(Qur Ref: OP-C4300) DESCRI PTI ON | NFORVATI ON | NPUT AND OQUTPUT METHOD USI NG
DOT PATTERN FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to
an information input and output method using a dot pattern. DESCRI PTI ON OF
RELATED ART [0002] Conventionally, an information input and output nethod
for reading a bar code printed on a printed matter or the |like and
outputting the information such as a voice has begarsuggesbedcgkob)exanpl e,
a method for outputting the information or the like in such a nmanner that
the information coinciding with _the key information (a code of plural

di gits) has been stored in stora&@”ﬁ%%ﬁéTﬁﬁ”qadvance and this information is
retrieved fromkeys read by a bar code reader to be outputted has been
suggested. In addition, a technol ogy such that a dot pattern having fine
and thin dots arranged in a predeternmned rule is %Qnerated t he dot
pattern pFNrﬁW%ﬁIg%ﬁW{é@ AR SUTBPT NETHQR VS IH: ched BRI eRNera as
the inmage data, and the inage data is digitized to output the voice
information so as to output rnuch information and nany prograns has been

al so suggested. 1 0 0 0 3 1
FIELD OF THE INVENTION

[0001]
The present invention relates to an information input

and output method using a dot pattern.

DESCRIPTION OF RELATED ART
[0002]

Conventionally, an information input and output
method for reading a bar code printed on a printed matter
or the like and outputting the information such as a voice
has been suggested. For example, amethod for outputting
the information or the like in such a manner that the
information coinciding with the key information (a code
of plural digits) has been stored in storage means in
advance and this information is retrieved from keys read
by a bar code reader to be outputted has been suggested.
In addition, a technology such that a dot pattern having
fine and thin dots arranged in a predetermined rule is
generated, the dot pattern printed on a printed matter
or the like is fetched by a camera as the image data,
and the image data is digitized to output the voice
information so as to output much information and many

programs has been also suggested.
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However, the above-described conventional nethod for outputting the voice
or the like using the bar code involves a problemsuch that the bar code
printed on the printed matter or the like is obstructive. Further, the bar
code is so large that it occupies a part of a page space . Therefore, in
the case of using this for a book or the like, this nmethod involves
probl enms such that the |arge bar code destroys beauty of the page space to
be printed; there is no space for displaying the bar codes when a user
wi shes to [A1Q@8Ate many bar codes in an easily understood manner for a
portion of witing and a sentence or each character or object having a
meani ng to appedowawnethethreagd of e adplsatngp apghe oa i ot doe,a lamde Bhgdaphi c;
and it is not possible to display the bar codes for |ayout of the page
space. 0 Gdx HUtpntviievy ofhehese cpoiont S heasl dischesedy ithd dpanesedePat ent
Application National Publication (Laid-Open) No. 2003-511761 (Patent
Docunent I)namilvéapanesebRadrerducApphiatathenbbai doGremp Pt A do. the- 187907
(Patent Document 2), a technology for obtaining the key information (the
code) andpa tobedimaté evabuetbr 1hé&epageobspanes byvear mingr 8hdaet, phet ern on
t he page space according to a predetermined rule and reading this dot
pattern d&mrcably iis suggestgd. thaX 010 &dctupies a part of a page

space. Therefore, in the case of using this for a book

or the 1like, this method involves problems such that the

large bar code destroys beauty of the page space to be

printed; there is no space for displaying the bar codes

when a user wishes toallocate many bar codes in an easily

understood manner for a portionof writing and a sentence

or each character or object having a meaning to appear

on the image of a photograph, a picture, and a graphic;

and it is not possible to display the bar codes for layout

of the page space.

[0004]

In view of these points, as disclosed in Japanese

Patent Application National Publication (Laid-Open) No.

2003-511761 (Patent Document 1) and Japanese Patent

Application Laid-Open (JP-A) No. 10-187907 (Patent

Document 2), a technology for obtaining the key

information (the code) and a coordinate value on the page

space by forming a dot pattern on the page space according

to a predetermined rule and reading this dot pattern

optically is suggested.

[0005]



However, in the case of giving a neaning such as the key information to the
dot pattern indicated in the patent docunent | or 2, the arrangenent
density distribution of such a dot pattern is eccentrically |located in many
cases. Therefore, it is feared that the dot pattern is represented as a
print on the page space to influence beauty of a picture and a photograph
to be printed overlapped with the dot pattern. 0 0 0 6 1 In addition, if
such a dot pattern gets to be widely used, the dot pattern is fornmed on the
printed matter _for daily use and the surface of a commercial good, and it
seens that the GFMTERTreddi f FeaAS e G tht 196t & T192BéTd s @ désy used
and i nexpensi ve. However, the conventional dot pattern systeminvolves a
probl em sicif khat R eEP st PRat 8dtPECARS BHF § BF RcdbPPedd hgdal RdtStor ti on
in the dot pattern is required because a distortion is_generated on the

i maged doPPa®REr AAHERCIEhe sUF f 4ce e t AE Lfdtl el EGcIi @RS & tyage space of
the dot pattern or the like is expanded and contracted or curved in
consequenée: OF T APUEHRR aPdr SWHY & K dPey teornt hé 199@eBErd Rty 1ife and
the dot pattern is distorted due to a printing technology itself; when a
reading appa? hEAsi DSTAR YaCRERS wi thhar PR Rgriee 1of TRrheAi hfatabBGracy is
utilized; and further when the i maged dot pattern is distorted because of a
readi ng didetidRTEED tife rree%ﬁieﬁﬁnﬁ%ﬁﬁsa%f%rp’ékaﬁppék tHe BRI guePaicrect i on

wth to influence beauty of a picture and a photograph to be
printed overlapped with the dot pattern.
[0006]

In addition, if such a dot pattern gets to be widely
used, the dot pattern is formed on the printed matter
for daily use and the surface of a commercial good, and
it seems that the optical reading means for this gets
to be also widely used and inexpensive. However, the
conventiocnal dot pattern system involves a problem such
that a sophisticated technolcgy for correcting a
distortion in the dot pattern is required because a
distortion is generated on the imaged dot pattern when
the surface of the medium such as a page space of the
dot pattern or the like is expanded and contracted or
curved in consequence of a temperature and a humidity
orthelikeofadailylifeandthe dot patternisdistorted
due to a printing technology itself; when a reading
apparatus using a lens with a low degree of machining
accuracy is utilized; and further when the imaged dot
pattern is distorted because of a reading direction of
the readingmeans (for example, anobligque directionwith
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3 an optical axis displaced froma vertical direction wth respect to the
page space). SUMVARY OF THE INVENTION O O O 7 1 The present invention
relates to an information input and output nethod using a dot pattern.

[ 0008] According to a first aspect of the present invention, there is
provi ded an information i nput and output nethod; wherein an optical reading
apparatus reads a dot pattern which is formed on a nmedium and in which
information dots are arranged being msaligned at predeternmined intervals
in a x di RécORdnierlaayigi deePilacedrbrrh grier poicatl edevtienaiighi d |ine
provided at predetermined intervals in a xy direction; the optically read
dot patterifsReddpltoyeihén g e ARG Senory; how to ni salign each
information dot fromthe grid point into the x direction or the y direction
is recognized by a bit map calculation on the image nenory; a value is
given to each information dot corresponding to the msalignnent; a

di fference of the val ues &BHGARKe Qldj BBENtINVENEAMt i on dots is cal cul at ed
to be defined as the bit information; and a dot pattern is used, which
outputs a [B1@07]

The present invention relates to an information

input and output method using a dot pattern.
[0008]
Accordingtoa first aspect of the present invention,
there is provided an information input and output method;
wherein an optical reading apparatus reads a dot
pattern which is formed on a medium and in which
information dots are arranged being misaligned at
predetermined intervals ina xdirectionor a ydirection
from a grid point on a virtual grid line provided at
predetermined intervals in a xy direction;

the optically read dot pattern is deployed on an
image memory;

how to misalign each information dot from the grid
point intothexdirectionor theydirectionisrecognized
by a bit map calculation on the image memory;

a value 1is given to each information dot
corresponding to the misalignment:;

a difference of the values among the adjacent
information dots is calculated to be defined as the bit
information; and

a dot pattern is used, which outputs a bit
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4 information group in a predeterm ned area as the coordinate information
or the code information. [0009] According to the present invention, since
all of the information dots are arranged in the vicinity of the grid

poi nt, the arrangenent density distribution of the dot pattern is not

| ocated eccentrically, the dot pattern is not represented as a print on the
page space; and the dot pattern does not influence the beauty of a printed
page space of a picture and a photograph to be printed overlapped with the
dot patterifIPoBed|ioncesCIMglRoda NRGAE cddbideedop tde pFedd® i nventi on,
there is provided the information input and output nethod using a dot
pattern a&R8fAgate t hefarwatigypedt  thRercdidet he I fdeent at
predeterm ned intervals fromeach grid point inthe x direction or the vy
direction [dhOPReé virtual grid line is alternately generated for every

adj acent information dots. [0011] Thus, since msalignnment is ?enerated for
every adj acent AGFF fanidbr Yot ReoR e k| dnliedet Jony he b @pdaly @ifrecti ons
alternately, every other information dot is inevitably arranged on the sane
grid |inethemformatiperfiohe abe pRrESIR sl ddee Byl € he idpt odalt breeadi ng

grid point, the arrangement density distribution of the
dot pattern is not located eccentrically, the dot pattern
is not represented as a print on the page space; and the
dot pattern does not influence the beauty of a printed
page space of a picture and a photograph to be printed
overlapped with the dot pattern.

[0010]

According to a second aspect of the present
invention, there is provided the information input and
output method using a dot pattern according to the first
aspect,

wherein the misalignment at predetermined
intervals from each grid point in the x direction or the
y direction on the virtual grid line is alternately
generated for every adjacent information dots.

[0011]

Thus, since misalignment is generated for every
adjacent information dots on the grid line in the x and
y directions alternately, every other information dot
is inevitablyarrangedon the samegridline. Therefore,
when the dot pattern is read by the optical reading
apparatus, a search algorithm of the virtual grid line
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apparatus, a search algorithmof the virtual grid line 5 becones sinple on
the image nenory, and as a result, search of the grid point on the imge
menory al so becones easy. As a result, wi thout using a conplicated program
it is possible to nmake the reading speed of the dot pattern into a high
speed. [0012] Further, even if a distortion is generated on the inaged dot
pattern when the surface of the page space of the dot pattern or the |ike
i s expanded and contracted or curved in consequence of a tenperature and a
hunmidity PHCeRes| s keréfe anddle yMaFengid i he adod aFat rersi 1§, disedcted due
to a printi ngté; echnol ogy itself; when a reading aEparat us using a lens with
a | ow degode Wdfe Hch PR tagBuEBeyim@ dg Mem@EY ahdof Bedeke aeasthe i naged
dot pattern is distorted because of a reading direction of the
readi ngnedrfs J fIrSekhmplé thai bbi 5 §06 8 Fedflohc aiter ParP dpemeal taxiss
di spl aced froma vertical direction with respect to the page space), a
conpl i cat &P £oiEPAEt itoh makgortinsin Feaddtn heveesar p sithlee dlbd watharngrid
line is not a straight line but a gentle curve, so that search is easy.
[0013] AddbFdi Aghtictla sReEEd aspect of the present invention, there is
provided the information input and output nethod using a dot pattern
according t®°+Ré first aspect,
Further, even if a distortion is generated on the
imaged dot pattern when the surface of the page space
of the dot pattern or the like is expanded and contracted
or curved in consequence of a temperature and a humidity
or thelikeofadailylifeandthedotpatternisdistorted
due to a printing technology itself; when a reading
apparatus using a lens with a low degree of machining
accuracy is utilized; and further when the imaged dot
pattern is distorted because 0of a reading direction of
the readingmeans (for example, anoblique directionwith
an optical axis displaced froma vertical direction with
respect to the page space), a complicated correction
algorism is not necessary since the virtual grid line
is not a straight line but a gentle curve, so that search
is easy.
[0013]
According toa third aspect of the present invention,
there is provided the information input and output method
using a dot pattern according to the first aspect,
having a corner dot arranged on a grid point for

each of the predetermined number of grid areas; and
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having a corner dot arranged on a grid point for each of the predeterm ned
nunber of grid areas; and 6 registering the coordinate information or the
code information in the area encircled by the corner dot as the
predeterm ned area. 0 014 ] By using the corner dot, a storage unit of the
information can be defined. As this region unit, for exanple, 4 grid bl ocks
X 4 grid blocks = 16 bl ocks can be established. The vicinity of the grid
point within this 16 bl ocks can be a position where the information dot is
arranged. TG DuSieRdeut dFhg o wr ¢ bnetie aspéetr it ae priesthe Gaflenti on,
there is provided the information input and output nethod using a dot
pattern adddrAFRYtE®R Henthhpdargspatcivkdred v Vet 6P R T ndaki A§ t he
direction of the predetermned area is arranged outside of the area

enci rcl ed W\e thecdertRFndBe oraphathe grid point in the area. [0016] By
arranging this vector dot, the dot patternis read as being rotated in 90
degrees orl 4®Bb4 degrees, so that in any direction of upper, |ower, right,

and left directions, the code indicated by the dot pattern can
By using the corner dot, a storage unit of the

information can be defined. As this region unit, for
example, 4 grid blocks x 4 grid blocks = 16 blocks can
be established. The vicinity of the grid point within
this 16 blocks can be a position where the information
dot 1is arranged.

[0015]

According to a fourth aspect of the present
invention, there is provided the information input and
output method using a dot pattern according to the third
aspect,

wherein a vector dot meaning the direction of the
predetermined area is arranged outside of the area
encircled by the corner dot or on the grid point in the
area.

[0016]

By arranging this vector dot, the dot pattern is
read as being rotated in * 90 degrees or 180 degrees,
so that in any direction of upper, lower, right, and left
directions, the code indicated by the dot pattern can
be read.

[0017]
Further, by adding the direction information using
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be read. [00171 Further, by adding the direction information using 7 the
vector dot, the output can be varied depending on the reading direction

even in the sane dot pattern. [0018] According to a fifth aspect of the

present invention, there is provided the information input and out put

met hod wusing a dot pattern according to the first aspect to the fourth

aspect, wherein a security table having a key paraneter corresponding to

each bit stored therein js provided in a storage apparatus with respect to
the out putt®d %Pthqﬁ{bhatE&?gﬁ%ﬁﬁ?@ﬂﬁ?% ??ugﬁkﬂgg 3§R%ﬂ%hpgt&§tw

cal cul ati each bjt information by the key paraneter. 0019]. By using such
a sauuit&%%mFS?q%n%a 1EE Dy e9BNESE " t BBt t8d& i rﬁ%#?ﬁgandtrm

coordi nate i@i rmation it nmeans is analyzed by a third person only fromthe
r eadi ng rig ](the bit information) of the dot pattern. 0 0 2 0 1
According to a_sixth aspect of the present invention, there is provided an
i nformation i nPRC AN BGt bt fetiHdl 2 SRifet & t&e Bpeisedt Ade R 85par at us
reads a dot pattern which is formed on a nediumand in which infornmation
dots are atrkl“gﬁﬁejos l?é:i‘%‘@lﬁ?éaﬁ:h@njelafatrmatlon input and output method

using a dot pattern according to the first aspect to the
fourth aspect,

wherein a security table having a key parameter
corresponding to each bit stored therein is provided in
a storage apparatus with respect to the outputted bit
information group, and a true value 1s calculated by
calculating each bit information by the key parameter.
[0019]

By using such a security table, it can be prevented
that the code information and the coordinate information
itmeansisanalyzedbyathirdpersononlyfromthe reading
result (the bit information) of the dot pattern.
{0020]

According to asixth aspect of the present invention,
there isprovided aninformation input and output method;
wherein an optical reading apparatus reads a dot
pattern which is formed on a medium and in which
information dots are arranged being misaligned at
predetermined intervals ina xdirectionor a ydirection
for each of the adjacent grid points on a virtual grid
line provided at predetermined intervals in a xy

direction;



predetermned intervals in a x direction or ay direction for each of the
adj acent grid points on a virtual grid |Iline provided at predeterm ned
intervals in a xy direction; 8 the optically read dot pattern is depl oyed
on an image nenory; the alternately arranged information dots are searched
and the grid line in the x direction and the y direction is recognized on a
bit map; a coordinate of each grid point is recognized on the bit map; how
to msalign each informtiqon dot fromthe grid pojnt into the x direction
or the y directitdf i{PFeESgni Yele 2By 4P bhiR k&S dal tal dePdPYadvaPuéef i ned
i n advance is given to each information dot corresponding to the

m sal i gnneMt29€a"§iM I eYénce of the val ues anong the adjacent information
dots is calculated to be defined as the bit  informatjon; a bit information
group in a;ned&%ﬁrﬁﬁé&%ﬂ%%??g St PRCEEY; 1 B REVFr WABt PGS 388D from a
security table having the kg{ Psraneter_correspondjng tg each hit stored
therein wWii$?F E856Lt2RD thE WGP nt dPfatiBnt§odp, A BhECtd & e dalfde group

is calculatqg_by cal cul ating each bit_ infornation by the key paraneter; and
Yy directlon 1s recognized on a bit map:

a coordinate of each grid point is recognized on
the bit map:;

how to misalign each information dot from the grid
point intothexdirectionor theydirectionisrecognized
by a bit map calculation;

a value defined in advance is given to each
information dot corresponding to the misalignment;

a difference of the values among the adjacent
information dots is calculated to be defined as the bit
information;

a bit information group in a predetermined area is
outputted;

a key parameter is read froma security table having
the key parameter corresponding to each bit stored
therein with respect to the bit information group, and
a true value group is calculated by calculating each bit
information by the key parameter; and

a dot pattern outputting the code information
corresponding to the true value group or the coordinate
information group on the medium surface is used.
[0021]

According to a seventh aspect of the present
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a dot pattern outputting the code information corresponding to the true

val ue group or the coordinate information group on the nediumsurface is
used. [00211 According to a seventh aspect of the present 9 invention,
there is provided a dot pattern generating nethod; wherein information dots
are arranged being msaligned at predetermned intervals in a x direction

or ay direction for every adjacent grid points on a virtual

i nf or mati or*

grid line

provi ded at gﬁrﬁedeterm’ ned intervals in a_x direction on a medium a bit

security table with respect to a true value group; an initial

Blp % chledicatict BYO¥AIdEaH 4 i At Radeyepar &fdteFardad from a

dot to be

arranged S BROFditial grid linein the x direction or the y direction is

deci ded by usi Q’?ﬂ an arbit r%?{}}r andom nunber; the initial dot

Saftgn

the basis of a

i s arranged on

P& AOMIPRE FT8 poitrn¢8f f By¥ance; the

bit information value is added to the value neant by the initial dot to
cal cul at e & $aF 8T £ bR T £F e Tt PG Ed ot Baddcdid g T Ret1€ach dot
is arranged on the second grid line on the basis of the msalignment rule

fromthe gt¥ @ pOrAE Set OnifP R@VAREAdRCent gridpointsonavirtual

grid line provided at predetermined intervals in a xy

direction on a medium;

abitinformationgroupiscalculatedbycalculating

a key parameter read from a security table with respect

to a true value group;

an initial dot to be arranged on an initial grid

line in the x direction or the y direction is decided

by using an arbitrary random number;

the initial dot is arranged on the basis of a

misalignment rule from the grid point set in advance;

thebit informationvalue is addedto the valuemeant

by the initial dot to calculate a value of a dot to be

arranged on a second grid line;

each dot is arranged on the second grid line on the

basis of the misalignment rule from the grid point set

in advance; and

arrangement of a dot on a grid line n is repeated

by rotation on the basis of a dot on a grid line n-1.

[0022]

According totheinformation input andoutput method

using the dot patterns described in Claims 1 to 7 of the

present invention, the arrangement density distribution
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arrangenment of a dot on a grid line nis repeated by rotation on the basis
of a dot on a grid line n-1. 100221 According to the information input and
out put method wusing the dot patterns described in Clains 1 to 7 of the
present invention, the arrangenent density distribution 10 of the dot
pattern is not |ocated eccentrically. Therefore, it is not feared that the
dot pattern is represented as an ugly print on the page space and the dot

pattern influences the b of a picture and, a photograph _to be printed
overlappe(?gm)i}ﬁetﬁé’tdo?agg ntS (51 Zf%ci‘l S aBAFEd L eden Y a

distortio ner at ed,_on the [ ed dot_ pattern n the surface of the
medi um s&g}?%gﬁﬁrﬁagelgpéée Pt Eg%cﬁﬁg gplaér n Chf \1242?6» IPﬂEtlesrn expanded and

contracted or curv nd the dot. pattern is distorted due to pr nting

technol ogfqufg‘é?fan ?S a@Peddilng Rpparalis er 2 4e ér?sa‘%t?’lng degr ee
machi n n rac I|zed nd further when the inmaged dot pattern

|s di st or Eseer%f ﬁé‘h%?ﬂﬁs @chEan Phe ré%tjd?ﬁt}rﬁeaﬁ%g(ﬁor

exanpl e, obI i | rection pti ca axi d| spl aced from a

vertical 3}%@9 5P i tohb?égbée?eﬁ;wﬁé So e, ChPaE % LedmDl i cat ed

correcti on[ qa(#ggrl sm the virtual grid line can be easily searched.
Ther ef or e, dot pattern can be accurately recognized at a hi gh speed

wi t hout bein : . .
9 In addition, even if a distortion is generated on

the imaged dot pattern when the surface of the medium
such as a page space of the dot pattern or the like 1is
expanded and contracted or curved and the dot pattern
is distorted due to a printing technology itself; when
a reading apparatus using a lens with a low degree of
machining accuracy is utilized; and further when the
imaged dot pattern is distorted because of a reading
direction of the reading means {(for example, an obligue
direction with an optical aXxis displaced froma vertical
direction with respect to the page space), without a
complicated correction algorism, the virtual grid line
can be easily searched. Therefore, the dot pattern can
be accurately recognized at a high speed without being
influenced by a surface of a medium and a reading
condition.

[0024]

By applying the dot pattern according to the present
invention to the input means of a personal computer and
an information processing unit or the like, this input
means can be a substitute for a conventional mouse, a

11



i nfluenced by a surface of a nediumand a reading condition. 0 0 2 4 1 By
applying the dot pattern according to the present invention to the input
means of a personal conputer and an information processing unit or the

li ke, this input neans can be a substitute for a conventional nouse, a 11
tablet and a digitizer or the like, and this provides innovative changes to
the input system 0 02 51 In this case, the dot pattern nay nean the
specific _cqde jnformation, or the dot pattern nay be a nuneric  val ue

oan no.t FE e OB et or bR DESERIBA Ot BE - THE GRANRGS 1 01 506 1 Fi g
1 is an explanatory view of a nmethod for arranging a dot pattern according
to the preédBitVagiiysdi PRARIS gto2tiRe Al JPE ssrbgﬁgﬁ‘a rel ati on between the
dot and % 'g | ine according to the present enbodinment; Fig. 3 is a view
showi ng a ﬁ%ﬂ% b m sal i gnment of an information dot froma grid point;
Fig. 4 is a dot pa%%srn vieM/ng eﬁglaining the acquisition of the

i nformati on dueltfotd@ldi FRstendd’® F9 . Pt FEIInM@¥ et e ARKE of 1§

rel ati on ano n information bit, a security table, and a true val ue;
cng ?nformaggon, or the dot pagtern may be a numeric

value meaning the xy coordinate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

Fig. 1 is an explanatory view of a method for
arranging a dot pattern according to the present
embodiment;

Fig. 2 is a view showing a relation between the dot
and a grid line according to the present embodiment;

Fig. 3 is a view showing a mode of misalignment of
an information dot from a grid point;

Fig. 4 is a dot pattern view for explaining the
acquisition of the information due to a difference;

Fig. 5 is an explanatory view of a relation among
an information bit, a security table, and a true value;

Fig. 6 is an explanatory view (1) of a reading
algorism of the dot pattern;

Fig. 7 is an explanatory view (2) of the reading
algorism of the dot pattern;

Fig. 8 is anexplanatoryviewof amethod for reading
the dot pattern using an optical reading apparatus;

Fig. 9 is an explanatory view (3) of the reading
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Fig. 6 is an explanatory view (1) of a reading algorismof the dot pattern;
Fig. 7 is an explanatory view (2) of the reading algorismof the dot
pattern; Fig. 8 is an explanatory view of a nmethod for reading the dot
pattern using an optical reading apparatus; Fig. 9 is an explanatory view
(3) of the reading 12 algorismof the dot pattern; Fig. 10 is an explanatory
view (4) of the reading algorismof the dot pattern; Fig. 11 is an

expl anatory view (5) of the readin al gorismof the dot pattern; Fig. 12 is
an expl an&'FYrvs8wH) the tdet readitRral gori smof the dot pattern; Fig. 13
is an explanatory view (7) of the reading algorismof the dot pattern; Fig.
14 is an expl angillcﬁy Wehs(ap sxrlrnabadivhg Targéti smfotthher eadipt t ern;
Fig. 15 is an explanatory view (9) of the reading algorismof the dot
pattern; BECI6SMs Gh Eiﬁﬁ fHat oPg BESW € 10) of the reading algorismof the
dot pattern; Fig. 17 is an explanatory view of a nodification of the

readi ng al gori sthigt- the 48t 2pae@rAnareny ¢71a8 i(8)ar fedlanaeafynd ew of a

relation anong .an information bit, a security table, and a true val ue
algdrism of the dot pattern;

Fig. 12 is an explanatory view (6) of the reading
algorism of the dot pattern;

Fig. 13 is an explanatory view (7) of the reading
algorism of the dot pattern;

Fig. 14 is an explanatory view (8) of the reading
algorism of the dot pattern;

Fig. 15 is an explanatory view (9) of the reading
algorism of the dot pattern;

Fig. 16 is an explanatory view (10) of the reading
algorism of the dot pattern;

Fig. 17 is an explanatory view of a modification
of the reading algorism of the dot pattern; and

Fig. 18 is an explanatory view of a relation among
an information bit, a security table, and a true value

in Fig. 17.

DETAILED DESCRIPTION OF THE INVENTION
[0027]

The embodiment of the present invention will be
described belowwith reference to the attached drawings.
(Basic Principle of Dot Pattern)

The basic principle of the dot pattern according
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in Fig. 1
t he prese
dr awi ngs.

7. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0027] The enbodi nent of
nt invention wll be described below with reference to the attached

(Basic Principle of Dot Pattern) The basic principle of the dot

pattern according 13 to the present enbodinent will be described with

reference
(yl y7,
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to Fig. 1. [0028] At first, as shown in Fig. 1, the grid lines

xl - x5) are supposed at predetermned intervals in a xy direction.

cting point of thi rid line,i alled as a grid paint. Then,
EP %ﬁﬁo&ﬁﬁﬁﬁ?ta§ﬁhébﬁ@ﬁﬂﬁnﬂbhic L nQfFEISF, L %@ Widdk) encircled
fo%i grid oi nts, fouI bl ocks (four grids) in the xy direction,

L grids) are defined as one information bl ock.
8ﬂ€¥838 one exanmple, this information block unit is nade of 16
i s obvious that any nunmber of blocks can configure the

e e Lehg & bek§ 1 916

on block. [0029] Then, four. angul arpoints configurin
ar aré§<#l¥ﬁFsi%ﬁcﬁ WPO&QM&%%'&E

X

at predetermine 1ls
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in a xy direction. An intersecting point of this grid

er Xdot s
line is called as a grid point. Then, in the present
embodiment, as the minimum block (namely, one block)

encircled by these four grid points, four blocks (four
grids) in the xy direction, namely, 4 x 4 = 16 blocks
(16 grids) aredefined asone informationblock. Further
only as one example, this information block unit is made
of 16 blocks, and it is obvious that any number of blocks
can configure the information block.

[0029]

Then, four angular points configuringarectangular
area of this informationblock are defined as corner dots
(x1lyl, x1ly5, x5yl1, x5y5; namely, the circled dot in the
drawing). These four corner dots are made to coincide
with the grid points.

[0030]

Thus, by finding four corner dots coinciding with
the grid point, the information block can be recognized.
However, only by this corner dot, the information block
can be recognized but the direction of the information
block is not known. For example, when the direction of
the information block is not recognized, even the same
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with the grid points. [0030] Thus, by finding four corner dots coinciding
with the grid point, the information bl ock can be recogni zed. However,
only by this corner dot, the information block can be recognized but the
direction of the information block is not known. For exanple, when the
direction of the information block is not recognized, even the sane 14
information block is made into entirely different information if this
information block that is rotated by 90 degrees or 180 degrees is scanned.
0 0 31 J IRhFBRrELICD VREPEK doi I(‘édr?ey“%?) St b ¢ dWgett hf e et gri d poi nt
i nside of the rectangular area of the information block or within the

adj acent Iléﬁod‘ﬁ@ﬁl aPharkeh. thLS el AF BRitAP D P d8C K Xy3Y dsciittabeBy a

triangle is a vector dot. The key dot (the vector dot) is arranged at the
first gri @Yok n?Oveedrasbyoapr? @ fesmeds Asddi@anpeicht of the grid |ine
conflgurln% the upper side of the information block. As the same as this,

t he key ddt lthe lower information block is arranged at the first grid
poi nt (x4y3) vertlcally upward fromthe m ddl e 0|nt of the grid line
configuring theTRSARICF8e éfV€H§Q?ﬁQﬁﬁaf?oheBI6€% ig @ ¥ ngepupther

accordi ng to t he present enbodjnent, a
the grid point inside of the rectangular area of the

informationblockorwithinthe adjacent rectangular area.
In the drawing, a dot (x0y3) encircled by a triangle is
a vector dot. The key dot (the vector dot) 1is arranged
at the first grid point vertically upward from the middle
point of the grid line configuring the upper side of the
information block. As the same as this, the key dot of
the lower informationblock is arranged at the first grid
point (x4y3) vertically upward from the middle point of
the grid line configuring the lower side of the
information block.

[0032]

Further, according to the present embodiment, a
distance between the grid points (inter-grid distance)
is defined as 0.25 mm. Accordingly, one side of the
information block become 0.25 mm x 4 grids = lmm. Then,

this area becomes 1 mm x lmm = Imm?. It is possible to

store the information of 14 bits in this range. Using
this inside 2 bits as the control data leads to that the
information for 12 bits can be stored. It is merely an
example that the inter-grid distance is 0.25 mm, and for
example, the distance can be freely changed in the range
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di stance between the grid points (inter-grid distance) is defined as 0.25
mm Accordingly, one side of the information block becone 0 .25 mMm x 4
grids = Imm Then, this area becones 1 MM X 1MM = 1MW2. It is possible to
store the information of 14 bits in this range. Using this inside 2 bits as
the control data leads to that the information for 12 bits can be stored.
It is nerely an exanple that the inter-grid distance is 0.25 mm and for
exanpl e, t@g diiéance cag be freely changed in the range 15 of 0.25 to 0.5
mm or mor & (A f Andéreht 2 PR™hcE Il BOSE 1 nf or mati on Dot) The information dots
are alternately arranged_being, msaligned in the x direction and the y

di recti on '‘FYo? REREHT dpﬁéiqﬁl.p?ﬁeocﬁ %‘rﬁ?@Fnkﬁ‘t%ﬂg Do mati on dot is
preferably in thsﬁran e of 0,03 éo 0. 05 gg]ror nore, and the amount of

mi sal i gnnent frome hBIGARE boPmt AP §S o e ek b F § adisoly 215 38985 BE 6P % he
inter-grid distance. Since this range of the anount of msalignpent is an
exanpl e, ! 53lpgnes idy st hecBsSdmp Thhae it RB hrfdimtY of 1 T RiCLat $YnfERT is i n
this range, however, when the ampunt of msalignment is |larger than 25% it
i s a generdl® t3ehd PPRAL t hel ot pabedaT Odsiihye abpéars alst alpfPrit vthen
checking the dot with eyes. 0 0 3 3 ]_In other words, since the grid points
are msal Pdrfett®r & é’rﬁd{é%eiﬁagg\?elotﬁ Jal0ditecti O (O ATh& S 8 r 886G on)

the amount of misalignment from the grid point is
preferably about 15 to 25 % of the inter-grid distance.
Since this range of the amount of misalignment is an
example, it is not always necessary that the amount of
misalignment is in this range, however, when the amount
of misalignment is larger than 25%, it is a general trend
that the dot pattern easily appears as a print when
checking the dot with eyes.

[0033]

Inother words, since thegridpoints aremisaligned
alternately in a vertical direction (in the y direction)
and in a horizontal direction (the x direction), the
arrangement distribution of the dot is not eccentrically
located. As a result, the dots do not appear on the page
space as a moire and a print so that beauty of the page
space can be kept.

[0034]

By employing such an arrangement principle, the
information dots are always arranged on the grid line
in the y direction alternately (refer to Fig. 2). This
leads to that the grid line linearly arranged in the y
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and in a horizontal direction (the x direction), the arrangenent
distribution of the dot is not eccentrically |ocated. As a result, the dots
do not appear on the page space as a noire and a print so that beauty of

t he page space can be kept. 0 0 3 4 1 By enploying such an arrangenent
principle, the information dots are always arranged on the grid line in
the y direction alternately (refer to Fig. 2) . This leads to that the grid
line linearly arranged in the y 16 direction or the x direction alternately
may be foGid SBER el nfheh& dbtr patiem,akbetrhatt e hysmiaas s Bavast age
such that a calculation algorithmin the informati on processing unit upon
recogni ti oAl ad spapih ¢ dadt aad t speededthp.t bha sshgsjanp R tRrO® even
in the case that the dot pattern is transformed due to curvature of the
page spac&UWiththBal jkecadifar gt don el gay ikdm bena tdre ai ghounateibot a
gentle curve like a straight line and it is relatively easy to find the
grid |inePItheeéfdre] Uynitanrbd® &P yRAL il scanrllgerfsmolst Eipdngnich t he
nodi fication of the page space and the m salignnent and distortion of the
reading &meedrdsytem 0 0 3 6 ] The neaning of the information dot is

descri bed in
[0035]

In addition, even in the case that the dot pattern
is transformed due to curvature of the page space or the
like, thegridlinemay not bea straight line but a gentle
curve like a straight line and it i1s relatively easy to
find the grid 1line. Therefore, it can be said that this
algorism is strong in the modification of the page space
and the misalignment and distortion of the reading
optical system.

[0036]

The meaning of the information dot is described in
Fig. 3. 1In Fig. 3, + indicates a grid point and a black
circle indicates a dot (an information dot). The case
that the information dot is arranged in a - y direction
relative to the grid point is defined as 0; the case that
the information dot is arranged in a + y direction 1is
definedas 1l; thecase that theinformationdot isarranged
in a - X direction relative to the grid point is defined
as 0; and the case that the information dot is arranged
in a + x direction is defined as 1.

[0037]
Next, with reference to Fig. 4, the arrangement
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Fig. 3. In Fig. 3, + indicates a grid point and a black circle indicates a
dot (an information dot) . The case that the information dot is arranged in
a - y direction relative to the grid point is defined as 0; the case that
the information dot is arranged in a + y direction is defined as 1; the
case that the information dot is arranged in a - x direction relative to
the grid point is defined as O; and the case that the information dot is

arranged in rection is defined as 1. 0 Next, with reference
to Fi g 4°thEe aP?aﬁé Powastea% FEeRET AT e 3 05 ot LA LR ead ng
al gorithm ﬁ scr|%P bel [0038] In the drawing, the information
dot of a érrt e&e Far hRf Oﬁhfter called as the information dot

(1)) is niﬁ§@§g?ed fromthe grld poi nt (x2y|) inthe + x direction, this
informatio means"1". In addition, since an information dot (2) (in the

ST 5 S i PR NS LI
spnce, an oLl n ol (3 (ip,the drantng, o (e clyeled puter ¢ yal ve) 15
oo P e U B0 apr st (i (e e e
Xxdirection, thisinformationdotmeans “1”. Inaddition,
since an information dot (2) (in the drawing, the circled
numeric value) is misaligned from the grid point (x3yl)
in the + y direction, this information dot means “1”.
Further, since an information dot (3) (in the drawing,
the circled numeric value) is misaligned from the grid
point (x4yl) in the - x direction, this information dot
means “0”, an information dot (4) (the circled numeric
value in the drawing) means “0”, and an information dot
(5) means “0”, respectively.
[0039]
In the case of the dot pattern shown in Fig. 4, the

information dots (1) to (17) take the following values.

[0040]
(1) =1
(2) =1
(3) =0
(4) = 0
(5) =0
(6) =1
(7) =0

18



(5) nmeans "0", respectively. [0039] In the case of the dot pattern shown in
Fig. 4, the information dots (1) to (17) take the follow ng values. [0040]
(1) =1(2 =1(3) =0(4) =0¢(5 =0¢(6) =2 (7) =018 (8 =19 O
(10) 1 (12) 0 (13) O (14 ) O (15 O (16) 1 (17) 1 According to the present
enbodi nent, the value of the information bit is calculated by using an
information acquisition algorithmdue to a difference nethod to be
descri bed bel ow, gom@vir, this information dot nmay be outputted as the
information bit & it s. In addi tion,

(9) 0

(10) =1
(11) =1
(12) = 0
(13) = 0
(14) = 0
(15) = 0
(16) =1
(17) =1

According to the present embodiment, the value of
the informationbit iscalculatedbyusingan information
acquisition algorithm due to a difference method to be
described below, however, this information dot may be
outputted as the informationbit as it is. In addition,
a true value may be calculated by calculating a value
of a security table to be described later for this
information bit.

(Information Acquisition Algorithm by Difference
Method)

Next, with reference to Fig. 4, an information
acquisitionmethod applying the difference method on the
basis of the dot pattern according to the present
embodiment will be described below.

[0041]

Further, in the description of the present

embodiment, a figure encircled by ( ) denotes a circled
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a true value may be cal cul ated by calculating a value of a security table
to be described later for this information bit. (Information Acquisition

Al gorithmby Difference Method) Next, with reference to Fig. 4, an
information acquisition nethod applying the difference nmethod on the basis
of the dot pattern according to the present enbodinment will be described
bel ow. [00411 Further, in the description of the present enbodinent a
figure enci,rcled by denotes a circled 19 figure in the draw ng,

figure en lr%%%%llﬁyt%‘e]dﬁeﬂéfl@s andg §d98 eR EYCt el By }ays[qhajree“‘i’ﬁeﬁhe

drawi ng. [0042] According.to the present enbodi nent, each value of 14 bits
Wit hin thé irf DY hréit iedhch%&I@q sb¥eﬁr§§£é+ﬁ%ﬂ Byt e fr@vehR e -of t he adj acent
|nfornat|g% dot's. For example, the first bit can be obtained fromthe

di fferenc %ﬁﬁ%een the information dot (1) and the information dot (5)

| ocated + one grid fromthe information dot in the x direction. In
other words, [1fFCc£qEying(gp fle %%?é@qusﬁé‘doo%?l@nttheefi‘%ho‘f%?neoﬁfdot (5)
denotes "1" and t he |nfornat|on dot (1) denotes "0", so that the first bit
[1] neans 141P1%® Whaﬁew q"lnfnrnnetls%ebwk ither @BESFEBERA[BY i s

represented by £ (6) - & , . ,
erence of tHe adjacent information dots. For

example, the first bit canbeobtained fromthedifference
between the information dot (1) and the information dot
(5) located + one grid from the information dot (1) in
the x direction. In other words, [1] = (5) - (1) 1is
established. Here, the information dot (5) denotes “1”
and the informationdot (1) denotes “0”, so that the first
bit [1] means “1 - 0”, namely, “1”. 1In the same way,
the second bit [2] 1s represented by (2] = (6) - (2),

and the third bit [3] is represented by [3]

Il
~

|
w

The first to third bits are as follows.
[0043]
Further, in the following difference formulas, it

is defined that the value takes an absolute wvalue.

(0044]
(1] = (5) - (1) =0 -1 =1
[2] = (6) - (2) =1 -1=20
(31 = (7) - (3) = 0 -0 =0

Next, the fourth bit [4] will be obtained from the
difference between the information dot (8) just below
the vector dot andthe informationdot (5). Accordingly,
with respect to the fourth bit [4] to the sixth bit [6],

20



and the third bit [3] is represented by [3] _ (7) - (3) The first to third
bits are as follows. [0043] Further, in the follow ng difference formulas,
it is defined that the val ue takes an absolute value. [0044] [1] =(5)- (1)
=0- 1 =110[2] =(6)- (2) =1- 1 =01[3] =(7)- (3) =0- 0 = 0 Next, the fourth
bit [ 4] wll be obtained fromthe difference between the information dot
(8) just below the vector dot and the information dot (5). Accordingly,
with respect to the fourth bit o] th si xth hi 6 20 the dlfference
bet ween tﬁi‘%éjlhép‘éf’eﬂ‘r‘ee ibrﬁto‘?’?r%ﬂB edi‘fta “]%@aﬁetg‘ nJ[e“%PF&‘aﬂhl?ﬂe dety
direction_ and the val ue of lnfo mation dot |ocated one grid in the + vy
directi on192b8aPREI I BB TRE thi% dkye CtHE T ot ththig W@ﬂu?ooﬁhe si xt h
bit [6] can.be obtained by.the follomnn fornulas %g046] (5) =1-
0 =1 [5]_f@£°rT8 ioq OtllPﬂat% o?ne(%rl% 1 Ihqekty %1%? éﬁébt t he
sevent h bi,t J} tQ the ninth bit [9] , the difference fromthe value of the
i nformatidgir obtained

[0045]

In this way, the fourth bit [4] to the sixth bit

[6] can be obtained by the following formulas.

[0046]
[4) = (8) = (5) =1 -0 =1
[5] = (9) - (6) = 0 -1 =1
[6] = (10) - (7) =1 - 0 =1

Next, with respect the seventh bit [7] to the ninth
bit [9], thedifference from the value of the information
dot located one grid in the + x direction and the value
of information dot located one grid in the -~ y direction
is obtained.

[0047]
In this way, the seventh bit [7] to the ninth bit

[9] can be obtained by the following formulas.

(0048]
[71] = (12) - (8) = 0 -1 =1
(8] = (13) - (9) =0 - 0 =0
[9] = (14) - (10) =0 - 1 =1

Next, with respect the tenthbit [10] to the twelfth
bit [12], thedifference fromthe value of theinformation
dot located one grid in the + x direction is obtained
and the tenth bit [10] to the twelfth bit [12] can be
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dot located one grid in the + x direction and the value of information dot

| ocated one grid inthe - y direction is obtained. [0047] |In this way, the
seventh bit [7] to the ninth bit [9] can be obtained by the foll ow ng
formulas. [0048] [7] _(12)- (8) =0- 1 =1 [8] _(13)- (9) =0- 0 =0 [9] _(14)-
(10) =0- 1 =1 Next, with respect the tenth bit [10] to the twelfth bit

[12], the difference fromthe value of the information dot |ocated one grid
inthe + x direction is obtained and the tenth bit [10] to the twelfth bit
[12] can BBTZEeaPyed bs 2hd Jro £ B r#}%\lﬂelsas. [0049] [10] _(15)- (12)
=0- 0 =0 b#%% (16)- (13) =1- 0 =1 [12] _(17)- (14) =1- 0 =1 At |ast,
wth respé D the thirteenth bit [13] and the fourteenth bit [14], the

di fference bet the informatjon dot (8) and the value of the information
dots | ocated ﬁ?iﬁé j?iﬁﬁgﬁd'l éLg)gf1d3iﬁ fhé Xl direction are obtained,
respectively, a??thgy ??g)bq_oP{%Bngg fs_ BOL!QFB. [ 0050]

(12] = (17) - (14) =1 - 0 =1

At last, with respect to the thirteenth bit [13]
and the fourteenth bit [14], the difference between the
information dot (8) and the value of the information dots
located + one grid and - one grid in the x direction are

obtained, respectively, and they can be obtained as

follows.

[0050]
[13] = (8) - (4) =1 -0 =1
[14] = (11) - (8) =1 - 1 =0

Further, the first bit [1] to the fourteenth bit
[14] may be employed as a true value as they are and
function as reading data. However, in order to ensure
a security, providing a security table corresponding to
this 14 bits, defining a key parameter corresponding to
each bit, and adding and multiplying the key parameter
toandby the readingdata, the truevaluemaybe obtained.
[0051]

In this case, a true value T can be obtained by the
formula of Tn = [n] + Kn (n:1 to 14, Tn: a true value,
[n]: a reading value, Kn: a key parameter). Such a
security table having the key parameter stored therein
can be registered in a ROM within the optical reading
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[13] =(8) - (4) =1- 0=1 [14] =(11) - (8 =1 - 1 =0 Further, the
first bit [1] to the fourteenth bit [14] may be enpl oyed as a true val ue as
they are and function as reading data. However, in order to ensure a
security, providing a security table corresponding to this 14 bits,
defining a key paraneter corresponding to each bit, and addi ng and

mul tiplying the key paraneter to and by the reading data, the true val ue
may be obtained. [0051] In this case, a true value T can be obtai ned by the
formul a ofPMAEAEWS -+ Kn (n:| to 14, Tn: a true value, [n]: a reading

val ue, Kn: @ §S¥ parameter). Such a security table having the key paraneter
stored thek®? can be registered in a ROMwithin the optical reading 22

apparatus. [0052] For exanple, assuninglthe foll gwi ng key paraneters as
the security tabi% SREMEP HeK2aSSHMRNE g f ol hoRd Ny ke ParaRyters

as the security table,

Ky =0
K, =0
Ky = 1
Ky =0
Kg = 1
Ke =1
Ky =0
Kg =1
Ko = 1
Kio = 0
Kip = 0
Kiz = 0
Kiz =1
Kig = 1

true values Tl to T1l4 can be obtained as follows,

respectively.

[0053]
T, = [1] + K; =1 + 0 =1
T, = [2] + Kz = 0 + 0 = O
Ty = [3] 4+ K3y = 0+ 1 =1
Ty, = [4] + Kg =1 + 0 =1
Ts = [5] + Ks = 1 + 1 =0
T, = [6] + Kg =1 + 1 =0



KB = 1 K9
be obtain
K2 =0+ 0
0 T56 ]+
=[9] + K4

bet ween t
true valu

= 1 K10 =0 K11 =0 K12 =0 K13 =1 K14 =1 true values Ti to T14 can

ed as follows, respectively. [0053] T1 =[1]+ K1l =1+ 0 =1 T2 =[2]+

=0 T3 =[3]+ K3 =0+ 1 =1T4 =[4]+ K4 =1+ 0 = 1 Ts =[5]+ K5 =1+ 1
K6 =1+ 1 = 0 23 T7 =[7] + K7 = 1+ 0 =1 T8 =[8] + K8 = 0+ 1 =1 T9
= 1+ 1 =0 T1, _[10] +Klo =0+ 0=0 T11 =[11] +K11 =1+ 0=1 T12 =[12]
+K12 =1+ 0=1 T13 =[13] +K13 =1+ 1=0 T14 =[14] +K14 =0+ 1=1 The rel ation

he above-geﬁ%ﬁipEdK igf%rqgtgog th, the security table, and the

e T 1=
Tg = [8] + Kg = 0 + 1 =1
Te = [9] + Ko =1 + 1 =0
T = [10] + Kiyp = 0 4+ 0 = 0
Typ = [11] + Kyp= 1 + 0 = 1
Ti = [12] + Ky =1 + 0 =1
Tis = [13] + Ky =1 + 1 =0
Tig = [14] + Kiy = 0 + 1 =1

The relation between the above-described
information bit, the security table, and the true value
will be shown in Fig. 5.

[0054]

In the above description, the case that the
information bit is obtained from the other information
bit and the true value is obtained with reference to the
security table is explained, however, in the case of
generating a dot pattern from the true value on the
contrary to this, the value of the nth bit [n] can be
obtained by the formula of [n] = Tn - Kn.

[0055]

Here, as an example, in the case of Tl =1, T2 =

0, T3 = 1, the first bit [1] to the third bit [3] will

be obtained from the following formulas.

[0056]
(1] =1 - 0 =1
[2] = 0 - 0 =0
[3] =1 -1 =20
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will be showmn in Fig. 5. [0054] 1In the above description, the case that the
information bit is obtained fromthe other information bit and the true
value is obtained with reference to the security table is explained,
however, in the case of generating a dot pattern fromthe true value on the
contrary to this, the value of the nth bit [n] can be obtained by the
formula of [n] = Tn - Kn. [0055] Here, as an exanple, in the case of Ti =
1, T2 = 0, T3 =1, the first bit [1] to the third bit [3] will be obtained
fromthe fol | owf RgNfortthe a1 r[sgogslt| 1]l 1=1to otkel thjraobi {3 [BFe=1- 1 =
0 24 Then, the first bit [1 to the third bit [3] are represented by the
fol | ow ngraprrfee?%héédf dryufae fobbeyimg diffegeancp2ifoxmpla2) [3] (7)-
(3) Here, glVlng an initial value such as (1)) =1, (2) =1, (3) =0, the

dots (5) t897}] canbe obtained as follows. [0058]
(1] = (5) - (1)
(2] = (6) - (2)
(31 = (7) - (3)
Here, giving an initial value such as (1) =1, (2)

=1, (3) =0, thedots (5) to (7) canbe obtainedas follows.

(0058]
(5) = (1) + [1] =1 + 1 =0
(6) = (2) + [2] =1+ 0 =1
(7) = (3) + [3] = 0+ 0 =0

The explanation is herein omitted, however, the
values of the dots (8) to (l14) can be obtained in the

same way. On the basis of these values, the dots may

be arranged.
[0059]

The initial values of the dots (1) to (3) are
arbitrary random number (0 or 1).

[0060]

In other words, by adding the values of the
informationbits [1] to [3] to the allocated initial dots
(1) to (3), the values of the dots (5) to (7) arranged
on the next y directional grid line can be obtained. 1In
the same way, by adding the values of the information
bits [4] to [6] to the values of the dots (5) to (7),
the values of the dots (8) to (10) can be obtained.
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(5) _(1)+ [1] =1+ 1 =0 (6) (2)+[2] =1+ 0 =1 (7) _(3)+ [3] =0+ 0 =0 The
explanation is herein omtted, however, the values of the dots (8) to (14)
can be obtained in the same way. On the basis of these values, the dots may
be arranged. [0059] The initial values of the dots (1) to (3) are

arbitrary random nunber (0 or 1). [0060] In other words, by adding the
values of the information bits [1] to [3] to the allocated initial dots

(1) to (3), the values of the dots (5) to (7) arranged on the next y
direction

Val ues of TPRE] rl%'o'rﬁﬁt PR ST tow@”@a@e@n%¥i%%§'t8%¥%“?5) to
ggéingtPﬁé¥3al % t?ﬁbqﬂ%$o§%é ‘%%(%?tg ET?¥GF§bE ned tﬁ205;{h€§rof t he
dots (9) 10,600 o Engg vl e of vl (12, 1 faéf%tagar?aoz et Further.
the dots (324 o, (19}, 11e yeluee ol o< (19) 80, (00) £, bg,opt 3 ned

to the values of the dots (12) to (14), the values of

dots (15) to (17) can be obtained.

[0061]

Further, the values of the dots (4) and (11) can
be obtained, respectively, by subtracting the
information bit [13] from them or adding the information
bit [14] to them on the basis of the calculated dot (8)
in the above description.

(0062]

As mentioned above, according to the present
embodiment, the arrangement of the dot on a grid line
yn is decided on the basis of the dot arrangement on the
grid line y(n-1), and by repeating this sequentially,
the entire arrangement of the information dot can be
decided.

(Dot Pattern Reading Procedure in Optical Reading
Apparatus)
(Step 1)

As shown in Fig. 6, the data read by an optical
reading apparatus 801 (refer to Fig. 8) is
bitmap-deployed on a VRAM (an image memory), and a
two-valued dot on the image memory is searched from the
center of photographing in a spiral. The dot that has
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be obtained, respectively, by subtracting the information bit [13] from
them or adding the information bit [14] to themon the basis of the

calcul ated dot (8) in the above description. [0062] As nentioned above,
according to the present enbodinent, the arrangenent of the dot on a grid
line yn is decided on the basis of the dot arrangenent on the grid line
y(n-1), and by repeating this sequentially, the entire arrangenent of the
i nformation dot can _be decided. (Dot Pattern Reading Procedure in Opti cal
Readi ng 29HRr dCuE}d (&tep ystasishsf 1 Redi ¢S5 & FREIRACRed® hyPan opti cal
readi ng §§$aratus 801 (refer to Fig. 8) is bitmap-depl oyed on a VRAM (an

i mge me 9?? #d a two-valued dot on the i mge nmenory i s searched from
the center of photographing in a spiral. The dot that has 26 been found at
first is defin >é§r%h%@erreeﬁ%@%o?rra@se{l%ébfz)hwéﬂt, igHee présaird or
absence of the dot is retrieved in a clockw se spiral fromthe reference
dot PO THerg CiAEKGIFOWR§Tadt &iRhatpent B edarFeddedt Pwi-t hThédpect to

the dot found here. |f this dot does not neet the <condition, returning to
(the st eptl??1f@p1éodb1tngﬁaegtp§mlnatlon 1s carried out with respect

to the dot found here. If this dot does not meet the
condition, returning to (the step 2}, the dot that is
an inspection object next to the spiral direction will
be searched from the dots that have been searched so far.
(Step 3)

Measuring an angle 6 made the direction of the dot
of the inspection object from the reference dot Py by
the vertical direction of the center of photographing
and a distance L from the reference dot Py, the dots are
registered on a table disposed on the memory by rotation
from that of the shorter distance from the reference dot.
Every time a new dot is found, the rotation is sorted
because the dot is searched in a square centering on the
reference dot Py in the case 0of searching the dot in a
spiral and the lately searched dot may have a shorter
distance. Fig. 6 shows an example that the dot pattern
is modified into an oblong when the optical reading
apparatus 801 is inclined to read the dot pattern from
the oblique direction with respect to the vertical line
against the reading surface.

(Step 4)
A difference of the angle (namely, a black triangle
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an inspection object next to the spiral direction will be searched fromthe
dots that have been searched so far. (Step 3) Measuring an angle 0O made the
direction of the dot of the inspection object fromthe reference dot Po by
the vertical direction of the center of photographing and a distance L from
the reference dot Pc,, the dots are registered on a table disposed on the
menory by rotation fromthat of the shorter distance fromthe reference

dot. Every tinme a new dot is found, the raotation is sorted because the dot
is search@dihﬁ%wgaﬁa@eﬂﬁ#ﬂ%@ﬁﬁ§Qﬁﬂ@heohmﬁ%ﬁeﬁ@é dot apolix dhaé E&se of
searching the. dot in a spiral and the |ately searched dot may have a

shorter diSTLREBI S gl N6t 8RowR e ex BmAIe’ 3 hae tHe HoPepsttlsith 2F8dnodi i ed

into an obl ong when the optical reading apparatus 801 is inclined to read
the dot patt®tRIfr&mEtBe dblique direction with respect to the vertical

| i ne against th% reading surface. (Step 4) A difference of the angle

(nanel vy, ad T ekk ﬂriangle 27 0) between a new inspection object dot Pl and a
dot Ps registered in the table in advance will be calculated (refer to
Fig. 7). (Step Sp thatdareh 4. fig bl drickrigngnkg & ¢ 9 d dmggsr thhan

tan-10. 4, the operation is returned to (the step 1
tanqo.%, the operation 1is géturnedpt (the step 1).

(0063]

Further, tan™'0.4 (= 21.8°) is an angle made by the
adjacent dot centering around the reference dot in the
grid line direction and the further adjacent dot in the
case the optical reading apparatus 801 takes a photograph
of the dot pattern being inclined at 50° (Fig. 8).
(Step 6)

In the step 4, if a black triangle 6 is not more
than tan™'0.4, assuming that a distance to the registered
(shorted) dot Ps is Ls and a distance to the inspection
object (longer) dot P1is L1, if 2.4>L1%/Ls?, 7.0<L1%/Ls?,
raising a flag out of the inspection object on the table
at Pl, the operation is returned to (the step 2).
[0064]

Further, in the case of taking a photograph of the
dot pattern at the angle of 50°, 2.4 < L1%/Ls* < 7.0 is
a proportionof a squareof thedistance from the adjacent
dot from the reference dot to the further adjacent dot
in the grid line direction on which the reference dot
is mounted.

(Step 7)
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006 3] Further, tan-10.4 (= 21.8") is an angle made by the adjacent dot
centering around the reference dot in the grid line direction and the
further adjacent dot in the case the optical reading apparatus 801 takes a
phot ograph of the dot pattern being inclined at 50° (Fig. 8) (Step 6) In
the step 4, if a black triangle 0 is not nore than tan-10.4, assum ng that
a distance to the registered (shorted) dot Ps is Ls and a distance to the
i nspection object (longer) dot P1is L1, if 2.4> 12/ L S2, 7.0<L 12/ L
S2, raising a iPagheuitep @helfn?spéc—‘c ﬁ'én/éb?] e€t7 off 1heeshpbd isdie®l, the
operation is returned to (the step : 4 1 Further, in the case of
taking a P ?Bg‘?%p@%‘flflﬁethﬁﬁhﬁéttteeﬁd&s?ﬁBC&nBF@HthGOref?r@nQeL 12
/Ls' < 7.0 is _aproportion of a square of the distance fromthe adjacent

dot from €R& rfef eridrebn dbhet & amaer GheHert el apedte dbt Wi kbt Besgredt!ine
d|rect|on on mhlch t he reference dot is mounted. (Step 7) 28 In the step 6,
if 2 .4 5tp focentmpry dyreqtigneefahili eyt t%edBEﬁ@¥e%%9lﬁ@ tt Re

shor t est di stance fromthe reference dot POw thin the range that the angle
o' Wtr1re§péﬁpr€§e@Uﬁﬁanrﬁ(ﬁleéei&fkﬂngﬂqr%h1ﬁhé&mﬁgrémxﬁdot Pr,

IS represented bg a black triangle 01 <- tan-10.4 is
search .

{(Step 8)

If no dot is found in the step 7, raising a flag
out of the inspection object at Pl on the table, the
operation is returned to (the step 2).

{Step 9)

In the case that a dot is found in the step 7,
searching a dot P1l’ further from Ps’ in a contrary
direction of Pl from the reference dot Py (the step 6),
if the dot meets the condition of (the step 7), Pl - Py
-P1’ is made into a candidate for the reference first
directional grid line. 1If no dot is found, raising a
flag out of the inspection object at Pl on the table,
the operation is returned to (the step 2).

(Step 10)

After finding the candidate for the reference first
directional grid line, Pl - Py —P1’, in order to select
ten dots of the shortest distance from the reference dot,
a total of fifteen dots is searched continuously from
the next dot of the dot P1 centering around the reference
dot Py in a spiral so as to measure the distance from
the reference dot Py, and then, the searched dots are
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searched. (Step 8) If no dot is found in the step 7, raising a flag out of
the inspection object at Pl on the table, the operation is returned to (the
step 2). (Step 9) In the case that a dot is found in the step 7, searching
a dot PI' further fromPs' in a contrary direction of Pl fromthe reference
dot PO (the step 6) if the dot neets the condition of (the step 7), Pl - PO
-P11 is made into a candidate for the reference first directional grid

line. If no dot is found, raising a flag out of the inspection object at P
on the table

. _th tion t d,to (the step 2). (Step 10) Aft
Finding (RBUEH HAIEoFat (W Fef bFEREE §i TR0 1T CROF SNBY BPPATIM, P -

Pr, -PlI' ten dots o est _di stance, fromthe

' d | ect ft hor t
ref er encefﬁéfq‘, gflg%tr 8%3?1%%5 C?FF@ernd&OSttsarﬂges g?i‘hgéecﬁﬁﬁﬁﬁl?&%? #3rom the
t dot of the.,dot PI teri th f dot PO i iral
e 0 mealbPeoHiie Rid Bho® br BRPCHIS et BaNGE dur o SRBSC RERETHE.
sear ched dot% ar.e qﬁ%stered an a table disposed on the nenory by

2% r
rotation ®fr dMtha? fof' WHe SRE6M et di stance fromthe reference dot - The

2§Fra dot?s%%%)sF?gched because of the sane reasons as that of (the step

In a clockwise direction from Pl to Pl’ and a
counterclockwise direction from Pl to P1l’ centering
around the reference dot Powith respect to the candidate
for the reference first directional grid line, Pl - Py
-P1’, five dots of the shortest distance from the
reference dot Py in the both directions except Ps, Ps’
are selected, respectively.

(Step 12)

Omitting the dot of the shortest distance from the
reference dot Py within five dots and measuring the
distance from the remaining four dots to the reference
dot Py to P1 - P; -~ P1l’, a line connecting two dots having
the equal distances becomes a candidate for a quasi-first
directional grid line, and the distance (namely, the
inter-line distance) becomes a second directional
inter-line distance D,. However, in the case that there
are two sets of two dots having the equal distance to
the reference dot Pg to P1 - Po - P1’, the two dots of
the shorter distance are selected (refer to Fig. 9).
(Step 13)

In the former step 12, when two dots having the equal
distance to P1 - Py — P1’ are not found within four dots,
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(Step 11) In a clockwi se direction fromPl to PI' and a counterclockw se
direction fromPl to P11l centering around the reference dot Pn with respect
to the candidate for the reference first directional grid line, Pl - Po
-Pl'", five dots of the shortest distance fromthe reference dot POin the
both directions except Ps, Ps' are selected, respectively. (Step 12)
omtting the dot of the shortest distance fromthe reference dot POwthin
five dots and nmeasuring the distance fromthe remaining four dots to the
reference dot P~ to Pl - Pc, - PI' , a line connecting two dots having the
equal di st anced Detofred % TahdPdaltd & ok R aPGFdst o pi PHL € & r &t iPFdnaAn@ri d
line, and the distance (nanely, the inter-line distance) becomes a second
di recti onl ' oitnttdre | F AR ld stidheeoPer aiohRbepf ithea Het eRse 4t Adt thete are
two sets of two dots having the equal distance to, the reference dot Po to
Pl - Po -CPEfied RIEWS1ddt & viPeFhetohdtemyx st ARcP el od eI trefer to
Fig. 9). (Step 13) In the forner step 12, when two dots having the equal

di stance €8tpl Hoppvep) skRCRof Mot wPrhivitielr thst s£180 pailsing a flag
out of the inspection object at Pl ,and Pl' on the table, the operation of
the stepstBetgnsPestiRrebdesilt Wt B tradspeie 1P e henfdxti 9 ABpEdS on obj ect

reference first directional grid line, this dot is not
made into that of the inspection object.
(Step 14)

In the former step 12, when the candidate for the
quasi-first directional grid line is found in the both
sides intheclockwisedirectionandthe counterclockwise
direction, connecting the dots of the shortest distance
in the clockwise directional side and the
counterclockwise directional side with each other that
are omitted in the step 12, this line is made into a
candidate for a reference second directional grid line.
Here, in the case that the distances from the candidates
for the quasi-first directional grid line in the
clockwise directional side and the counterclockwise
directional side to the candidate for the reference first
directional grid line are equal (D; = D;’), and the
distances from Ps and Ps’ to the reference second
directional grid line are equal (D; =D;’), the candidate
for the reference first directional grid line, two
candidates for the quasi-first directional grid line,
and the reference second directional grid line are
decided. Obtaining the intersecting points between the
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dot. However, since the dot on which the flag out of the inspection object
is standing does not formthe reference first directional grid line, this
dot is not namde into that of the inspection object. (Step 14) In the forner
step 12, when the candidate for the quasi-first directional grid line is
found in the both sides in the clockw se direction and the countercl ockw se
direction, connecting the dots of the shortest distance in the clockw se
directional side and the countercl ockwi se directional side with each other
that ar el BACHRICEnSEROsd epli2clihvBalli 9 id hhve i ritfee areégndiace for a
reference second directional grid |line. Here, in the case that the
di st ancestirérh tHer eahdicdat e idrline qaast the siveiceedidadie grie@riine in
the clockw se directional side and the counterclockw se directional side
to the cahBeddbe Sior fiketr éfieremkéoniarlsgr idi rleck ¢ onbih egr pd € e idredequal
(D2 = D2' ) , and the distances fromP3 and Ps' to the reference second
directionap @i |Paéndree ¥gualsQhl and, 3Gs)  Feheheandi dack offorthfe
reference first directional grid line, two candidates for the quasi-first
di recti ondl sgranc e snd romnlst #é1qd eP&f ertce seeornd B reocicorsgcgnidd |ine are
deci ded. obtaining the intersecting points between the 31 reference second
di recti ondl GGl Ppad, dttHed refreehcemade sintpr acfilaral drracltiimniaand the
two candi dates for

inter-grid distance D; (refer to Fig. 10).

(Step 15)

In the step 14, when the distances from respective
candidates for the quasi-grid line to respective
candidates of the reference grid line are not equal or
when the distances from Ps and Ps’ to the grid line in
the reference second direction are not equal, raising
the flag of out of the inspection object on Pl and P1l’,
and then, with respect to the next inspection object dot,
the operations of the steps 4 to 15 are carried out.
However, the dot onwhich the flagof out of the inspection
object is standing is not made into the dot of the
inspection target since it does not form the reference
first directional grid line.

{Step 16)

Drawing the candidates for the quasi-second
directional gridline fromPs and Ps’ which formthe first
directional grid line at the same angle as the reference
second directional grid line, the intersecting points
between the first directional grid line and two

quasi-first directional grid lines are obtained to be
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the quasi-first directional grid line, they are defined as grid points 3@&,
3G3, and 34 - Further, each of the distances fromPs and Ps' to the

ref erence second directional grid line is made into a first directional
inter-grid distance D, (refer to Fig. 10) (Step 15) In the step 14, when the
di stances fromrespective candidates for the quasi-grid line to respective
candi dates of the reference grid line are not equal or when the distances

from Ps and_Ps o] id line in .the reference second dlrectlon are not
equal , ra‘?%nfﬁ&e‘% hS %53”0 LLge &r%ﬂepoﬁﬁ%ﬁt%ﬁzobf@c?  0RSPI  aRP Pl

and then, m;th Qgppect fo t e nex nspectlon obj ect dot, the operations of
the steps'® b 1% aretC@arrildd utl! Fbmever the dot on which the flag of
out of thﬁ §§;L obj ect is standing is not made into the dot of the

i nspectio F& ince it does not formthe reference first directional

grid line. (Ste 6) Drawi ng the candidates for the quasi_-second

directional gri ]751%‘1% Sf?%ﬁlgé 3%@ ﬁ/ﬁfeéah ﬁor?n‘fﬂe%f Pt P 1di ¢ &tidnal grid
line at the, sane angl as the reference second directional grid line, the

i nt er sectPAGTPGI RRY béteRh e 311 St PHIRESI rfalo Ryt f d2iG%re Whd Fo

quasi -first dlrectlonagégrld | iines, are_ obtai ned to bg 32 defined as
tent at i veSBFitd Pt rit'se 9, PoEpt3inoEheVigifpity ol the reference

dot Pp. The positions of fourteen grid points around
the total of nine grid points and tentative grid points
are gathered in each grid line direction on the basis
of the first and second directional inter-grid distances
(D;, D;) and they are made into tentative grid points.
Centering around these tentative grid points, the dot
closest from the tentative grid point is searched in a
spiral, fourteen dots are found in the vicinity of the
tentative grid points, and then, these fourteen dots
added with total of nine grid points and tentative grid
points are defined as nPn (refer to Fig. 12).

(Step 18)

At first, connecting ,P:, 2P3, 2Ps, and 4Pi, 4P3, 41Ps,
respectively, the lines are defined as quasi-second
directional grid lines.

(Step 19)

Next, connecting :1Pi, 3P, sPi, and ;Ps, 3Ps, 5Pg,
respectively, the lines are defined as semi quasi- first
directional grid lines.

(Step 20)
Next, connectingi1P2, 1Ps, and sP;, sP4, respectively,
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4G 2, 4G 3, 4G4 (Fig. 11) . (Step 17) In the step 14 and the step 16, a
total of nine grid points and tentative grid points is obtained, which
encircle the grid point in the vicinity of the reference dot PO The
positions of fourteen grid points around the total of nine grid points and
tentative grid points are gathered in each grid line direction on the basis
of the first and second directional inter-grid distances (D, D2) and they
are made into tentative %I‘Id points. Centering around these tentative grid
points, thEIHINFoESL ﬁrfdrﬁ?%eat;eﬁﬁﬁ‘tll\ﬂéli‘ﬁidsﬁcﬁﬂdl%%@é?rtch‘é@alln a
spiral, fourteen dots are found in the vicinity of the tentative grid

poi nts, afAdithehinEFese fourteen dots added with total of nine grid points
and tentative grld points are defined as P. (refer to Fig. 12) (Step 18) At
first, codrd@®ndi2pPl, 2P3, 2PS, and 4PI, 4P3, 4P,5, respectively, the |ines
are defined as %uam second directional grid i nes. '(LSte p 19) Next,
connecting 1PI, D3s1tspivangipes, EPBQCBPQDa]r&%bét tees ah filgs are
defined as sem qua3| first _di rectl onal grid lines. ~Step 20) Next,
connect i n§eFPRA1P4 T el obpd HEid dddpeet| welfotad of twenty two’

tentative grid points are changed into the grid points
and the positions of a total of twenty five grid points
are obtained.

(Step 22)

The reference dot Py forms the reference first
directional line to be offset from the grid point into
the first direction, so that it is decided into which
of the first direction or the second direction the other
all dots are offset from the grid point and they have
the information of 1 bit depending on the direction in
which theyareoffset. Further, a corner dot and a vector
dot are made into a grid dot having a dot overlapped on
the grid point.

(Step 23)

There areone ormore of the corner dot and the vector
dot within a total of twenty five dots, and the grid dots
of two and more at minimum and five at maximum are found
including the corner dot and the vector dot.

(Step 24)

From among the grid dots, the grid dot closest from
the reference dot Py and two grid dots closest from that
grid dot are selected. 1In this case, these grid points
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the lines are defined as sem quasi-second directional grid lines. (Step
21) Due to five first directional grid lines and five second directional
grid lines, atotal of twenty two tentative grid points are changed into
the grid points and the positions of a total of twenty five grid points
are obtained. (Step 22) The reference dot Po fornms the reference first
directional line to be offset fromthe grid point into the first direction,
so that it is decided into which of the first direction or the second

di recti onnERE DIREL L Yalkedons ar €QFNsat dGonthHe agrielc poirntdahd they have
the information of 1 bit depending on the direction in_ which they are

of f set. FOiEHer, sadddrareliabtWvand caa vetRBrcolBe Cdria drddee ifitosh G i@ dot
having a dot overl apped on the %rid point. (Step 23) There are one or nore
of the cofRér cdstsahdf ¥aB GeetbrlcdRrNGRtAPh Bo tadtAItwe imEptyat yendot s,
and the grid dots of two and nore at mininmumand five at nmaxi rum are found
i ncl udi ngdPke cdE nbp tdotadhacehd viekdop dot thSteprid) ¢4 pacarniony ife grid
dots, the grid dot closest from the reference dot Po and two grid dots

cl osest fPEIdThaPPegrivh Bbt thce el dctlddie | Ast i kabed t hédelgrid points

direction and a direction connecting the grid point near
the second grid dot among the grid dots in the vicinity
of the two information dots at both adjacent sides and
the second grid dot are defined as another grid line
directions, and it is determined whether they are spaced
for two grid points or not. If the first dot satisfies
this condition, the first grid dot becomes the vector
dot, and the second dot becomes the corner dot. TIf the
second dot does not satisfy this condition, the same
determination is made with respect to the second grid
dot. If the both dots do not satisfy the condition, it
is an error. Further, the direction from the grid point
where twogrid lines on which the vector dot and the corner
dot are overlapped intersect into the vector dot is made
into the direction of the dot pattern (refer to Fig. 13).
(Step 25)

Due tothevector dot andthe cornerdot, theposition
of the other vector dot and corner dot is gathered, and
then, it is confirmed whether all of the grid dots that
are found at that position in the step 23 are overlapped
with each other or not. If they are not overlapped with
each other, it is an error.
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34 necessarily becone a corner dot and a vector dot. At first, a direction
where a line connecting the first grid dot closet fromthe reference dot Po
and two information dots at both adjacent sides in that grid direction is
overlapped with the grid |ine is searched. This direction and a direction
connecting the grid point near the second grid dot anong the grid dots in
the vicinity of the two information dots at both adjacent sides and the
second grid dot are defined as another grid line directions, and it is

det er mi nelP WRBt REY they are spaced for two grid points or not. If the first
dot satisfies _this condition, the first grid dot becones the vector dot,
and the second 'd@™ belR8mBP e cbhfel R CLEPTY IE SREOoAP A2 BEEL Mot
satisfy this condition, the sane_ determnation is nmade with respect to the
second grAtF HRE. LTt BBt ATdHS Gy Abt &t TS IhECESTH 1PBNIAOtS is an
error. Further, the direction fromthe grid point where two grid |lines on
whi ch t héR@&rsebtt 2Al the TotAdto1nbta Be et QVBAI-apPeE? ntd8 S&BE NIt o t he
vector dot is made into the direction of the dot pattern (refer to Fig. 13)
(Step 25)tImerdighthed yeecdri ot S8ndithe corpedidsictina posithendodf the

ot her vector dot and corner dot is gathered, and then, it is confirmed

whet her R3tBEITh@ri 8 dats tdrd 1nang fouhdr 8V athse dp8dits OhiPR Bife step 23

are overlq?ped with each other or not. If thez are not overl%gped wth
“0%, the information for one bloc is calculated.

Further, by obtaining an angle made by the vertical
direction at the center of photographing and the

direction of the dot pattern, this angle can be made into

an information parameter. In Fig. 14, an angle
information parameter is 6 = 0°.
{(Step 27)

Figs. 1 to 9 show an example that the dot pattern
is read from the oblique direction with the optical
reading apparatus 801 inclined and the dot pattern is
modified into an oblong. Also in the case that an angle
is made by the vertical direction at the center of
photographing of the optical reading apparatus and the
direction of the dot pattern and the dot pattern is
modified into a diamond shape, the above-described steps
1 to 26 can be appropriately put into execution (refer
to Fig. 15).

(Step 28)

In the data calculation for one block, in the case
of the data in a code form, the same code is recorded
in the data of any block in any area, so that it is not
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each other, it is an error. 35 (Step 26) Fromthe above, the direction of
the dot pattern and the direction in which all of the information dots are
offset fromthe grid point are found. Then, defining the right direction 90
fromthe direction of the dot pattern as "1" and defining its reversed
direction as "0", the information for one block is calculated. Further, by
obt ai ning an angle nade by the vertical direction at the center of

phot ographing and the direction of the dot pattern, this angle can be nade
into an ?ﬁﬁ&%ﬁupﬁﬁﬁiﬁ%ﬁﬁtéﬁaﬁnthﬁgbﬁﬂwl&ﬁ@%ﬁﬁﬁloﬂﬁQﬁngbﬁo@?%naneter
is 0=0. (Step 27) Figs. 1 to 9 show an exanple that the dot pattern is
read fronf#e obt Pub Ydificatt | eATRStth dhkesS opfi BRIt 2 ¥e@di-ng Idpgdtatistsol
inclined and the dot pattern is nodified into an oblong. Also in the case
that an an§fO@IRatigde by he Werd] caf chi Aedt i OPT &€ SR EéRGert @fone

phot ographi ng of the optical reading apparatus and the direction of the dot
pattern aRd%de I PattBrR RS M 3 i F ht ot Bedfakend shase leck

above-descri bed steps 1 to 26 can be appropriately put into execution
(refer t62@ Pe15pIqstapeds) In the data calculation for one block, in the

case [0065]

Further, in the case of a xy coordinate format, by
carrying out correction and interpolation due to an
incremental value of a xy coordinate of the adjacent block
and the center position of photographing, an accurate
coordinate value at the center of photographing is
calculated. In other words, when the data in the block
means the xy coordinate, at first, from the positional
relation between the grid dot and the vector dot, it is
determined where the center of photographing is located
in the block. Next, correcting the data of the part
referred from the adjacent block included in the
photographing range, the data at the part not included
in the range of photographingof the photographing center
block is interpolated. Thereby, the xy coordinate of
this block (specifically, the xy coordinate of the block
in which the photographing center is included) 1is
obtained.

[0066]

This xy coordinate means xy coordinate at the center
of the block, and by linearly interpolating the amount
of misalignment between the position of the block center
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of the data in a code form the sane code is recorded in the data of any
block in any area, so that it is not 36 always necessary that the bit
information of the dot encircled by four corner dots is obtained. If the
bit information (1 or 0) of each dot corresponding to one block is
obt ai ned across a block, the data for one block can be cal cul ated. [0065]
Further, in the case of a xy coordinate format, by carrying out correction
and interpolatjon due to an .increnental value of a xy coordinate of the

adj acent BTHEKERENP RO 88/ 1 HSs FENINS bf 2Pitht oy apRiGie &R tactif at e

coordi nate value at the center of photographing is calculated. |In other
words, whéif Themgataa PR Uhe Ol BER * FetdT €& 3G° OG0T ir RAtENCR1PFKSY, from
the positiqnal, relation between the grid dot_and the vector dof, it is

det er ni ned Whet BUEh& Yo erit 8F 3 Hotot 8dr &b P + S oG R dP e R TR BPECKk. Next ,
correctinﬂé%h data of the part referred fromthe adjacent bl ock included
inthe p % ?éphing range, the data at the part not included in the range
of photographin%‘of t he phot ographi ng center block is interpolated.

Ther eby, the xyTddoridfhat ¢ 11 HP E M5 TokkD ( $pRT iaaf | 9 Utk XKe EBOFAdi nat e

of the block, in which the %hotograghing center is included) is obtained.
[ 0066] using the dot patterm of the present invention 1s not

limited to the above-described embodiment, and it is
obvious that various modifications can be added to the
present invention without departing from the scope
thereof.

[0068]

For example, in the case of using the dot pattern
as a back ground of printing, the dot may be arranged
on the grid point itself (a dummy dot pattern). Such
a dot pattern can be used in a borderline region as a
line art can be recognized (a borderline region among
mask images). In addition, this dummy dot pattern can
be made into the back ground of printing. In this case,
when the dummy dot pattern is read by the optical reading
apparatus, there is no information dot and the error
output is carried out. Due to this error output, it is
possible to recognize that the dummy dot pattern is the
back ground and music such as back ground music (BGM)
or warbling of small birds according to the back ground
or the like can be outputted.

[0069]
Inaddition, accordingto the embodiment, thevector
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This xy coordinate neans xy coordinate at the center of the block, and by
linearly interpolating the amount of m salignnment between the position of
the bl ock center 37 and the photographi ng center and the increnent and
decrenent anount of the xy coordinate between the bl ocks, the true xy
coordinate of this block can be obtained. [0067] Further, the information
i nput and out put nethod wusing the dot pattern of the present invention is
not limted to the above-described enbodinment, and it is obvious that
various notR ti dacifons tan Ibed addéd tindheatmresendiinreni pon oif t hbet
departing fromthe scope thereof. [0068] For exanple, in the case of using
t he dot paitnéeommadsi @nbat&cyr otind »of4 griint ingy ckbhe (doti dmly, beowervanged on
the grid point itself (a dummy dot pattern). Such a dot pattern can be used
in a bordérYiweinggitdri aisvactbimelart tha beadogniied (il ddrdér tibree region
anong nask images). In addition, this dunmmy dot pattern can be nade into
the back gruhdadfreppdimihgrrarahis carde rafoyntheedummfdote patteorn i s
read by the optical reading apparatus, there is no information dot and the
error outhlutld posarih e our tiDidabpetite enrof tdig pane infiermpddsimbl e to
recogni ze that the dumry dot pattern is the back ground and nusic such as
bad(groumﬂggytp@ngeadifferentmeaningdependingonthereading

direction. In other words, by reading the same dot

pattern with the optical reading apparatus being rotated

90 degrees, 180 degrees, or 270 degrees around the reading

optical axis, the position of the vector dot is also a

horizontal direction or a lower direction with respect

tothe informationblockon the imagememory. Therefore,

after reading the dot pattern in the information block,

the output (the voice or the like) may be changed in

accordance with the directional information obtained

from the position of the vector dot. For example, the

dot pattern of the present invention is printed on each

square of a cross word puzzle, then, rotating the reading

surface of the optical reading apparatus 90 degrees

around the optical axis, ahintof awordinalongitudinal

direction and a hint of a word in a lateral direction

may be displayed and outputted (the voice output)

separately. Further, the technology to recognize a

rotation angle when the optical reading apparatus reads

the dot pattern by using the vector dot has been described

inthe abovewithacase that theoptical readingapparatus

isrotatedbyunitsof 90degrees, however, about 5degrees
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or warbling of small birds according to the back ground or the |like can be
outputted. [0069] In addition, according to the enbodi nent, the vector 38
dot (refer to Fig. 16) indicates a direction of the information block of 4
X 4 grid blocks (grids) , however, by using this vector dot, the reading
direction of the optical reading apparatus can be recogni zed. Therefore,
it is possible for the dot pattern of the sanme information block to have a
di fferent neani ng depending on the reading direction. In other words, by
readi ng the & bR 1myam tep haliltan t @RIt chher @i hg apparaeus bei ng
rotated 90 degrees, 180 degrees, or 270 degrees around the reading optical
axi s, therpesioiiiohedft the vector dot is also a horizontal direction or a
| ower direction with respect to the information block on the image nenory.
Ther ef oref 00df0tler reading the dot pattern in the information block, the
output (the voice or the like) nmay be changed in accordance with the
directional inflormagdan o ai edF 1fr-orh&hetpesyeicd nfdehelgesrdre vt . For
exanple, the dot pattern of the present invention is printed on each
squar e ofPEO¥TASkd ioh@WRIZeY e, thtfeninfotratd hgonhadatadlitng 1 Sunpdcdof the
opti cal reading apparatus 90 degrees around the optical axis, a hint of a
word in adeéagiadide Ralonegli Yeetiodh &mll-a Rintobiied worddén add eral
direction nmay be displayed and outputted (the voice output)

generation of the dot patternaccording to thedifference

method, by controlling the initial value, the arranging

position of the dot (for example, the dot of the circled

numericvalue 8inFig. 17) canbe controlled. Asaresult,

the information dot of such a specific position can be

used as the vector dot.

[0071]

In this way, the vector dot and the information dot

can be shared, so that the information amount can be

increased.

{0072]

Then, since the vector dot is located solely in Fig.

4 and Fig. 16, the difference should be detected with

the reading order being in the oblique direction like

(4] to [9) (refer to Fig. 4 and Fig. 16). However, when

the information dot and the vector dot are shared, as

shown in Fig. 17, the difference may be read in

approximately a horizontal direction, and this leads to

simplification of the search algorithm.

[0073]

Further, Fig. 18 shows a comparison among the value
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separately. Further, the technology to recognize a rotation angle when the
optical reading apparatus reads the dot pattern by using the vector dot has
been described in the above with a case that the optical readi ng apparatus
is rotated by units of 90 degrees, however, about 5 degrees 39 as the

m nimum rotation angle, the angle can be recognized. 100703 |In addition,
in Fig. 16, the vector dot is solely provided; however, the information dot
itself ma

b defi_ned . t dot .. | ds, . ti

of “the dob EpPEorh ER0THs B AG PO Trher PP Eheet Tt AL Shg oAt F1ng. ¢ he
initial | ue, .th i i ti he d f, l.e, the _dot of
Lhe. cirl B i eGP ad B iR YL SHAC e benti ¢ BRSTASH ¥ SEul t,
t he inf i d h ifi it d th t
ot [007 T3 1% £his 2hey Eeraryaat o oB Yt TReSEntaies bnPaait S £an be
shared, so,that the_j.nformation anbunt can be increased. 0 0 7 2 1 Then,
si nce thespéévbrlﬂoggf%°l ated solely in Fig. 4 and Fig. 16, the

differenc?o%iﬁyid be detected with the reading order being in the oblique
direction‘lI'ike’" [4) to [9) (refer to Fig. 4 and Fig. 16) However, when

In other words, the security table is provided on
the storagemeansor thelikeof theoptical readingmeans,
and by adding values K; to K;4; of the security table to
the value of the information bit read by the difference
(the upper stage of Fig. 18), true values T; to Tis can
be calculated.

[0075]

According to the embodiment, the number of the grid

block is decided by one unit of information made of 4

x 4, however, it is obvious that this block number may

be changed freely.

INDUSTRIAL APPLICABILITY
[0076]

By applying the information input and cutput method
using the dot pattern according to the present invention
intoaprintingmediumsuchas apicturebook and a sticker
or the like, other character information, image
information, and voice information or the like can be
further added to the printing information of a paper
medium.

[0077]

41



the information dot and the vector dot are shared, as shown in Fig. 17, the
difference may be read in approximately a horizontal direction, and this

| eads to sinplification of the search algorithm 0 0 7 3 1 Further, Fig. 18
shows a conparison anong the value 40 of the information bit, the val ue of
the security table, and the true value calculated fromthe information bit
val ue and the security table value of the dot pattern shown in Fig. 17. 0 0O
7 4 1 In other words, the security table is provided on the storage neans
or the Iike of ﬁﬁbEH%@?EéineéH?%@rﬁééH%,toaEBeb?IéﬂﬂﬁHB VRV KO0 K14 of
the security table to the value of the information bit read by the

di fferenc®Y Uhendppef dphgeasdt ey chidhe RYLBLALESHI VR F1£ 2% be
calculated. 0 0 7 5 3 Accordingbto_the enbodi ment, the nunber of the grid

bl ock is dethBHedNDy BhePEnidt DO S ARG et i 6/ Imetlet 8P 18T xI1BP U owever, it is
obvious that this block nunber may be changed freely. | NDUSTRI AL

APPLI CABILITY O O 7 6 1 By applying the information input and output nethod
using the dot pattern according to the present invention
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into a printing nmedium such as a picture book and a sticker or the |ike,

ot her character information, inmage information, and voice information or the
| i ke can be further added to the printing information of a paper nmedium
[00771 41 In addition, according to the present invention, by using the dot
pattern of the printing medium the dot pattern can be a substitute for a
tablet input. 42 What is clained is: 1. An information i nput and out put

met hod; wherein, an qQptical reading apparatus reads a dot pattern which is
formed on"@3tedt EinfdidTawASch i nformation dots are arranged being

m saligned at predetermned intervals in a x direction or a y direction
froma grid point on a virtual grid line provided at predeterm ned
intervals_in a XX di rection;, the_opticallé read dot pattern is depl oyed on
an i magelmenord? AW QONALLAT ghRRdth dhfoPrdt oh B&EHYSm the grid  point
into the x direction or the direction js recognized by a bit map

cal cul ation on Y’H@qerﬁbeaﬁeﬁért};caal vEPG& 19 g RBA 1ot Back et oraned? bn dot

correspondinq:to the msalignnent; a difference of the val ues anong the
adj acent pattern which is  formed on a medium and in which

information dots are arranged being misaligned at
predetermined intervals ina xdirectionor a ydirection
from a grid point on a virtual grid line provided at
predetermined intervals in a xy direction;

the optically read dot pattern is deployed on an
image memory;

how to misalign each information dot from the grid
point intothexdirectionortheydirectionisrecognized
by a bit map calculation on the image memory:;

a value is given to each information dot
corresponding to the misalignment;

a difference of the values among the adjacent
information dots 1s calculated to be defined as the bit
information; and

a dot pattern is used, which outputs a bit
information group in a predetermined area as the

coordinate information or the code information.

2. The information input and output method using a dot
pattern according to Claim 1,

wherein the misalignment at predetermined
intervals from each grid point in the x direction or the
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information dots is calculated to be defined as the bit information; and a
dot pattern is used, which outputs a bit information group in a
predeterm ned area as the coordinate information or the code information. 2
The information i nput and output nethod using a dot pattern according to
Claim1, wherein the msalignnent at predetermned intervals fromeach grid
point in the x direction or the 43 y direction on the virtual grid line is
alternately generated for every adjacent information dots. 3. The

i nf ti i t d t th i dot . t.t i to d ai
1 Rt ng n SorREE G0t 4PFERsEa on ATk 7 pa i BB LseathCaF replee by © 0
predet er m ned Punb%{ f gr%ﬂ areaa: and re%gfteriﬁg.the cgordinate

i nfor mat i G OF L EHE CodR’  FRfor et Pe G5 E hé dream8hdio 1 2A8y t he corner dot

as the predeterm ned area. 4. The information input and output nethod using
a dot pattern according to Caim3, wherein a vector dot neaning the
direction pof th nPre é(ﬂ 'n%g area_és a raqﬂﬁdtout?hd%iof.the aée%
encircleq:%y_th corfier” uBE "6 Ton 'the- ¢4 Poi At LIRS tRE @ e 9 5. “Five _
hn{grzatlgﬂaégg%% %ﬂg;g%&@?ﬂ;”Féh8qa%§$n9,a dot pattern according to dains

having a corner dot arranged on a grid point for
each of the predetermined number of grid areas; and
registering the coordinate information or the code
information in the area encircled by the corner dot as

the predetermined area.

4, The information input and ocutput method using a dot
pattern according to Claim 3,

wherein a vector dot meaning the direction of the
predetermined area 1s arranged outside of the area
encircled by the corner dot or on the grid point in the

area.

5. The information input and output method using a dot
pattern according to Claims 1 to 4,

wherein a security table having a key parameter
corresponding to each bit stored therein is provided in
a storage apparatus with respect to the outputted bit
information group, and a true value is calculated by

calculating each bit information by the key parameter.

6. An information input and output method;
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wherein a security table having a key paraneter corresponding to each bit
stored therein is provided in a storage apparatus wth respect to the
outputted bit information group, and a true value is cal cul ated by

cal culating each bit information by the key paraneter. 6. An information

i nput and out put nethod; 44 wherein an optical reading apparatus reads a dot
pattern which is fornmed on a nediumand in which infornmation dots are
arranged bei ng t er nat el m sal igned at. predetermined intervals in a X
direction or a¥ ecﬁierjerbt?%nol'f’&lcéaa]ghr%f‘ 1 AR BEERT YT i 8ep6iTtSs doh a
virtual grid_ line qvided at predeterm ned _intervals.in a xy direction;

t he opti CEF%}F%’@éd‘BE}dTCkbaJtFeFﬁqI%e ePPoyed"eAidM FRdgd Tmehdt§P the
alternatel,ﬁfarranﬁed informati on dots are, searched. and the 9rid line in the

x directidft - &id"¥he°ry ?Ectair(‘?n ?Erﬁél@_(?g‘?li}iﬁdln&w %lB?tr_nr?atp‘_? 4 coordi nate of
of or at | B S $5 61 ERQ PG 4F € BT F R b7 ERG 56 U rbBt Fok OF LERGy 9P ect on
is recognized by . a bit map calcul ation; a _value, defined in advance is given
to each Pﬁf&rrﬁatci“oﬁe&&tl%"grf%%@ﬁdﬁ’l’hg"fotﬂ“ﬁe $3FiegtneRt 19 BT f&rence of
the Valuegnagpq§i£935¥”§¥$gtline provided at predetermined

intervals in a xy direction;

the optically read dot pattern is deployed on an
image memory;

the alternately arranged information dots are
searched and the grid line in the X direction and the
y direction is recognized on a bit map;

a coordinate of each grid point is recognized on
the bit map;

how to misalign each information dot from the grid
point intothexdirectionor theydirectionisrecognized
by a bit map calculation;

a value defined in advance is given to each
information dot corresponding to the misalignment;

a difference of the values among the adjacent
information dots is calculated to be defined as the bit
information;

a bit information group in a predetermined area is
outputted;

a key parameter is read froma security table having
the key parameter corresponding to each bit stored

therein with respect to the bit information group, and
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information dots is calculated to be defined as the bit information; a bit
information group in a predetermned area is outputted; a key paraneter is
read froma security table having the key paraneter corresponding to each
bit stored therein with respect to the bit information group, and 45 a true
val ue group is calculated by calculating each bit information by the key
parameter; and a dot pattern outputting the code information corresponding
to the true val ue 9roup or the coordinate _information group on the nmedi um

surface i% Wed. vyiug aép%tlt%ﬂﬁlgé%aaﬁ%@ymaﬁdaﬂ akémel §aGH &rinfat i on
dots are arranged bein alternately msaligned at predeterm ned intervals
ina X d%?é@FWBHZb?na%y’d??@c$@dh1?%F3§V%ﬁ%radﬁé6bnt gridpoints on a
virtual grid line provided at predetermined intervals in a xy direction on
a nedium a &ta|%@5rﬁﬁﬁ%ﬁr@rﬁﬂfP§t6&QﬁnEbédQQﬁ%aP@ﬁQﬁmﬁ51%?key
parameter read froma security table with respect to a true value group; an
initial doPrEeIRORALAGED Gﬁleaﬁlil%ﬁt‘{%]ruargéoqﬁ g ith e e T dilhedt§ on or
the y direction is decided by using an arbitrary random nunber; the initial
dot is artBAgEdadn P Re BRWR 8P dhei BgciighheRt i @e f i6mutrRdgrid point set
i n advance,;

7. A dot pattern generating method:;

wherein information dots are arranged being
alternately misaligned at predetermined intervals in a
xdirectionoraydirection foreveryadjacent gridpoints
on a virtual grid line provided at predetermined
intervals in a xy direction on a medium;

abitinformationgroupiscalculatedbycalculating
a key parameter read from a security table with respect
to a true value group;

an initial dot to be arranged on an initial grid
line in the x direction or the y direction is decided
by using an arbitrary random number;

the initial dot is arranged on the basis of a
misalignment rule from the grid point set in advance;

thebit informationvalue is added to the valuemeant
by the initial dot to calculate a value of a dot to be
arranged on a second grid line;

each dot is arranged on the second grid line on the
basis of the misalignment rule from the grid point set
in advance; and

arrangement of a dot on a grid line n is repeated
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the bit information value is added to the value neant by the initial dot to
calculate a value of a dot to be arranged on a second grid |line; each dot
is arranged on the second grid Iine on the basis of the msalignment rule
fromthe grid point set in advance; and arrangenent of a dot on a grid line
nis repeated 46 by rotation on the basis of a dot on a grid line n-1. 47

by rotation on the basis of a dot on a grid line n-1.
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