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PRODUCT HAVI NG ABSOLUTE POSI TI ONI NG CODE _PATTERN ON A

SURFACE THEREOF AND METHOD FOR GENERATI NG ABSOLUTE

PCSI T1 ONI NG CODE PATTERN

Technical Field

The present invention relates to a product having an
absolute positioning pattern on its surface and a nethod for

form ng the absolute positioning pattern.

Background Art

Various nethods have recently been tried to position
an object (e.g. a witing tool) on a surface that has data
or no data recorded thereon. Particularly, in connection
with a positioning nmethod using an electronic pen, a two- or
t hree-di nensional positioning device for inputting graphic
data (e.g. handwitten docunents, synbols, draw ngs, etc)
has becone commercially available. Such devices convert the
positional information, which has been sensed by position
sensing nmeans, into coordinates and determne the absolute
position of the sensing neans on a surface having data or no
data recorded thereon.

A sensing neans, such as a recording tablet, may be
used to input handwitten data. Modst two-dinensional devices
are operated based on the contact between the recording
tablet and the sensing neans.

In general, there are two types of relationships
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between the sensing neans and the recording tablet: passive
sensing neans/active tablet and active sensing neans/passive
tablet relationships, based on which the devices are driven.

In the case of the passive sensing neans/active tablet
node, the active tablet is conplicated, | ar ge, heavy,
difficult to carry, and expensive. |In addition, the active
tablet is difficult to manufacture, and its conplicated
el ectric / mechani cal structure nmakes it suscepti bl e to
erroneous operations (e.g. errors in position recognition).

In order to solve these problens, a device has been
conceived to easily determne the absolute position of
sensing means. The device includes a data recording surface
provided with a coding pattern for determning the XY
coordi nate, a sensor for sensing the coding pattern, and a
processor for determning the current position of the sensor
based on the sensed coding pattern. The device, when driven,
di spl ays data on the conputer screen when the user wites or
dr aws, by hand, characters or image data on the data
recordi ng surface.

Exenplary coding nethods by using such a device wll
now be descri bed.

Accordi ng to one of such nethods, synbols are
patternized for positional coding, as shown in FIG 1.
Particul arly, each synbol consists of three concentric
circles, the outernost one of them corresponds to the X

coor di nat e, and the mddle one <corresponds to the Y
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coordinate. The outer and mddle circles are divided into 16
portions, which indicate different codes depending on
whet her or not the interior of the circles is filled. This
means that each coordinate pair is coded by conplicated
synbol s having specific appearances .

Anot her method enploys a check pattern for coding X
and Y coordinates in a manner simlar to the above-nentioned
met hod of using concentric circles.

Such conventional patterns have a problem in that, the
nore conplicated and smaller synbols they consist of, the
nore difficult it is to realize patterns on the recording
surface. |If the sensing neans has insufficient resolution,
it may not accurately recognize fine patterns and result to
erroneous positioning. If the pattern synbols are enlarged
or sinplified, the sanme pattern may be recognized in
different positions on the recording surface. In such a case,
redundant mcrocodes degrade the precision in absolute
positioning. As a result, the position sensing means cannot

accurately sense the position.

Di scl osure of the Invention

Therefore, the present invention has been nmade in view
of the above-nentioned problems, and the present invention
provides a product having an absolute positioning pattern on
its surface so that patterns are easily realized by data

codes conposed of sinple synbols while inproving the
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the absolute position, and a nethod

formng the absolute positioning pattern.

of the present invention, there

having an absolute positioning pattern
absol ute i ncl udi ng

positioning pattern

di spl ayi ng coded

data expressed in terms of at least three digits; second
cells displaying data coded in a manner different from the
first cells or having no data; and a unit cell pattern
formed by a group of at least a predeterm ned nunber of the
first and second cells, wherein a conbination of data
corresponding to the first cells wthin the wunit cell
pattern i ndi cat es an absol ute coordi nate of t he
corresponding wunit cell pattern, and the unit cell pattern

is differentiated from other adjacent unit cell patterns by
the second cells within the unit cell pattern.

The product wunit cell pattern includes NxM cells (N
and M are integers, N=M or N#M). The position of each cell
within the unit cell pattern indicates a digit place of data
indicating a value of the absolute coordinate. The digit
place of the data may beconme higher in a cell position
closer to left and top. Alternatively, the digit place of
the data may beconme higher in a cell position nore distant
froma center in a helical direction.

The second <cells exist in predetermned positions
within the unit cell pattern. There is at |east one second
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cell within the unit cell pattern. Wen there are at |[east
three second cells, the second cells are connected with one
another by Iline segnents in a shape having no rotational
symmetry, the shape being selected from ., n, and - The
rotational condition of the product can be identified based
on the second cells.

The error of the absolute coordinate can be corrected
by using a value of data corresponding to the second cells
within the unit cell pattern. The error my be corrected
with regard to bits at the entire digit places in data
indicating the absolute coordinate, or with regard to |ower
bits lying at or below a predeterm ned digit place.

The X coordinate value of the absolute coordinate
value of the unit cell pattern may increase by one rightward
in a row of unit cell patterns, and the Y coordinate value
of the absolute coordinate value of the wunit cell pattern
may increase by one downward in a longitudinal direction in
a colum of wunit cell patterns. Alternatively, the X
coordinate value may increase by one leftward, and the Y
coordinate may increase by one upward.

The synbols of data coded and displayed on the first
cells may be indicated by line segnments having different
arrangenment angles relative to a virtual X or Y axis, which
intersect with each other, with the point of intersection of
the X and Y axes at the center of the line segnents so that

the data values of respective cells <can be variously
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expressed according to the arrangenent angles. For exanple,
the binary data coded and displayed on the first cells is
indicated by a |line segnment selected from the group
consisting of a line segnent lying on a virtual X axis wth
a point of intersection of the virtual X axis and a virtual
Y axis at a center of the Iline segnent, the point of
intersection passing through a center point of respective
cells, a line segnent lying on the Y axis with the point of
intersection at a center of the line segnent, a l|line segnent
lying on 1/3 quadrants with the point of intersection at a
center of the line segnent, and a line segnent lying on 2/4
quadrants with the point of intersection at a center of the
line segnent. The line segnment on the X axis corresponds to
an X and Y coordinate value of (1,1); the line segnent on
the Y axis corresponds to an X and Y coordi nate value of (o,
1); the line segnent on the 1/3 quadrants corresponds to an
X and Y coordinate value of (1,0); and the line segnment on
the 2/4 quadrants corresponds to an X and Y coordi nate val ue
of (0,0).

It is to be noted that the mark V used to described
quadrants refers to "and" throughout the specification. For
exanple, ™~I/3 quadrants” refer to both the first and third
quadrants .

The binary data coded and displayed on the second
cells may be indicated by a line segnent selected from the

group consisting of a line segnent lying on 1/2 quadrants in
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a direction parallel to a virtual X axis intersecting with a
virtual Y axis, a line segnent lying on 3/4 quadrants in a
direction parallel to the X axis, a line segnent Iying on
2/3 quadrants in a direction parallel to the Y axis, and a
line segnent |lying on 1/4 quadrants in a direction parallel
to the Y axis. The line segnment on the 1/2 quadrants in a
direction parallel to the X axis corresponds to an X and Y
coordinate value of (1,1); the Iline segnment on the 3/4
guadrants in a direction parallel to the X axis coordinate
value of (0, 1); the line segnent on the 2/3 quadrants in a
direction parallel to the Y axis corresponds to an X and Y
coordinate value of (1,0); and the line segnent on the 1/4
guadrants in a direction parallel to the Y axis corresponds
to an X and Y coordi nate value of (0,0).

Al ternatively, the binary data coded and displayed on
the second cells my be indicated by line segnments in a
manner simlar to the Iline segnents of the first cells
except that different lengths are used to different the line
segnents fromthe line segnents of the first cells.

The binary data coded and displayed on the second
cells my be indicated by a line segnent selected from the
group consisting of a line segnent extending from a point of
intersection of virtual X and Y axes to a point on a first
guadr ant , a line segnent extending from the point of
intersection to a point on a second quadrant, a line segnent

extending from the point of intersection to a point on a
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third quadrant, and a |line segnent extending form the point
of intersection to a point on a fourth quadrant.

According to another aspect of the present invention,
there is provided a nmethod for formng an absolute
positioning pattern, the nmethod including the steps of
formng first cells displaying coded binary data or
di splaying coded data expressed in terns of at |east three
digits; formng second cells displaying data coded in a
manner different from the first cells or having no data;
formng a unit cell pattern by using a group of at least a
pr edet er m ned number of t he first and second cells;
indicating an absolute coordinate of the unit cell pattern
by using a conbination of data corresponding to the first
cells within the unit cell pattern; and differentiating the
unit cell pattern from other adjacent unit cell patterns by

the second cells within the unit cell pattern.

Bri ef Description of the Draw ngs

The foregoing and other obj ect s, f eat ures, and
advantages of the present invention wll becone nore
apparent from the following detailed description when taken
in conjunction with the acconmpanying draw ngs in which:

FI G 1 shows an exenplary posi tioning pattern
according to the prior art;

FIG 2 shows an exenplary product having an absolute

positioning pattern on its surface according to the present
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i nvention;

FIGs. 3 to 6 show an exenplary nethod for assigning
the X coordinate of an absolute positioning pattern
according to the present invention;

5 FIG. 7 to 10 show an exenplary nethod for assigning
the Y coordinate of an absolute positioning pattern
according to the present invention;

FI G 11 shows another exenplary product having an
absolute positioning pattern on its surface according to the

10 present invention as a conbination of those shown in FIG. 5
and 9;

FIG 12 shows an exenplary construction of a direction
flag which has no directive feature;

FIG 13 shows the nunber of odds of the distribution

15 of direction flag cells on a coordinate w ndow,

FI G 14 shows exenplary coding of binary data
displayed on the first cell according to the present
i nvention;

FIG 15 shows X, Y coordinate values corresponding to

20 values given to respective |ine segnents shown in FIG 14;

FIG 16 shows the codes of binary data displayed on
the second cell according to the present invention;

FIG 17 shows another exanple of codes of binary data
displayed on the second cell according to the present

25 i nvention; and

FIG 18 shows another exanple of codes of binary data
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di splayed on the second <cell according to the present

i nventi on.

Best Mode for Carrying Qut the |nvention

Her ei nafter, preferred enbodinments of the present
invention will be described in detail with reference to the
acconpanyi ng draw ngs. It is to be noted that the sane

reference nunerals are used to designate the sanme elenents
t hr oughout t he speci fication. In addi ti on, detail ed
descri ptions of known functions and configurations
incorporated herein is omtted to avoid nmaking the subject
matter of the present invention unclear.

FIG 2 shows a product having an absolute positioning
pattern on its surface according to a preferred enbodinment
of the present invention. Particularly, FIG 2 shows the
absolute positioning pattern of the product.

As shown in FIG 2, an absolute positioning pattern
formed on the surface of a product according to the present
invention includes first cells 101 displaying coded binary
data; second cells 102 displaying binary data coded in a
manner  different from that of the first <cells 101 or
di splaying no data; and unit cell patterns 110 consisting of
a group of at least a predetermined nunber of first and
second cells 101 and 102.

As shown in FIG 2, according to the present invention,

each cell 101 displays binary data information regarding
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both X and Y coordinates, e.g. (0,0, (0,1, (1,0, or (1,1).

Although it is assuned in the present enbodinent that
respective cells 101 and 102 display coded binary data, the
type of data is not limted to that, and the data may be
three-digit data, four-digit data, etc.

As shown in FIG 2, accordi ng to the present
enbodi nent, the unit cell patterns 110 consist of a group of
NXM (4x4) cells 101 and 102, which constitute a specific
size of cells separately read and recognized as a whole by a
sensi ng nmeans (e.g. pen's poi nter), and which will
hereinafter be referred to as a window The 4x4 wunit cell
patterns 110 consist of thirteen first cells 101 and three
second cells 102. Although N and M of the unit cell patterns
110 are the sane in the present enbodinent, the relationship
between them is not linmted to that (i.e. N and M nay differ
from each other).

The conbination of binary data corresponding to the
thirteen first cells 101 indicates the absolute coordinate
value (or w ndow value) of the <corresponding unit cell
pattern. The three second <cells 102 are in a specific
position within the unit cell patterns 110 (e.g. |ower right
corner), and are connected to one another by line segnments
in a specific shape (e.g. J). Such a group of three second
cells 102 in a specific position wthin the wunit cell
pattern 110 and in a specific shape will be referred to as a

direction flag 103. The position of the direction flag 103
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makes it possible to distinguish a specific wunit cell
pattern 110 from other neighboring unit cell patterns, and
the shape makes it possible to identify the direction of the
product (e.g. paper) and determ ne the degree of rotation of
it, as will be described later in nore detail. Al though the
direction flag 103 has the shape of J in the present
enbodi nent, the shape is not |imted to that, and may be
varied in any manner as long as it tells the rotational
condition of the product (e.g. n, - .

An exenplary nmethod for assigning the X and Y
coordi nates of the absolute positioning patterns according
to the present invention will be described in nore detail
with reference to FIG. 3 to 10.

Met hod for assi gni ng X coordinate on absol ute

positioning pattern

FIG 3 shows exenplary unit cell patterns 110 in the
same row on an absolute positioning pattern according to the
present invention. As has been nentioned with reference to
FI G 2, each cell has data regarding both X and Y
coordi nates, but data regarding the X coordinate only wll
be separately described with reference to FIG 3.

As shown in FIG 3, the binary w ndow value of the
unit cell patterns 110 gradually increases by 1 in the X
direction (rightward direction) in the followng manner:
0000000000000 - 0000000000001 - 0000000000010 - 000000000011..

Particularly, the binary wndow value is a sequence of

- 12 -
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binary digits, which correspond to the thirteen first cells
101 within each unit cell pattern 110, placed in the order
of 1-13 shown in FIG 4. Such a regular increase of the
binary w ndow value of the unit cell patterns 110 in the X
direction (rightward direction) nmkes it possible to restore
the actual w ndow value, even if the coordinate w ndow does
not exactly conform to the actual w ndow. As used herein,
the coordinate wndow refers to a group of N x M cells
actually read by a coordinate sensing neans (e.g. pen's
poi nter). It is to be noted that, when actually applied,
i mges observed by the pen pointer may be larger than the
coordi nate w ndow.

Then, the unit cell patterns arranged in the sanme row,
as shown in FIG 3, are repeatedly arranged in the Y
direction (upward/downward direction) over a plurality of
rows, as shown in FIG 5.

FIG 6 shows an enbodinment alternative to that shown
in FIG 3. As shown in FIG 6, the w ndow value does not
necessarily begin from o, and any digit may be used in the
initial position. Based on this fact, when the w ndow val ue
is to be read by the pen relative to the starting point, an
arbitrary value is subtracted from the currently read w ndow
value. |If the nmaxinum value that can be displayed by any
wi ndow value is reached, the next w ndow value nay be set to
0.

Met hod for assi gnhi ng Y coordinate on absol ute
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positioning pattern

FIG 7 shows exenplary wunit cell patterns 110 in the
same colum on an absolute positioning pattern according to
the present invention. As has been nentioned with reference
to FIG 2, each cell has data regarding both X and Y
coordinates, but data regarding the Y coordinate only wll
be separately described with reference to FIG 7.

As shown in FIG 7, the binary w ndow value of the
unit cell patterns 110 gradually increases by 1 in the Y
direction (downward direction) in the following nanner:
0000000000000 - 0000000000001 - 0000000000010 - 0000O00O0O00O11..
Particul arly, the binary wndow value 1is a sequence of
binary digits, which correspond to the thirteen first cells
101 within each unit cell pattern 110, placed in the order
of 1-13 shown in FIG 8. Such a regular increase of the
binary w ndow value of the unit cell patterns 110 in the Y
direction (downward direction) makes it possible to restore
the actual w ndow value, even if the coordinate w ndow does
not exactly conform to the actual w ndow.

For reference, FIG 4 shows the order of assignhing the

X coordinate to each cell, and FIG 8 shows the order to
assigning the Y coordinate to each cell. However , t he
assigning order is not linmted to that. For exanple, the

order shown in FIG 4 or 5 may be applied to both X and Y
coor di nat es. Al ternatively, the order shown in FIG 4 is

applied to the Y coordinate, and that shown in FIG 8 to the

- 14 -
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X coordi nat e. Fur t her nor e, al t hough not shown in the
drawi ngs, the cells in the sane window may be positioned in
a helical direction away from the center so that they
correspond respective places of the binary data in the
ascendi ng order.

Then, the wunit <cell patterns arranged in the sanme
colum, as shown in FIG 7, are repeatedly arranged in the X
direction (transverse direction) over a plurality of colums,
as shown in FIG 9.

FIG 10 shows an enbodinment alternative to that shown
in FIG 7. As shown in FIG 10, the w ndow value does not
necessarily begin from o, and any digit my be used in the
initial position. Based on this fact, when the w ndow value
is to be read by the pen relative to the starting point, an
arbitrary value is subtracted from the currently read w ndow
value. |If the maxinmm value that can be displayed by any
wi ndow value is reached, the next w ndow value may be set to
0.

As mentioned above, the absolute positioning patterns
according to the present invention are constructed by
assigning X coordinate values to respective cells as shown
in FIG 5, assigning Y coordinate values to respective cells
as shown in FIG 9, and conbining the X coordinate values
with the Y coordinate values in the same cell position. The
resulting absolute positioning patterns are shown in FIG 11.

It is clear from the conparison between the absolute
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positioning patterns shown in FIGs. 2 and 11 that the binary
data value assigned to the <corresponding cells slightly
differ from each other. Such a difference results from the
manner of assigning/conbining binary data corresponding to
the second cells in the wunit cell patterns, as has been
described with reference to FIG. 4 and 8. Particularly, the
absolute positioning pattern shown in FIG 2 corresponds to
an exanple of applying the order of assigning/conbining
binary data shown in FIG 8 to both X and Y coordinates, and
t he absol ut e posi tioni ng pattern shown in FIG 11
corresponds to an exanple of applying/conbining the orders
of assigning/conbining the binary data shown in FIG. 4 and
8 to the X and Y coordinates, respectively. However , in
either case, the absolute positioning patterns shown in FIGs..
2 and 11 have the sane absolute coordinate value of
corresponding unit cell patterns.

The direction flag 103 shown in FIG 2 wll now be
described in nore detail.

The second cells 102 constituting the direction flag
103 nust be arranged in such a manner that the direction
flag itself has a directive feature. At l|east three second
cells nmust be used to this end. If fewer second cells are
used, at least two directive features exist no matter how
the second cells are arranged. It is to be noted that, if
the direction flag 103 is not used to sense rotation but

just to correct errors, tw or nore cells are enough to
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constitute the direction flag. Furthernore, if the direction
flag 103 is used just to differentiate adjacent wunit cell
patterns from one another, only a single second cell my
constitute the direction flag.

Those skilled in the art can understand that, if the
direction flag 103 is not used to correct errors but just to
sense rotation, the second cells 102 constituting t he
direction flag 103 contain no information or information
coded and displayed in a manner different from that of the
first cells 101.

When the direction flag 103 is used just to sense
rotation, three second cells 102 containing no information
are enough, and l|line segnents preferably connect them in the
shape of |I.

When three cells are arranged in a straight line with
no central point as shown in FIG 12, they have no directive
feature and are useless. Such an arrangenent must be
excl uded.

Assuming that a direction flag in the shape of J is
used, there are three types of distribution of the second
cells that my be considered on the coordinate wndow to
find the angle of rotation (90°, 180°, 270°) of a piece of
paper having an absolute positioning pattern printed thereon,
as shown in (a), (b), and (c) of FIG 13. Particularly, in
FIG 13, (a) shows a single group of cells on the coordinate

w ndow, (b) shows two separate groups of cells, and (c)
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shows three separate groups of cells.

In any case of (a), (b), or (c) of FIG 13, the cell c
acting as the central point is initially identified, and it
is confirmed if the other cells spaced from the cell c are
in the opposite position relative to the central point. As a
result, the rotated direction flag is restored.

It can be said that, if the restored direction flag
has the shape of L, it has been rotated by 90° clockw se.
Li kewi se, the shape of [ corresponds to 180° rotation, and
the shape of n corresponds to 90° counterclockw se rotation.
For exanple, the direction flag shown in (a) of FIG 13 has
undergone no rotation; the direction flag shown in (b) of
FI G 13, when restored, gives the shape of L, which
corresponds to 90° clockwi se rotation; and the direction
flag showmn in (c) of FIG 13, when restored, gives the shape
of r whi ch corresponds to 180° rotation. Such a
relationship is used to determne the angle of rotation of
the product (e.g. paper) and to rotate the matrix of cells
on the coordinate w ndow accordingly.

The correction of errors of absolute positioning

patterns according to the present invention wll now be
descri bed.
For error correction, t he second cells of t he

direction flag for identifying the w ndow display two-bit
binary data that has been coded in a manner different from

that of the first cells. The two-bit values correspond to
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the error correcting code of the X and Y coordinates,
respectively. The error correcting codes for the X and Y
coordinates are separately operated in a simlar manner.
Therefore, the error correcting code will be described wth
reference to only the X coordinately for clarity.

A single 4x4 wndow contains 13 bits of information

regarding the X coordinate, but it nmust have at least 4 bits

of redundancy for 2-bit error correction. The optimal
algorithm for block codes, i.e. RS (Reed-Solonobn) code, has
the code type of (2k-I, 2k-1-k). 1In other words, data of 2k-

1-k bits is reconstructed into a codeword of 2k-1 bits, so
that errors of up to 2 bits can be corrected. In this case,
k refers to the nunber of codes for error correction. |f k=4,
12 out of 16 cells are used for data, and 4 cells are used
as error correcting codes. To this end, the nunber of second
cells constituting the direction flag nmust be increased by
one (i.e. a total of four). In this case, 11 of the 12 cells
are subjected to error correction, and the remaining one
cell is subjected to error processing in the upper |ayer.

Except for the upper one bit, the remaining bits are
corrected in the follow ng manner:

The nunber of second cells constituting the direction
flag is changed to four. Respective second cells are coded
based on representation different from that of the first
cells so that the second cells can contain 2-bit information.

Even if four second cells are used, the position of patterns
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is calculated in the sanme manner, except that the nunber of
the first cells in the window is reduced by one. Then, the
RS coding, which is one of error correcting codes, is used
to calculate (encode) an error correcting code regarding all

or sonme of information in the data cells and to display the

coding result on the direction flag cells. If the window is
not correctly read, the error correcting code cannot
function properly. However, it is also possible to correct

errors by calculating the position according to the original
position calculating nmethod and conducting RS decoding. This,
however, may not provide correct restoration because an
estimated codeword, not the original RS-encoded codeword, is
subjected to RS decoding.

A nmethod for correcting the error of lower bits only
will now be described.

Considering that digits in higher places of binary
data constituting a wi ndow undergo |esser changes than those
in lower places, the nunber of second cells constituting a
direction flag can be reduced if digits in |ower places are
solely subjected to error correction. This nmakes it possible
to realize a larger nunber of different wunit cell patterns
(wi ndows). From another point of view, the possibility that
all of three cells may not be recognized sinultaneously is
| ower than the possibility that all of four cells may not be
recogni zed simultaneously. As a result, the error correction

function is nore likely to work properly.
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Those skilled in the art can easily understand that,
al though the RS coding has been adopted to correct errors of
the absolute positioning pattern in the above description,
the coding type is not limted to that.

The codes of binary data displayed on the first and
second cells will now be descri bed.

FIG 14 shows the codes of binary data displayed on
the first cells according to the present invention. Assum ng
virtual X and Y axes intersecting with each other at the
center of each cell, FIG 14 (a) shows a first |ine segnent
lying on the X axis with the intersection point at its
center; FIG 14 (b) shows a second line segnment |lying on the
Y axis with the intersection point at its center; FIG 14
(0 shows a third line segnment lying on the first and third
guadrants with the intersection point at its center; and (d)
shows a fourth line segnent Ilying on the second and fourth
gquadrants with the intersection point at its center.

FIG 15 shows a table enunerating X and Y coordinate
val ues corresponding to the meaning value of respective line
segnents shown in FIG 14, Particularly, the first line
segnent shown in FIG 14 (a) has a neaning value of o0, and
the corresponding X and Y coordinate value is (1,1); the
second |ine segnment shown in FIG 14 (b) has a nmeaning value
of 1, and the corresponding X and Y coordinate value is
(0,1); the third line segnent shown in FIG 14 (c) has a

meani ng value of 2, and the corresponding X and Y coordinate

- 21 -
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value is (1,0); and the fourth |ine segnment shown in FIG 14
(d) has a nmeaning value of 3, and the corresponding X and Y
coordinate is (0,0). Those skilled in the art can easily
understand that the table shown in FIG 15 is only an
exampl e, and the matching between the neaning values and the
X and Y coordinate values may be varied as desired.

FIG 16 shows the codes of binary data displayed on
the second cells according to the present i nvention.
Assuming virtual X and Y axes intersecting with each other
at the center of each cell, FIG 16 (a) shows a first Iline
segment lying on the first and second quadrants in a
direction parallel to the X axis; FIG 16 (b) shows a second
line segnent Ilying on the third and fourth quadrants in a
direction parallel to the X axis; FIG 16 (c¢) shows a third
line segnent Ilying on the second and third quadrants in a
direction parallel to the Y axis; and FIG 16 (d) shows a
fourth line segnent lying on the first and fourth quadrants
in a direction parallel to the Y axis.

Referring to FIG 15, the first line segnent shown in
FIG 16 (a) has a neaning value of o, and the corresponding
X and Y coordinate value is (1,1); the second line segnent
shown in FIG 16 (b) has a neaning value of 1, and the
corresponding X and Y coordinate value is (0,1); the third
line segment shown in FIG 16 (c) has a neaning value of 2,
and the corresponding X and Y coordinate value is (1,0); and

the fourth line segment shown in FIG 16 (d) has a neaning

- 22 -
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value of 3, and the corresponding X and Y coordinate value
is (0, 0).

Alternatively, the codes of binary data displayed on
the second cells according to the present invention may be
di splayed by line segnents in the same manner as in the case
of the first to fourth line segments of the first cells
shown in FIG 14 (a)-(d), except that the length is varied
to different them fromthe line segnents of the first cells.

FIG 17 shows another exanple of binary data codes
di splayed on the second cells according to the present
invention. Assuming virtual X and Y axes intersecting wth
each other at the center of each cell, FIG 17 (a) shows a
first line segment extending from the intersection point to
a point on the first quadrant; FIG 17 (b) shows a second
line segnent extending from the intersection point to a
point on the second quadrant; FIG 17 (c) shows a third Iine
segnment extending from the intersection point to a point on
the third quadrant; and FIG 17 (d) shows a fourth line
segment extending from the intersection point to a point on
the fourth quadrant. These |ine segnents correspond to X and
Y coordinate values of (0,0), (0,1), (1,0), and (1,1),
respectively.

FIG 18 shows another exanple of binary data codes
di splayed on the second cells according to the present
invention. Assuming virtual X and Y axes intersecting wth

each other at the center of each cell, FIG 18 (a) shows a
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first line segment lying on the positive portions of the X
and Y axes with the intersection point at its center; FIG
18 (b) shows a second line segment |lying on the negative
portion of the X axis and on the positive portion of the Y
axis with the intersection point at its center; FIG 18 (c)
shows a third line segnment |lying on the negative portions of
the X and Y axes with the intersection point at its center;
and FIG 18 (d) shows a fourth line segnent Iying on the
positive portion of the X axis and on the negative portion
of the Y axis with the intersection point at its center.
These line segnents correspond to X and Y coordinate values
of (0,0), (0,1), (1,0, and (1,1), respectively.

Those skilled in the art can understand that each of
the various |ine segnments described as neans to coding
bi nary data displayed on the first or second cells according
to the present invention can not only regarded as a portion
of line having a predetermned |[ength, but also as a
plurality of points lying on the same line. In this regard
the maxi mum distance between points constituting a line
segment nust be shorter than the distance between any point
in the corresponding cell and any point in an adjacent cell
in order to preventing such  nei ghboring poi nt's from
constituting a line segnment.

In addition, although it has been assuned in the above
description that respective cells display coded binary data,

the type of data is not limted to that, and the data may be
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three-digit data, four-digit data, etc.

I ndustrial Applicability

As can be seen from the foregoing, the present
invention is advantageous in that absolute positioning
patterns are easily realized by wusing sinple synbols
constituting data codes; the rotational condition of a
product having such a pattern can be known; the precision in
determ ning the absolute position is inproved; and, even if
the actual w ndow and the coordinate w ndow does not match
with each other, the coordinate window is restored to match
the actual wndow and find the coordinate value of the
actual window. In addition, the present invention requires a
smal l er amount of operation to calculate the coordinate
value compared with the prior art, but can display a broader

posi tion.

VWile this invention has been described in connection

with what is presently considered to be the nost practical

and exenplary enbodinent, it is to be understood that the
invention is not limted to the disclosed enbodinent and the
dr awi ngs, but, on the contrary, it is intended to cover

various nodifications and variations wthin the spirit and

scope of the appended cl ains.
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Cl ai ns

1. A product having an absolute positioning pattern on
a surface, the absolute positioning pattern conprising:

first cells displaying coded binary data or displaying
coded data expressed in terns of at least three digits;

second cells displaying data <coded in a nmanner
different fromthe first cells or having no data; and

a unit cell pattern fornmed by a group of at |least a
predeterm ned nunber of the first and second cells, wherein

a conbination of data corresponding to the first cells
within the unit cell pattern indicates an absolute
coordinate of the corresponding unit cell pattern, and the
unit cell pattern is differentiated from other adjacent wunit
cell patterns by the second cells wthin the unit cell

pat t ern.

2. The product as claimed in claim 1, wherein the unit
cell pattern conprises NxM cells, N and M being integers,

N=M or N#M.

3. The product as clainmed in claim 1, wherein a
position of each first cell within the wunit cell pattern
indicates a digit place of data indicating a value of the

absol ute coordi nate.

4. The product as clained in claim 3, wherein the
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digit place of the data becones higher in a cell position

closer to left and top.

5. The product as clainmed in claim 3, wherein the
digit place of the data becomes higher in a cell position

more distant froma center in a helical direction.

6. The product as clainmed in claim 1, wherein the
second cells exist in predetermned positions wthin the

unit cell pattern.

7. The product as clainmed in claim 1, wherein there is

at | east one second cell within the unit cell pattern.

8. The product as clained in claim 1, wherein there
are at least three second cells within the unit cell pattern,
and the second cells are connected with one another by Iine
segnents in a shape having no rotational symetry, the shape

being selected from-1, 1, and -
9. The product as clained in claim 8, wherein a
rotational condition of the product is identified based on

the second cells.

10. The product as clained in claim 1, wherein an

error of the absolute coordinate is corrected by using a
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value of data corresponding to the second cells within the

unit cell pattern.

11. The product as claimed in claim 10, wherein the
error is corrected only with regard to lower bits lying at
or below a predetermned digit place in data indicating the

absol ute coordi nat e.

12. The product as clained in claim 1, wherein an X
coordi nate value of the absolute coordinate value of the
unit cell pattern increases by one rightward or leftward in
a transverse direction in a row of unit cell patterns, and a
Y coordinate value of the absolute coordinate value of the
unit cell pattern increases by one upward or downward in a

[ ongitudinal direction in a colum of unit cell patterns.

13. The product as clained in claim 1, wherein an X
coordinate value of the absolute coordinate value of the
unit cell pattern has a constant value in an identical row,
and a Y coordinate value of the absolute coordinate value of
the unit cell pattern has a constant value in an identical

col um.

14. The product as claimed in claim 1, wherein the

binary data coded and displayed on the first cells is

indicated by |line segnments having different arrangenent
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angles relative to a virtual X or Y axis, a point of
intersection of the X and Y axes passing through a center
point of respective cells, the line segnments being arranged
with the point of intersection at a center, so that
5 corresponding data has different values depending on the

arrangenment angles of the line segnents.

15. The product as claimed in claim 1, wherein the
binary data coded and displayed on the first cells is
10 indicated by a |line segnent selected from the group
consisting of a line segnent lying on a virtual X axis with
a point of intersection of the virtual X axis and a virtual
Y axis at a center of the Iine segnent, the point of
intersection passing through a center point of respective
15 cells, a line segnent lying on the Y axis with the point of
intersection at a center of the line segnent, a l|line segnent
lying on first and third quadrants wth the point of
intersection at a center of the line segnent, and a l|ine
segnment lying on second and fourth quadrants with the point

20 of intersection at a center of the line segment.

16. The product as claimed in claim 15 wherein the
four line segnments are given neaning values of o, 1, 2, and
3, respectively, and the neaning values indicate X and Y

25 coordi nates of (0,0), (0,1), (1,0), and (1,1), respectively.
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17. The product as claimed in claim 1, wherein the

binary data coded and displayed on the second cells is

indicated by a Iline segnent selected from the group
consisting of a line segment Ilying on first and second
quadrants in a direction parallel to a virtual X axis

intersecting with a virtual Y axis, a line segnent |ying on
third and fourth quadrants in a direction parallel to the X
axis, a line segnment lying on second and third quadrants in
a direction parallel to the Y axis, and a line segnment |ying
on first and fourth quadrants in a direction parallel to the

Y axis.

18. The product as claimed in claim 17, wherein the
four line segnents are given neaning values of o, 1, 2, and
3, respectively, and the neaning values indicate X and Y

coordi nates of (0,0), (0,1), (1,0), and (1,1), respectively.

19. The product as claimed in claim 15 wherein the
binary data coded and displayed on the second cells is
indicated by line segnments in a manner simlar to the line
segnents of the first cells except that different |[Iengths
are used to different the line segnents from the 1line

segnents of the first cells.

20. The product as clained in claim 1, wherein the

binary data coded and displayed on the second cells is
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indicated by a line segnent selected from the group
consisting of a line segnent extending from a point of
intersection of virtual X and Y axes to a point on a first
quadr ant , a line segnent extending from the point of
intersection to a point on a second quadrant, a line segnent
extending from the point of intersection to a point on a
third quadrant, and a line segnent extending form the point

of intersection to a point on a fourth quadrant.

21. The product as claimed in claim 20, wherein the
line segnments have X and Y coordi nate values of (0,0), (0,1),

(1,0), and (1,1), respectively.

22. The product as claimed in claim 1, wherein the
binary data coded and displayed on the second cells is
displayed by a |line segnent selected from the group
consisting of a line segnent lying on a positive portion of
a virtual X axis and on a positive portion of a virtual Y
axis with a point of intersection of the X and Y axes at a
center of the Iline segnent, a line segnent lying on a
negative portion of the X axis and on the positive portion
of the Y axis with a point of intersection of the X and Y
axes at a center of the line segnent, a line segnment |ying
on the negative portion of the X axis and on a negative
portion of the Y axis with a point of intersection of the X

and Y axes at a center of the line segnent, and a line
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segnment |lying on the positive portion of the X axis and on
the negative portion of the Y axis wth a point of
intersection of the X and Y axes at a center of the Iline
segnment, and the Iline segnents have X and Y coordinate

5 val ues of (0,0), (0,1), (1,0), and (1,1), respectively.

23. The product as clainmed in one of clainms 14, 15, 17,
20, and 22, wherein the line segnents are expressed by a
plurality of points lying in a line, and a maxi nrum distance

10 between points lying on a line segnent in a corresponding
cell is smaller than a distance between a point in the

corresponding cell and a point in an adjacent cell.

24. A method for formng an absolute positioning
15 pattern, the nethod conprising the steps of:
formng first cells displaying coded binary data or
di splaying coded data expressed in ternms of at least three
digits;
formng second cells displaying data coded in a manner
20 different fromthe first cells or having no data;
formng a unit cell pattern by using a group of at
| east a predeterm ned nunber of the first and second cells;
indicating an absolute coordinate of the wunit cell
pattern by using a conbination of data corresponding to the
25 first cells within the unit cell pattern; and

differentiating the unit cell pattern from other
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adj acent wunit cell patterns by the second cells within the

unit cell pattern.

25. The nethod as clainmed in claim 24, wherein the
unit cell pattern conprises NxM cells, N and M being
integers, N=M or N#M, the unit cell pattern conprises at
| east three second cells, and the second cells are connected
with one another by line segnents in a shape having no
rotational symretry, the shape being selected from<d, n, and

-L.

26. The nethod as clained in claim 25 = wherein a
rotational condition of the unit cell pattern is identified

based on the shape of the second cells.
27. The nethod as claimed in claim 24, wherein the

first cells are coded and displayed by conmbining data

regarding X coordinates with data regarding Y coordinates.
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