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SEQUENTIAL NUMERICAL INFORMATION ENCODER AND
| DECODER

. FIELD OF THE INVENTION

This invention generally relates to the field of encodmg and decoding

~ position information of a recording unit in a recordmg medium llke a magnetlc
disc drive.

BRIEF DESCRIPTION OF THE _PRIOR AR'_I" '
' Magnetic disc drives store data in the form of magnetic f_qu,'writte‘n and

- read by an inductive or megnetoresistive head. On each disk, data is organized

into hundreds or thousands of concentric circles also known as tracks, with '. .
individual bits of data written exactly on .the center of these tracks. Modern_disc _
drives contéin e positioning system which rnonitors read-back signals from certa_in
position-encoded regions of each treck obtaining position information data which
is v1tal 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 mformatnon__data, like the stored data, consists of small regions of flux

~ written to the disc during the manufacturing process.

The position-information data like track number, sector .number Or zone
number typically represented using binary code is recorded on a disk dri.\)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

position mformatron 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 information code. Then the position information
code thus assembled is converted to corresponding position information 'data; The
decoding of position 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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. for the position information. Thus, the number of entries in the lookfup table wiil_

be equal to the number of position information codes recorded on the disk drive.

- Though Gray code may be decoded using matnx multiplication and w1thout a -

look-up table, other possible encodmg methods which may be used mstead of
Gray code may not be easﬂy deceded using matrix multiplication. For example, if

near-random labels are used instead of Gray code to encode p_ositidn,iﬂformét_i(jn

data, decoding process would need a lopk-u_p table, because no simple matrix

- transform is possible.

 As the number of tracks in a disk drive increases, the size of the look-up

table increases. For example, to encode and decode 4096 unique tracks 1 using

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 codes are used, there is a need to improve encoding and

~ decoding method and circuitry while reducing the size of look-l_lp table.

' SUMMARY OF THE INVENTION

Accordmgly, it is an ob_]ect of this invention to prov1de an encodmg and

decodmg method wherein the decodmg of the position information code requlres 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
| 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
being decoded to a value indicating its position within- the prirhary grc":_up. Each
rec'ord'i'ng. unit within the 'primai'y greup .ha'ving a primary label that is 'different. h

. frem the primary label of every other recording unit within the same primary

group, whefe the value of Xth pnmary label is designated by Px. Each group of -

recording unit further having plurality of seeoﬁdary groups, each secondary group

PCT/US96/19771
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having a predetermined'number M of recording units and M greater than N. Each

recording unit. of the secOndary group having plurality of information.units for

'recordmg a secondary label capable of being decoded to a value. The value of Xth

secondary label is des1gnated by Sx. The method of encoding posmon y
information comprising the step of combining the Xth secondary label of the -
secondary groups with the Xth primary label of the pnmary groups such that

X .' Px + N(Px-Sx)/(M—N) when Px is greater than or equal to S':lc;.

X=Px+ N(Px-Sx)I(M-N) + (M)(N) when Px is less than Sx. |

~ In a specific embodlment of the invention, when the value of M i is greater -
than N by 1, the primary label and secondary label are combmed such that the’
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-
Sx. |

Further, the pnmary 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.
BRIEF DESCRIPTION OF THE DRAWINGS

Flgure 1, is a diagram showing pos1t10n mformatlon data encoded as

posmon mformatlon code using arbitrary labels and correspondmg look-up table -

_needed to decode the position information code.

Flgure 2, is a diagram showing position 1nformat10n data encoded usmg

arbitrary labels having an assigned value and representing hlnary numbers with

~ corresponding look-up table needed to decode the position information code,

' accordmg to an embodiment of the invention.

Figure 3 isa dlagram showing position information data encoded usmg |

arbitrary labels havmg an assigned value and representmg blnary numbers with -

. corresponding look-up table needed to decode the pos1t10n mformatlon code,

'accordmg to an altemate embodlment of the invention.
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Figure 4,isa diagram showing position .informat'ion data encoded_on a
recording medium according to an embodiment of the invention using arbitrary |
labels having an assigned value and representing binary nurnbers' as described in
Figure 2. | |

Figure 5, is a diagram showing p_osiﬁon information encoded on a’

'- recording medium according to an embodiment of the invention using arbitrary

labels having an assigned value and representmg bmary numbers as described in

| 'Flgure3

- Figure 6, is a diagram showmg position 1nformatlon data encoded usmg
arbitrary labels composed of 0’s and 1’s, _havmg an assigned value and -
representing binary numbers with corresponding look-up table needed to'de_cod_e '

: the-position' information code, according to an alternate embodiment of the |

invention.
" Figure7,isa diagram showing position information encoded ona

recording medium according to an embodiment 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

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

information codes 11 using sixteen arbitrary labels. Further, look—np 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

retrieve the pos_ltlon information data 10, the position mformat_10n code 11 is read

from the recording medium. The position information code 11 so read 'f_rom the

recording medium is presented to the look-up table 50, as input 51. The look-up

 table 50 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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the position information code 11 read frorn the media.wa's INDIGO and was

.presented as input 51, the look-up table 50 delivers 1000 as correspondlng output N

52 representing correspondmg posrtron 1nformat10n data 10.

As it is evident from the foregoing descnptlon of Fig. 1, srxteen posrtlon
informatlon data have been encoded using sr_xteen position 1nformatlon codes of
arbitrary labels. Further, in order to decode the position .information code to
correspondrng pos1tron information data there is a need touse a look-up table
containing s1xteen entries. '

Referring now to Flg. 2, there is shown sixteen posmon information data

10 correspondmg to respectrve pos1tron information codes 11 using srxteen

' arbrtrary labels created using combinations of four primary labels 40 and five -

secondary labels 44. Further, four pnmary ]abels 40 havmg avalue4l and -
representrng binary numbers 42 is shown. Five secondary labels 44 havmg a value |
45 and representing bmary numbers 46 is also shown. In this embodrment all of
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 3
as input 51 and provrdrng nine binary numbers as output 52is also shown. l.
Refernng now to Fig. 3, there is shown sixteen posrtron information data
10 corresponding to respective position mformatron codes 11 using sixteen - |

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 havmg a value
45 and representmg brnary 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:

50 havrng 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 Fig. 4, there is shown sixteen position information 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 embodiment of

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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includes four (designated as N) '-primary groups 13 each of which include four
primary recording units 17, 18, 19 and 20. o
Further, the Fig;4_ shows the primary recording unit 17 storing a label
ALPHA as a primary label 21 having a yalue of 0 and indicating its position 0
Wit'hin'th'e primary group, the prirnary recording unit 18 storing a label BETAasa

'- p_rimary label 22 having a value of 1 and indiccting its position 1 within the

primary group, the primary recording unit 19 storing a label THETA as a'primary

label 23 havmg a value of 2 and mdlcatmg its position 2 thhln the primary group,

the primary recording unit 20 stonng a label DELTA as a primary label 24 havmg
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

15

20

30

B having a value of 0, BLUE havmg a value of 1, RED having a value of 2, GREEN |

having a value of 3 an'd YELLOW having a valu_e of 4 as a secondary label 31, 32,

- 33,34 and 35 respectrvely

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.

Now, designating the value of Xth primary label as Px and the value of
Xth secondary label as Sx, accordmg toa preferred embodrment 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
'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 d1v1sron (X/N) from the value Sx of the secondary label if Px is less

- than Sx, where Mis the number of secondary recording units.

- As an example, according to the preferred embodiment shown in Flg. 4,

the value of Oth primary label 36 is 0. The value of Oth secondary label 37 is O..

'Further, the value of primary label is equal to the value of secondary label.
Accordingly, the value of _Oth primary label 36 differs from the value of Oth
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 secondary label 37 by 0, which is the quotient of the division (0/4) (i.c. quotient of

the division of the value of pnmary label by N, the number of pnmary recordmg

units).

As another exatuple, according to the preferred embodiment shown in Fig. |

~ 4, the value of 5th primary label 38 is 0. The value of Sth secoudary'label 37is5.

Further, the value of primary label is less than the value of secondary label
Accordmgly, the value of 5th primary label 36 differs from the value of 5th
secondary label 37 by -5, which is 5 (the value of M) subtracted from the quotlent
of the division (0/4) (ie. quotlent of the division of the value of pnmary label by

-_ N, the number of primary recordmg unit).

As it is evident from the foregoing descriptlo‘h'of Fig. 4, sixteen pbs_i__tion |

- information data have been encoded using sixteen position information codes -
created using nine arbitrary labels having an assigned value_ and representing - .

- binary numbers. To decode the position information code thus encoded needsa -

look-up table with only nine entries, according to the disclosed invention as
against sixteen entries according to the prior art.

Referrirlg now to Fig. 5, there is shown sixteen positiou'inforixiation data |

10 encoded as position information code 11 in one of the group of recording units
12 which comprises an alternate implementaﬁon of the preferred embodiment of .
the present invention using five arbitrary labels having an assigned value and

' representing binary numbers as cleseribed 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
ALPHA as a primary label 21 having a value of 0 and indicating its _posmon 0
witlﬁn the primary group, the primary_recording unit 18 storiug alabel BETA as a
pﬁmary _label 22 having a value of 1 and inilicating its position 1 within the'.

- primary group, the primary recerding 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,
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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The recordlng unit 12 further includes four secondary groups 25 each of
which includes five (designated as M) secondaty recording units 26, 27, 28,29

and 30, each secondary recording unit 26, 27,28, 29 and 30 storing labels ALPHA .~
~ having a value of 0, BETA having a value of 1, THETA having a value of 2,
| DELTA having a value of 3 and GAMMA having avalueof 4 asa secondary

label 31, 32, 33,34 and 35 respectlvely
_ Further, in Fig. 5, Oth primary label is identified by legend 36 and Oth
secondary labe] is identified by legend 37. Snmlarly, 5th primary label is |

| identified by legend 38 and 5th secondary label is identified by legend 39.

Now, desrgnatrng the value of Xth prlmary label as Px and the value of
Xth secondary label as Sx, according to alternate embodiment of the 1nventlon, 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 diffe'rs from the value Sx -

of the secondary label by the Quotlent of the d1v1s1on (X/N) if Px is greater than or e

- 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 recordlng units.’ | | o _
As an example, according to the alternate embodiment shown in Fig. §, the :
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. '
Accordmgly, the value of Oth primary label 36 differs from the value of Oth

~ secondary label 37 by 0, which is the quotlent of the d1v1sron (0/4) (i.e. quotient of

the division of the value of pnmary label by N, the number of primary- recording

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 secondary label 39is 5.

Further, the value of pnmary label i is less than the value of secondary label.
Accordlngly, the value of 5th primary label 38 differs from the value of 5th .
secondary label 39 by -5, which is 5 (the value of M) sub_tracted 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 primary recording units). = ' '
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As it is evident from the forégoitig déscription of Fig. 5, sixteen position

-information data have been encoded using sixteen position information codes |

created using five arbitrary labels having an assigned value and .r'epresenti_ng" '
binary numbers. To decode the position information code thus encoded needs a
look-up table with only five entries, according to the disclbsed ihvention as
against sixteen entries according to the prior art. |

Referrmg now to Fig. 6, there is shown sixteen position information data -

10 correspondmg to respectlve position mformatlon codes 11 usrng sixteen

arbrtrary labels composed of 0’s and 1’ s, created using combmatrons of four

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

25

30

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 11 in one of the group of recording units’
12 which compnses an alternate 1mplementat10n of the preferred embodiment of

the present invention using five arbltrary labels composed of 0’s abnd 1’s, havmg :

" 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.

_ Further the Flg 7 shows the primary recording unit 17 storing a label
00100 as a 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 having a value of 1 and indicating its position 1 within the

- prirnaxy 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, '_

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
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~ The recording unit 12 further inéliides four secondary groups 25 each of
which includes five (designaﬁd as M) secondary recording units 26, 27, 28,29 -
and 30, each secondary recording unit 26 27, 28,29 and 30 storing label 00100 .

- havrng a value of 0, label 11110 having a value of 1, label 00011 having a value of |
2, label 10000 having a value of 3 and label 00001 havmg a value of 4 asa

secondary label 31, 32, 33; 34 and 35 respectively.
Further in Fig. 7 Oth primary label is identified by legend 36 and Oth

- secondary label is identified by legend 37. Slmllarly, 5th primary label is |

ldentlfied by legend 38 and 5th secondary label is 1dent1ﬁed by legend 39.
Now, designating the value of Xth primary label as Px and the value of

© Xth secondary label as Sx, according to alternate embodiment of the 1nvent1on,_ the

secondary labels 31,32,33,34 an_d-.35' are combined with the primary labels 21,
22, 23 and 24 such that the value Px.bf the primary label differs from the value Sx

: of the secondary label by the Quotient of the diVision (X/N) if Px is greater than or .

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 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 recording units.

As an example, according to the alternate embodiment shown in Fig; 7, the

. value of Oth primary label 36 is 0. ‘The value of Oth secondary label 37is0.

Further, the value of primary label is equ;al-to the value of secondary label.
Accordingly, the value of Oth primary label 36 differs from the value of Oth
secondary label 37 by 0, which is the quotrent of the division (0/4) (i.e. quotient of o

- the division of the value of pnmary label by N the number of primary recording

units).

As another example, accordmg to the preferred embodlment shown in Flg

7 the value of Sth primary label 38is 0. The value of 5th secondary label 39 is 5

Further, the value of pnmary label is less than the value of secondary label.
Accordingly, the value of 5th primary label 38 differs from the value of Sth
secondary label 39 by -5, which is 5 (the value of M) subtracted from the quotlent

“of the division (0/4) (ie the quotient of the division of the value of pnmary label -

by N the number of primary recording units).
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As it is evident from the foregoing description of Fig. 7, sixteen position
information data have been encoded using sixteen position information codes |

created usmg five arbitrary labels composed of 0’s and 1°s, having an a351gned

' value and representing binary numbers. To decode the position mformanon code

thus encoded needs a look-up table with only five entnes, according to the
disclosed invention as against s1xteen entries according to the prior art.
Referring again to Fig. 4, the position information data 10 is decoded from _

the encoded position information code 11 from one of the group of recording units

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
detenmmng 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, }
the number of pnmary 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

labels, to the resulting number; then mui_tiplying the resulting number of previous

' addition by four, the number of pritnary labels and then adding the value of
 primary label 21, 22, 23 or 24 respectively, when the 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

information code 11 represented by the combination of the pr_lmaxy label identified -

by legend 36 and secondary label identified by 37, is decoded to 'corr'espo'nding

position information data10by

a) detenmnmg the bmary value of the pnmary label ALPHA is as 00 by .
usmg the lookup table 50; then

b) subtracting the binary value 00 of the secondary Jabel AMBER from the
binary value of the primary label AMBER bemg 00, then multlplylng the resulting -
binary number 00 by binary 100, the number of primary recording units and then

AR
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"adding the binary value 00 of th'e.primar_y_ Iabel resulting in a position- information

data of binary 0000. -

' As another example, referring to Flg 4 and Fig. 2 agam, the encoded
position information code 11 represented by the combination of the pnmary label
identified by legend 38 and secondaxy label identified by 39 i is decoded to
corresponding position information data 10 by

| a).determining the value of the primaly' label ALPHA as binary 00 by -

~ using the lookup table S0; then

b) subtractlng the bmary value 100 of the secondary label AMBER from

the binary value of the primary label AMBER bemg 00, then adding binary 101,
the number of secondary recordmg units and then multlplymg the resultmg

number 001 by binary 100, the number of primary recordmg units and then adding - - -

the value 00 of the primary label resultlng ina pos1t10n information data of 0100.
Smnlarly, the posmon mformatlon data 10 can be decoded from the

encoded position information code 11 from one of the group of recording unit 12

" as described in Flg 5 and Fig. 7, using the same steps as described-previously’, for -

decoding position information data 10 from en_coded position information code 11 .

" from one of the group of recording unit 12 as shown in Fig. 4.

Refemng now to figures and more particularly to Fig. 8 there is shown a
block dlagram for logical implementation of the preferred embodlment to encode e
and decode 16 posxtlon information codes as descnbed in Fig. 3. Encoded -

- position information code 11 is received from the recordmg-medlum and

presented to data bus 61 as corresponding primary label and secondary label and
decoded 4 bit position information data 10 1s available as output at data bus 62.
The primary label and secondary label of position information code 11 is inputted
to Y bit latch 63 with Y bits sufficient to store any of the primary label or
secondary label. Y bit latch 63 presents this data toa lookup"table 50 accepting Y
bit data as 1nput 51 and delivering 3 bit data as output 52. All three bits of output
52 of lookup table 50 are received by a 3 bit secondary label latch 65 when look -
up table 50 receives a secondary-label as input and appropriately latched into -

.. secondary 1abel latch 65 by an enabling signal from a control/timin'g sequencer 70.

Least significant 2 bits of the output 52 of look up table 50 are fed to a 2 bit
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primary label latch 66 when look up table 50 receives a primary label and

: appropriately latched into the primary label latch 66 by an enabling signal from

the control/timing sequencer 70. A 3-bit subtractor 67 having A and B input

 receives the output.of 3 bit secondary label_ latch 65 as B input and the output of 2
~ bit primary label latch 66 as A input. An adder 68 having A and B input receives .

the (A-B) output of 3 hit subtractor 67 as A input and the Borrow out from 3-bit

- subtractor 67 as B input. A 4 bit output latch 69 receives the output of primary

1abel latch 66 as the least significant two bits of input and receives the output of

. adder 68 as the two most s1gn1ﬁcant bits of input. The decoded 4-bit posmon

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

The primary labels and secondary labels in the above descnptlon 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
four primary labels and five secondary labels-provide twenty possible-unique _
combinations of pnmary Iabels and secondary labels which can be used to encode
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.

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 rnay be practiced otherwise than as specifically 'described: hereinabove. -
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l. A method of 'encoding position information for a group of

recording units on a recordmg medium, the recording medium having at least one
group of recordmg 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 reeordmg units, each said primary record_ing

imit having a plurality of information units for recording a primary label, said _
primary label having a value indicating its position within said primary group, said
pnmary recordmg unit within said primary group havmg a primary label that
differs from the primary label of every other primary recordmg unit within said

pnmary group;

' plurahty of secondary groups havmg a predetermmed number M of
secondary recording u_mts, M being larger than N, each of sa1d secondary-
recording unit having aplurality_ of information tx_nits for recording a secon_dary
label, said secondary label having a value; |

 the methdd compnsmg the step of:
combining the Xth secondary label with Xth primary label at each posmon

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 cqual 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
| 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 ||0II atld lll“ . . | .
3. The method of encoding po‘sition information according to claim 1,
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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5. ‘The method of encodmg position mformatlon according to claim 1,

wherem N the number of primary recording units of sard primary group is "1" less -
than M the number of secondary recording units of sa1d secondary group
6. The method-of encodm_g position information accordmg to claim 1,

wherein at least one of 'the primary labels of said primary group is identical to one

| of the secondary labels of said secondary group.

7. - A method of decodmg position information from a group of

" recording units on a recording medium, the recording medium havmg at ,least one

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

~ recording unit having

. aplurality of pnmary groups, ( each of said pnmary group having a

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

unit having a plurality of information units for recording a primary label, said -
primary label having a value indicating its position within said pritnaly -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
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 posrtron of X including the steps of:
deterrmmng the posrtron of the primary label of said pnmary group w1thm
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 saJd
primary label; ' '
' multiplying by N and .
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- adding the value of said primary label to the fesult of said

multiplication, _ _ o ' e
' else - : THIS SHEET HAS BEEN
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subtracting the value of said secondary label from the value g -

primary label and adding M;

multiplying by N and
_ ‘adding the value of said prlmary label to the result of sa1d
multrphcatron _
8. The method of decodmg position information according to clalm 7,

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 posmon information accordmg to claim 7,

wherein said information units are pseudo-random labels. _

11. . The method of decoding posmon information according to claim 7,
wherein N the number of primary recordmg units of said primary group is " less
tha_rl M the number of secondary recording units of said secondary group.

12.  The method of decoding position information accordlng to claim 7,

_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

| _predetermined number N of primary recording _ﬁnits, each said primary 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

primary group; -

plurahty of secondary groups havmg a predeterrmned number M of

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

This Sheet Has Been Replaced
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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 pnmary label at each position X such that:

_ the value of said Xth primary label differs by the quotient of the dlvrsron
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; and
. the value of said Xth pnmary label differs by M subtracted from the _ -
quotient of the d1v1s1on 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.

14.. The recordmg medlum accordmg to claim 13, whereln said primary

_ labels and said secondary labels are composed of combinations of "0" and "1*.’

15. The recordmg medlum according to claim 13 wherein said
inforrnatlon units are bits. '
16. ' The recording medium accordmg to claim 13, wherein N the

number of primary recording umts of said pnmary group is "1" less than M the 5

- number of secondary recordxng 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

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 sard

. secondary group.

19. A method of encodmg position mformauon for a group of

recordmg units on a recordmg medium, the recording medium having at least one -

 group of recordrng unit encoding X position 1nformat10n data, each group of

recording umit havmg

a plurality of pnmary groups, each of said primary group havrng 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
pnmary label having a value indicating its position within said primary group, sard
primary recording unit within said primary group havrng a pnmary label that
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differs from the primary label of every other primary rec'ording unit within said

pnmary group, the value of Xth pnmary label designated by Px
_ plurality of secondary groups having a predetermined number M of
secondary recording units, each of said secondary recordmg unit havmg a plura]ity
of information units for recordmg a secondary 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

Px + N(Px-Sx)/(M-N) =X when Px is greate_r than or equal to Sx ;.
else . , I | _
Px + N(Px-Sx)/(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".

.21. - The recording medium accordmg to claim 19, wherem said
information units are bits.

22.  The recording medium according to claim 19, wherem Nthe
number of primary recording units of said primary group is "1" ‘less than M the
number of secondary recording umts of said secondary group:-

23, The recording medium 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 according to claim 19, wherem none of the

_ primary labels of said primary group is identical to any of the secondary labels of
'_said secondary group. | "

25. A method of decodmg posmon 1nformat10n for a group of

recordmg units on a recordmg medium, the recording medlum having at least one

group of recordmg unit encoding X posmon 1nformation data, each group of
recording unit having '

a plurahty of pnmary groups, each of said primary group having a

. predetermined number N of primary r.ecordmg. units, each said primary recording

unit having a plura_lity of information units for recording a primary label, said
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- primary label havmg a value mdlcatmg its position within said primary group, said =
' primary. recordmg unit within said primary group havmg a primary label that

differs from the primary label of every other primary recordmg unit w1th1n said”

' primary group, the value of Xth primary label designated by Px;

plurallty_ of secondary groups having a predetermined number_ Mof

- secondary recording units, ach of said secondary recording unit having a plurality |

of information units for recordmg a secondary label, said secondary label having a
value, the value of Xth secondary label designated by Sx; '
~ the method of decodmg each position X compnsmg the steps of
determining the value of Px;’
determining the value of Sx;
._ computmg the value of X as
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. '
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
number of pnmary mcordmg units of sard 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. The recording medium according to claim 25 whereln none of the
prlmary labels of said primary group is identical to any of the secondary labels of
said secondary group
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