig.
7, the value of Sth primary label 38 is 0. The value of 5th seconda_ry label 39 is 5.
_ | Further, the valﬁe of primary label is less than the value of secondary label. |
Accordingly, the value of 5th primary label 38 differs from the value of 5th _
30 secondary label 39 by -5, which is 5 (the value of M) sﬁb_tract_ed from the quotient _
| . of the division (0/4) (ie th_e quotient of -the division of the value o_f primary label - - |

by N the number of primary recording units).



vaI ue Sx of the secondary Iabel by the QJQtlent of the di VISIOI‘] (X/N) |f Px

is 25 . gr J¥P&F2:68n or equal to Sx where N i XORWPTTL

recording units. Further, the value Py apel differs

by Msubtracted fromthe - quotientgel t he .val ue Sx

of the secondary label if Px.is |less , t he nunber -

of secondary. reCOEAQ'lﬂﬁeUidehtSfromthef J d d%rbfq?i nPE (¢ ng to the

~ preferred enbodi nent shown in Fig. ! gomé es%lgﬁlval ue %f Oﬁl‘hee‘ﬂﬁ)%grrirwlsii?g/1 | abel 36
is 0. The vainferrmtlomtdataslwohdarganddshlmig?smeemposmon informatibheodest he val ue

of primary |abel s, e al ue of Sg .ond ahel

Accordi ngly, cfeﬁf?d\}’é@gg{@fm@frmg%?%?oéﬁ%P @ &#fs L%V’?E W%SF%‘CQaI ue of

j gtCrI]'/ U896>A5L)93§_4L1%g QRS representing binary numbers. To decode the position mformanon code -

- 'secondar ys | akhais eﬂdodeghleedwd*iook\-upﬁhidnmthmty fivet entfies; hecodding ti tha (0/ 4) (i .

. quotient of he djvisi-on of . the value OfdPr'mfh label by N, the :
nurber “of prdﬁﬁmei@gg}tmnﬁ@agamstsuigeﬁntegn}nesaccor ng to the prQr atly ot her exanpl e,
according to the Refind ShipIgl AR posRRinfdhdalibn dard 10 e of

5th.primary | abel Sgrﬁ gé!nThe \g/al ue - nsecgr{ r?/ aﬁéelfiécggg?ga .

Furt her, t hetheanoededfpositiondnfprihationl code 11 démosn dirsiof thbgronplaﬁmi-diﬂgunimiar-y

| abel . gcordl ngly, t'he val ue of 5th pri mary | abel 36 differs from
t he val ue ofl _

10 - .a) detenmnmg the blnary representauon of posmon 0,1, 2 or 3 of the .

pnmary labels 21, 22, 23 or 24 respectively within the primary group 13 by
determmmg the value of the primary labels 21, 22, 23 or 24; then
b) subtracting the value of secondary label 31, 32, 33, 34o0r35 frorn.the‘ :
~ value of primary label 21, 22, 23 or 24, multiplying the resulting number by'four, }
15  the number of primary recording units and then adding the value of the pnmary
label 21, 22, 23 or 24 respectlvely, when the value of primary label 21, 22, 23 or
24 is greater than or equal to the value of secondary label 31, 32 33, 34 or 35 else
c) subtractmg the value of secondary label 31, 32, 33, 34 or 35 from the |
value of primary label 21, 22, 23 or 24 and adding five, the number of second_ary
‘20 labels, to the resnlting number; then mui_tiplying the resulting number of previous
' ' ‘addition by four, the number of pritnary labels and then adding the value of |
. primary labei 21 22,23 or 24 respectively, When tne value of primary label 21,
| 22,23 0r24is less than the value of secondary label 31, 32, 33, 34 or 35.
For example, refernng to Fig. 4 and Fig. 2 agam, the encoded position
25 information code 11 represented by the combination of the pr_lmaxy label identified -
i)y legend 36 and secondary label identified by 37, is decoded to 'cornesponding
position information data10by | ' |
a) detenmnmg the bmary value of the pnmary label ALPHA is as 00 by .
smg the lookup table 50; then
30 b) subtracting the binary value 00 of the secondary Jabel AMBER from the
binary value of the primary label AMBER being 00, then multlplymg the resulting
binary number 00 by binary 100, the number of primary recording units and then _
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secbndar | abel 37 by'-'5', which is 5 (the"val ue of M subtracted fromthe
‘quoti ent WO972206% the division (0/4) (ie. quotient of the RERWSIANTdF t he
value of primary label by 10 © N, the nunber of primary recording unit).

As it is evident fromthe foregoing deggription of Fig. 4, sixteen position
i nformation data have been encoded using sixteen position infornmation codes
created  usi ading he bidey Valae 00 loR BRI frithay a1 ABuIARS i BkitGH Meorfdon
representi nga _ binary nunbers.” To decode the position information code
t hus encodedatpetbisagy 0000. | ook-up table with only nine entries, according
to the disclosed,invention a . agal.ns ixteen entries acgcording to
the prior art. 'ASamtﬂerexmpi?ef%fFﬂ'}égﬁé%‘{%ﬁgiﬁ’?@a‘q’ﬂé”‘r%‘cf’g‘“ghom si xteen

P one of {poutioH mRSRdbd code 1L reb{taBERS heddyBikibh Bruic Rt larel. code 11
~ al ternatse i idphtéfice hyolegend 3 andvecendafylabelddemified byB1ts décodéd ta he pr esent
Teprosent i PR BRART ISR A8 dl By Fy g, 3. The. recordi ng unit 12
et foutbr Bt o b LA G0 e 912 0,2
“Fig. 5 shovxnsimglmepodlqupngbleSOnhdﬁ ng unit 17 storing a | abel 25 ALPHA as a
N thinthe pri nabysagpadisg thebimam yave ket shesiorgnds tabecABRIR gy | abel
SETA Sty k¥ 08 b b e AR Koo AR, 15,
~ storing a |hbehmbeidiseesndaryrecoming units and tehahulfplyimghe gesaltingl ue . of 2 and
0080110 L B0, TS LY 0 S0 LSS
a val ue of ﬁe%ﬁﬂeiw%ﬁ?éﬂﬂ}ﬂaljytlébew&hiﬂn%@nﬁp\ﬁ’gi{igﬁlfhféﬁﬁﬁ%iﬂ&r& (ﬁb@.Up'.{_'

- Similarly, the position informatj‘oﬁ data 10 can be decoded from the

15 encoded position information code 11 from one of the group of recording unit 12
" as described in Flg $ énd Fig. 7, using the same steps as described-prgviously’, for -
decoding position information data 10 from en_coded position inforf_nation' code 11 .
" from one of the group of recording unit 12 as éhown in Fig. 4. |
. | Referﬁng now to figures and more particularly to Fig. 8 there is shown a .
20 block'diagraim for logical implementation of the preferred embodiment toencode - -
and: -deco_d'e 16 pbsition_'information codes as described in Fig. 3. Encoded - |
. position information code 11 is received from the fécording-medium and
presented to. data bus 61 as correspohding primary la_bél and sécoﬁdary label and
decoded 4 bit position information data 10 1s available as output at data bus 62.
25  The primary label and secondary lébél of position information code 11 is inputted
to Y bit latch 63 with Y bits sufficient to store aﬁy of the primary label or
secondary label. Y bit latch 63 presents this datato a lookup_"table 50 accepting Y
ﬁit data as input 51 and delivering 3 bit data as output 52. All three bits of 'output
52 of lobkup.table 50 are received by a 3 bit secondary label latch 65 when look -
30 ) up table 50 receives a secondary-label as input and appropriately latched into - _
.. secondary 1ab¢l latch 65 by an enabling sighal'from a control/timin'g sequencer 70. |
Least significant 2 bifs of the output 52 of look up table 50 are fed to a 2 bit ..
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The recording unit 12 further i ncl udes four secondary groups 25 each of

whi ch i ncl udes five (designated-as M _'él_escondary recording.units 26, 27, 28,
29. - and 30, each secondary recording unit 26, 27, 28, 29 and 30

stori ng | ab rﬁnﬁg - ' ;l;ég? a val ue of 1,
THETA havi ngﬁ av F%%l })th26,6' wn@‘%ﬂﬁ&%é?%gg%gﬁﬁe I’%%éan_ GAMVA'havi ng .
a val ue of Aappm;mam;c lmdredynto the pnmargbahel Bitch 6&by &Benabﬁngl@naﬁmm :

respectively , in Fig. 5, 0th prlrrar 1 abel" is :
identified tﬁle P@&M@@Bg&?ﬂ!’%?%m A3'b1t§8h'64?&%fr§7 haypig Ajagd Bjapet f i ed by

| egend 37. S r end 38

a5t h- g o Jur b puphf ot bERSpA AR el fuch 65 s b id 8 dudblc LS

desi gnat isng Bibgrimaryllebedliatti 66 ps Arinput. IAaMd:a&Slihv A dni B putiRceit o

Xth secor?dartihf?ibel as S?( accorg?ﬂrstg to al ?ernat éﬂg]enbodl rrg?t 019 t?tse
e

i nventi on A-B) outpus of 3 rhitsubtracier§ZasA inpyp andthe Bpn%ﬁu@mﬁeblbonbr ned
with the pri

rhe or ey BcebBRE R B A 4 s ofife Bt eleive i oY orlhnntl u°) TR

- by -t he Quot ijgpd] 14Eh 66 8s ieiédst siBnifidat¥)twho bitksf inim%rﬁﬁ*e@érvéd’tﬁ@ ofifput 65 equal
to Sx vvhere N is the nunber of primary recording units. Furthér, the val ue
. adder 68 as the two most significant bits of input. The decoded 4-bit posmon

10 information data 10 is available as output of 4 bit output latch at databus 62.

The primary labels and secondary labels in the above descnptron of
preferred embodiments can be any identifiable si gnal word or bit stream whlch '
has an assigned value and represents a posrtron ina group. Even though the
examples show encoding of sixteen position information data, a combination of

15 four primary labels and five secondary labels- provide twenty possible unique .
| combinations of primary Iabels and secondary labels which can be'us'ed to 'encode s
twenty position 1nformatlon data. Further the above invention can be used in any
encoding application that represents 1nformatlon data that is either position -
'dependent or t1me ‘dependent. _
20 From the above descnptron, it is apparent that many modifications and .
| variations of the present invention are possxble in light of the above teachings. It
is therefore to be understood that, within the scope of the appended claims, the

- invention may be practiced otherwise than as specifically 'describe'd: hereinabove. -



Px of the primary | abel differs by Ms me quotlent of .-
~divi si onW£97/2205§X/ N) fromthe val ue Summllmluam y: |RERAUSIAITH | s
| ess than Sx, where Mis t he nunber® of* sécofdafy recor di ng units.
As an exanpl e, -according to the al terngge enbodinmat A 5, the

20 val ue of Oth prinmary |label 36 is 0. The va |@§HQE11H§\g'y | abel

37 is O. ) ~ Further, the value qfLAIMRRrY |[ab e val ue
of secondary | abel . Accordi ngTy, the val'd 2 reey==-abel - 36

differs fromthe value of Oth secondary | abel 37 by 0 which is - the
guotient of the division /.4 oilen ~the division of the
val ue of primry tabeIAB\?&’N 0% é‘%ﬂ}&l@r‘ mqu@éemﬂfbf 25 ‘units).
As anot her ?eeafmﬁfumw fyca%ﬂgomeasmpﬂﬁfreédr&ﬂg%miih }gg 3PRYR on Fi 0.

5, the val ue of h primry | abel S The~val ue o h secondary Ia'bel
39 is 5.5 group ofgeconding uniuencmlin&erbmpom nﬁoxyndtwhdlatal, each@'eup bfan t he val ue.

'_'of secondar Accordingly, the value of 5th prinmary 1 abel . 38
differs fro#?'%“glgﬁuﬁba‘ﬁ?gmh 30 secondary |abel 39 by -5, which is S-

i e the quot i ent B RaRg U ROmas obia? oRHT s primary grougavige 1 V1 =100 L0V
t he nunber pfedgteimines number Niof gnmaryt srording unitgy@adll s&iﬁ (pﬁamary recordmg '
PCT/ USQG/ 197 g %havmg a plurahty of mformanon units for recording a pnmary label said

' 10 pnmary label having a value indicating its position within said primary group, said
| primary recording unit within said primary group h'aving a primary label that
differs from the primary label of every other primary recordmg unit within said
primary group;
" ' plurahty of secondary groups havmg a predetermmed number M of
| is  secondary recording umts M being larger than N each of sa1d secondary
recording unit having a plurahty_ of information units for recording a secondary
label, said secondary label having a value; |
 the method comprising the step of:
combining the Xth secondary label with Xth primary label at each posmon
20 X such that the value of sa1d Xth primary label differs by the quotient of the
| _ d1v1s1on X/N from the value of said Xth secondary label if the value of said
pnmary label is greater than or equal to the value of said secondary label; else :
the value of said Xth primary label differs by M subtracted from the quotient of
_ the division X/N from the value of said seco'ndary label if the value of said
a5 primary label is less than the value of said secondary label. | _
2. The method of encodmg position mformatlon according to cla1m 1,
- wherem said pnmary labels and secondary labels are composed of combmatlons
of "0" and B _ o
3. The method of encoding p0siﬁon information according to claim 1,
30 wherein said information units are bits.
| | 4. ‘The method of encoding position information according to claim 1,

‘wherein said pnmary labels and said secondary labels are pseudo-random labels
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59 si xt eeNV(memﬁﬂ)ﬁs i_t ! SI (ra]:‘/l)?ﬁg: JMIMﬂmmmmamﬂgeﬁgzgr '&é&gﬂgéﬂit gen

posi tion information codes creatéd Usifg Pive arbitrar s havi ng
an assigned value and representing - _-ggbinary t he
position informtion code thus encoded needs a {{5THIS Wi th
only five entries, according to the disclosed imventi gai nst

- sixteen entries accordlngtothe prior art. : Referrlng now t o
Fig. 6, there is- §homnTb¢m6dmdqf@smdmgnpowﬁmmﬁnrtr@noma@c@rdmgtoclaml1

carrespondi n to.r ect osition informafiqn odes 11 u5| ng,.Si xt een -
arbitrary |ab8 F@%@iﬁ Hb%'f(’?ﬁ Tnacy, fpeqralng W é’? 8 gltﬁfﬁ’?s of
- four 10 prmwd&hﬁﬁ&réﬂs@aﬂd&w&ﬁﬁgﬂ%mhn%b&dﬁfygﬁuﬁther four
prinmary |abel's 40 having a value 41 and representi’ng binary nunbers

42 is shawm. Fi ve65ecoﬂ‘han;ethod ofencradmgposdtdommfomgtlanaedoubng& claih 1,
representing ers. 46 i.s al odi ment, all

I nar
ot of 't he. pRFR 3 PR t4he priiaf Bfelf SERRG eriBaposrap I WentEal Bamg < 4a” A
| ook-up 't abl gf {8 sERIRY 1hbelEofalid se86n gapi ng four primry |abel s- 40 15
and fiwve. secondarsy Ia%g l's t"44 as - mputda?i and providing five binary nunbers -
- as output 52.is almethgdoﬁ\decodmgposition mfonRaitm_rﬁromggnmpoﬂ) Fig. 7, '

posi tion | nf BRRNRGHTIBSTE RoordiheHeAtuR (e doesrang i bEYISE A ore
position in _
12 whic f enbodi nent
of 20 P’he p esg%?nf%%{/(g{n ?{(i)lgél?}?ldi r{?k ?’\E}gﬂgﬂﬂfm%n}dgge%&gg%ﬁed of 0's

~abnd 1's, hanecoghngumthamgsm gned val ue and representing binary nunmbers: as

described in Fig - recordin it. 12 includes four primry
- groups 13, each oPPW{?l&‘NqHEF’GH'@PB‘%Fa&W said primary group avmg

'predetermmed number N of primary recording units, each said primary recordmg

~ unit having a plurality of information units for recording a primary label, said
15  primary label having a value indicating its position within said pritnary -gmup, said
| primary recordmg unit wrthm said primary group having a pnmary label that "
dlffers from the pnmary label of every other pnmary recordmg unit w1thm said
primary group;
- plurality of secondary groups havmg a predetermined number M of
20 secondary recordmg units, M bemg larger than N, each of said secondary
" -recording unit having a plurality of mformatron units for recordmg a secondary )
_ label, said secondary label having a value; - . _ _
| the method of decoding Xth posrtron at'each posmon of X including the steps of:
deterrmmng the posmon of the primary label of said pnmary group w1thm
25 said primary group by determmmg the value of said pnmary label
determining the value of said secondary label;
If the value of sa1d pnmary label is greater than or equal to the value of
- said secondary label then
~ subtracting the value of said secondary label from the value of sard
30 primary label; | |
’ . multiplying by N and .

- 'This Sheet Has Been Relilaced
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(de5|gnated as prlnary recordin
Furt her, W‘H@Wﬁ“gg 7 shows the pri nﬁlmmﬁmn
00100 as a primary |abel 21 having & value @
0 within-the primry group, the_pglmary recording unit 18 storing a -
Iabel 11110 as a primary |abel 22 having a value of 1 and indicating

its position 1 withi Naddifyg the valueRff'sHi&ermSHr?%el &hﬁefyshl%fyal&ecordl ng unit
19 storing a | abel 00011 as a primary | abel 23 having a val ue of 2
and i ndi cat mulfiplicatigiesi tion 2 within the primary gr
recording unit 2Q storing a |abel 10000 as a prinmar

and 20.
"gi t 17 stM/H@6él977dbel

TS HRAT RAY IgREN

. value of 3 and iHdrcating its position 3 within the {pri margrgaeep.

WO 97/ 22068 subtracting the value of said secondary label fromm the vaior -
PCT/ US96/ 19771 - - -10-

- The recw dlplgmalmlabelandaddmgM,l ncl-udes -f our ‘secondary groups 25 each of .
whi ch includes five (de l\)/) secondary recording units 26, 27, 28,
29 - and 30, eachmél EW\? rding unit 26, 27, 28, 29 and 30 .

im0, 0555 vt e g o g 5 31
and | abel Ofobiplicatiomg a value of 4 as a = secondary |abel 31,32 33, 34
and. 35_ res pect ! ‘g, Y. The method of decodmg position information according to clalm 7,
10 wherein said pnmary labels and said secondary labels are composed of
| combmatlons of "0" and "1".

9. The method of decodmg pos1t10n mformatlon accordmg to claim 7,
wherein said information units are bits. '

- 10." - The method of decodmg pos1t10n information accordmg to claim 7,
15 wherein said information units are pseudo-random labels.

11. . The méthod of decoding position information according to claim 7,
wherein N the number of primary r_ecording .units of said primary group 1s " less
tha_rl M the number of secondary recording units of said secondary group.

12.  The method of decoding position information accordlng toclam7,

20 _wherem at least one of the primary labels of said primary group is identical to one - |
of the secondary labels of said secondary group. _

13, A recordmg medium having at least one group of recording unit |
encoding X position information data, each group of recording unit comprising:

a plurality of primary groups, each of said pn'rna_ry group having a

25 _predetemlinéd number N of primary recording onits, each said pﬁmary recordirxg

~ unit having a plurality of information units for reoording a primary label, said
primary label having a value indicating its position within said primary group; said
pnmary recording unit w1th1n said primary. group having a primary label that
dlffers from the pnmary label of every other pnmary recording unit w1th1n sald
30  primary group; - -

| ' plurahty of secondary groups havmg a predeterrmned number M of

secondary recordmg units, M bemg larger than N, each of said secondary

This Sheet Has Been Replaced
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Further in Fi 7, Oth i dentified by Iegend 36 and Oth . )
secondar ywpa?B@g 0685 dentmI’uH m;lmﬂmllu(uﬂﬂ Similarly VN VYIThbel is |
i dentified by | egend 38 and ‘st s&cohdafty Ibm,srsgggﬁm@égw by | egend 39. .
10 Now, designating the val ue af7Xt hijpri rrqusgpuamj as fx and the .
val ue of " Xth secondary | abel as Sx, ateording—to—artern it € enbodi nent

of the i nvemédopding uhii¢ having aﬁmﬁmdﬂﬁnfohﬁiiﬁin&mﬁi fordecordi -Hidry35 ar e
conbined with the primary | abels 21, 22, 23 and 2 such that t he

val ue Px of laheb spidi wrgﬂarsabbrl havingaralue; the Xthsesondagy lehel combinediwitthe

secondary | |sron (XN if Px-is greater t han .'

or 15 equa?aﬁgngya’%\}%’ere &%Shtggnn%rsrg%’rdﬂ’ primary recording units.

. Further, the val unevalueofé%xdxthpﬂitﬁa@uammffdrabﬁthed;ubﬁerﬁ,fhkMﬁibhtract ed
from the quoti ent of division (X fromthe value Sx of the .

secondar§y | XN from thevalee ofsaid Xthesecandaryabeldf theivalue of saidpmisany iebel of

secondary recor uni ts according to the -
alternate emgtﬁgﬂttangﬁgw_fﬂt%thﬁlvaluepfsalﬂée%dm-yj%r%eangf Oth primary |abel -
36 is 0. The val yke PdludbhsasERESkHR |1§I5E@H1fﬁ?sb§l\/ﬁsubtractedf15kl{ﬂ1€er the val ue

of -primary label is equal to the value of secondary | abel.

- Accor di ngl y quetient of thecdivisiontX/Nofromahe, valug,ef sagibsegon Iabekif ther valuevof] ue of
Ot h secqndar 7 t he,qu nt of t-he division
(0/4) (i e SHosTmARy %rﬁsless‘*?%‘rr@éa% 8 i wc0p @%ﬁeﬁe of primary |abel by

N, the pgimber of jari neyhe re@si@ing nkdid® acddrdihg to claim 13, wheremsmﬂiarﬁmyher
exanpl e, according to the preferred enbodi nént shown ‘i n Fi g. 7, the

 val ue of 5t labels andrspid sgben abdsareéﬁmoseﬂcufmoufbllﬁtionseﬁ'émwdyl'f abel 39 is

5. Furt her,, .t he yal ue prifary | a le t.han th val ue of -
~ secondary | abel .- 1 ﬂ‘ 9’&“ %@%&Pﬁe"%‘f" ??f‘?ﬁ‘?‘? Hasy IabeI 38 - :
. differs fromfo{-}ﬁaﬁai g&eﬁﬁ@h 30 secondary | abel. .39 by -5, Wmch Is 5 (the

vaI ue of M subtracted fromthe quotient -
, : 16. ' The recording medium according to claim 13, wherein N the

15  number of primary recording umts of said pnmary group is "1" less than M the g
o number of secondary recordmg units of said secondary group. ._
17. The recordmg medium according to claim 13, wherem at least one
- of the primary labels of said primary group 1s identical to one of the secondary
~ labels of said secondary group
20 18. The recordmg medium accordmg to claim 13, wherein none of the
| primary labels of said primary group is equal to any of the secondary labels of saJd
. secondary group.
| 19. " A method of encodmg position mformatlon for a group of
recordmg units on a recordmg medium, the recording medium having at least one -
25 group of recordmg unit encodmg X pos1t10n 1nformat10n data, each group of
recording unit having ' . . B -
| a plurality of pnmary groups, each of said primary group havmg a
predetermined number N of primary recordmg units, each said primary recording
unit havmg a plura.hty of information units for recordmg a primary label, said
30 pnmary label having a value indicating its position within said primary group, sa1d
primary recording unit within said primary group havrng a prlmary label that

" This Sheet Has Been Replaced
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of t he divi si on. 0/4 :Lmu ﬂll lmllmt II! the di Vi si on of the val ue of -
primary | ¥72 i - S96/19771

As it is evi dent fromthe foreg0| ng descr | trrgrs QHEHQASﬁEEéll teen position
inf.ormation data have been encoded usinggsijkt een RESLACEBN i nf ir mati on codes

created - using five arbltrary | abel s smpesed—or 0 5 and 1's, having
an assi gned’ ggfettFratfithe primary liRP6PSRR biher Primarretotiig unit withidegade t he
position information code thus encoded needs a | ook-up table with

only five erprimay grony theovalug ofXthipsimary label dgsignateddy Bxavent i on as’ agai nst

sixteen entries a ferring again
S0 Ero o the poarriEy ekl eBub et s progetgpined umbel W SE 1 52 555,"
from the encedesiappecbidiny uriisOéahof 941d easdaddry rbéding Mait Bhvinp @ plirality of
recording units 12 by 10 a) determning the binary representation of

‘posi tion 50, of inforgation umtstfpereppqdmgzysecon ary label, said secondary label havmg a
~ value, the value of Xth secondary label designated by Sx;

the method comprising the step of:
combining the Xth secondary label of said secondary group w1th Xth
~ primary label of said pnmary group at each posmon X such that _
10 . Px + N(Px-Sx)/(M-N) =X when Px is greate_r than or equal to Sx ;.
.e.lse- S , _ |
_ Px + N(Px-Sx)I(M_-N) + M.N =X when _Px is less than Sx.
20. ' The recording medium according to claim 19, wherein said primary
~ labels and said secondary labels are composed of combinations of "0" and "1".
N 1_.'5' .21. -~ The recording medium accordmg to claim 19, wherem said
information units are bits. . o
22.  The recording medlum according to claim 19, wherem N the
number of primary recording units of said primary group is "1" ‘less than M the
number of secondary recording umts of said secondary group:-

20 23. The recordlng medlum according to claim 19, wherein at least one -
of the pnmary labels of said primary group is 1dent1ca1 to one of the secondary
labels of said secondary group. _

| 24,  The recordmg medium accordmg to claim 19, wherem none of the
_ primary labels of said primary group is identical to any of the secondary labels of
a5 _saJd secondary group. _ | | - )
| 25. A method of decodmg posmon 1nformatlon for a group of
recordmg units on a recordmg medium, the recording medlum having at least one
| group of recordmg unit encoding X posmon 1nformatlon data, each group of
recording unit havmg _ :
30 o a plurahty of pnmary groups, each of said primary group having a
o predetermmed number N of primary recordmg units, each said pnmary recording

unit havmg a plurallty of mformatlon units for recordmg a primary label sa1d

ThlS Sheet Has Been Repl




s ﬁ.lwg)zvzv‘m%é”s t hi“vraTﬂIIIﬁ IIIHlIlﬂHIII WL {ars 3,9 %zﬁ;’r/&s?éﬂ?éw then

b) subtracting the val ue of* sécohdaty ¥ aldel 1 35 fromthe
val ue of primary label 21, 22, 28g0r H',S IR in %[ he resulting
nunmber by four, the 15 - nunber of primary ' ) an t hen addi ng:

the val ue of ﬁhﬂryprabﬂ&fayldg@ﬁilue indicatingils p&ﬁlonaﬁtlﬁﬂ s@if phgsRy gid EesaYd when

the val ue of primary | abel 22. 23 or 24 ~ is greater than or equal
to the val uepnmaoeeswdwgwnﬂammsnd primarg group haying Iprimary label that )

subtracting V. m t he

val ue of pri hﬂﬁys f}gﬁﬁ,@gqﬁﬁ@ﬁﬂ%ﬁ Sl"’afgg’héﬁang‘gﬁ“ﬁggfﬂ umtt‘ﬁﬁ'?ﬂ er of
~secondary  2fri p, thOvilie of Xeirithiry labelBesignatddesy PRIl ti pl ying the
~resulting nunber .of previous addi tion b four, the nunber of primary

‘| abel s arfl then apmrﬂgypﬁeeooadmgmupphamypre termined pymbenM o, 23 or 24
respectively or 24 .is

h
e et Y ety ol W o TR ot Gty doralig pnfhains Sty - o
ref erring 't Oof informatibh @initéfor Rébordifig agec%ﬂa&ryrlaﬂeh%aﬂ%&ﬁﬂdryﬁﬁﬁeltﬂa% a

I nformation code 11 represented by the conbi nation of the primary -

| abel identi value tbqvﬂugeﬁxﬁwcmdeIg}laMbﬁsxt dentified by 37,

i s decoded to cor JtIO nfor tion .dat : _
Ly deter mi i ng.t nEecAPd SCafiling cah bR ebSPrtiBl e B9ty 2 00 by
using thg | ookup Helifinkly the Walde oBPx; b) subtracting the binary val ue
00 of the secondary | abel” AMBER fromthe : bi nary val ue of the primary
| abel AMBER bei ngdéemminingthewalve of §xing the resulting bi nary nunber
00 by bi nary 100, c(tntﬁlemtnnunt‘geval%eopsa mary-recording units and then

Px + N(Px-Sx)/(M-N) if Px i is greater than or equal to Sx; else "
. Px + NPx-Sx)/(M-N) + M.N if Px is less than Sx. B
15 26. The recording medmm according to claim 23, wherem saxd pnmary
labels and said secondary labels are composed of combinations of "0" and "1".
27. The recording medium accordlng to claim 25 wherem sa.ld
information units are bits.
- 28. ~ The recordlng medium according to claim 25, wherem N the E
- 20 number of pnmary mcordmg-umts of sa1d primary group is "1" less than M the |
' * number of secondary recording units of said secondary group.’ R
29. The recording medium according to claim 25, wherein at least one
- of the primary labels of said primary group is identical to one of the secondary
labels of said secondary group. _
- 25 '30. The recording medium according to claim 25 wherem none of the
pnmary labels of said primary group is identical to any of the secondary labels of
said secondary group

Sheet Has Been R laced

llllllll Tl |I|




WO 97/ 22068 . - PCT/ US96/ 19771 . |
-12- WO 9I7228Bng the bi nary vaI ue 00 of the primary IabBFT/iU(?gﬁlsWhg ina
position information dat a of blnary 0000. As anot her
. ‘exanple, referring to Fig. 4 and Fig. 2 again, the; encoded position
~information code 11 represented- by,f?ﬁsconblnatlon of the primary |abel 5
identified by | egend 38 and seconda abel identified by 39.is decoded to
correspondi ng posi tion information data 10 by a) determning
t he val ue of the prlnary I abel ALPHA as binary 00 by usi ng t he I ookup
tabl e 50; then b) subtracting the binary valué 100 of the"
secondary | abel AMBER from 10 the binary value of the primary | abel AMBER
bei ng 00, then addi ng.binary 101, - the nunber of secondary recording -
units and then nultiplying the resul ting nunber 001 by binary 100,
t he nunber of primary recording units and then adding

" the primary |label resulting in . a position information data of 0100.

Simlarly, the position informati on data 10 can be decoded fromthe 15 - -

encoded p05|t|on i nfqgmation code 11 4fromone of the grou dﬁ recor di ng
unit 12 scrlbed in Fig. and Fig. 7, ushnazxé§smi teps ‘as
aN

" the value 00 of -

described pre for odi ng positio foXmati on a 10 from
encoded posi tis rmat i on RG8 -h-ew&*rd—(—he#up of o
recor di ng. MDRMAEUMSDHAOWWEQRWQN QODE CINPUT - | OUTP o
0000 ABEL | ABEL 0000 |
0001 - BAKER | BAKER 0001
0010 'CHARLIE CHARLIE 0010
0011 ~ DONNA DONNA 0011
0100 ENGLAND ENGLAND 0100
0101 FRANCE 'FRANCE 0101
0110 - 'GEORGE 'GEORGE 0110
0111 'HARRY HARRY 0111
11000 INDIGO INDIGO 1000
1001 - * JAPAN JAPAN 1001
1010  KING KING 1010
1011 LATIN LATIN - 1011
1100 MEXICO | MEXICO 1100
1101 . NEWTON | NEWTON' 1101
1110 - ORANGE ORANGE | 1110
1M1 PURPLE PURPLE | 1111

FIG.




Referrlng now to. flgures and nor e partlcularly to. F|g 8 there I's shown a
20 bl oWR %312288am f or |'ogi cal inplementation of the pref@CWéﬂwﬁﬁﬁﬁhinent__
to encode . and decode 16 position information codes as described in
Fig. 3. Encoded ‘posi tion |nfornat|on code 11 is received. fromthe :
recordi ng -medi um and .- presente .data bus 61 as correspondlng
primary |abel and secondary |abel a decoded 4 bit p05|t|on
information data 10 is avail able as output at data bus 62. 25 The
primary |abel and secondary |abel' of position information code 11 is

i nput t ed to Y bit latch 63 with Y bits sufficient to store any of the
primary | abel or - - ~secondary label. Y bit | atch 63.presents this data
to a | ookup table, accepting Y 11 bit data as 40put 51,4nd del ,M&ing
3 bit data as oyfput 52. Al threg bits of out ut ' 52/ of | ookyp table

50 are recelp/@§|TRyNa 3 b|t S8 IabeI S%Rﬁ whien ook % t pble
50 recei and ap e} VALBEC
secondarmwp MN@R'S a kontrol r»% _
sequencer 70, Least Si nlflcant 2 b|t _ _ : ip
table 50 are0@@8 to a- 2. bi A/ 22068 ALPHA -0 00 -
. PCT/ US96/ 197 4 -IL3- _
'“prlnary Iabeﬁ6PAtch 66 wheﬁHq;nP%&ﬁtable ﬁOEFJEE|ves A pﬂinafy-[gbel And
- 0010 i' - RED THETA ' THETA 3 2 10
0011 GREEN DELEA DELDA 3 11
- 0100 YELLOW ALPHA e oae
. 44 45 46
. _ . _ //Z // ol /( .
| - SECONDARY |\, 11| BINARY | -
0101 _AMBER BETA LABEL .V%LUE NUMBER |
0110 BLUE,THEIA' : - S
0111  RED DELTA AMBER 0 o
' | BLUE 1 a1
1000. - 'GREEN ALPHA RED 2 10
1001 YELLOW BETA | CREEN 2 R
' YELLOW 4 | 100
. . | 50
1010 AMBER THETA
o 51 52 _
1011 BLUE DELTA / VA
g S : INPUT _ OUTPUT
1100 RED ALPHA .
1101 GREENL.B'ETA ALPHA o
1110 YELLOW THETA BETA o
- S | THETA 10
Rt AMBER DELTA | Do !
| o | AMBER - 00
BLUE 01
_ . - _ RED _ 10_'
o | GREEN 1
: FIG 2 YELLOW 100



- the above invenfion can be use

appropr| atel ﬁ | at ched into the pri mary I abel |-at ch . 66 by an enabl | n% Si gnal
from PRE228%t rol / t m ng. sequencer 70.- A 3-bit subt ract |ng A
and B i nput . receives the output of 3 bit secondary Iabel | at ch ‘65 as
B input and the output of 2 5 bit .primary | abel latch 66 as A input. An
adder 68 having A and B input recei vm the (A-B) output of 3 bit
subtractor 67 as A input and the Bor ut from3-bit .- subtractor 67
as Binput. A4 bit output latch 69 receives the output of primary

| abel latch 66 as the least significant two bits of input and receives the

out put of . adder 68 as the two nost significant bits of input.. The
- decoded 4-bit positign 10 informatiop data 10 is avallable as out put of 4
bit output |atch 18t abus 62. -/ 1 The pr 4Rry 1a andlé 42 '
- secondary | abels/in the above des i ption of prefercdd enbodifents

. -can be any i ¢OR([TIONDI e si gnaPOSIPIQN or- bi t StPRNARBhI h
assi gned WHEORMATION DATA" €S CINEGRMATION COD?” in w EVeVAL U
oSl nf of & |on :

BINARY
exanpl es show encodl ng of sixteen p ion i qggm%t'
of 15 f our ry | abels econddr {qrov -
- .possi bl e u‘ni"q(lsj(lid)Ha - conbi Pﬁé Habl’l mar X‘-% Is ard sgc

whi ch can . be @geql, to encodeBE-n(g3 BETA/enty pogi BEPA |nforrrat|10n dat" Furthér-
I n any H encodi ng gdppl i cat]i on that

: (rjeprezents |r0@)1ﬁrat|on dat aTHETA THE'GAt ger oFHETAN -  Bepgnden (r)]r time
ependent ' ‘Fro escriiLiap, it fis gppdrent, thatyf .
many m)dlflcaQQMns and B]EL'E& ﬁgﬁﬁs of thBELf&sen i nventifjon arke :

possible in light of the above teachings. It IS therefore to be
understood that, within the scope of the appended clains, the

I nventi on ma)omopract I ced QAMMAM/q_qamnan as speC| f |4:421I |y desagl bed 46
her ei nabove - / / /

on

o o SECONDARY “BINARY
o110 BETA THETA _
0111 THETA DELTA ALPHA o | oo
- BETA 1 | o
1000 DELTA ALPHA “::ETA_ | 2 o
1001 GAMMA BETA DELTA S A
o M GAMMA 4 | 100
- '_ L o 50
1010 - ALPHA THETA )
| 1A 51 52
1011 ~ BETA DELTA A / /L
o . INPUT | OUTPUT
R
1110 cava THETA | BETA 0
| b - THETA 10
RITE T DELTA |OETA 1
S SR ] caMMA 100

FIG. 3
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CLAI M5 _ 1. A nmethod of encodi ng position information -f_or o
" a group of recordi.ng units on a recordi ng nmedium the recording

‘medi um having at |east one group -, f recording unit encoding X .-
- position information data, each grouﬂ'/égjrecordi ng unit- 5 havi.ng

a plurality of primary groups, each of said prinmary group having a
predet erm ned nunber N of prinary recording units, each 3@ d prinmary , ;
recording unit having a,plurality/Qf infornati O[ﬁlillnl ts for.recording
a primary | abe ,1gaid pri mar: I“i ' '

bel - ving a value 1ndicat\ng its
~position withfn said primarg group sa@§-~pr ) dimg . it13
i oo oo L ARy (GE s
: B;Iegg[gr?nrn.ed;-nunble.r M of secglnggslyl_tgziie"@@%ﬂ@e rlg_larger
thaﬁn N, eacorboof sai dAﬁ%ﬁ]dﬂlgHA_ L | : .
- 0001 = BLUE BETA | -
0010 - RED THETA. _34—'-’_ r |
0011 GREEN DELTA  ——— |
- L '35_-—» @
0100 YELLOW ALPHA - 95| —— R E
B | 39—'—’ \—_——:sa'_
0101~ AMBER BETA | | .@ .@ |
0110 BLUE THETA el P}z
0111 RED DELTA - '
1000 GREEN ALPHA - | :/1;
R | | 1 | +—21
1001 YELLOW BETA &L
1010 AMBER THETA 25~ ——) | |
1011 BLUE DELTA 2'5_‘_’ \"'23'
R P |l [T \ U
1100 RED ALPHA = =
| | | | . : —)1 13
1101 ‘GREEN BETA . 28—7’ \-__17
1110 YELLOW THETA 2'9:-.-—'—’ |GEA] g
e | sp—H<VELOD | {1l
1111 AMBER DELTA = — ‘—19
B @ED
D - J



15 recording unit having a plurality of information units for recording a
secondar yWO 8723068 ' sai d secondary |abel. having a v aPCEUSI6/19771

t he method of encoding position i.nformation data conprising the step of: _
assigning a value to each sai d pr| mary ‘| abel indicating its positionwthin:

| ‘said : primary. group; assigning a value to each said
secondary l'abel and form.'ng- a p05| t5;48 I nformati on .code for each
position X of sdi d group of recording unit by conbining a . primry
| abel and a secondary |abel such that at Xth posi tion, '\T? val ue of primary
| abel _ di ffers by the quatient qQ§7+ihe division )ﬂ) romthe val-ue of
sai d secondary N8vel if the /11 ~val ue sard prinmary [abel 1% greater
t han or equa/o t he val ueA sai d spgandfry | vakge of -
. said Xth |'|1|gN/ | abelp@SIT s by M subt r hckea pf the.
- divisigR -ﬂgpp t WNFO% sal d ddcomrap) : 3+—§6| d
S primary r an t he val / bbbl |
2. The net of encod S|t|on | ghoroprs 1,
wherein said pri rrary Iabels and secon ary| ljabs :
~ conbi nat Q0o "0"A 33— i of -
-encodi ng tion i n accord g.t bi'h said
~informati nits a?ﬁéﬁ% pdi ng
posi ti on GEf@r mat i OFHETACTHETA, to cl &t T i fary
Iabel S and sai d secondary | abels are pseu .
- DELTA DELTA o 13
| - 35— .
0100 GAMMA ALPHA 25 |
. o 31T — 38
0101 - ALPHA BETA :
0110 BETA THETA
0111 " THETA DELTA
L L—13
1000 DELTA ALPHA 99
1001 GAMMA BETA o
o . —22.
' S . 25 .
1010 ALPHA THETA | | :
1011 BETA DELTA 26T —23
- | - - 27— —24
1100 - THETA ALPHA o
]k 13
1101 DELTA BETA 28— 17
1110 GAMMA THETA 29— . 4—18-' :
1111 ALPHA DELTA —19
| " - 25 11
FIG. S
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5. The nethod of encoding position i nformati on accor di ng to claim1,

whereln N the number of primary recording units of said primary.group is’
less 5 than Mthe nunber Ofé— ndary recording units of said

secondary group. ﬁgmet hod of encodi ng position

i nformati on according to claim 1 wherein at |east one of the.

FIG. 6

. primary labels of said primary group is identical to one “of the
secondary | abel s of 'said secondary group. 7. A nmethod of -
decodi ng position information froma %]roup of- recording 10 ~ units on a
recordi ng nmedi um recording ne having at | 4et one g4dup of ,42
recording unit coding X positi O/P:’ nformat i on d a, _each 4roup of / _
recordi ng uP@ASITION  havi ng pOSITION éég x‘lt of prle Y olips,
each - of rou -~ Jore W\UUEb Hﬂx‘g :
primary ?'gfrcordl ng RﬁT‘P mmﬁmﬂ%%pqq%ary rec M_ R

0000 .. 00100 00100 00100 -0
- 0001 11110 11110 11110 1 - 01
- 0010 /00011 00011 00011 2 | 10
0011 /10000 10000 10000 3 1
0100 100001 00100 s am
- 44 45 46
o [ [ [
_ ' | SECONDARY .| BINARY
0101 00100 11110 LABEL VALUE NUMBER
0110 11110 00011 — — -
o111 ooo11 10000 | 90100 °c | o0
- : ' -_ - 11110 1 01
1000 10000 00100 00011 1 2.1 0
1001 00001 11110 10000 f 3 11
| ' ' 00001 4 | .100
1010 00100 00011 50
S - S1 52
1011 11110 10000 [ ’/f [
o S INPUT OUTPUT
1100 00011 0010 =
' ' .1 9 00100 00
1101 110000 11110 e
1110 00001 00011 SO I
,0” 00011 10
1111 00100 10000 10000 - 11
o 00001 100



15 unit havi ng a plurality of informatian units for recording a prinmary . .
| abel, s¥WQ9722068 prinmary recording unit within said pri mﬂ@#@ﬁ’ﬂl having -

a primary label that differs - fromthe primary | abel of every other
- primary recording unit within said primary group; o '
plurality of secondary groups havi n,%;éredeterm'-ned nunber- M of secondary
20 recording units, Mbeing |argér/ than N, each of said secondary
recording unit having a - plurality of information units for recording
a secondary | abel, said secondary | abel - having aqupl ue; . -
a position information code ,f%)r each @aition X forned by the conbination
of a - p ']rQ_ry | abel a Y secondary/N\g \e net hod
of decodi ng Ath position iAformati ompgata ‘ 3
sai d posppsyrIONf or _rra!pgsrr@qle i ncl udi ng . 7 o
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- 16- _ + adding the value of said prinmary label to the result
of said nultiplication. . else - . subtracting the value of
sai-d secondary ‘| abel fromthe val ue of said prinary | abel and addi ng
M 5 mul tiplying by N an addi ng the val ue of
said primary | abel to the result of ~sard Tultiplication. ' ' - 8.

The method of decoding position inf Q.m%i()on accQrding to claim7,
wherein said primary l'abels and sai d setondary bel s are conposed of

conmbi nations of -~ - "0" and " 1 10 g/ 9. -The met hod of

. decodi ng posi.tion information accaordi lam?7, - ‘Wwherein said
information units are bits. _ 10m The nethod of decoding _

. position information accordinggfo -CIE 5 d “wherein said information
units are pseudo-random |l abels® | TER 1 The net hod of decoding.
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‘%Wﬁ%ﬁ%’é HEETS | nﬁ‘*’y_retcordi ng units of said primary group
sis " 1" eS'C'"li’ii‘)"‘t ﬂ'&ﬂe H R8ffben ¢f secondary recordin unlts of said
secondary paged . to peged Fe |net hod of decodi ndC© '5/315?@1
i nformati o adlrewmgﬁaj tfa ’é"iarrWP,aﬁed ----- wherein at |east one of the
primary | apdl Alsfragai ¢ pegeédras. 1o qageb..i-s qentlcal to one of the

abel s of said secm}a ry group. -1 13. A recording
medi um hav| ngaek bearkcerer af. t g ........ reccrdl ng unit encoding X '
position i " recording unit conprising:
a plurality of priAsetis egxdoansqm éwedthregping desstrlpuamefrlilg.g‘i,csmednamsmgn a
pr edet er m ned nu recordin sai. d primry
recordi ng un moaélatgrﬂ%ve been eﬂ?‘&%flﬂl&/]s’éﬁcﬁf B?sbt} Ogﬁaq?ﬂicf’gesfc(ﬁat%ecor di ng
a primary | alghg fiveabitiry Bkl compbled dRB!sMId 2 's, Rbving axvﬁsigﬁed VleCRidi ng i ts
position w thin said primry group, said prinmary recordi uni t
wi thin said penresepfinghioay nnmbﬁmngd?norlw&e;poslamqumﬁom dhus eneededt he
prinmary | abe . gunlt within said
primary gr ou;%l?égsah(’k up mﬁié%ﬁl&hu{lﬁg? ?é/&légl se%‘ﬁ%g’r yggr oups having a
pr edet er m nedistlosddcihverition wsgmmdaxtyen entries actdzdiag @ thg peioi &5, M being | arger
than N, each of said secondary 30 recordin dg uni t havi ngﬁgaﬁ)l urality of
i nfor mati on uni t'sReGripg agninitofgeet.<he pesitionencoded to information. $econdary
| abel havi ng Xt h
primry Iabe Qco\ﬁ@l? g\.rsﬁﬂalgg%%%h gﬁ%ﬁ@@%ﬁ%g@g@%&g\gﬁmgo% on X such
t hat : recording units 12 by

15 wher

10 a) determining the binary representation of position 0, 1, 2 or 3 of the primary

labels 21, 22, 23 or 24 respectively within the primary group 13 by determining
the value of the primary labels 21, 22, 23, or 24; then |
b) subtracting the value of secondary label 31, 32, 33, 34 or 35 from the value of
primary label 21, 22, 23 or 24, multiplying the resulting number by four, the

15  number of primary recording units and then adding the value of the primary label
21, 22, 23 or 24 respectively, when the value of primary label 21, 22. 23 or 24
is greater than or equal to the value of secondary label 31, 32, 33, 34 or 35 clse '
c) subtracting the value of secondary label 31, 32, 33, 34 or 35 from the /l
value of primary label 21, 22, 23 or 24 and adding five, the number of sécondary

20  labels, to the resulting number; then multiplying the resulting numpyf[;)f previous
addition by four, the number of primary labels and then adding the value of primary
label 21, 22, 23 or 24 respectively, when the value of primary label 21, 22, 23 or 24 is
less than the value of secondary label 31, 32, 33, 34 or 35. For example, referring to
Fig. 4 and Fig. 2 again, the encoded position information code 11 represented by the

25 combination of the primary label identified by legend 36 and secondary label identified
by 37, is decoded to corresponding position information data 10 by

a) determining the binary value of the primary label ALPHA is as 00 by

using the lookup table 50, then

30 b) subtracting the binary value 00 of the secondary label AMBER from the
binary value of the primary label AMBER being 00, then multiplying the resulting
binary number 00 by binary 100, the number of primary recording units and then
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t he val ue of WEOIXI122068 jor rrar1ydl abel diff flers by t he quot i emRCTHESHHETHI vi si on

XI'N fromthe v UNJ998 h [sdcondary | abel i f the value of said

primary |abel is greatler _ t han dr Sﬂﬂlﬁﬁla g? tsgsdvilt ﬁﬂm“mﬂmllumll““l
S14hgs°

secondary | abel; and the
differs by M subtract ' he divtsion X/ M fesont

t he val ue of said secondary label if th of sal d primary | abel
Is less than the val ue of said secondary | abel. 14. The
recordi ng medi um apcorqu&tﬁdaéfleﬂM&%} #OR rfbitnatioh forl griglp ¥r | abel S

and said secondary | abels are conpos % conbi natlonrs of t:,0" and " 1 ".
15. The r ecmecmi'dmg umitsionl ammubngimn@umoﬂmlremmdmgmediumlavmg%ledstme group

i nformation u re bits ecord d|u m,
according to g unij ghgoding )&p?wgmrm?uo&data gr?)tm ?TQI?SPI BE 3 ng
units of gsa 'qmp{dgnary group is " 1" Iess than M the nunber of

secondary recording units of said second group. 17. The
recordi ng medi um &E@WRIWSIW%BS& primeary |geQupthaying aof t he 15

primary | abel @‘e&)efterﬁ]?ﬁeq P RYor PritiaRy tedordaflfy e Hach Qi PlimBey rblliFaRE GaRIATY

| abel s of sai
havmg a plurahty of information units for recordmg a primary label, said-primary-label
- i proup said primary recording
10 unit within said primary group having a primary label that differs from the primary

label of every other primary recording unit within said primary group;
plurality of secondary groups having a predetermined number M of secondary
recording units, M being larger than N, each of said secondary
1s  recording unit having a plurality of information units for recording a secondary label,

the method of encoding position information data comprising the step of:
assigning a value to each said primary label indicating its position within said
primary group; '

20 assigning a value .to each said secondary label and forming a position
information code for each position X of said group of recording unit by combining a
primary label and a secondary label such that at Xth position, the value of primary label
differs by the quotient of the division X/N from the value of said secondary label if the
value of said primary label is greater than or equal to the value of said secondary label

o5  clse the value of said Xth primary label differs by M subtracted from the quotient of the
division X/N from the value of said secondary label if the value of said primary label is
less than the value of said secondary label.

2. The method of encoding position information according to claim 1,
wherein said primary labels and secondary labels are composed of combinations of "0"

30 and" 1",

3. The method of encoding position information according to claim 1,
wherein said information units are bits.

4. The method of encoding position information according to claim 1
wherein said primary labels and said secondary labels are pseudo-random labels.



sébondary group.
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REP’;AhCEMENTls}fEETT e recordi ng nmedi um according to

fttre rimary | abel s of sai rima group
econdary | abelsfof said sec%’gHﬁ%l&

20 19. A
recording units

t hod? drJWhIM n§ position information for a grou

at | east one group of D-afecording :%ijmenfzggl :]Sc;:)(r gl)mllmmlrmu:mull

recordi ng
data, each group of r ' i Lhg a*pl Elra'rlt"S/
primary groups, each of said primary group having a 25 pr edet er m ned
nunber N of primar§ réthrrmiémgdufemedmg:pnﬁmmahﬁbnpaﬁammcgordiagmdhinglunit

having a pluralit I nf tion units, for A bel , I d
primary |abel% %emﬁfmﬁwmﬁafr%m rgc Hﬁli“lga'ﬂltﬁg Fatl‘g Wnﬁnrth §ai dSal
primary ﬂrou%ﬁﬂdqhﬁhhﬂﬁéryofrs%ﬂﬁﬂ'&?&ordmg umtslH?'sild‘ébJoﬁddiy $Ajug. Primary group

having a primary | a ffers fromthe primary | abel of every
ot her pri mary reccﬁ d| n’ﬂlameﬂlod{mfmadmgipusmqhdnformq!tmmwd@gmlglalm he val ue of

Xth primry beI PX; urality of. seco ry _groups
Navi hg & e JUIERRAH B AT e prity abels of ol ififary oplhin ARG B el b
of said Secorﬂfﬂﬁé’sewﬁﬁfﬂaﬂéls bdald deaoridagy goup.

7. A method of decoding position information from a group of recording

QU
3

10 units on a recording medium, the recording medium having at least one group of
recording unit encoding X position information data, each group of recording unit
having

a plurality of primary groups, each of said primary group having a
predetermined number N of primary recording units, each said primary recording
15  unit having a plurality of information units for recording a primary label, said
primary recording unit within said primary group having a primary label that differs
from the primary label of every other primary recording unit within said
primary group;
plurality of secondary groups having a predetermined number M of secondary

20 recording units, M being larger than N, each of said secondary recording unit having a
plurality of information units for recording a secondary label, said secondary label
having a value;

a position information code for each position X formed by the combination of a
primary label and a secondary label,

25 the method of decoding Xth position information data at each position of X from
said position jnformation code including the steps of:

determining the position of the primary label of said position information code
within said primary group by determining the value of said primary label; determining
the value of said secondary label of said position information code;
30 if the value of said primary label is greater than or equal to the value of
said secondary label then subtracting the value of said secondary label from the
value of said primary label;
multiplying by N and
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i nf or mati on un reEordLQ%M dngary | abel, said

t he met hod conpri si-ng assigning a value to each

said primary | abel ind]chting.its-posHtijon within said

and designating the va ue of Xth pri mary Y¥el as Px; ”IIIIM"I"“H]"""MI
assigning a val ue to ekehr—satd—secomdary | abel and desi gnati'ng ‘t hé v&l vk Jf
Xt h secondary | abel as Sx; conbining the Xth secondary

| abel of sai d seconatiding the walpe of daid peirhary labebioythd fesult bidaisl multipKetidn.pr i mar y
group at each ‘Qoleon Xto forma position I nformati on code such

t hat Px + N(Px-Sx)I (MN) X when Px is greater than or equal
to Sx; else subtracsing e Janb i obdolthe el Mo tie Yt safprisfark €55

t han Sx. The recordi ng nmedi um according to claim19,
wherein said phb&ianqradtamM;

5. multiplying by N and

adding the value of said primary label to the result of said muitiplication.

8.  The method of decoding position information according to claim 7,
wherein said primary labels and said secondary labels are composed of combinations of
"0"and " 1".

10 9. The method of decoding position information according to claim 7,
wherein said information units are bits.

10. The method of decoding position information according to claim 7,
wherein said information units are pseudo-random labels.

_ 11. The method of decoding position information according to claim 7,
15 wherein N the number of primary recording units of said primary group is " 1 " less
than M the number of secondary recording units of said secondary group.

12. The method of decoding position information according to claim 7,
wherein at least one of the primary labels of said primary group is identical to one
of the secondary labels of said secondary group.

20 13. A recording medium having at least one group of recording unit encoding
X position information data, each group of recording unit comprising:
a plurality of primary groups, each of said primary group having a predetermined
number N of primary recording units, each said primary recording unit having a
plurality of information units for recording a primary label, said primary label baving a

25 value indicating its position within said primary group, said primary recording unit
within said primary group having a primary label that differs from the primary label of
every other primary recording unit within said primary group;

plurality of secondary groups having a predetermined number M of secondary
recording units, M being larger than N, each of said secondary _

30 recording unit having a plurality of information units for recording a secondary
label, said secondary label having a value, the Xth secondary label combined with
Xth primary label to form a position information code at each position X such that:



' 15‘ and sai d second ‘rhEbfmmN‘?r%&?m)bSEd of conbinations of "0" and " 1
21. fiejrecordi ng nedi um according to claim

The recordi ng nedi um dcqor #iindUN 39 ail m{ 19, wherein N 20 t he nunber of
primary recording unitls fof said prinmagy group is " 1" Iesﬁmm“mﬂ"u
nunber of secondary rdgcording units of sma'secondary grou ﬂll””"l
recordi ng medi um accorlding to.-claim.19 Jdwherein at | east oné o e s

primary |labels of said primary group is identical to one of the secondary
| abel s of said secﬂ'fed\ah;c of said (Xth primary label differs Bylthe qiibtient efthe divisiprmXkMN um

o mary G oup TP g BRI Stirgorgent el Ssbe s oF e iy abel & gremgy

secondary groﬂﬁnor altothe value of d seCofiabyaBelOingdecodi ng posi tion
I nformation for e(rl recordi'ng units on a recording nedi um

the recording rredl thnmlﬁgaldt)(ﬂlpamrydabelglbeyMsubtra@cd fremdhejqu@entmft

encodi ng X positj.an i r ach r.di uni t
naving Bl or deidiiig R o8 Galof e Rendley Mol e VRine of SEE BHEREC g
a predeterm nmelqymggfhahlﬂggvapfeldf&m seB@4rflilapgl. uni ts, each said pri mary

recordi ng unit having a plurality of i nformatlon units for recording
a primary |abel, 14. The recording medium acCording to claim 13, wherein said primary labels

19 wher ei n s¥Q97/22068] |i nf or mat i on uTi 1s are bits. PCT/US96119771
i

and said secondary labels are composed of combinations of "0" and " 1 ".
15.  The recording medium according to claim 13, wherein said
10 information units are bits.

16. The recording medium according to claim 13, wherein N the number of
primary recording units of said primary group is " 1 " less than M the number of
secondary recording units of said secondary group.

17. The recording medium according to claim 13, wherein at least one of the

15 primary labels of said primary group is identical to one of the secondary labels of said

secondary group.

18. The recording medium according to claim 13, wherein none of the
primary labels of said primary group is equal to any of the secondary labels of said
secondary group.

20 19. A method of encoding position information for a group of recording units
on a recording medium, the recording medium having at least one group of recording
unit encoding X position information data, each group of recording unit having

a plurality of primary groups, each of said primary group having a

25  predetermined number N of primary recording units, each said primary recording unit

havmg a plurahty of information units for recordmg a primary label, said-primary-label
i iti sroup said primary recording

unit within said primary group having a primary label that

differs from the primary label of every other primary recording unit within said

30 primary group, the
plurality of secondary groups having a predetermined number M of

secondary recording units, each of said secondary recording unit having a
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primary group and designating the value of Xth primary label as Px;

assigning a value to each said secondary label and designating the value o_f Xth

secondary label as Sx;

combining the Xth secondary label of said secondary group with Xth primary

label of said primary group at each position X to form a position information code such

Px + N(Px-Sx)I(M-N) = X when Px is greater than or equal to Sx ; else
Px + N(Px-Sx)I(M-N) + M.N = X when Px is less than Sx.

20. The recording medium according to claim 19, wherein said primary labels

and said secondary labels are composed of combinations of "0" and " 1 ".
The recording medium according to claim 19, wherein said

The recording medium according to claim 19, wherein N
the number of primary recording units of said primary group is " 1 " less than M the

number of secondary recording units of said secondary group.

The recording medium according to claim 19, wherein at least one of the

primary labels of said primary group is identical to one of the secondary

24. The recording medium according to claim 19, wherein none of the

primary labels of said primary group is identical to any of the secondary labels of

A method of decoding position information for a group of

recording units on a recording medium, the recording medium having at least one group

of recording unit encoding X position information data, each group of

10
that
15
- 21
information units are bits.
22.
20
23.
' labels of said secondary group.
25
said secondary group.
25..
30

recording unit having a plurality of primary groups, each of said primary group having

a predetermined number N of primary recording units, each said primary recording unit

baving a plurality of information units for recording a primary label,



15 o | determ ni[f 0 N fromthe secondary | abel of said
position I nfor %\%HE@% . Sﬁ_éﬂb conputing the value of X as

Px + N(Px-Sx)WOQW7NR068)| Hx is greater tlhgn or equal to SX; Pgl‘éus96119771

Px + N(Px-Sx)I (MN) +{MIN #f4 BUN|1999e<s t han Sx.

recordi ng nmedi um accorl|dijng to clai m 24, V\,herel n sai d pri ma”llll um”“ Hﬂﬁ”“l
and sai d secondary | abel s—are-Tonpose t1%onbi nati ons of

27. The recording nedium according to _dglaim25, wherein sai d

information units are bits. 28. The recordi ng nedi um

accordi ng to saidairimatp labelieavinge Mnermdmmigats pofitiorPwithin spdupmmayy grovpy di ng
units of said primary group is " l.ess than t he nunb

secongary re(%mrﬁﬁarﬁﬁ?‘io@%“%‘hw St puimay grosp vmgapnmaryl 1%9 The
recordin
g nMedj gi? fof gxd. mhﬁ&ﬁf 'E\/&'? otheh ifary ﬁ&orhﬂi%%ht@ﬁ@nﬂ\fald

primry Iabels y group is i1dentical to one of the secondary
| abel s of salgiomammluq,/ongﬂnmmarﬁhbeldes1gnatedbyB:g The recording nmedi um

according to claimz25 ere none of t.he aid
primary group is iRJERH )gr?ﬂpsﬁlﬂ %B&eﬁﬁtg?nﬁ% %ﬁ\ﬂ%’eﬂ\fgﬂe%oﬁ sai d
S€eco ndary 9r Qifording units, each of said secondary recording unit having a plurality of information
units for recording a secondary label, said secondary label having a
value, the value of Xth secondary label designated by Sx;
a position information code for each position X formed by the combination of a

10 primary label,
the method of decoding each position information data X comprising the steps

Q.

of:
determining the value of Px from the primary label of said position information

code;
15 determining the value of Sx from the secondary label of said position_

information code;

computing the value of X as
Px + N(Px-Sx)I(M-N) if Px is greater than or equal to Sx; else
Px + N(Px-Sx)I(M-N) + M.N if Px is less than Sx.
20 26. The recording medium according to claim 25, wherein said primary
labels and said secondary labels are composed of combinations of "0" and " 1 ".
27.  The recording medium according to claim 25, wherein said
information units are bits.
_ 28. The recording mediiim according to claim 25, wherein N the number of
25 primary recording units of said primary group is " 1 " less than M the number of
secondary recording units of said secondary group.
29. The recording medium according to claim 25, wherein at least one of the
primary labels of said primary group is identical to one of the secondary
labels of said secondary group.
30 30. The recording medium according to claim 25, wherein none of the
primary labels of said primary group is identical to any of the secondary labels of
said secondary group.
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A method of encodmg posmon mformauon (10) for
a group of recordmg units on a recordmg medium having
plurahty of primary groups, with each primary group having
N primary labels (40) and plurality of secondary groups, with
each secondary group having M secondary labels (44). The
primary labels (40) and seoondary labels (44) are always in fixed

 sequence. The primary labels (40) and secondary labels (44) -

are combined such that for each position X, there is a unique -
combination of primary label and sécondary label (11). Further,
the value of Xth primary label (41) differs by the quotient of
X/N from the value of comesponding secondary label of the -

-| secondary group (45) when the value of primary label is greater

ﬂ:anorequaltomevalueqfsecondarylabelandﬂlevalueof
Xth. primary label differs by M subtracted from the value of
secondary label when the value of pnmary label i is less than the
value of secondary label. _

10 11
/ e A A
POSITION POSIION [ PRmARY Ty e [BNARY
INFORMATION OATA  INFORMATION CODE " LABEL NUMBER
-.0000 AMBER ALPHA ALPHA o | oo
0001 BLUE BETA BETA - 1] o
0010 RED THETA THETA 2 | 10
0011 GREEN DELTA DELTA 3 o
0100 YELLOW ALPHA a4
Y Al i
0101 sper BETA  [SECCREARY | vawe | GRAET
oi10 "BLUE THETA
o1 RED DELTA AMBER o | oo
BLUE 1 o
1000 GREEN ALPHA | RED 2 | w0
© 1001 YELLOW BETA GREEN | 3 | 1
. - YELLOW 4 100
1010 " AMBER THETA L
51
1011 BLUE DELTA A / /52
. : INPUT | ouTPUT
1100 RED ALPHA -
L1101 " GREEN BETA :;:M . g‘:
110 YELLOW mml men | 10
. ' . DELYA - "
111 . AMBER DELYA AMBER 00
BLUE o1
RED 10 .
GREEN 1
YELLOW 100




