
1 Description  [Title of Invention] STREAM DOT PATTERN, METHOD OF
FORMING STREAM DOT PATTERN, INFORMATION INPUT/OUTPUT METHOD USING
STREAM DOT PATTERN, AND DOT PATTERN [Technical Field] [0001]
The present invention relates to an information input/output method
using a dot pattern, which can input/output a variety of information
by optically reading dot pattern information formed on a medium and,
more particularly, to a technique of forming a stream dot pattern
linearly according to a predetermined rule. [Background Art] [0002]
Conventionally, there has been proposed an information input/output
method of printing, on a medium surface, a dot pattern obtained by
two-dimensionally arranging fine dots according to a predetermined
rule instead of a barcode so as to allow inputting/outputting of a
lot of information and programs, picking up them as image data by
means of a camera, digitizing the data, and then outputting
information such as speech. [0003]       For example, there has been
proposed a method of storing provided code information and
information corresponding to XY coordinates in a storage means in
advance and outputting various information or executing  



2 programs by retrieving them from code information and XY
coordinates read by an optical reading means (patent literatures 1
and 2). [Citation List] [Patent Literature] [0004] [Patent Literature
1] PCT/JP2003/003162        [Patent Literature 2] Japanese Patent
Laid-Open No. 2007-12016 [Summary of Invention] [Technical Problem]
[0005]       According to these dot pattern techniques (patent
literatures 1 and 2) proposed by the present inventor, a region for
printing a dot pattern, which is configured by a predetermined
rectangular region, is arbitrarily determined in advance, and then a
dot pattern is printed in the region on a medium surface. For this
reason, in the case of drawings and maps including CAD drawings,
characters/symbols/graphics, and the like, since the region where
visible information is printed is small, very complicated operation
is required to determine a region for printing a dot pattern. This
makes it difficult to implement a dot pattern technique rich in
convenience. This has been an unsolvable problem. 



[0006] When forming a dot pattern on a medium surface,  3
restrictions in terms of the shape of a rectangular region for the
formation of a dot pattern make it impossible to properly print a dot
pattern along actual lines and the like including visible curves
printed on the medium surface. For example, a line itself cannot have
information. In addition, owing to the restrictions in terms of
shape, a dot pattern cannot be formed in an arbitrary shape at an
arbitrary position on the medium surface, and dots are formed even in
a region where it is not necessary to input/output information by a
dot pattern technique. Furthermore, it is difficult to form dot
patterns on curved surface bodies such as globes, human phantoms and
the like, and various kinds of products while - maintaining shapes of
rectangular regions for the formation of the dot patterns. [0007]
The present invention has been made in consideration of the above
problems, and has as its object to implement a stream dot technique
rich in convenience by defining a plurality of pieces of information
using a dot pattern formed based on reference dots arranged linearly
and consecutively on a medium surface independently of the shape of a
rectangular region for the formation of a dot pattern, and outputting
the pieces of information by imaging operation or the like by an
imaging means. [Solution to Problem] [0008]  



4       A method of forming a dot pattern according to the present
invention is a method of forming a dot pattern comprising the
following steps, when forming, on a medium surface, a stream dot
pattern defining information according to a predetermined rule for
dots:  1) arranging a plurality of reference dots linearly and
consecutively on the medium surface according to a predetermined
rule;  2) providing a first virtual reference line which connects the
plurality of reference dots and is configured by a straight line or a
polygonal line and/or a curve;  3) providing a second virtual
reference line which is defined at a predetermined position from the
reference dot and/or the first virtual reference line, and is formed
by a straight line and/or a curve;  4) providing a plurality of
virtual reference points at predetermined positions on the second
virtual reference line; and  5) placing an information dot whose
information is defined by a distance and a direction from the virtual
reference point at an end point expressed by a vector with the
virtual reference point being a start point. [0009]       This makes
it possible to print a dot pattern in the form of a line including a
curve on a medium surface independently of the shape of a rectangular
region in a conventional dot pattern, and to input/output various  5 



kinds of information with respect to drawings and maps including CAD
drawings, characters/symbols/graphics, and the like by optically
reading dot pattern information formed on a medium. [0010]        In
addition, continuously forming a dot pattern in the form of a strip
in a circumferential direction allows to properly print the dot
pattern on all types of curved surfaces such as globes, human
phantoms and the like, and various kinds of products, and to
optically read dot pattern information formed on a medium. [0011]
In addition, the method of forming a dot pattern according the
present invention is the method of forming a dot pattern defined in
claim 1 characterized in that in the step 1), a plurality of
reference dots arranged linearly and consecutively are arranged at
predetermined intervals. [0012]       This facilitates a search for
the first and second virtual reference lines, and can save the
calculation time due to the complexity of an algorithm. [0013]
In addition, the method of forming a dot pattern according the
present invention is the method of forming a dot pattern according to
claim 1, characterized in that in the step 4), a plurality of virtual
reference points  6 



provided on the second virtual reference line are provided on the
plurality of reference dots in place of the second virtual reference
line. [0014]       This makes it possible to define information by
the distance and direction from a reference dot, and hence allows to
save the calculation time due to the complexity of the algorithm for
searching for a virtual reference point. This can therefore reduce
errors caused by calculation for obtaining the position of a virtual
reference point. [0015]       In addition, the method of forming a
dot pattern according the present invention is the method of forming
a dot pattern according to claim 1, characterized by further
comprising, after the step 4), a step of providing the plurality of
virtual reference points on the plurality of reference dots. [0016]
In addition, the method of forming a dot pattern according the
present invention is the method of forming a dot pattern according to
claim 1, characterized by further comprising, after the step 4), a
step of placing a reference dot on the virtual reference point.
[0017]       This makes it possible to prevent deterioration in
reading accuracy accompanying an increase in the area of a  7 



region configuring a predetermined information group of a dot
pattern. [0018]       In addition, the method of forming a dot
pattern according the present invention is the method of forming a
dot pattern according to claim 1, characterized by further
comprising, after the step 4), a step of providing a virtual
reference point at a predetermined position at which a reference dot
placed on the virtual reference point is connected to a reference dot
placed on the first virtual reference line. [0019]       In addition,
the method of forming a dot pattern according the present invention
is the method of forming a dot pattern according to claim 1,
characterized in that in the step 1), a plurality of reference dots
arranged linearly and consecutively according to a predetermined rule
are arranged in not less than two rows at least on the medium
surface,       in the step 2), not less than two first virtual
reference lines which connect a plurality of reference dots and are
formed by straight lines or polygonal lines and/or curves are
provided in correspondence with the reference dots in not less than
two rows, and       in the step 3), a second virtual reference line
defined at a predetermined position from a reference dot and/or a
first virtual reference line is defined between  8 the not less than
two first virtual reference lines. [0020]        In addition, the
method of forming a dot pattern according the present invention is
the method of forming a dot pattern according to claim 7,
characterized in that the second virtual reference line comprises a
straight line connecting a plurality of reference dots arranged on
the not less than two different first virtual reference lines. 



[0021]       In addition, the method of forming a dot pattern
according the present invention is the method of forming a dot
pattern according to claim 7, characterized in that in the step 4), a
plurality of virtual reference points arranged at predetermined
positions on second virtual reference lines are provided at midpoints
of the second virtual reference lines. [0022]       In addition, the
method of forming a dot pattern according the present invention is
the method of forming a dot pattern according to claim 1,
characterized in that in the step 3), second virtual reference lines
defined at predetermined positions from reference dots and/or a first
virtual reference line comprise straight lines configuring opposite
sides forming a triangle having, as a base, a first virtual reference
line connecting adjacent reference dots with a straight line, and  9
in the step 4), a plurality of virtual reference points provided at
predetermined positions on second virtual reference lines are
provided on vertices of the triangle or on opposite sides of the
triangle. [0023]        In addition, the method of forming a dot
pattern according the present invention is the method of forming a
dot pattern according to claim 10, characterized in that the triangle
is defined by predetermined base angles at the adjacent reference
dots and lengths of opposite sides corresponding to predetermined
magnifications relative to the base or a height from the base to the
vertex which corresponds to a predetermined magnification ratio
relative to the base. [0024]       In addition, the method of forming
a dot pattern according the present invention is the method of
forming a dot pattern according to claim 10, characterized in that
the triangle comprises an isosceles triangle. 



[0025]       In addition, the method of forming a dot pattern
according the present invention is the method of forming a dot
pattern according to claim 10, characterized in that the triangle
comprises an equilateral triangle. [0026] In addition, the method of
forming a dot pattern according the present invention is the method
of forming a  10 dot pattern according to claim 1, characterized in
that in the step 3), a second virtual reference line defined at a
predetermined position from a reference dot and/or a first virtual
reference line comprises a straight line which divides an interior
angle at a vertex of the first virtual reference line formed by the
polygonal line into equal halves, and       in the step 4), a
plurality of virtual reference points provided at predetermined
positions on the second virtual reference lines are provided at
predetermined distances from the plurality of reference dots. [0027]
In addition, the method of forming a dot pattern according the
present invention is the method of forming a dot pattern according to
claim 1, characterized in that in the step 2), a first virtual
reference line which connects a plurality of reference dots and is
formed by a polygonal line is provided with only a portion where the
reference dot is placed being a vertex. 



[0028]       In addition, the method of forming a dot pattern
according the present invention is the method of forming a dot
pattern according to claim 1, characterized in that in the step 3), a
second virtual reference line defined at a predetermined position
from a reference dot and/or a first virtual reference line comprises
a straight line which forms an arbitrary angle with respect to a
tangent to the  11 first virtual reference line formed by the curve,
and        in the step 4), a plurality of virtual reference points
provided at predetermined positions on second virtual reference lines
are provided at predetermined positions determined from the adjacent
dots. [0029]       In addition, the method of forming a dot pattern
according the present invention is the method of forming a dot
pattern according to claim 16, characterized in that a predetermined
position determined from the adjacent reference dots is defined by an
intersection point between the second virtual reference lines which
form predetermined angles from the adjacent reference dots, a
distance from the reference dot corresponding to a predetermined
magnification ratio relative to a length of the first virtual
reference line formed by the curve connecting the adjacent reference
dots, or a height from the first virtual reference line, formed by a
curve connecting the adjacent reference dots, which corresponds to a
predetermined magnification ratio relative to a length of the first
virtual reference line. [0030] In addition, the method of forming a
dot pattern 



according the present invention is the method of forming a dot
pattern according to claim 1, characterized in that in the step 3), a
second virtual reference line defined at a predetermined position
from a reference dot and/or a first  12 virtual reference line
comprises a straight line passing through the reference dot or a
midpoint of the adjacent reference dots. [0031]       In addition,
the method of forming a dot pattern according the present invention
is the method of forming a dot pattern according to claim 1,
characterized in that in the step 3), a second virtual reference line
defined at a predetermined position from a reference dot and/or a
first virtual reference line comprises a straight line perpendicular
to the first virtual reference line formed by a straight line or a
straight line perpendicular to a tangent to the first virtual
reference line formed by a curve, and       in the step 4), a
plurality of virtual reference points provided at predetermined
positions on second virtual reference lines are provided at
predetermined positions determined from the adjacent reference dots.
[0032]       In addition, the method of forming a dot pattern
according the present invention is the method of forming a dot
pattern according to claim 1, characterized in that in the fourth
step 4), a plurality of virtual reference points provided at
predetermined positions on a second virtual reference line are
provided at predetermined distances from the first virtual reference
line formed from a straight line or from a tangent to the first 



13 virtual reference line formed by a curve. [0033]        In
addition, the method of forming a dot pattern according the present
invention is the method of forming a dot pattern according to claim
1, characterized in that in the step 1), a plurality of reference
dots arranged linearly and consecutively are arranged at different
intervals, and a direction of a dot pattern and a predetermined
information group of the dot pattern are defined by the arrangement
intervals. [0034]       In addition, the method of forming a dot
pattern according the present invention is the method of forming a
dot pattern according to claim 21, characterized in that the
plurality of reference dots are arranged for each predetermined
information group of the dot pattern such that an interval between at
least one pair of the adjacent reference dots differs from uniform
intervals between other pairs of the adjacent reference dots, and a
predetermined information group of the dot pattern is defined by the
arrangement intervals. [0035]       In addition, the method of
forming a dot pattern according the present invention is the method
of forming a dot pattern according to claim 21, characterized in that
the plurality of reference dots are arranged for each predetermined
information group of the dot pattern such  14 



that intervals between at least two pairs of the adjacent reference
dots differ from uniform intervals between other pairs of the
adjacent reference dots, and a direction of the dot pattern and a
predetermined information group of the dot pattern are defined by the
arrangement intervals. [0036]       In addition, the method of
forming a dot pattern according the present invention is the method
of forming a dot pattern according to claim 1, characterized in that
in the step 5), information dots each of whose information is defined
by a distance and a direction from the virtual reference point at an
end point expressed by a vector with the virtual reference point
being a start point are placed on two opposite sides of the first
virtual reference line in different shifting directions, and a
direction of the dot pattern and a predetermined information group of
the dot pattern are defined by a difference between the shifting
directions. [0037]       In addition, the method of forming a dot
pattern according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that in the step
4), a plurality of virtual reference points provided at predetermined
positions on second virtual reference lines are arranged such that
different numbers of virtual reference points are arranged on two
sides of the first virtual reference line, and a direction of the  15
dot pattern and a predetermined information group of the dot pattern
are defined by a difference between the numbers. [0038]        In
addition, the method of forming a dot pattern according the present
invention is the method of forming a dot pattern according to claim
1, characterized in that in the step 5), information dots each of
whose information is defined by a distance and a direction from the
virtual reference point at an end point expressed by a vector with
the virtual reference point being a start point are arranged such
that different numbers of information dots are arranged on two sides
of the first virtual reference line, and a direction of the dot
pattern and a predetermined information group of the dot pattern are
defined by a difference between the numbers. [0039]      In addition,
the method of forming a dot pattern according the present invention
is the method of forming a dot pattern according to claim 1,
characterized in that in the step 5), information is defined
depending on whether an information dot whose information is defined
by a distance and a direction from the virtual reference point at an
end point expressed by a vector with the virtual reference point
being a start point is placed at each of the virtual reference
points, placed on the virtual reference point, or placed on neither
thereof. 



16 [0040]        This allows a flexible way of arranging information
dots, that is, placing an information dot at a position shifted from
a given virtual reference point of a plurality of virtual reference
points arranged in one dot pattern (with the distance and direction
being other than 0), placing an information dot on another virtual
reference point (with the distance and direction being 0), and
placing no information dot on still another virtual reference point
(with no information dot). [0041]       In addition, the method of
forming a dot pattern according the present invention is the method
of forming a dot pattern according to claim 1, characterized in that
in the step 1), a direction of the dot pattern and a predetermined
information group are defined by shifting and placing at least one of
the plurality of reference dots as a key dot at a predetermined
position. [0042]       n addition, the method of forming a dot
pattern according the present invention is the method of forming a
dot pattern according to claim 28, characterized by further
comprising, after the step 3), a step of defining a direction of the
dot pattern and a predetermined information group by placing the key
dot at a predetermined position in a direction parallel or
perpendicular to a direction of the second virtual  17 



reference line. [0043]       In addition, the method of forming a dot
pattern according the present invention is the method of forming a
dot pattern according to claim 28, characterized by further
comprising, after the step 3), a step of providing a third virtual
reference line which passes through at least one of the plurality of
reference dots and is perpendicular to a straight line forming the
first virtual reference line or a tangent to a curve forming the
first virtual reference line, or divides an interior angle into equal
halves at a vertex of a polygonal line forming the first virtual
reference line, and defining a direction of the dot pattern and a
predetermined information group by placing the key dot at a
predetermined position on the third virtual reference line. [0044]
In addition, the method of forming a dot pattern according the
present invention is the method of forming a dot pattern according to
claim 28, characterized in that in the step 3), a second virtual
reference line defined at a predetermined position from a reference
dot and/or a first virtual reference line is defined from only a
reference dot other than the reference dot shifted as the key dot.
[0045] In addition, the method of forming a dot pattern  18 according
the present invention is the method of forming a dot pattern
according to claim 1, characterized by further comprising, after the
step 2), a step of providing a third virtual reference line which
passes through at least one of the plurality of reference dots and is
perpendicular to a straight line forming the first virtual reference
line or a tangent to a curve forming the first virtual reference
line, or divides an interior angle into equal halves at a vertex of a
polygonal line forming the first virtual reference line, and placing
at least one side dot, at a predetermined position on the third
virtual reference line, which defines a direction of the dot pattern
and a predetermined information group. 



[0046]       In addition, the method of forming a dot pattern
according the present invention is the method of forming a dot
pattern according to claim 32, characterized in that in the step 4),
a plurality of virtual reference points provided at predetermined
position on second virtual reference lines are provided on a fourth
virtual reference line which is parallel to the first virtual
reference line and passes through the side dot. [0047]       In
addition, the method of forming a dot pattern according the present
invention is the method of forming a dot pattern according to claim
33, characterized in that the plurality of virtual reference points
are provided at  19 predetermined intervals on the fourth virtual
reference line. [0048]       In addition, the method of forming a dot
pattern according the present invention is the method of forming a
dot pattern according to claim 32, characterized in that at least not
less than one of the side dots is placed on each of two sides of the
first virtual reference line such that the side dots are located at
different distances from the first virtual reference line, and a
direction of the dot pattern is defined by distances between the side
dots and the first virtual reference line. [0049]       In addition,
the method of forming a dot pattern according the present invention
is the method of forming a dot pattern according to claims 28 and 32,
characterized in that at least not less than one of the side dots is
placed on each of two sides of the first virtual reference line such
that the side dots are located at equal distances from the first
virtual reference line, and a direction of the dot pattern and a
predetermined information group of the dot pattern are defined by a
distance between the side dot and the key dot. 



[0050]       This makes it possible to recognize the shifting
direction of a key dot from the distance from a side dot in addition
to a shift from the first virtual reference  20 line. It is therefore
possible to recognize the direction of the dot pattern more
accurately. [0051]       In addition, the method of forming a dot
pattern according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that a reference
dot and/or an information dot is formed by a polygonal shape
configured to express a direction, and a direction of the dot pattern
is defined by the shape. [0052]    . In addition, the method of
forming a dot pattern according the present invention is the method
of forming a dot pattern according to claim 1, characterized in that
one reference dot and/or an information dot is formed to have a size
different from that of other reference dots and/or other information
dots, and a direction of the dot pattern and a predetermined
information group are defined from a difference between the sizes.
[0053]       In addition, the method of forming a dot pattern
according the present invention is the method of forming a dot
pattern according to claim 1, characterized in that one reference dot
and/or an information dot is formed to have a shape different from
that of other reference dots and/or other information dots, and a
direction of the dot pattern and a predetermined information group
are defined from a difference between the shapes.  



21 [0054]        In addition, the method of forming a dot pattern
according the present invention is the method of forming a dot
pattern according to claim 1, characterized in that a reference dot
and/or an information dot is printed by ink having a property of
exhibiting a different reaction to irradiation light than ink used to
print visible information on a medium surface. [0055]       In
addition, the method of forming a dot pattern according the present
invention is the method of forming a dot pattern according to claim
40, characterized in that the ink having the property of exhibiting
the different reaction is invisible. [0056]       In addition, the
method of forming a dot pattern according the present invention is
the method of forming a dot pattern according to claim 40,
characterized in that the irradiation light comprises infrared light,
the ink having the property comprises an infrared-absorbing ink, and
the ink used to print visible information on a medium surface
comprises an infrared-transmitting ink or an infrared-reflecting ink.
[0057] In addition, the information input/output method 



using a dot pattern according the present invention is the  22
information input/output method used for a stream data pattern formed
by a method defined in claim 1, characterized by comprising:       a
step of causing optical reading means to pick up a predetermined
position, a predetermined region, or an entire region on a medium
surface, as image data, which configures the stream dot pattern; and
a step of causing information processing means to obtain a code value
and/or a coordinate value by analyzing the image data and output
corresponding information or execute a corresponding program. [0058]
In addition, the information input/output method using a dot pattern
according the present invention is the information input/output
method according to claim 43, characterized in that the optical
reading means reads a dot pattern at a predetermined position, in a
predetermined region, or in an entire region while being in contact
or spaced apart from a medium surface, or reads a dot pattern formed
linearly. [0059]       A dot pattern according the present invention
is a stream dot pattern characterized by comprising: 



a plurality of reference dots arranged linearly and consecutively on
a medium surface according to a predetermined rule; a first virtual
reference line which connects the  23 plurality of reference dots and
is formed by a straight line or a polygonal line and/or a curve;
a second virtual reference line which is defined at a predetermined
position from the reference dot and/or the first virtual reference
line, and is formed by a straight line and/or a curve;        a
plurality of virtual reference points provided at predetermined
positions on the second virtual reference line; and       an
information dot whose information is defined by a distance and a
direction from the virtual reference point. [0060]        This makes
it possible to form a dot pattern along an actual line including a
curve. In addition, since predetermined information groups determined
by a predetermined rule for dot patterns are consecutively provided,
it is possible to adjust the length of a predetermined information
group, as a design consideration, in a predetermined range by
increasing or decreasing the intervals of predetermined information
groups based on the length of the actual line. [0061] 



In addition, deriving the length of predetermined information groups,
as an average length, from the length of an actual line can prevent a
decrease in information amount and the distortion of a dot pattern
that occurs to the extent that a reading means cannot read it, due to
the  24 differences between the length, interval, size, and number of
dots near the end portion (near the joint between strips) and those
of other consecutive dot patterns, when consecutively forming stream
dot patterns in the form of strips on, for example, a curved body in
the circumferential direction. [0062]       In this case, the
predetermined range is defined by the minimum value at which it is
guaranteed to analyze image data obtained by imaging a predetermined
information group using an optical reading means. With the
state-of-the-art optical reading means, the minimum value is almost 1
mm to several mm. Obviously, advances in technology will make the
minimum value approach 0 without limit. [0063]       In this case,
the optical reading means is, for example, a camera or a scanner. The
scanner includes a pen-type scanner and a flatbed scanner. [0064]
The manner of adjustment is not limited to this. It is possible to
perform adjustment by changing the positions of dots or the
predetermined interval and number of dots in a predetermined
information group, that is, by making it have a so-called variable
length. [0065]       This makes it possible to cope with data of
various sizes within the amount of information set when each 



25 predetermined information group is made to have a variable length,
that is, within the range in which information can be read by the
reading means. [0066]       In addition, a dot pattern according the
present invention is a dot pattern formed by arranging, in one line
or a plurality of lines, a stream dot pattern according to a step of
linearly and consecutively arranging a plurality of reference dots
according to a predetermined rule, a step of providing a first
virtual reference line which connects the plurality of reference dots
and is formed by a straight line or a polygonal line and/or a curve,
a step of providing at least not less than one second virtual
reference line which is defined at a predetermined position from the
reference dot and/or the first virtual reference line, and is formed
by a straight line and/or a curve, a step of providing a plurality of
virtual reference points at predetermined positions on the second
virtual reference line, and a step of placing an information dot
whose XY coordinate value and/or code value is defined by a distance
and a direction from the virtual reference point at an end point
expressed by a vector with the virtual reference point being a start
point. [0067]       According to this technique, forming a plurality
of stream dot patterns with constant intervals between  26 reference
points side by side can define XY coordinate values on a printing
medium without any gaps and generate locus information. In addition,
assume that characters, a staff notation, a map, graphics, or the
like are printed on a printing medium, and the line segments are
traced or touched with a scanner pen to perform some operation. In
this case, forming a stream dot pattern only along the line segments
allows to rationally arrange a dot pattern. When forming a dot
pattern whose XY coordinates are defined as a two-dimensional code,
it is possible to form a dot pattern by repeating a predetermined
information group in an arbitrary shape conforming to an information
region visibly formed on a medium surface without being restricted by
the shape of a rectangular region (used as an index). [0068] 



In addition, a dot pattern according the present invention is, the
dot pattern according to claim 46, characterized in that the stream
dot pattern is provided with a reference dot at a predetermined
position which serves as a reference for defining the second virtual
reference line and/or a direction of the dot pattern and one XY
coordinate value and/or code value. [0069]       According to this
technique, placing a new reference point can easily define the
direction of the stream dot pattern and a predetermined information
group without  27 using any information dot. This makes it possible
to suppress an unnecessary decrease in information. In addition,
placing a new reference point allows to accurately indicate the
position of a virtual reference point as the start point of
information dots. [0070]        In addition, a dot pattern according
the present invention is, the dot pattern according to any one of
claims 45 to 47, characterized in that the plurality of reference
dots or the plurality of virtual reference points are arranged at
least on or along an actual line visibly formed on a medium surface.
[0071]       This can make a line itself have information and
implement information input/output operation rich in convenience.
[0072] 



In this case, the expression "at least" means that reference dots or
virtual reference points are arranged on or along an actual line in a
portion where the actual line is visibly formed on the medium
surface. In a portion where no actual line is formed, it is possible
to arbitrarily arrange reference dots or virtual reference points
without being restricted by the above expression. [Advantageous
Effects of Invention] [0073] According to the present invention, it
is possible to  28 print a dot pattern linearly on a medium surface
independently of the shape of a rectangular region in which a dot
pattern is formed as a two-dimensional code. In addition, it is
possible to input/output various kinds of information with respect to
drawings and maps including CAD drawings,
characters/symbols/graphics, and the like by optically reading dot
pattern information formed on a medium. It is difficult to print a
dot pattern configured by a rectangular region on a curved surface
body while maintaining its shape. Using a stream dot pattern
according to the present invention makes it possible to properly
print dot patterns on all types of curved surfaces such as globes,
human phantoms and the like, and various kinds of products, and to
optically read dot pattern information formed on a medium. [Brief
Description of Drawings] [0074] [Fig. 1] Fig. 1 is a view
schematically showing a stream dot pattern. [Fig. 2] Fig. 2 is a view
showing examples of the information dots of a dot pattern and the bit
display of data defined on them.  [Fig. 3] Fig. 3 is a view showing
examples of the information dots of a dot pattern and the bit display
of data defined on them. 



[Fig. 4] Fig. 4 is a view showing examples of the information dots of
a dot pattern and the bit display of  29 data defined on them.  [Fig.
5] Fig. 5 is a view showing modifications of the dot pattern.  [Fig.
6] Fig. 6 explains a method of forming a stream dot pattern. [Fig. 7]
Fig. 7 explains a method of forming a stream dot pattern. [Fig. 8]
Fig. 8 is a view showing an example of how the first virtual
reference line is provided by a Bezier curve. [Fig.9]Fig.9 shows an
example of each dot pattern in the present invention. 



[Fig.10] pattern. Fig. 10 shows an example of each stream dot
[Fig.11] pattern. Fig. 11 shows an example of each stream dot
[Fig.12] 



pattern. Fig. 12 shows an example of each stream dot [Fig.13]
pattern. Fig. 13 shows an example of each stream dot [Fig.14]
pattern. 



Fig. 14 shows an example of each stream dot [Fig.15] Fig. 15 shows an
example of how each first  virtual reference line is defined from the
arrangement of reference dots.  [Fig. 16] Fig. 16 shows an example of
a method of defining the second virtual reference line.  



30  [Fig. 17] Fig. 17 shows an example of a method of defining the
second virtual reference line.  [Fig. 18] Fig. 18 shows an example of
a method of defining the second virtual reference line.  [Fig. 19]
Fig. 19 shows an example of a method of defining the second virtual
reference line.  [Fig. 20] Fig. 20 shows an example of a method of
defining the second virtual reference line. [Fig.21]Fig.21 explains
the positions where virtual reference points are provided. [Fig.22]
pattern. Fig. 22 



shows an example of each stream dot [Fig.23] pattern. Fig. 23 shows
an example of each stream dot [Fig.24] Fig. 24 shows an example of
how the direction of  



each dot pattern and each predetermined information group of the dot
pattern are defined by the number of virtual reference points.  [Fig.
25] Fig. 25 shows an example of each stream dot pattern.  [Fig. 26]
Fig. 26 explains an example of each arrangement of key dots.  [Fig.
27] Fig. 27 explains examples of the arrangements of side dots.
[Fig. 28] fig. 28 is a view showing an example of how XY coordinates
are obtained from a dot pattern. [Fig. 29] Fig. 29 shows an example
of each stream dot  31 pattern.  [Fig. 30] Fig. 30 shows an example
of each stream dot pattern. [Fig. 31] Fig. 31 shows an example of
each stream dot pattern. 



[Fig. 32] Fig. 32 shows an example of the format of each dot pattern.
[Fig. 33] Fig. 33 shows an example of the format of each dot pattern.
[Fig. 34] Fig. 34 shows an example of each stream dot pattern.  [Fig.
35] Fig. 35 shows an example of each stream dot pattern. [Description
of Embodiments] [0075]       Fig. 1 is a view for explaining an
example of the dot pattern according to the present invention. Fig. 2
is an enlarged view showing an example of the information dots of a
dot pattern and the bit display of data defined on them. [0076] An
information input/output method using a dot pattern according to the
present invention includes recognition of a dot pattern 1 and a means
for outputting information from the dot pattern 1 and executing a 



program. [0077]  32        This method extracts reference dots 4
first by picking up the dot pattern 1 formed in a region where
information is to be provided (for example, an actual line formed on
a medium) as image data using an optical reading means, and then sets
a line connecting the reference dots 4 as a first virtual reference
line 6. If no dots are arranged at positions where the reference dots
4 should be located on the first virtual reference line 6, dots near
the positions where the reference dots 4 should be located are
extracted and set as key dots 2 (on the two end portions of a
predetermined information group). The method then extracts side dots
12 arranged on extended lines in the positive and negative directions
of the positional shifts of the key dot 2, and sets a straight line
which passes through the side dots 12 and the key dot 2 and is
perpendicular to the first virtual reference line 6 as a third
virtual reference line 8. [0078] This method then sets second virtual
reference lines 7 which pass through the reference dots 4 and extend
in a direction perpendicular to the first virtual reference line 6,
and fourth virtual reference lines 9 which pass through the side dots
12 and are parallel to the first virtual reference line 6, and sets
the intersection points between the virtual reference lines as
virtual reference points 5. The method then searches for a dot around
the virtual reference point 5 and extracts an information dot  33 



3 on which information is defined by the distance and direction from
the virtual reference point 5. [0079]        In this case, the ratio
between the arrangement interval of the reference dots 4 and the
distance from the first virtual reference line 6 to the side dot 12
is 1:1. Therefore, setting a square having the reference dot 4 as a
vertex and an aspect ratio of 1:1 on the first virtual reference line
6 can derive the position of the virtual reference point 5 by
interpolation. Note that it is possible to arbitrarily set an aspect
ratio. [0080]       This method determines the direction of a
predetermined information group, i.e., the direction of the dot
pattern 1, from the direction of the key dot 2 from the first virtual
reference line 6. If, for example, the key dot 2 is shifted from the
first virtual reference line 6 in the +Y direction, the information
dots 3 in the predetermined information group may be recognized upon
recognizing the shifting direction as coinciding with the correct
position. [0081]        If the key dot 2 is shifted from the first
virtual reference line 6 in the -Y direction, the information dots 3
in a predetermined information group may be recognized upon
recognizing, as coinciding with the correct position, the direction
of the predetermined information group which  34 is set by being
rotated about its center through 1800 . 



[0082] In this case, it is also possible to define the direction of
the dot pattern 1 by the distance between the side dot 12 and the key
dot 2. If,for example, the distance between the key dot 2 



and the side dot 12 placed  in the +Y direction is shorter than the
distance between the key dot 2 and the side dot 12 placed in the -Y
direction, the information dots 3 in a predetermined information
group may be recognized upon recognizing the corresponding direction
as coinciding with the correct position. [0083]        If the
distance between the key dot 2 and the side dot 12 placed in the -Y
direction is shorter than the distance between the key dot 2 and the
side dot 12 placed in the +Y direction, the information dots 3 in a
predetermined information group may be recognized upon recognizing,
as coinciding with the correct position, the direction of the
predetermined information group rotated about set by being its center
through 180. [0084]       When an image of the dot pattern 1 read by
the optical reading means is stored in the frame buffer, the central
processing unit (CPU) of the optical reading means analyzes the dots
in the frame buffer to decode a numerical value defined for each
information dot 3 based  35  on the distance and direction of each
information dot 3 from the virtual reference point 5 (see Figs. 2, 3,
and 4). These numerical values are then collated as XYZ coordinates
or code values with information stored in the memory of the optical
reading means or personal computer. As a consequence, speech, images,
moving images, characters, programs, or the like corresponding to the
XYZ coordinates or code values are read out and output from a display
means or speech/image output means. 



[0085]       When generating the dot pattern 1 of the present
invention, a dot code generation algorithm arranges fine dots, i.e.,
the key dots 2, the information dots 3, reference dots 4, and the
side dots 12, in order to make information such as speech
recognizable, according to a predetermined rule. (For example,
linearly and consecutively arranging reference dots, providing
virtual reference lines constituting a polygon by using the plurality
of arranged reference dots, providing a virtual reference point at
the vertex of the polygon, and providing a dot defining information
at the end point of a vector having the virtual reference point as
the start point. Note that it is possible to define the direction of
the dot pattern by using the shape of this polygon.) [0086]      As
shown in Fig. 1, a straight line in the horizontal direction which
configures a predetermined information  36 group of the dot pattern 1
formed along the linearly arranged reference dots 4 (linear in the
case shown in Fig. 1) is provided as the first virtual reference line
6 on the medium. [0087]        The side dot 12 is provided on the
third virtual reference line 8 perpendicular to the first virtual
reference line 6 passing through the reference dot 4 (a reference dot
placed as the key dot 2 in the case shown in Fig. 1). A straight line
parallel to the third virtual reference line 8 passing through the
reference dot 4 is set as the second virtual reference line 7. A
straight line which passes through the side dot 12 and is parallel to
the first virtual reference line 6 is set as the fourth virtual
reference line 9. In addition, this method defines the direction in
which the key dot 2 placed at a predetermined position on the medium
(on the third virtual reference line 8 in the case shown in Fig. 1)
shifts from the first virtual reference line 6, the direction of the
dot pattern with the distance from the side dot 12, and a
predetermined information group of the dot pattern 1 from the
arrangement interval of the side dots 12 and/or the key dots 2.
[0088]       Note that it is possible to form the dot pattern 1 along
an actual line visibly formed on the medium surface. An actual line
in this case is a concept relative to a  



37 virtual line and includes every line that actually exists. [0089]
For example, actual lines include solid lines, broken lines, dotted
lines, straight lines, and curves. The present invention is not
limited to any specific type of medium on which lines are formed (for
example, the display of a video display apparatus) or any specific
type of material to form lines (for example, ink). Note that a dot
pattern may be a printed indication, a display indication, or a
convex/concave pattern such as a hole or groove pattern on a metal or
plastic medium. [0090]       The intersection point between the
second virtual reference line 7 and the fourth virtual reference line
9 is set as the virtual reference point 5. [0091]        The dot
pattern 1 is generated by arranging one or a plurality of information
dots 3, each having a distance and direction with reference to the
virtual reference point 5 set in the above manner. [0092]       When
the optical reading means picks up the dot pattern 1 as image data,
it is possible to correct the distortion of the lens of the optical
reading means or the like, oblique imaging, the expansion and
contraction of a sheet surface, the curvature of the medium surface,
distortion at the time of printing by using the reference  38 



dots 4. More specifically, this method obtains correction function
(Xn, Yn) = f(Xn't Yn') which converts a plurality of virtual
reference points 5 exhibiting distortion into an original polygon (a
square in this case shown in Fig. 1), and corrects the information
dots 3 using the same function, thereby obtaining the vectors of the
correct information dots 3. [0093]        Arranging the reference
dots 4 in the dot pattern 1 allows image data picked up from the dot
pattern 1 by the optical reading means to correct distortion due to
the optical reading means and/or distortion due to oblique imaging.
Even oblique imaging by a popular camera attached with a lens with a
high distortion ratio allows to correctly recognize the dot pattern 1
when picking up its image data. In addition, even if the user reads
the dot pattern 1 with the optical reading means while tilting it
relative to the surface of the dot pattern 1, using a predetermined
algorithm makes it possible to correctly recognize the dot pattern 1.
[0094]       As shown in Fig. 1, the key dots 2 are dots arranged on
the two ends of a predetermined information group. The key dots 2 are
the representative points of the dot pattern 1 of one region which
represents one information dot group. Note that representative points
can be arranged at any positions in an information dot group.  39
Assume that the interval between adjacent reference dots is 0.5 mm.
In this case, each representative dot is placed at a position shifted
0.1 mm upward from the position at which the reference dot 4 on an
end portion of the region of the dot pattern 1 should be placed. If,
therefore, the information dot 3 is defined by X- and Y-coordinate
values from the reference dot 4, the position spaced downward from
the key dot 2 by 0.1 mm corresponds to a coordinate point. However,
this numerical value (0.1 mm) is not limited to the above value, and
is variable in accordance with the size of the region of the dot
pattern 1. [0095]       The information dots 3 are dots for the
recognition of various kinds of information. Each information dot 3
is a dot placed at the end point expressed by a vector extending from
the virtual reference point 5 as the start point. For example, as
shown in Fig. 2, each information dot 3 is a dot which is spaced
apart from the virtual reference point 5 by 0.1 mm has a direction
and length which are expressed by a vector, and hence 3 bits are
expressed by arranging information dots clockwise at angular
intervals of 450 in eight directions. [0096] 



According to Fig. 2, one predetermined information group can express
3 (bits) x 8 = 24 bits. [0097]  40        In the case shown in Fig.
2, 3 bits are expressed by arranging dots in the eight directions.
However, the present invention is not limited to this. It is possible
to express 4 bits by arranging dots in 16 directions. Obviously, it
is possible to arrange dots in arbitrary directions at arbitrary
lengths. [0098]       Referring to Fig. 1, the information dots 3 are
arranged at the end positions relative to all the virtual reference
points 5 as the start points. However, the present invention is not
limited to this. It is possible to define information depending on
whether a dot is placed on a virtual reference point. For example,
information can be defined such that the placement of a dot on a
virtual reference point represents "1", and the placement of no dot
represents "0". [0099]       The key dot 2, information dot 3,
reference dot 4, and side dot 12 desirably have diameters of about
0.03 mm to 0.05 mm in consideration of appearance, the accuracy of
printing relative to paper quality, the resolution of the optical
reading means, optimal calculation speed, and the like. Obviously, as
the accuracy of printing, the resolution of the optical reading
means, and the optimal calculation speed increase with advances in
technology, the dot diameter unlimitedly approaches 0. [0100]  



41        This makes it possible to simultaneously recognize all
pieces of information by imaging the entire medium surface as well as
imaging at an arbitrary position on the medium surface. Even in the
present conditions, using a high-precision scanner allows to
simultaneously recognize information defined on the entire medium
surface. On the other hand, when printing dots on a very large medium
surface and remotely imaging the medium surface, the dot diameter and
arrangement interval may be properly determined based on the
resolution of the optical reading means and the optimal calculation
speed. [0101]       It is desirable to set the interval between the
reference dots 4 to about 0.3 mm to 0.5 mm in consideration of a
necessary information amount corresponding to an imaging area and the
false recognition of various kinds of dots, i.e., the dots 2, 3, 4,
and 12. Obviously, as the accuracy of printing, the resolution of the
optical reading means, and the optimal calculation speed increase
with advances in technology, this interval unlimitedly approaches 0.
In consideration of the false recognition of the reference dots 4 and
information dots 3, the shift of the key dot 2 is desirably about 20%
of the interval between the reference dots 4. [0102]       The
interval between the information dot 3 and the virtual reference
point 5 is desirably about 15% to 30% of  42 the distance between the
adjacent virtual reference points 5 for the following reasons. If the
distance between the information dot 3 and the virtual reference
point 5 is smaller than this interval, dots tend to be recognized as
a large lump, and the dot pattern 1 deteriorates in appearance. In
contrast, if the distance between the information dot 3 and the
virtual reference point 5 is larger than this interval, it is
difficult to determine which one of the adjacent virtual reference
points 5 is the center based on which the information dot 3 is made
to have vector directivity. [0103] 



An optical reading means (for example, a camera or scanner) is used
to read the dot pattern according to the present invention. This
means is held in contact with or spaced apart from the medium surface
to read a dot pattern at a predetermined position or in a
predetermined region or the entire region. Alternatively, the means
traces the linearly formed dot pattern to read it. [0104]        That
is, an optical reading means images a predetermined position or a
predetermined region on the medium surface from above, and reads
information defined on the medium surface. Alternatively, a
high-resolution camera images the entire medium surface at a
predetermined distance from the medium surface, or a high-resolution
scanner reads the information defined on the entire medium  43
surface. [0105]        Defining information with a dot pattern with a
sufficient length can define an enormous amount of information. In
this case, the information is read by tracing the region on the
medium surface on which the dot pattern is formed. [0106]       That
is, information is read by tracing along lines depicting drawings or
graphics visibly formed on a medium surface, or information is read
by tracing along the frames of photos or images or the contours of
objects in photos or images. Alternatively, it is possible to read
information by tracing along character strings on a medium surface.
[0107] 



Fig. 3 shows examples of information dots and the bit display of data
defined on them, and another embodiment. [0108]        Assume that
this method uses two types of information dots 3, with one type
exhibiting a short distance (the upper row in Fig. 3) from the
virtual reference point 5 derived from the reference dot 4, and the
other type exhibiting a long distance (the lower row in Fig. 3) from
the virtual reference point 5 derived from the reference dot 4, and
eight vector directions are set. In this case, 4 bits can be
expressed. The long distance is desirably  44 about 25% to 30% of the
distance between the adjacent virtual reference points 5, and the
short distance is desirably about 15% to 20% of the distance. Note
that the interval between the centers of the information dots 3 with
the long/short distance is desirably longer than the diameter of the
dots. [0109]       The information dot 3 is desirably one dot in
consideration of appearance. If it is desired to increase the
information amount in disregard of appearance, it is possible to
obtain a large amount of information by expressing the information
dot 3 using a plurality of dots while assigning one bit to each
vector. For example, the information dot 3 defined from the reference
dot 4 can express information of 28 with vectors in eight concentric
directions. Eight information dots of one predetermined information
group express information of 264 . [0110]       Fig. 4 shows examples
of the information dots 3 and the bit display of data defined on
them. In Fig. 4, (a), (b), and (c) respectively indicate two dots,
four dots, and five dots. [0111]       Fig. 5 shows modifications of
the dot pattern. In Fig. 5, (a), (b), and (c) respectively indicate a
pattern having 12 information dots 3 arranged in a region, a pattern
having 16 information dots 3 arranged in a region, 



45 and a pattern having 24 information dots 3 arranged in a region.
[0112]        The dot pattern 1 shown in Fig. 1 described above
indicates an example having eight information dots 3 arranged in a
predetermined information group. However, the number of information
dots 3 arranged in the predetermined information group is not limited
to eight, and can be variously changed. For example, this method uses
a pattern having 12 information dots 3 arranged in one predetermined
information group ((a) in Fig. 5), a pattern having 16 information
dots 3 arranged in one predetermined information group ((b) in Fig.
5), and a pattern having 24 information dots 3 arranged in one
predetermined information group ((c) in Fig. 5) in accordance with
the amount of information required or the resolution of an optical
reading means. [0113] (Method of Forming Stream Dot Pattern)       A
method of forming a dot pattern will be described next with reference
to Figs. 6 and 7. [0114]        Figs. 6 and 7 sequentially show the
steps, as an example, in forming a stream dot pattern. [0115] 



When forming a dot pattern according to the present invention, unlike
conventional dot patterns, first of all,  46  a plurality of
reference dots 4 are arranged linearly and consecutively at portions,
where information is to be input/output, in accordance with visible
information on a medium surface in step 1. [0116]       Referring to
(a) in Fig. 6, the reference dots 4 are arranged in a curve. However,
the arrangement of the reference dots 4 is not limited to this, and
can be variously changed to form dot patterns in shapes corresponding
to regions where information is input/output. For example, a dot
pattern may be formed by mixing straight lines and curves or may be
formed in a polygonal line pattern constituted by a plurality of line
segments. [0117]       In addition, it is possible to arrange the
reference dots 4 on an actual line visibly formed on the medium
surface or along an actual line according to a predetermined rule.
[0118]       Note that reference dots are preferably arranged at
equal intervals from the viewpoint of an improvement in reading
accuracy. However, the present invention is not limited to this. It
is possible to define a predetermined information group of a dot
pattern by mixing a plurality of intervals or to define both a
predetermined information group of a dot pattern and the direction of
the dot 



47 pattern based on the arrangement intervals between three different
reference dots in the predetermined information group. [0119]
In step 2, the first virtual reference line 6 is provided, which
connects the reference dots 4 arranged linearly. Referring to (b) in
Fig. 6, the first virtual reference line 6 is provided in the form of
a curve. However, the first virtual reference line 6 is not limited
to this. It is possible to provide the first virtual reference line 6
as a straight line for the reference dots 4 arranged in a curve.
Alternatively, as shown in Fig. 15, it is possible to provide the
first virtual reference line 6 as a curve for the reference dots 4
arranged linearly. That is, it is possible to freely define the first
virtual reference line 6, which connects the reference dots, formed
by a straight line or a polygonal line and/or a curve depending on
the positions where the second virtual reference lines 7, virtual
reference points 5, and information dots 3 are arranged in steps 3 to
5. [0120]       Note that as shown in Fig. 8, the first virtual
reference line 6 as a curve is desirably formed by a Bezier curve.
[0121]        First of all, assume that reference dots on the first
virtual reference line are represented by PO and P3, and  48 



provided control points are represented by P1 and P2. This method
then obtains points P4, P5, and P6 which respectively divide three
line segments PO - Pl, P1 - P2, and P2 - P3, obtained by sequentially
connecting the control points, at a ratio of 1:1. The method obtains
points P7 and P8 which respectively divide two line segments P4 - P5
and P5 - P6, obtained by sequentially connecting the points P7 and
P8, at a ratio of 1:1. [0122]       Finally, this method obtains a
point P9 which divides a line segment P7 - P8 connecting two points
at a ratio of 1:1. This point is a point on a Bezier curve. [0123]
Repeating this procedure will obtain a Bezier curve including PO, Pl,
P2, and P3 as control points. [0124]       Note that the first
virtual reference line 6 is not limited to a Bezier curve and may be
provided by using various types of algorithms, such as a spline curve
obtained by a spline function, an n-degree polynomial, or an elliptic
arc. [0125]        In addition, it is possible to define a curve for
the second virtual reference line or the fourth virtual reference
line (to be described later) by using the same method as that for the
first virtual reference line. [0126]  



49        In step 3, the second virtual reference lines 7 are
provided, which are defined at predetermined positions relative to
the reference dots 4 arranged linearly and/or the first virtual
reference line 6. Referring to (c) in Fig. 6, the second virtual
reference lines 7 are provided so as to extend from the adjacent
reference dots 4 at an arbitrary angle toward a predetermined
position on a line perpendicular to a tangent to the first virtual
reference line 6 at the middle point between the adjacent reference
dots 4. However, the second virtual reference lines 7 are not limited
to these. As will be indicated later, since virtual reference points
are provided in accordance with a region where information is to be
input/output by using a dot pattern, the second virtual reference
lines 7 can be defined by various methods. [0127]       In addition,
the second virtual reference lines 7 may be provided only one side
with reference to the first virtual reference line 6 so as to define
the direction of the dot pattern, or may be provided on the two sides
to increase the information amount. [0128]        In step 4, a
plurality of virtual reference points 5 are provided at predetermined
positions on the second virtual reference lines 7. Referring to (a)
in Fig. 7, each virtual reference point 5 is provided at the
intersection point between the second virtual reference  50  lines 7,
i.e., the vertex of an isosceles triangle having a straight line
connecting the adjacent reference dots 4 as a base and the second
virtual reference lines 7 as opposite sides. However, the position of
each virtual reference point 5 is not limited to this, and can be
variously changed. For example, the position of each virtual
reference point 5 may be provided at the midpoint of the second
virtual reference line 7 or on the reference dot 4 in place of the
second virtual reference line 7. [0129]       In step 5, the
information dots 3 are arranged at the end points expressed by
vectors extending from the virtual reference points 5 as the start
points. Referring to (b) in Fig. 7, the information dots 3 are
arranged in eight vector directions from the virtual reference points
5 at equal distances from the virtual reference points 5, with one
information dot 3 being provided for each virtual reference point 5.
However, the arrangement of the information dots 3 is not limited to
this. It is possible to arrange a plurality of information dots 3 in
arbitrary directions at arbitrary lengths. For example, it is
possible to arrange the information dots 3 on the virtual reference
points 5, arrange them in 16 vector directions, or arrangement two
information dots 3 for one virtual reference point 5. [0130] 



In this manner, the stream dot pattern according to  51 the present
invention is formed based on reference dots arranged consecutively in
a line including a curve, unlike conventional dot patterns proposed
by the present inventor, in which reference dots are
two-dimensionally formed in a lattice pattern. [0131]       This
makes it possible to form a dot pattern by a predetermined
information group in an arbitrary shape conforming to an information
region visibly formed on a medium surface without any restriction by
the shape of a rectangular region in which a dot pattern is formed as
a two-dimensional code. [0132] Note that virtual reference lines and
virtual reference points according to the present invention are not
actually printed on a medium surface but are virtually set in the
image memory of a computer when arranging a dot pattern or reading a
dot pattern. 



[First Embodiment] [0133]        Various modifications of the stream
dots will be described below. [0134] In Fig. 9, (a) indicates an
example of the dot pattern used in the present invention. [0135] In
the example indicated by (a) in Fig. 9, a  52 predetermined
information group of a dot pattern 1 is constituted by a first
virtual reference line 6, reference dots 4, second virtual reference
lines 7, virtual reference points 5, information dots 3, third
virtual reference lines 8, side dots 12, and fourth virtual reference
lines 9. 



[0136]        A predetermined information group of the dot pattern 1
is defined by the side dots 12 arranged on the third virtual
reference line 8. The direction of the dot pattern 1 is defined by
arranging the information dots 3 located in the +Y direction (upward
direction) only in the X direction relative to the virtual reference
points 5, and arranging the information dots 3 located in the -Y
direction (downward direction) only in the + direction relative to
the virtual reference points 5. [0137]        That is, a
predetermined information group is defined by arranging the side dots
12 at predetermined intervals. When the information dot 3 shifted
from the virtual reference point 5 in the X direction appear on the
upper side relative to the first virtual reference line 6, it is
known that the dot pattern is oriented upward. When the information
dot 3 located in the + direction appears, it is known that the dot
pattern is oriented downward. [0138] There are various modifications
of the means for  53 defining the direction of a dot pattern with the
shifting direction of an information dot from a virtual reference
point. For example, if three information dots whose shifting
directions from the virtual reference points are the + direction
exist in a predetermined information group on the upper side relative
to the first virtual reference line, it is determined that the dot
pattern is oriented upward. If two such information dots exist, it is
determined that the dot pattern is oriented downward. Alternatively,
if a region including no information dot exists in a predetermined
information group or is placed on a virtual reference point on the
upper side relative to the first virtual reference line, it is
determined that the dot pattern is oriented upward. If all regions
include information dots, are not arranged on virtual reference
points, and are spaced apart from them by a predetermined distance,
it is determined that the dot pattern is oriented downward. [0139]
In Fig. 9, (b) indicates an example of the dot pattern used in the
present invention. 



[0140] In the example indicated by (b) in Fig. 9, a predetermined
information group of the dot pattern 1 is constituted by the first
virtual reference line 6, the reference dots 4, the second virtual
reference lines 7, the virtual reference points 5, the information
dots 3,  54 the third virtual reference lines 8, the side dots 12,
and the fourth virtual reference lines 9. [0141]       A
predetermined information group of the dot pattern 1 is defined by
the side dots 12 arranged on the third virtual reference lines 8. In
addition, the direction of the dot pattern 1 is defined by setting
different intervals H1 and H2 between the first virtual reference
line 6 (or the reference dot 4) and the side dots 12 on the upper and
lower sides relative to the first virtual reference line 6. 



[0142]       That is, when recognizing image data, it is possible to
recognize the direction of the dot pattern 1 regardless of the
imaging direction with respect to the dot pattern 1 by converting
image data using an algorithm, if a predetermined information group
is defined by the side dots 12, and it is defined in advance such
that when a region where the distance between the reference dot 4 and
the side dot 12 is shorter (H1) appears on the upper side relative to
the first virtual reference line 6, the dot pattern 1 is oriented
upward, whereas when a region where the distance is longer (H2)
appears on the upper side, the dot pattern 1 is oriented downward.
[0143]       In Fig. 10, (a) indicates an example of the dot pattern
used in the present invention.  55 [0144]       In the example
indicated by (a) in Fig. 10, a predetermined information group of the
dot pattern 1 is constituted by the first virtual reference line 6,
the reference dots 4, the second virtual reference lines 7, the
virtual reference points 5, and the information dots 3. [0145]
A predetermined information group of the dot pattern 1 is defined by
the arrangement intervals of a plurality of reference dots 4 provided
on the first virtual reference line 6. In addition, the direction of
the dot pattern 1 is defined by shifting both the information dots 3
from the virtual reference points 5 located on the leftmost side of
the predetermined information group on the upper and lower sides
relative to the first virtual reference line 6 in the downward
direction. [0146] 



That is, if a region where the interval between the reference dots 4
is the largest is located on the leftmost side of a predetermined
information group, and the shifting directions of the information
dots 3 from the virtual reference points 5 located on the leftmost
side of the predetermined information group are both the downward
direction on the upper and lower sides relative to the first virtual
reference line 6, it is known that the dot pattern 1 is oriented
upward. If both the above  56 directions are the upward direction, it
is known that the dot pattern 1 is oriented downward. [0147]
Note that it is possible to improve the recognition accuracy of the
direction of a dot pattern by interpolation by further arranging side
dots, changing the number of information dots, or setting regions
with different areas on the upper and lower sides with reference to
the first virtual reference line. [0148]       In Fig. 10, (b)
indicates an example of the dot pattern used in the present
invention. [0149]       In the example indicated by (b) in Fig. 10, a
predetermined information group of the dot pattern 1 is constituted
by the first virtual reference line 6, the reference dots 4, the
second virtual reference lines 7, the virtual reference points 5, the
information dots 3, the side dots 12, the third virtual reference
lines 8, and the fourth virtual reference lines 9. 



[0150] A predetermined information group of the dot pattern 1 is
defined by the key dots 2 shifted upward from the first virtual
reference line 6. In addition, the key dots 2 are arranged in the +Y
direction relative to the first virtual reference line 6, and the
distance from the side dot 12 in the +Y direction is shorter than
that in the -Y  57 direction. With this arrangement, it is known that
the direction of the dot pattern 1 coincides with the correct
position, and the dot pattern 1 is oriented upward. [0151]        In
Fig. 11, (a) indicates an example of the dot pattern used in the
present invention. [0152]        In the example indicated by (a) in
Fig. 11, a predetermined information group of the dot pattern 1 is
constituted by the first virtual reference line 6, the reference dots
4, the second virtual reference lines 7, the virtual reference points
5, the information dots 3, the third virtual reference lines 8, the
side dots 12, and the fourth virtual reference lines 9. 



[0153]       A predetermined information group of the dot pattern 1
is defined by the side dots 12 arranged on the third virtual
reference lines 8. In addition, the direction of the dot pattern 1 is
defined by arranging the two information dots 3, each of whose
information is defined by the distance and direction from the virtual
reference point 5, in the upward direction, and placing one
information dot 3 in the downward direction. [0154]       That is, if
the two information dots 3 are arranged in the +Y direction, the
information dots 3 in a predetermined information group are
recognized while the  58  direction of the group is recognized as
coinciding with the correct position. If one information dot 3 is
placed in the +Y direction, the information dots 3 in the
predetermined information group may be recognized while the direction
of the group set by rotating it about its center through 180 is
recognized as coinciding with the correct position. [0155]       Note
that the direction of the dot pattern may be defined by respectively
setting different distances (shift widths) between information dots
and virtual reference points on the upper and lower sides with
reference to the first virtual reference line, and a predetermined
information group of the dot pattern may obviously be defined by
arranging different numbers of information dots on the upper and
lower sides with reference to the first virtual reference line.
[0156]       In addition, information may be defined by arranging
information dots at a distance of 0 from some of the virtual
reference points located on the lower side with reference to the
first virtual reference line, that is, on some of the virtual
reference points. 



[0157]        In addition, a group of a dot pattern in a
predetermined direction and its direction may be defined by making a
portion where an information dot is placed on  59 a virtual reference
point appears on only one of the upper and lower sides with reference
to the first virtual reference line. [0158]        In Fig. 11, (b)
indicates an example of the dot pattern used in the present
invention. [0159]        In the example shown in Fig. 11, a
predetermined information group of the dot pattern 1 is constituted
by the first virtual reference line 6, the reference dots 4, the
second virtual reference lines 7, the virtual reference points 5, the
information dots 3, the third virtual reference lines 8, the side
dots 12, and the fourth virtual reference lines 9. [0160]        In
the example shown in Fig. 11, a predetermined information group of
the dot pattern 1 is defined by the side dots 12 arranged on the
third virtual reference lines 8. In addition, the direction of the
dot pattern 1 is defined by placing an arrangement region of
information dots on only one of the upper and lower sides with
reference to the first virtual reference line 6. 



[0161]       That is, a predetermined information group is known from
the side dots 12 arranged at predetermined intervals. When the
information dots 3 and the side dots 12 are arranged only in the
upward direction relative to the  60 first virtual reference line 6,
it is known that the dot pattern 1 is oriented downward, whereas when
the information dots 3 and the side dots 12 are arranged only in the
downward direction, it is known that the dot pattern 1 is oriented
upward. [0162]        In Fig. 12, (a) indicates an example of the dot
pattern used in the present invention. [0163]        In the example
indicated by (a) in Fig. 12, a predetermined information group of the
dot pattern 1 is constituted by the first virtual reference line 6,
the reference dots 4, the second virtual reference lines 7, the
virtual reference points 5, the information dots 3, and the key dots
2. [0164]       In the example indicated by (a) in Fig. 12, the
direction of the dot pattern 1 and a predetermined information group
are defined by the key dots 2. That is, when the key dots 2 are
arranged in the upward direction relative to the first virtual
reference line 6, it is known that the dot pattern 1 is oriented
upward. When the key dots 12 are arranged in the downward direction,
it is known that the dot pattern 1 is oriented downward. 



[0165]       A predetermined information group is known from the key
dots 2 arranged at predetermined intervals.  61 [0166]        Note
that the example indicated by (a) in Fig. 12 indicates an example of
how a dot pattern with a small stream width, in particular, is
formed, in which the virtual reference points 5 are defined at the
midpoints between the adjacent reference dots 4. This pattern allows
an actual line 10 itself to have information. [0167]       Note that
it is possible to arrange not only reference dots but also virtual
reference points or information dots on or along an actual line
visibly formed on a medium surface. [0168]       In Fig. 12, (b)
indicates an example of the dot pattern used in the present
invention. [0169]       In the example indicated by (b) in Fig. 12, a
predetermined information group of the dot pattern 1 is constituted
by the first virtual reference line 6, the reference dots 4, the
second virtual reference lines 7, the virtual reference points 5, and
the information dots 3. 



[0170]      A predetermined information group of the dot pattern 1 is
defined by the arrangement interval of a plurality of reference dots
4 provided on the first virtual reference line. The direction of the
dot pattern 1 is defined by  62 setting three different arrangement
intervals between the reference dots 4. [0171]        That is,
predetermined information groups are defined by repeatedly arranging
the reference dots 4 at large, intermediate, and small arrangement
intervals according to a predetermined rule. In this case, when the
intervals of the reference dots 4 repeatedly appear in order of
large, intermediate, and small intervals from the -X direction to the
+direction, it is recognized that the direction coincides with the
correct position, and the dot pattern is oriented upward. When the
above intervals repeatedly appear from the +X direction to -X
direction, it is known that the direction set by rotating the
predetermined information group about its center through 180
coincides with the correct position, and the dot pattern is oriented
downward. [0172]        In Fig. 13, (a) indicates an example of the
dot pattern used in the present invention. [0173]        In the
example indicated by (a) in Fig. 13, a predetermined information
group of the dot pattern 1 is constituted by the first virtual
reference line 6, the reference dots 4, the second virtual reference
lines 7, the virtual reference points 5, and the information dots 



63 [0174]       A predetermined information group of the dot pattern
1 is defined by the arrangement intervals of a plurality of reference
dots 4 provided on the first virtual reference line 6. The direction
of the dot pattern 1 is defined by shifting the information dots 3
from the virtual reference points 5 located on the leftmost side of
the predetermined information group in different directions relative
to the first virtual reference line on the two opposite sides. [0175]
That is, the region where the interval between the reference dots 4
is the largest corresponds to the leftmost side of a predetermined
information group. If the information dots 3 are respectively shifted
from the virtual reference points 5 located on the leftmost side of
the predetermined information group in the + direction in the +Y
direction relative to the first virtual reference line 6 and in the X
direction in the -Y direction, it is known that the dot pattern is
oriented upward. If the information dots 3 are respectively shifted
in the X direction in the +Y direction and in the +direction in the
-Y direction, it is known that the dot pattern is oriented downward.
[0176]      Note that it is obviously possible to improve the
recognition accuracy of the direction of a dot pattern by  64 



interpolation by changing the number of information dots or setting
regions with different areas on the upper and lower sides with
reference to the first virtual reference line. [0177]        In Fig.
13, (b) indicates an example of the dot pattern used in the present
invention. [0178]        In the example indicated by (b) in Fig. 13,
a predetermined information group of the dot pattern 1 is constituted
by the first virtual reference line 6,.the reference dots 4, the
second virtual reference lines 7, the virtual reference points 5, and
the information dots 3. [0179]       A predetermined information
group of the dot pattern 1 is defined by the shifting directions of
the information dots 3 from the virtual reference points 5. The
direction of the dot pattern 1 is defined by shifting the information
dots 3 from the virtual reference points 5 in different directions on
the upper and lower sides with reference to the first virtual
reference line 6. [0180]       That is, a region defined as being
located on the leftmost side of a predetermined information group is
a region where the information dots 3 are shifted in the X direction
in the upward direction with reference to the  65 



first virtual reference line 6, and are shifted in the + direction in
the downward direction. Alternatively, a predetermined information
group is defined by shifting the information dots 3 from the virtual
reference points 5 with a predetermined period (regularity such as
the X, +, +, +, and + directions in the upward direction with
reference to the first virtual reference line 6, and the +, X, X, X,
and X directions in the downward direction). In this case, if the
information dots 3 shifted in the X, +, +, +, and + directions in the
upward direction with reference to the first virtual reference line
6, and shifted in the +, X, X, X, and X directions in the downward
direction, from the -X direction to the +X direction, it is known
that the dot pattern 1 is oriented upward. If the information dots 3
are shifted in the +, X, X, X, and X directions in the upward
direction, and in the X, +, +, +, and + directions in the downward
direction, it is known that the dot pattern 1 is oriented downward.
[0181]        Fig. 14 is a view showing an example of the dot pattern
used in the present invention. [0182]        In the example shown in
Fig. 14, a predetermined information group of the dot pattern 1 is
constituted by the first virtual reference line 6, the reference dots
4, the second virtual reference lines 7, the virtual  66 reference
points 5, the information dots 3, the third virtual reference lines
8, the key dots 2, the side dots 12, and the fourth virtual reference
lines 9. [0183]        In the example shown in Fig. 14, the four side
dots 12 are arranged on the third virtual reference line 8 for each
predetermined information group to increase the number of fourth
virtual reference lines 9, the number of virtual reference points 5,
and the number of information dots 3, thereby increasing the
information amount. A predetermined information group of the dot
pattern 1 expresses 3 bits x 16 = 48 bits. 



[0184]       Note that in the example shown in Fig. 14, the
information dots 3 are shifted differently (in terms of the distances
from the virtual reference points to the information dots) from the
virtual reference points 5 in the X direction and the + direction.
This allows to perform determination based on not only the shifting
directions of information dots but also the distances from the
information dots to the virtual reference points. This makes it
possible to accurately recognize the information dots. [0185]
Note that it is desirable to properly determine, in accordance with
the state or usage environment of a dot pattern formed medium,
whether to make dots unnoticeable  67 by unifying the shift widths of
the dots or allow to accurately recognize information dots by making
the shift widths different. [0186]        Fig. 15 shows an example of
how the first virtual reference lines are defined from the
arrangements of reference dots. [0187] 



In Fig. 15, (a) indicates an example in which the reference dots are
arranged in the form of a line, and the first virtual reference line
is provided in the form of a straight line. In Fig. 15, (b) indicates
an example in which the reference dots are arranged linearly, and the
first virtual reference line is provided in the form of a curve. In
Fig. 15, (c) indicates an example in which the reference dots are
arranged linearly, and the first virtual reference line is provided
in the form of a polygonal line. In Fig. 15, (d) indicates an example
in which the reference dots are arranged in the form of a curve, and
the first virtual reference line is provided in the form of a
straight line. In Fig. 15, (e) indicates an example in which the
reference dots are arranged in a curve, and the first virtual
reference line is provided in the form of a curve. In Fig. 15, (f)
indicates an example in which the reference dots are arranged in a
curve, and the first virtual reference line is provided in the form
of a polygonal line.  68 [0188]       As described above, even if the
arrangement of reference dots remains the same, it is possible to
define the first virtual reference line in various manners. This
makes it possible to form dot patterns constituted by predetermined
information groups in arbitrary shapes in conformity with information
regions visibly formed on medium surfaces. [0189]        Note that if
the first virtual reference line is provided in the form of a
polygonal line, it is desirable to arrange reference dots on all
vertices to improve the reading accuracy of the optical reading
means. [0190]        Fig. 16 explains methods of defining the second
virtual reference lines defined from a plurality of reference dots
and/or the first virtual reference line to form a triangle having, as
a base, the first virtual reference line which is a straight line
connecting adjacent reference dots. [0191]        Referring to (a) in
Fig. 16, the second virtual reference lines 7 constituting a triangle
is defined by a distance P between the adjacent reference dots. That
is, the second virtual reference lines 7 are provided so as to
intersect above the midpoint between the adjacent reference dots upon
setting the height of a triangle to a 



69 predetermined magnification ratio relative to the interval between
the reference dots. [0192]        In the example indicated by (a) in
Fig. 16, the height of each triangle is set to a length twice the
distance P between the adjacent reference dots. However, the height
of the triangle is not limited to this, and can be variously changed.
[0193]        Referring to (b) in Fig. 16, the second virtual
reference lines 7 constituting a triangle are defined by the distance
P between the adjacent reference dots. That is, the second virtual
reference lines 7 are provided so as to intersect above the midpoint
between the adjacent reference dots upon setting the length of the
opposite sides of the triangle to a predetermined magnification ratio
relative to the interval between the reference dots. [0194]        In
the example indicated by (b) in Fig. 16, the length of the opposite
sides of the triangle is set to a length twice the distance P between
the adjacent reference dots. However, the length of the opposite
sides of the triangle is not limited to this, and can be variously
changed. [0195] Referring to (c) in Fig. 16, the second virtual
reference lines 7 constituting a triangle are defined by a 



70 base angle 0 of the triangle. That is, the value of the base angle
of the triangle is set in advance so as to provide reference dots at
arbitrary positions on a medium surface, and the second virtual
reference lines 7 are provided so as to form the set base angle.
[0196]        This makes it possible to set in advance a region where
information is to be input/output and set a base angle for a triangle
by back calculation so as to arrange information dots at the
corresponding points.It is therefore possible to implement a dot
pattern technique rich in convenience. [0197]       Note that it is
possible to use a proper combination of the methods of defining the
second virtual reference lines 7 in (a) to (c) in Fig. 16. This can
reduce errors caused by the calculation of the positions of virtual
reference points. [0198]       Note that in order to improve the
analysis/reading accuracy, it is desirable to provide virtual
reference points on the vertices of triangles. [0199] 



Fig. 17 explains methods of defining the second virtual reference
lines from the first virtual reference line and/or a plurality of
reference dots when the first virtual reference line is formed by a
curve.  71 [0200]       In Fig. 17, (a) indicates an example in which
an angle for providing each second virtual reference line is set in
advance relative to a tangent to the first virtual reference line so
as to provide virtual reference points at an arbitrary position on a
medium surface, and each second virtual reference line 7 is provided
to form the set angle. [0201]        Referring to (b) in Fig. 17, the
second virtual reference lines 7 are defined by a length Q of the
first virtual reference line formed by a curve connecting the
adjacent reference dots. That is, a height from a tangent to the
first virtual reference line is set to a predetermined magnification
ratio relative to the length, and the second virtual reference lines
7 are provided from the adjacent reference dots so as to intersect at
a position corresponding to the height. [0202]       In the example
indicated by (b) in Fig. 17, the height from the tangent to the first
virtual reference line is set to a length equal to the length Q of
the first virtual reference line formed by a curve connecting the
adjacent reference dots. However, the height is not limited to this,
and can be variously changed. For example, the height may be set to a
length an even multiple of the length Q at a given point and to a
length  72 



an odd multiple of the length Q at another point, thereby defining
the direction of a dot pattern or a predetermined information group.
[0203]       Referring to (c) in Fig. 17, the second virtual
reference line 7 is defined by the length Q of the first virtual
reference line formed by a curve connecting adjacent reference dots.
That is, the second virtual reference lines 7 are provided from the
adjacent reference dots such that the length of each second virtual
reference line is set to a predetermined magnification ratio relative
to the length Q. [0204]        In the example indicated by (c) in
Fig. 17, the length of the second virtual reference line 7 is set to
a magnification ratio of 1:1 relative to the length Q of the first
virtual reference line formed by a curve connecting adjacent
reference dots. However, the length of the second virtual reference
line is not limited to this, and can be variously changed. For
example, the length may be set to a length an even multiple of the
length Q at a given point and to a length an odd multiple of the
length Q at another point, thereby defining the direction of a dot
pattern or a predetermined information group. [0205]       Obviously,
it is possible to use a proper combination of the methods indicated
by (a) to (c) in Fig. 17. That  73 is, a straight line perpendicular
to a tangent at the midpoint of the first virtual reference line
formed by a curve may be defined, and the second virtual reference
lines and virtual reference points may be defined by a combination of
the methods described above. [0206] 



In Fig. 18, (a) indicates an example of a method of defining the
second virtual reference line when the first virtual reference line
is formed by a polygonal line. [0207] When the first virtual
reference line 6 is formed by  a polygonal line, the second virtual
reference 7 line is desirably a straight line dividing the interior
angle at a vertex formed by the first virtual reference line 6 into
equal angles. [0208] That is, as indicated by this example indicated
by  (a) in Fig. 18, the second virtual reference line 7 is preferably
provided such that angles a and p defined by the first virtual
reference line 6 and the second virtual reference line 7 become
values satisfying a + p = 180. [0209]        This makes it possible
to define each virtual reference point by interpolation according to
this equation, thereby allowing to more accurately extract an
information dot. [0210]  



74       Note that it is possible to use this method when defining
the third virtual reference line. [0211]       In Fig. 18, (b) (1)
indicates an example in which reference dots are always arranged on
the vertices of the first virtual reference line. [0212]        The
first virtual reference line is a virtual line formed by a straight
line, a polygonal line and /or a curve which connects a plurality of
reference dots. As indicated by (b)(2) in Fig. 18, there is available
a method of defining the first virtual reference line from a
polygonal line by a predetermined algorithm to provide points for
reference for various types of processing (for example, to provide
virtual reference dots) in addition to reference dots. As indicated
by (b)(1) in Fig. 18, however, the first virtual reference line
formed by a polygonal line in the present invention is desirably
provided such that only portions at which reference dots are arranged
are the vertices of the first virtual reference line. [0213]
This makes it possible to connect adjacent reference dots with one
straight line, and hence it is possible to prevent decrease in dot
pattern analysis and reading speed due to the use of a complicated
algorithm. [0214]  75 



Fig. 19 shows an example of a method of defining the second virtual
reference lines. [0215]        In Fig. 19, (a) indicates the
midpoints between adjacent reference dots. In Fig. 19, (b) indicates
an example in which the second virtual reference lines 7 are provided
on reference dots. [0216]        In this case, the second virtual
reference lines are preferably straight lines perpendicular to the
first virtual reference line at the midpoints between adjacent
reference dots.        Fig. 20 shows an example in which the second
virtual reference lines 7 are provided to be perpendicular to the
first virtual reference line formed by a straight line or to be
perpendicular to tangents to the first virtual reference line formed
by a curve. [0217]        There are various types of modifications of
a method of defining the second virtual reference lines. For example,
it is possible to form a dot pattern rich in convenience by properly
combining and using these definition methods in accordance with a
region where information is to be input/output. [0218]       Fig. 21
shows an example in which a plurality of virtual reference points are
provided at predetermined 



76 positions on the second virtual reference lines at a constant
distance from the first virtual reference line formed by a straight
line or from tangents to the first virtual reference line formed by a
curve. [0219]       That is, distances H from the first virtual
reference line or tangents to the first virtual reference line to
virtual reference points are unified as shown in Fig. 21 regardless
of whether the method of defining the second virtual reference lines
remains the same for each predetermined information group of each dot
pattern or each reference dot and/or each first virtual reference
line in each predetermined information group. [0220]       This makes
it possible to use a method of defining the second virtual reference
lines in accordance with a region where information is to be
input/output while unifying the arrangement positions of information
dots to a predetermined height. [0221]       In Fig. 22, (a)
indicates an example in which dots themselves each are formed to have
a polygonal shape which can define a direction instead of a general
round shape, and the direction of the dot pattern 1 is defined by the
shape difference. [0222] In Fig. 22, (a) indicates an example in
which dots 



77 are formed in triangular shapes. It is possible to define the
direction of a dot pattern by various methods. For example, it is
possible to define the direction of a dot pattern depending on in
which direction a dot in a triangular shape is formed from one side
of the triangle which is parallel to the first virtual reference line
6 or the fourth virtual reference line 9 (in the example indicated by
(a) in Fig. 22, since the dot is formed in the +Y direction from the
side, the dot pattern 1 may be recognized upon recognizing the
corresponding direction as coinciding with the correct position).
Alternatively, when the vertex of the triangle overlapping the second
virtual reference line 7 or the third virtual reference line 8 is
located in the +Y direction, the corresponding direction is regarded
as coinciding with the correct position of the dot pattern 1. [0223]
In Fig. 22, (b) indicates an example in which normal round dots and
polygonal dots exist together. [0224]        Each polygonal dot in
the example indicated by (b) in Fig. 22 has a square shape, and hence
the direction of the dot pattern 1 cannot be defined. However, it is
possible to define the direction of the dot pattern 1 by combining
and using the side dots 12 and the key dots 2. [0225] It is possible
to change the shapes of all the dots  78 



used in the present invention, which are not limited to reference
dots and information dots. For example, it is possible to arrange
normal round dots as the reference dots 4 and the key dots 2 while
arranging polygonal dots, which can define a direction, as the
information dots 3 and the side dots 12. Obviously, in addition, a
predetermined information group may simultaneously include round dots
and polygonal dots. [0226]        In Fig. 23, (a) and (b) each
indicate an example in which the direction of a dot pattern and a
predetermined information group are defined by changing the size of a
dot itself as needed. [0227]        Referring to (a) in Fig. 23, a
predetermined information group of the dot pattern 1 and the
direction of the dot pattern 1 are defined by using, as one of a
plurality of reference dots 4, a triangular dot different in size
from the remaining dots. Referring to (b) in Fig. 23, a predetermined
information group of the dot pattern 1 is defined by arranging, as
the reference dots 4, round dots different in size from the remaining
dots, whereas the direction of the dot pattern 1 is defined by
arranging, only in the +Y direction, the information dots 3 different
in size from the remaining information dots 3. [0228] Obviously, the
method of defining a predetermined  79  information group and the
direction of a dot pattern by changing the sizes and shapes
themselves of dots shown in Figs. 22 and 23 can change the sizes and
shapes of some or all of the dots, as needed, in accordance with
various conditions including an algorithm for generating and
analyzing dot patterns and the precision of a reader. [0229]
Fig. 24 shows examples in which the direction of a dot pattern and a
predetermined information group of the dot pattern are defined by
arranging different numbers of virtual reference points on the two
sides with reference to the first virtual reference line. [0230] 



Referring to (a) in Fig. 24, in the +Y direction, the second virtual
reference lines are provided at predetermined angles relative to the
adjacent reference dots such that they intersect each other on a
perpendicular line at the midpoint between the adjacent reference
dots, and the virtual reference points 5 are arranged on the second
virtual reference lines. In the -Y direction, the second virtual
reference lines are provided so as to pass through the reference dots
and intersect the first virtual reference line at right angles, and
the virtual reference points 5 are arranged on the second virtual
reference lines. [0231] With this arrangement, when the reader
recognizes a  80  dot pattern, the virtual reference point 5 is
defined by at least two reference dots. If the virtual reference
points 5 smaller in number than the virtual reference points 5
provided on the opposite side of the first virtual reference line
appear in the +Y direction, it is possible to define the direction of
the dot pattern upon recognizing the corresponding direction as
coinciding with the correct position. If the virtual reference points
5 (smaller in number than those on the opposite side) appear in the
-Y direction relative to the first virtual reference line, it is
possible to define the direction of the dot pattern upon recognizing
the direction set by rotating the corresponding dot pattern about its
center through 1800 as coinciding with the correct position. [0232]
In Fig. 24, (b) indicates a modification in which one virtual
reference point 5 is provided for one reference dot in the +Y
direction with reference to the first virtual reference line, and one
virtual reference point 5 is provided for three reference dots in the
-Y direction. In Fig. 24, (c) indicates an example in which a portion
where one virtual reference point 5 is provided, for one reference
dot, on each of the two sides with reference to the first virtual
reference line is a spot for the definition of a predetermined
information group of a dot pattern, and the direction of the dot
pattern is defined by arranging different numbers of virtual
reference points  81 5 on the upper and lower sides with reference to
the first virtual reference line (a predetermined information group
includes three virtual reference points 5 in the +Y direction and
four virtual reference points in the -Y direction). 



[0233]       Obviously, as described above, it is possible to change
the manner of defining virtual reference points within a
predetermined information group as needed, and to adjust the
positions at which virtual reference points are provided in
accordance with visible information on a medium surface. [0234]
Fig. 25 is a view showing an example of a dot pattern formed along an
actual polygonal line. [0235]        When an actual line 10 forms an
angle, that is, there is an interval between two lines having the
same edge point, the dot patterns 1 are preferably made
discontinuous. [0236]       This can prevent erroneous information
input/output operation, when reading near an edge point, due to
reading of an information dot located near an information dot which
should be read, instead of it, when dot patterns are formed
consecutively. [0237]  82 



Note that if an information dot which should be read is read
erroneously together with an adjacent information dot, information
input/output operation near an edge point may be allowed by linking
to predetermined information upon determining that the read dots do
not comply with a dot pattern generation algorithm. [0238]
Fig. 26 shows examples of the arrangement of key dots according to
the present invention. [0239]        Referring to (a) in Fig. 26, the
direction of a dot pattern and a predetermined information group are
defined by shifting one of a plurality of reference dots arranged
linearly in an oblique direction from the first virtual reference
line. [0240]        That is, a predetermined information group of a
dot pattern is defined by placing the key dot 2 in an obliquely upper
leftward direction from the position at which a reference dot should
be placed in the example indicated by (a) in Fig. 26 instead of
placing a reference dot at the position at which it should be placed.
The direction of the dot pattern is defined by recognizing, as
coinciding with the correct position, the direction in which the key
dot 2 is placed when it is placed in the shifted direction. [0241]
83       Referring to (b) in Fig. 26, a predetermined information
group and the direction of a dot pattern are defined by placing the
key dot 2, of the key dots 2 arranged on the medium surface, which is
located on the left in the example indicated by (b) in Fig. 26, in a
direction parallel to the direction of the second virtual reference
line, and placing the key dot 2, located on the right in the example
indicated by (b) in Fig. 26, in a direction perpendicular to the
direction of the second virtual reference line. 



[0242]       That is, the key dot 2 located on the left indicated by
(b) in Fig. 26 is placed in a direction parallel to the direction of
the second virtual reference line in the +Y direction to define a
predetermined information group and the direction of the dot pattern.
In contrast, the key dot 2 located on the right indicated by (b) in
Fig. 26 is placed in a direction perpendicular to the direction of
the second virtual reference line to define a predetermined
information group. In this case, since the key dot 2 is shifted in
the +X direction from the position at which a reference dot should be
placed, the direction of the dot pattern can be defined by
recognizing the corresponding direction as coinciding with the
correct position. [0243] Referring to (c) in Fig. 26, a predetermined
84  information group and the direction of a dot pattern are defined
by placing the key dot 2, placed on the medium surface, at a
predetermined position on the third virtual reference line. [0244]
That is, a predetermined information group is defined by placing the
key dot 2 on the third virtual reference line as a straight line
perpendicular to a tangent to a curve forming the first virtual
reference line. The direction of the dot pattern is defined by
recognizing, as coinciding with the correct position, the direction
in which the key dot 2 is placed, depending on at which position on
the third virtual reference line the key dot 2 is placed with
reference to the first virtual reference line, more specifically,
depending on whether the key dot 2 is placed in the +Y direction in
the example indicated by (c) in Fig. 26. 



[0245]       In Fig. 26, (d) indicates an example in which the second
virtual reference lines are defined from only reference dots except
for the reference dots which are shifted as key dots. [0246]
That is, no second virtual reference line is defined from the
reference dot before it is placed as the key dot 2 on the left in the
example indicated by (d) in Fig. 26, whereas the second virtual
reference line is defined from  85 the reference dot before it is
placed as the key dot 2 on the right in the example indicated by (d)
in Fig. 26. [0247]       With this arrangement, other dots such as
information dots are not arranged near the key dot 2. This can
prevent erroneous recognition of key dots and other dots. [0248]
Fig. 27 explains examples of the arrangement of side dots according
to the present invention. [0249]       Referring to (a) in Fig. 27, a
predetermined information group and the direction of a dot pattern
are defined by placing the side dot 12 on the third virtual reference
line passing through a reference dot. That is, a predetermined
information group is defined by adding a dot while maintaining the
arrangement of reference dots unlike the key dot described above. The
direction of the dot pattern is defined by placing the side dot 12 on
only one of the upper and lower sides with reference to the first
virtual reference line. 



[0250]        In Fig. 27, (b) indicates an example in which the
fourth virtual reference line is provided, which is a straight line
passing through the side dot 12 and parallel to the first virtual
reference line, and virtual reference points are provided at
predetermined intervals on the fourth virtual reference line.
Defining virtual reference  86 points using both the second and
fourth virtual reference lines can improve the reading accuracy.
[0251]        In Fig. 27, (c) indicates an example in which a
predetermined information group and the direction of a dot pattern
are defined by arranging the side dots 12 on the two sides of the
first virtual reference line at different distances from the first
virtual reference line. In Fig. 27, (d) indicates an example in which
the direction of a dot pattern is defined by a key dot obtained by
shifting a reference dot upward on the third virtual reference line
and the distances between the key dot and the side dots 12 arranged
on the two sides of the first virtual reference line at equal
distances from the first virtual reference line, and a predetermined
information group is defined by the intervals between the side dots
12 and the key dot. [0252]        As described above, there are
various modifications of the arrangement of side dots which can
define a predetermined information group, the direction of a dot
pattern, the fourth virtual reference lines, and the like, and
alterations can be freely made to the arrangement within the scope of
the present invention. [0253]        Fig. 28 is a view showing an
example of how the XY coordinate value of the center of an image of a
dot pattern captured by the optical reading means.  



87 [0254]       When obtaining the XY coordinate values of the center
of the captured image, the coordinate values of the coordinate center
of the dot pattern are obtained first. [0255]       A representative
coordinate value of a dot pattern which defines one coordinate value
is represented by (X0, Yo) in the dot coordinate system, and is
represented by (xo, yo) in the imaging coordinate system. [0256]
In addition, letting Mx be an increase in the X-coordinate value of
dot coordinates and My be an increase in the Y-coordinate value, the
value of (Xn+1, Yn+1) can be represented by X  + =:Kn +K,x n1 Yn+1
=Yn +KY 



Therefore, the XY coordinate values of the center of the captured
image is represented by the following equation: Kx n Y Ky - oc -
where n is the number of reference dots between the first dot of a
plurality of reference dots defining one set of coordinate values and
the start dot of reference dots defining coordinate values
consecutively arranged following the set of coordinate values.  88
[0257]       In addition, a is a coefficient for indicating an
increase in y-coordinate in the captured image coordinate system with
respect to a distance Ax between reference dots of the dot pattern in
the captured image coordinate system, and aAx corresponds to the
increase Ky in Y-coordinate in the dot coordinate system. [0258] 



Note that a dot pattern need not always be formed at the position of
aAx above the dot pattern in Fig. 28. [0259]       When using a
one-dimensional dot pattern defined by X-coordinate values, code
values may be defined in the region where Y-coordinate values are
defined. [0260]       With this arrangement, arranging a dot pattern
along an actual line can give vector information formed by various
line segments such as a CAD drawing, characters/symbols/graphics, the
contours of a map, and road information. This makes it possible to
print electronic vector information such as DTP information, CAD
information, or map information on a medium. [0261]       For
example, in the case of CAD, conventionally, it is technically
impossible to acquire electronic vector information by image copying.
Applying the present invention to CAD makes it possible to generate
electronic  89 vector information for CAD by reading the entire
drawing with the optical reading means. [0262]        In addition,
the present invention (stream dots) allows to define Z-coordinate
values. This makes it possible to express three-dimensional
coordinates. [0263] 



It is therefore possible to read height information at any position
on a map by using stream dots for the contours of the map. In
addition, printing dots on a stereoscopic surface can read and
reproduce the corresponding stereoscopic shape. [0264]        The
inks used for a stream dot pattern according to the present invention
and for visible printed matter on a medium surface will be described
next. [0265]       The ink to be used for dot printing of a stream
dot pattern is preferably stealth ink (invisible ink) which absorbs
infrared light or carbon black ink. The ink used for printing general
graphics and texts is preferably non-carbon ink which reflects or
transmits infrared light. [0266]       It is possible to print a dot
pattern using almost all types of printers ranging from an offset
printer to an inkjet printer by only adding one step of dot printing
to general printing steps without requiring any special  90 printing
technique. [0267]       A dot pattern constituted by minute dots each
having a diameter of 0.04 mm (about 0.05 mm in the case of an inkjet
printer) is difficult to see. Using colorless transparent
infrared-absorbing stealth ink developed for high-quality output can
make dots completely invisible. [0268] 



Note that information dots are generally provided at equal distances
from virtual reference points to make the dots unnoticeable. When,
however, accurately recognizing information dots by expressing the
information using  lengths as well as directions, the information may
be defined by different distances at the respective virtual reference
points. [0269]       When not changing the ink and the printing steps
at all (four-color printing), K (carbon black) ink of C, M, Y, and K
inks is used for dots. In this case, C, M, and Y inks may be used for
a CAD drawing, characters/symbols/graphics, a map, a photograph, and
graphics, and K ink may be used to print dots on them. Black color is
expressed by composite black obtained by mixing C, M, and Y inks at
100%. However, since perfect black cannot be reproduced, black is not
emphasized. This may lead to a diffused picture. In addition, a
region in which dots are printed becomes a halftone dot pattern  91
because the dots are printed by K ink. A closer look at this region
will show a slightly grayish picture. In order to solve this problem,
dots may be printed in only a minimum necessary region, and C, M, Y,
and K inks may be used for a region in which no dots are printed, as
in a conventional technique. However, this allows the scanner to
touch only a limited region in which dots are printed. [0270]
In addition, since this technique uses ink that reacts in the
infrared range and does not allow copying, it is possible to maintain
security at a high level. The printing medium is not limited to any
specific type of paper used for printing. It is possible to print
dots on any type of paper, for example, art paper, mat paper,
high-quality paper, plain paper, newspaper, photographic paper, or
printer paper. Furthermore, it is possible to print on any medium,
other than paper, as long as the medium does not expand or contract.
[0271]        This technique can use all types of media such as
newspaper, plain paper, and polyester, and can print by using
printing techniques such as offset printing and rotary press
printing, UV printing, and printing using an inkjet printer. That is,
the technique is very high in degree of freedom in printing. 



[0272] Note that the scanner which reads dot codes can  92 perform
processing from imaging of a dot pattern to analysis of the dot codes
in only 0.1 sec to 0.2 sec. This makes it possible to access
information instantly without any stress. [0273]       Other examples
of the arrangement of a dot pattern will be described next with
reference to Figs. 29 to 31. [0274]        In Fig. 29, (a) indicates
an example in which the virtual reference points 5 are provided on
the reference dots 4 on the first virtual reference line instead of
the second virtual reference lines. In Fig. 29, (b) indicates an
example in which the virtual reference points 5 are provided on the
reference dots 4 on the first virtual reference line as well as on
the second virtual reference lines. [0275]       Referring to (a) in
Fig. 29, it is possible to save the time for searching for the second
virtual reference lines and increase the reading velocity. Referring
to (b) in Fig. 29, it is possible to increase the information amount.
[0276] 



In Fig. 29, (c) and (d) indicate an example in which the reference
dots 4 are arranged on the virtual reference points 5 provided on the
second virtual reference lines. Referring to (c) in Fig. 29, no dots
are arranged on the  93 virtual reference points 5. This arrangement
sometimes leads to slight delays and errors when recognizing and
analyzing the image data read by the optical reading means as
compared with an arrangement in which the reference dots 4 are
further arranged on the virtual reference points 5 as indicated by
(d) in Fig. 29. Arranging the reference dots 4 on the virtual
reference points 5 as indicated by (d) in Fig. 29 makes it possible
to also define the virtual reference points 5 from the newly arranged
reference dots 4 and perform recognition analysis of the data pattern
more accurately. [0277]       Note that the first virtual reference
line may be provided by connecting the newly arranged reference dots
4, or the second virtual reference lines can be defined. [0278]
In Fig. 30, (a) to (c) indicate the comparison between a case in
which no reference dots are arranged on virtual reference points and
a case in which reference dots are arranged on virtual reference
points. [0279]       As indicated by (a) in Fig. 30, when no
reference dots are arranged on the virtual reference points 5, it is
necessary to provide the virtual reference points 5 by defining the
second virtual reference lines and the fourth virtual reference lines
from the reference dots 4 arranged on the first virtual reference
line and the side dots  94 



arranged on the third virtual reference lines. The larger a region
forming a predetermined information group, the more difficult it is
to search for the virtual reference points 5. [0280]        In
contrast, arranging the reference dots 4 on the virtual reference
points 5 as in the example indicated by (b) in Fig. 30 can also
define the second virtual reference lines from the newly arranged
reference dots 4. This makes it possible to search for the virtual
reference points 5 more accurately. [0281]       Obviously, it is
possible to define the second virtual reference points by arranging a
plurality of reference dots in two lines and to search for virtual
reference points. In the example indicated by (b) in Fig. 30, for
example, the fourth virtual reference lines located on the upper and
lower ends of a predetermined information group may be set as the
first virtual reference lines (without providing any virtual
reference points or arranging no information dots). [0282]
Obviously, reference dots can be arranged on all the virtual
reference points, as indicated by (c) in Fig. 30. [0283]       The
step of providing virtual reference points at predetermined positions
at which the reference dots  95 arranged on virtual reference points
are connected to the reference dots arranged on the first virtual
reference line will be described next with reference to (a) to (c) in
Fig. 31. 



[0284]        First of all, lines connecting the reference dots 4
arranged on the virtual reference points 5 and the reference dots 4
arranged on the first virtual reference line are provided as
indicated by (a) in Fig. 31. As indicated by (b) in Fig. 31, the new
virtual reference points 5 are provided at the intersection points
between the provided lines and the fourth virtual reference lines
defined from the side dots arranged on the third virtual reference
lines. [0285]       As indicated by (c) in Fig. 31, information dots
are then arranged, which define information with distances and
directions from the newly provided virtual reference points 5. [0286]
Obviously, when increasing the amount of information defined by one
predetermined information group, the reference dots 4 can be further
arranged on the newly provided virtual reference points 5 as
indicated by (b) in Fig. 31, and the virtual reference points 5 can
be further provided at predetermined positions at which the newly
arranged reference dots 4 are connected to the reference  96 dots 4
arranged on the first virtual reference line. [0287]        As
described above, the stream dot pattern according to the present
invention allows to define information by 



an amount similar to that by a conventional dot pattern while
properly forming the dot pattern along an actual line including a
curve or on a curved surface body such as a globe. [0288]       Note
that it is also possible to provide virtual reference points between
reference dots arranged linearly and arrange virtual reference points
at arbitrary positions in a predetermined information group by a dot
pattern generation algorithm. [0289]       Figs. 32 and 33 explain
the relationship between dot patterns, code values, and identifiers.
[0290]       In the dot pattern indicated by (a) in Fig. 32, a
predetermined information group is constituted by 2 x 5 regions. This
predetermined information group is partitioned into C1-0 to 019-18.
In Fig. 32, (b) indicates the dot code format of each region. [0291] 



In Fig. 32, (b) indicates a case in which a dot pattern is
constituted by only code values. In CO to 017, the code values of the
respective dot codes of the dot  97 pattern in the respective regions
indicated by (a) in Fig. 32 are registered. In 018 and 019, parities
are registered. [0292]        Referring to (c) in Fig. 32, XY
coordinates values are registered together with code values. That is,
referring to (a) in Fig. 32, X-coordinate values are registered in CO
to 07, Y-coordinate values are registered in 08 to 015, and code
values are registered in 016 to 019. [0293]       As described above,
in this embodiment, XY coordinate values can be registered, together
with code values, in the dot pattern. [0294]       In addition, in
Fig. 32, (d) indicates a format which registers Z-coordinate values
together with XY coordinate values. As described above, the dot
pattern according to the present invention can use a very flexible
format as in the case in which only code values are registered, the
case in which code values and XY coordinates are registered, and the
case in which Z-coordinate values are registered together with XY
coordinate values. 



[0295]       Note that a code value indicates an active code and/or
an index, the active code indicates a processing method, and the
index indicates a predetermined region.  98 [0296]        In
addition, an index includes a coordinate index, which indicates a
region in which the page number of paper as a medium or the like is
registered. In this region, it is possible to register an identifier
identifying a medium itself in which XY coordinate values are
registered or a page number as a dot pattern. [0297]       In Fig.
32, (e) to (g) indicate other modifications of the format. [0298]
The relationship between dot patterns, code values, and identifiers
will be described next with reference to Fig. 33. [0299] 



According to the dot pattern indicated by (a) in Fig. 33, a
predetermined information group of the dot pattern and its direction
are defined by placing a predetermined dot (key dot or side dot),
unlike the case indicated by (a) in Fig. 32 in which a predetermined
information group of a dot pattern and its direction are defined by
the shifting the direction of each information dot from a virtual
reference point. This allows the dot pattern to have shifts in eight
directions for one information dot, that is, to have an information
amount of 3 bits. [0300] In Fig. 33, (b) indicates a case in which a
dot  99 pattern is constituted by only XYZ coordinate values. In this
dot pattern, X-coordinate values are registered in CO to C8,
Y-coordinate values are registered in C9 to C17, and Z-coordinate
values are registered in C18 to C26. [0301]       As described above,
using the dot pattern according to the present invention can cope
with Z-coordinate values and other coordinate systems (for example, a
cylindrical coordinate system, spherical coordinate system, or
latitude/longitude system) as well as XY coordinate values. [0302]
Other modifications of the format may be those indicated by (c) to
(g) in Fig. 33 and the like. Such formats are not limited to those
shown in Fig. 33. Obviously, it is possible to freely change the
formats within the scope of the present invention. [0303]
Other examples of the arrangement of the dot pattern will be
described next with reference to Fig. 34. 



[0304]        In Fig. 34, (a) indicates an example in which reference
dots are arranged on virtual reference points. In Fig. 34, (b)
indicates an example in which reference dots are consecutively
arranged in three lines on a medium surface, and virtual reference
points are provided on the reference dots on the respective rows.
100 [0305]       Note that as the step of arranging reference dots
and virtual reference points at the same spots, it is possible to use
either the step of providing the virtual reference points on the
reference dots or the step of arranging the reference dots on the
virtual reference points. [0306]       In Fig. 34, (c) indicates an
example in which the second virtual reference lines, virtual
reference points, and information dots are arranged between rows of
reference dots consecutively arranged in lines. [0307]        In the
example indicated by (c) in Fig. 34, straight lines connecting the
reference dots arranged on the different first virtual reference
lines are set as the second virtual reference lines, virtual
reference points are provided at the midpoints of the second virtual
reference lines, and information dots are arranged. However, the
arrangement of virtual reference points is not limited to the one in
which the second virtual reference lines are defined between the two
first virtual reference lines. In addition, obviously, when arranging
information dots around the reference dots 4 and defining information
according to the degree of information to be input/output, it is
possible to provide virtual reference points on reference dots and
arrange information dots as described above.  



101 [0308]        In Fig. 34, (d) indicates an example in which the
second virtual reference lines are defined between the two or more
first virtual reference lines, and information dots are arranged.
[0309]       When providing virtual reference points between the two
or more first virtual reference lines in this manner, the positions
at which the virtual reference points are provided are not limited to
the midpoints. However, the virtual reference points are preferably
provided at the midpoints to specify the positions of the virtual
reference points from the positions of the corresponding reference
dots easily and more accurately, improve the recognition ratio, and
increase the calculation speed. [0310]       Fig. 35 shows an example
of a state in which stream dot patterns are arranged vertically.
[0311]       Referring to Fig. 35, key dots and side dots are
arranged in addition to reference dots and information dots. The key
dots are dots arranged on the two ends of a predetermined information
group. The key dots are representative points of the dot pattern 1
corresponding to one region represented by an information dot group.
The side dots are dots arranged on extended lines in the positive and
negative shifting direction of the key dots  102 



2. [0312]        Referring to (b) in Fig. 35, reference dots and
stream dot patterns are arranged at equal intervals. XY coordinate
values are defined without any gap by forming a plurality of stream
dot patterns side by side with reference dots being arranged at
predetermined intervals. However, the stream dot pattern according to
the present invention is not limited to this. As indicated by (a) in
Fig. 35, intervals may be arbitrarily set between dot patterns. In
addition, it is possible to arbitrarily set intervals between
reference dots. [0313]       This makes it possible to form a dot
pattern by repeating a predetermined information group in an
arbitrary shape conforming to an information region visibly formed on
a medium surface without being restricted by the shape of a
rectangular region (used as an index) when a dot pattern whose XY
coordinates are defined is formed as a two-dimensional code.
Industrial Applicability [0314]       According to the present
invention, it is possible to define and use information on curved
surfaces of globes, human phantoms and the like, and various kinds of
products, along the lines drawn on CAD drawings, maps, characters,
symbols, and graphics, and contours of  103 photographs, images, and
the like. Reference Signs List 



[0315] 1...dot pattern 2.. .key dot 3...information dot 4..
.reference dot 5...virtual reference point 6...first virtual
reference line 7...second virtual reference line 8.. .third virtual
reference line 9...fourth virtual reference line 10.. .actual line
12...side dot  104 Claims 1.A method of forming a dot pattern,
characterized by 



comprising the following steps, when forming, on a medium surface, a
stream dot pattern defining information according to a predetermined
rule for dots:        1) arranging a plurality of reference dots
linearly and consecutively on the medium surface according to a
predetermined rule;        2) providing a first virtual reference
line which connects the plurality of reference dots and is formed by
a straight line or a polygonal line and/or a curve;        3)
providing a second virtual reference line which is defined at a
predetermined position from the reference dot and/or the first
virtual reference line, and is formed by a straight line and/or a
curve;        4) providing a plurality of virtual reference points at
predetermined positions on the second virtual reference line; and
5) placing an information dot whose information is defined by a
distance and a direction from the virtual reference point at an end
point expressed by a vector with the virtual reference point being a
start point.  2. The method of forming a dot pattern according to
claim 1, characterized in that in the step 1), a plurality of
reference dots arranged linearly and consecutively are arranged at
predetermined intervals.  3. The method of forming a dot pattern
according to  105 



claim 1, characterized in that in the step 4), a plurality of virtual
reference points provided on the second virtual reference line are
provided on the plurality of reference dots in place of the second
virtual reference line.  4. The method of forming a dot pattern
according to claim 1, characterized by further comprising, after the
step 4), a step of providing the plurality of virtual reference
points on the plurality of reference dots.  5. The method of forming
a dot pattern according to claim 1, characterized by further
comprising, after the step 4), a step of placing a reference dot on
the virtual reference point.  6. The method of forming a dot pattern
according to claim 1, characterized by further comprising, after the
step 4), a step of providing a virtual reference point at a
predetermined position at which a reference dot placed on the virtual
reference point is connected to a reference dot placed on the first
virtual reference line.  7. The method of forming a dot pattern
according to claim 1, characterized in that in the step 1), a
plurality of reference dots arranged linearly and consecutively
according to a predetermined rule are arranged in not less than two
rows at least on the medium surface,       in the step 2), not less
than two first virtual reference lines which connect a plurality of
reference dots and are formed by straight lines or polygonal lines
and/or curves are provided in correspondence with the  106 reference
dots in not less than two rows, and        in the step 3), a second
virtual reference line defined at a predetermined position from a
reference dot and/or a first virtual reference line is defined
between the not less than two first virtual reference lines.  8. The
method of forming a dot pattern according to claim 7, characterized
in that the second virtual reference line comprises a straight line
connecting a plurality of reference dots arranged on the not less
than two different first virtual reference lines. 



9. The method of forming a dot pattern according to claim 7,
characterized in that in the step 4), a plurality of virtual
reference points arranged at predetermined positions on second
virtual reference lines are provided at midpoints of the second
virtual reference lines.  10. The method of forming a dot pattern
according to claim 1, characterized in that in the step 3), second
virtual reference lines defined at predetermined positions from
reference dots and/or a first virtual reference line comprise
straight lines configuring opposite sides forming a triangle having,
as a base, a first virtual reference line connecting adjacent
reference dots with a straight line, and       in the step 4), a
plurality of virtual reference points provided at predetermined
positions on second virtual reference lines are provided on vertices
of the triangle or on opposite sides of the triangle.  107  11. The
method of forming a dot pattern according to claim 10, characterized
in that the triangle is defined by predetermined base angles at the
adjacent reference dots and lengths of opposite sides corresponding
to predetermined magnifications relative to the base or a height from
the base to the vertex which corresponds to a predetermined
magnification ratio relative to the base.  12. The method of forming
a dot pattern according to claim 10, characterized in that the
triangle comprises an isosceles triangle.  13. The method of forming
a dot pattern according to claim 10, characterized in that the
triangle comprises an equilateral triangle.  14. The method of
forming a dot pattern according to claim 1, characterized in that in
the step 3), a second virtual reference line defined at a
predetermined position from a reference dot and/or a first virtual
reference line comprises a straight line which divides an interior
angle at a vertex of the first virtual reference line formed by the
polygonal line into equal halves, and        in the step 4), a
plurality of virtual reference points provided at predetermined
positions on the second virtual reference lines are provided at
predetermined distances from the plurality of reference dots.  15.
The method of forming a dot pattern according to claim 1,
characterized in that in the step 2), a first virtual reference line
which connects a plurality of 



108  reference dots and is formed by a polygonal line is provided
with only a portion where the reference dot is placed being a vertex.
16. The method of forming a dot pattern according to claim 1,
characterized in that in the step 3), a second virtual reference line
defined at a predetermined position from a reference dot and/or a
first virtual reference line comprises a straight line which forms an
arbitrary angle with respect to a tangent to the first virtual
reference line formed by the curve, and       in the step 4), a
plurality of virtual reference points provided at predetermined
positions on second virtual reference lines are provided at
predetermined positions determined from the adjacent dots.  17. The
method of forming a dot pattern according to claim 16, characterized
in that a predetermined position determined from the adjacent
reference dots is defined by an intersection point between the second
virtual reference lines which form predetermined angles from the
adjacent reference dots, a distance from the reference dot
corresponding to a predetermined magnification ratio relative to a
length of the first virtual reference line formed by the curve
connecting the adjacent reference dots, or a height from the first
virtual reference line, formed by a curve connecting the adjacent
reference dots, which corresponds to a predetermined magnification
ratio relative to a length of the first virtual reference line.  109
18. The method of forming a dot pattern according to claim 1,
characterized in that in the step 3), a second virtual reference line
defined at a predetermined position from a reference dot and/or a
first virtual reference line comprises a straight line passing
through the reference dot or a midpoint of the adjacent reference
dots. 19. The method of forming a dot pattern according to claim 1,
characterized in that in the step 3), a second virtual reference line
defined at a predetermined position from a reference dot and/or a
first virtual reference line comprises a straight line perpendicular
to the first virtual reference line formed by a straight line or a
straight line perpendicular to a tangent to the first virtual
reference line formed by a curve, and        in the step 4), a
plurality of virtual reference points provided at predetermined
positions on second virtual reference lines are provided at
predetermined positions determined from the adjacent reference dots. 



20. The method of forming a dot pattern according to claim 1,
characterized in that in the fourth step 4), a plurality of virtual
reference points provided at predetermined positions on a second
virtual reference line are provided at predetermined distances from
the first virtual reference line formed from a straight line or from
a tangent to the first virtual reference line formed by a curve. 21.
The method of forming a dot pattern according to  110 claim 1,
characterized in that in the step 1), a plurality of reference dots
arranged linearly and consecutively are arranged at different
intervals, and a direction of a dot pattern and a predetermined
information group of the dot pattern are defined by the arrangement
intervals. 22. The method of forming a dot pattern according to claim
21, characterized in that the plurality of reference dots are
arranged for each predetermined information group of the dot pattern
such that an interval between at least one pair of the adjacent
reference dots differs from uniform intervals between other pairs of
the adjacent reference dots, and a predetermined information group of
the dot pattern is defined by the arrangement intervals.  23. The
method of forming a dot pattern according to claim 21, characterized
in that the plurality of reference dots are arranged for each
predetermined information group of the dot pattern such that
intervals between at least two pairs of the adjacent reference dots
differ from uniform intervals between other pairs of the adjacent
reference dots, and a direction of the dot pattern and a
predetermined information group of the dot pattern are defined by the
arrangement intervals.  24. The method of forming a dot pattern
according to claim 1, characterized in that in the step 5),
information dots each of whose information is defined by a distance
and a direction from the virtual reference point at an end point
expressed by a vector with the virtual reference  111 point being a
start point are placed on two opposite sides of the first virtual
reference line in different shifting directions, and a direction of
the dot pattern and a predetermined information group of the dot
pattern are defined by a difference between the shifting directions. 



25. The method of forming a dot pattern according to claim 1,
characterized in that in the step 4), a plurality of virtual
reference points provided at predetermined positions on second
virtual reference lines are arranged such that different numbers of
virtual reference points are arranged on two sides of the first
virtual reference line, and a direction of the dot pattern and a
predetermined information group of the dot pattern are defined by a
difference between the numbers.  26. The method of forming a dot
pattern according to claim 1, characterized in that in the step 5),
information dots each of whose information is defined by a distance
and a direction from the virtual reference point at an end point
expressed by a vector with the virtual reference point being a start
point are arranged such that different numbers of information dots
are arranged on two sides of the first virtual reference line, and a
direction of the dot pattern and a predetermined information group of
the dot pattern are defined by a difference between the numbers.  27.
The method of forming a dot pattern according to claim 1,
characterized in that in the step 5), information  112  is defined
depending on whether an information dot whose information is defined
by a distance and a direction from the virtual reference point at an
end point expressed by a vector with the virtual reference point
being a start point is placed at each of the virtual reference
points, placed on the virtual reference point, or placed on neither
thereof.  28. The method of forming a dot pattern according to claim
1, characterized in that in the step 1), a direction of the dot
pattern and a predetermined information group are defined by shifting
and placing at least one of the plurality of reference dots as a key
dot at a predetermined position.  29. The method of forming a dot
pattern according to claim 28, characterized by further comprising,
after the step 3), a step of defining a direction of the dot pattern
and a predetermined information group by placing the key dot at a
predetermined position in a direction parallel or perpendicular to a
direction of the second virtual reference line.  30. The method of
forming a dot pattern according to claim 28, characterized by further
comprising, after the step 3), a step of providing a third virtual
reference line which passes through at least one of the plurality of
reference dots and is perpendicular to a straight line forming the
first virtual reference line or a tangent to a curve forming the
first virtual reference line, or divides  



113 an interior angle into equal halves at a vertex of a polygonal
line forming the first virtual reference line, and defining a
direction of the dot pattern and a predetermined information group by
placing the key dot at a predetermined position on the third virtual
reference line.  31. The method of forming a dot pattern according to
claim 28, characterized in that in the step 3), a second virtual
reference line defined at a predetermined position from a reference
dot and/or a first virtual reference line is defined from only a
reference dot other than the reference dot shifted as the key dot.
32. The method of forming a dot pattern according to claim 1,
characterized by further comprising, after the step 2), a step of
providing a third virtual reference line which passes through at
least one of the plurality of reference dots and is perpendicular to
a straight line forming the first virtual reference line or a tangent
to a curve forming the first virtual reference line, or divides an
interior angle into equal halves at a vertex of a polygonal line
forming the first virtual reference line, and placing at least one
side dot, at a predetermined position on the third virtual reference
line, which defines a direction of the dot pattern and a
predetermined information group.  33. The method of forming a dot
pattern according to claim 32, characterized in that in the step 4),
a  114 plurality of virtual reference points provided at
predetermined position on second virtual reference lines are provided
on a fourth virtual reference line which is parallel to the first
virtual reference line and passes through the side dot. 34. The
method of forming a dot pattern according to claim 33, characterized
in that the plurality of virtual reference points are provided at
predetermined intervals on the fourth virtual reference line.  35.
The method of forming a dot pattern according to claim 32,
characterized in that at least not less than one of the side dots is
placed on each of two sides of the first virtual reference line such
that the side dots are located at different distances from the first
virtual reference line, and a direction of the dot pattern is defined
by distances between the side dots and the first virtual reference
line.  36. The method of forming a dot pattern according to claims 28
and 32, characterized in that at least not less than one of the side
dots is placed on each of two sides of the first virtual reference
line such that the side dots are located at equal distances from the
first virtual reference line, and a direction of the dot pattern and
a predetermined information group of the dot pattern are defined by a
distance between the side dot and the key dot. 



37. The method of forming a dot pattern according to  115  claim 1,
characterized in that a reference dot and/or an information dot is
formed by a polygonal shape configured to express a direction, and a
direction of the dot pattern is defined by the shape. 38. The method
of forming a dot pattern according to claim 1, characterized in that
one reference dot and/or an information dot is formed to have a size
different from that of other reference dots and/or other information
dots, and a direction of the dot pattern and a predetermined
information group are defined from a difference between the sizes.
39. The method of forming a dot pattern according to claim 1,
characterized in that one reference dot and/or an information dot is
formed to have a shape different from that of other reference dots
and/or other information dots, and a direction of the dot pattern and
a predetermined information group are defined from a difference
between the shapes.  40. The method of forming a dot pattern
according to claim 1, characterized in that a reference dot and/or an
information dot is printed by ink having a property of exhibiting a
different reaction to irradiation light than ink used to print
visible information on a medium surface.  41. The method of forming a
dot pattern according to claim 40, characterized in that the ink
having the property of exhibiting the different reaction is
invisible.  116 42. The method of forming a dot pattern according to
claim 40, characterized in that the irradiation light comprises
infrared light, 



the ink having the property comprises an infrared-absorbing ink, and
the ink used to print visible information on a medium surface
comprises an infrared-transmitting ink or an infrared-reflecting ink.
43. The information input/output method used for a stream data
pattern formed by a method defined in claim 1, characterized by
comprising:        a step of causing optical reading means to pick up
a predetermined position, a predetermined region, or an entire region
on a medium surface, as image data, which configures the stream dot
pattern; and        a step of causing information processing means to
obtain a code value and/or a coordinate value by analyzing the image
data and output corresponding information or execute a corresponding
program.  44. The information input/output method according to claim
43, characterized in that the optical reading means reads a dot
pattern at a predetermined position, in a predetermined region, or in
an entire region while being in contact or spaced apart from a medium
surface, or reads a dot pattern formed linearly. 45. A stream dot
pattern characterized by comprising: a plurality of reference dots
arranged linearly and  117 consecutively on a medium surface
according to a predetermined rule;        a first virtual reference
line which connects the plurality of reference dots and is formed by
a straight line or a polygonal line and/or a curve; 



a second virtual reference line which is defined at a predetermined
position from the reference dot and/or the first virtual reference
line, and is formed by a straight line and/or a curve;       a
plurality of virtual reference points provided at predetermined
positions on the second virtual reference line; and       an
information dot whose information is defined by a distance and a
direction from the virtual reference point. 46. A dot pattern formed
by arranging, in one line or a plurality of lines, a stream dot
pattern according to a step of linearly and consecutively arranging a
plurality of reference dots according to a predetermined rule, a step
of providing a first virtual reference line which connects the
plurality of reference dots and is formed by a straight line or a
polygonal line and/or a curve, a step of providing at least not less
than one second virtual reference line which is defined at a
predetermined position from the reference dot and/or the first
virtual reference line, and is formed by a straight line and/or a
curve, a step of providing a plurality of virtual reference points at
predetermined positions on the second  118 virtual reference line,
and a step of placing an information dot whose XY coordinate value
and/or code value is defined by a distance and a direction from the
virtual reference point at an end point expressed by a vector with
the virtual reference point being a start point.  47. The dot pattern
according to claim 46, characterized in that the stream dot pattern
is provided with a reference dot at a predetermined position which
serves as a reference for defining the second virtual reference line
and/or a direction of the dot pattern and one XY coordinate value
and/or code value.  48. The dot pattern according to any one of
claims 45 to 47, characterized in that the plurality of reference
dots or the plurality of virtual reference points are arranged at
least on or along an actual line visibly formed on a medium surface. 






















