1 Description [Title of Invention] STREAM DOT PATTERN, METHOD COF
FORM NG STREAM DOT PATTERN, | NFORVATHON | NPUT/ QUTPUT METHOD USI NG
STREAM DOT PATTERN, AND DOT PATTERN [ Techni cal Field] [0001]

The present
usi ng a dot

invention relates to an information input/output nethod
pattern, which can input/&utput a variety of information

by optically reading dot pattern information formed on a nmedi um and,
nore particularly, to a techniqUﬁ?of formng a streamdot pattern

linearly according to a predeter

Cbnventiq%%

net hod of

printing, on a’mne

5851P5F8F_[Backgrpund_Art] [ 0002]
da &H“?H%éﬁ%%cgﬁegTRERﬂoﬁgg @%TE%FQEQ@%EHSD'@E;?bﬁg&g§t

i um'surface, ern o ine

t wo- di nensi I I i fd j ﬁﬁ%&pr qﬁgj
HneHwﬁg?%[ﬁﬁgﬁﬁﬁgo%@%@%ﬁ@ﬁﬁ%ﬂ%ﬁ@%&%mﬂng% a
ot of i Rfruem i A RRYr Al ClgG -y t hem as image data by
nmeans of a %gggkg, di.gitj.zing the data, and then outputting

i nf or mat i (01§

ajg k h. [0003] For exanple, there has been

pr oposed thod of storing provided code information and
geohi

i nformati
advance and

rresponding to XY coordinates in a storage neans in
OUhULLING Marh Ous, O UL U0 LY Mhation

input/output method using a dot pattern, which can

input/ocutput a variety of information by optically reading

dot

pattern information formed on a medium and, more

particularly, to a technique of forming a stream dot

pattern linearly according to a predetermined rule.

[Background Art]

(00

02]

Conventionally, there has been proposed an

information input/output method of printing, on a medium

sSur

face, a dot pattern obtained by two-dimensionally

arranging fine dots according to a predetermined rule

instead of a barcode so as to allow inputting/outputting

of a lot of information and programs, picking up them as

image data by means of a camera, digitizing the data, and

then outputting information such as speech.

[0003]

For example, there has been proposed a method of

storing provided code informaticn and information

corresponding to XY coordinates in a storage means in

advance and outputting various information or executing



2 prograns by retrieving themfrom code information and XY
coordi nates read by an optical reading neans (patent literatures 1
and 2). [Ctation List] [Patent Literature] [0004] [Patent Literature

1] PCT/JP2003/ 003162 [ Patent Literature 2] Japanese Patent
Lai d- Open No. 2007-12016 [Summary of I%wvention] [Technical Probleni

[ 0005] According to these dot pattern techniques (patent
literatures 1 and roposed by the present, inv or, .a reqion for
br i 1t ng B QTR LA IR G 2 R ARG SPy o g S e XY
rectangul ar_r n, is arhitrarily .determn n._adva CCu d then a
dot pattecror?ﬁc‘?%ﬁ?ﬁ it aof heanr&g&*&ﬁa&n DA et Azee Rl (e

reason, i Eﬂ%bqﬁ%% wngs and maps including CAD dramﬁngs
characters/s /grap |cs ‘and the like, since the region where

visible |mgfyg§ydﬂp&f§% prlnted is small, very conplicated operation
is required to deternlne a region for prlntlng a dot pattern. This
makes it [dHifddrguliti dea-dthiidlegment a dot pattern technique rich in
conveni ence. This has been an unsol vabl e probl em

[0004]

[Patent Literature 1) PCT/JP2003/003162

[Patent Literature 2] Japanese Patent Laid-Open No.
2007-12016

fSummary cf Invention]
[Technical Problem]
[0005]

According to these dot pattern techniques (patent
literatures 1 and 2} proposed by the present inventor, a
region for printing a dot pattern, which is configured by
a predetermined rectangular region, is arbitrarily
determined in advance, and then a dot pattern is printed
in the region on a medium surface. For this reason, in
the case of drawings and maps including CAD drawings,
characters/symbols/graphics, and the like, since the
region where visible information is printed is small, very
complicated operation is required to determine a region
for printing a dot pattern. This makes it difficult to
implement a dot pattern technique rich in convenience.
This has been an unsolvable problem.

[0006]

When forming a dot pattern on a medium surface,



[ 0006] When form ng a dot pattern on a nmedium surface, 3
restrictions in ternms of the shape of a rectangular region for the
formation of a dot pattern make it inpossible to properly print a dot
pattern along actual lines and the like including visible curves
printed on the medium surface. For exahple, a line itself cannot have
information. In addition, owwng to the restrictions in terns of

shape, a dot, pattern cannot be fornmed in an bitrary shape at an
ar bl tr ar yF ST P b e S 1 SUi AEPRRT dotss Chaa R ored SOSH | n

o TN PG Bl S I LR | LS By @

dot pattern techni que. ernore, ot

Pel 1 e S e o e b o gy, humn, Bhere ond

the liKke, i nds of produ e - nmintal ning shapes of

rectangulaned qgi'c%%ﬂ‘xﬂ;{] HiNE 1 RIS Yy 1% An Rald G{ediund 0007]

The present invention ‘has been made in consideration of the above
probl ems s\ afh as ad tekpRi1eCt 4 q iip@liemRnts &SinRamAt techni que

rich in convenience by defining a plurality of pieces of information
usi ng a doifaidtaion.f ormeddiasadgn gwaiey ercea dotrs symiangechs iimear |y
and consecutively on a nmedium surface independently of the shape of a
r ect angult@ErmsegiforsHagre ,t e doar pettiternofcaamntat Heatfioemed amd aout putti ng
the pieces of information by inmaging operation or the |ike by an
i magi ng medris.r grSolsiEiren ato aPr ehibarrargo@gjsition on the medium
surface, and dcts are formed even in a region where it is
not necessary to input/output information by a dot pattefn
technique. Furthermore, it is difficult to form dot
patterns on curved surface bodies such as glecbes, human
phantoms and the like, and various kinds of products while
maintaining shapes of rectangular regiocns for the
formation of the dot patterns.
[0007] .
The present invention has been made in consideration
of the above problems, and has as its object to implement
a stream dot technique rich in convenience by defining a
plurality of pieces of information using a dot pattern
formed based on reference dots arranged linearly and
consecutively on a medium surface independently of the
shape of a rectangular region for the formation of a dot
pattern, and outputting the pieces of information by
imaging operation or the like by an imaging means.

[Solution to Problem]

[0008]



4 A nmethod of form ng a dot pattern according to the present
invention is a method of formng a dot pattern conprising the

follow ng steps, when form ng, on a nedium surface, a stream dot
pattern defining informati on according to a predeterm ned rule for
dots: 1) arranging a plurality of reference dots linearly and
consecutively on the nedium surface according to a predeterm ned
rule; 2) providing a first virtual reference |ine which connects the

plurality of ref Wot'LHEHT & WHf IRFUNST Ty SR/ HhtC 1Ghfe or a
| |1 d/ ve; 3 i di irtual

Pot F enod AT T e ot T AR e d. % (T 7o ¢ he
f t . t he. fii . VJ | 1 ne, i.s {. d

by o ot r ST e G A, et P By AT ST

virtual rs‘?{refra%ce pgt@e%nﬁgio%?%%ﬂ 2% RASd ii%rf%_rﬂ{%tfji%% second

virtual reference line; a pl acing an i nformation dot whose

i nfor mat i Qed®i9Rf ItRed Ry RidicidneR and A rdik egfdson fromthe virtual
reference point at an end point expressed by a vector with the

virtual ref ereneegieignta RaG1a tSt ¥t RFHende0CR@s 1inearlli sintekes
it possible to print a dot pattern in the formof a line including a
curve on canediutihvadnf ace tihed eperidentsluy fefcet e cehadegoftca ar ect angul ar
region in a conventional dot pattern, and to input/output various 5
predetermined rule;
2} providing a first virtual reference line which
connects the plurality of reference dots and is configured
by a straight line or a polygonal line and/or a curve;
3) providing a second virtual reference line which is
defined at a predetermined position from the reference dot
and/or the first virtual reference line, and is formed by
a straight line and/or a curve;
4) providing a plurality of virtual reference points at
predetermined positions on the second virtual reference
line; and
5) placing an information dot whose information is
defined by a distance and a direction from the virtual
reference point at an end point expressed by a vector with
the virtual reference pcint being a start point.
[0G09]
This makes it possible to print a dot pattern in the
form of a line including a curve on a medium surface

independently of the shape of a rectangular region in a

conventional dot pattern, and to input/cutput various



kinds of information with respect to drawi ngs and maps i ncl udi ng CAD
drawi ngs, characters/synbol s/ graphics, and the |ike by optically
readi ng dot pattern information fornmed on a nmedium [0010] I n
addition, continuously formng a dot pattern in the formof a strip
inacircunferential direction allows T0o properly print the dot
pattern on all types of curved surfaces such as gl obes, hunman
phantons and_the |jke, and various kinds of products, and to

opticall >}<1rrbdaﬁj %tir‘tﬁﬁ%“@rtriqqﬂfvbir%tq%?%% et O VEE YR A a1 1]
In additi.on,. the od. of formng a dot pattern _.accordi.ng the

D eoant - et T it oA v e st et
claim 1 charactelized in Ihaly 10 t0e Slep o Bl uraldiy Ofon

ref erence dots arrdhgéﬁl inearly ana tonsecutive y "are arranged at

pr edet er @d;:ﬁ%d Ngeryalsy; J-p012] This facilitates a search for

the first second virtual reference lines, and can save the
cal cul atigyitdymre due to the conplexity of an algorithm [0013]
In addition, the nethod of formng a dot pattern according the

present inventipmddi it meidiad afodorym moma dpta RRIt efdt@eepridi ng to
claim1, characterized in that in the step 4), a plurality of virtual
referencehpoifttrtsn & a strip in a circumferential direction allows
to properly print the dot pattern on all types of curved
surfaces such as glcbes, human phantoms and the like, and
various kinds of products, and to optically read dot
pattern information formed on a medium.
[0011]

In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern defined in claim 1 characterized in that in
the step 1), a plurality of reference dots arranged
linearly and consecutively are arranged at predetermined
intervals.

[0012]

This facilitates a search for the first and second
virtual reference lines, and can save the calculation time
due to the complexity of an algorithm.

[0013]

In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern accerding fo claim 1, characterized in that in

the step 4}, a plurality of virtual reference points



provi ded on the second virtual reference line are provided on the
plurality of reference dots in place of the second virtual reference
line. [0014] This nakes it possible to define information by
t he di stance and direction froma reference dot, and hence allows to
save the calculation tine due to the conplexity of the algorithmfor
searching for a virtual reference point. This can therefore reduce
errors caused py calﬁgéation for,obtainin%_the position of a virtual

ref er enc®GE0iHRES [BoIBE Seconq Y idhal &f F e TfetHo® 6F S SAvngss
dot pattern. according.the present invention.is the net of form ng
ot patThr T UGPSR R TREE T A 4Py Py e e cond

conpri si ng,...af t.er t .. a step of providing the plurality of
virtual re é&gﬁbgﬁﬁg%ﬁgﬁﬁgﬂ%ﬁﬁ plurality of reference dots. [0016]

I n addi ti@mp441he nmethod of formng a dot pattern according the
present invention is the nethod of form ng a dot pattern according to

claim 1, charagfiey hz8& PY f Wdah 10 I fithe A ®RSrllS ot ¢ 4he @

step of placing a reference dot on the virtual reference point.
[0017]  distaHes afRKeS relctpessifion 20 rHerfevrenicedeler,i anat hemden

readi ng accuracy acconpanying an increase in the area of a 7
allows to save the calculaticon time due to the complexity
of the algorithm for searching fer a virtual reference
point. This can therefore reduce errors caused by
calculation for obtaining the position of a virtual
reference point.

[0015]

In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 1, characterized by further
comprising, after the step 4), a step of providing the
plurality of wvirtual reference points on the plurality of
reference dots.

[0016]

In addition, the method of forming a dot pattern
according the present invention is the method cf forming a
dot pattern according to claim 1, characterized by further
comprising, after the step 4), a step of placing a
reference dot on the virtual reference point.

[0017]
This mekes it possible to prevent deterioration in

reading accuracy accompanying an increase in the area of a



region configuring a predeterm ned information group of a dot
pattern. [0018] In addition, the nethod of formng a dot
pattern according the present invention is the nethod of formng a
dot pattern according to claim1, characterized by further
conprising, after the step 4), a step of providing a virtua
reference point at a predeterm ned position at which a reference dot
pl aced on the virtual reference point i,s connected to a reference dot
pl aced orf Ty i%oﬁ%akﬂ%% F SFEETEENINTE TOCLERTLon I Paddi G on,
t he net ho 1:of form ng a dot pattern according the present invention
is the mtHod®d ¥ dm ng a dot pattern according to claimi,
characterhﬁﬁggin that in the step 1), a plurality of reference dots

arranged 1inearly and consecutively according to a predetermned rule
are arranged if}, nQfqil&ssh ! hak TR HQIS Al d4A%Hg AP ddie JRAdIR
surface, _ In the step 2), not less than two first “virtual

ref erence dddies ndhitele ¢RRARGH a rRidAtaldnt ¥ sOf HeehRi@Ree FolD randgake
formed by straight |ines or polygonal lines and/or curves are

provi ded dot @RRMesPoRdIER I\t it ot ke arief ar,eree rdele riinediobyl E$S thizan
two rows, and in the step 3), a second virtual reference |line

defi ned aompriirsddet, erafitred thesisttiepn 4f)r,om &teefl efepeevdatinand/ or a
first virtual reference line is defined between 8 the not |ess than
two firstvivitrpdalrefefremerc @dinfest RO@2@Ketermineldn paddittiioon att he
met hod of form ng a dot pattern according the present invention is

t he et hodish Rorgifegeacgotiopartlacsdactotdienyirduglairmizrence
characterized i.n that the second virtual reference |ine conprises a
strai ght POLRE dEnFeENERGes pruralrtly I6r crefite REE CE6t STaF&nded Sén

t he not Ies% tqan t wo diffﬁpent first virtual reference lines.
virtual reference line.

[0019]

in addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according teo claim 1, characterized in that in
the step 1), a plurality of reference dots arranged
linearly and consecutively according to a predetermined
rule are arranged in not less than two rows at least on
the medium surface,

in the step 2), not less than two first virtual
reference lines which connect a plurality of reference
dots and are formed by straight lines or polygonal lines
and/or curves are provided in correspondence with the
reference dots in not less than two rows, and

in the step 3), a second virtual reference line
defined at a predetermined position from a reference dot

and/or a first virtual reference line is defined between



[ 0021] In addition, the nethod of formng a dot pattern
according the present invention is the nethod of formng a dot
pattern according to claim?7, characterized in that in the step 4), a
plurality of virtual reference points arranged at predeterm ned
positions on second virtual reference ines are provi ded at m dpoints
of the second virtual reference lines. [0022] I n addition, the

met hod of_.f orm.ng a dat, pat.tern.accordi t-he esent i-nvention is
t he net hotd1 eofn%to?lrﬁsnsgq%{] a‘I.(@ilott"%)at ern e‘lfclcror(ﬁlngr 5 rcqnaclemlf,nes"

char act er[{oz(pzcb inthat in the step 3), second virtual reference |ines
defined at predeterm ned positions fromreference dots and/or a first

virtual referengedd e GPMHS Gt Y AdASHE U QUHNG Hpposi te

sides formng a triangle having, as a base, a first virtual reference

l'i ne connecd ia rrfj e frdfrer ansRrdaioh Wd ke sdtdidhilod imamidnd a 9
in the step 4), a plurality of virtual reference points provided at

pr edet er Mdie 408t Rl iseCard Alidinudl, refelenes ildoes nandat

provi ded on vertices of the triangle or on opposite sides of the
triangl etHe0G23ond virtual acdictrieome tlhieemetdrpd iefk sf @r mtng ighdot
pattern according the present invention is the nethod of formng a
dot patt érimeacwordiarg roo alpdivmald.t yelodr actferiene ide tishatr ralwgedr icangl e
is defined by predeterm ned base angles at the adjacent reference

dot s and Hoendicis 16 Soppadi tharcsidddd eaemie Sgamdi g teagr egdeaemicsed
magni fications relative to the base or a height fromthe base to the
vertex WHiid¥Scorresponds to a predeternined magnification ratio
relative t@ br e base. [0024] In addition, the nethod of form ng
a dot pat[t it laccor di ng the present invention is the method of

(o109 2 90t AELLELD AG0THIG 106 B IFAGY IRk tha
according the present invention is the method of forming a
dot pattern according to claim 7, characterized in that in
the step 4), a plurality of virtual reference points
arranged at predetermined positions on second virtual
reference lines are provided at midpoints of the second
virtual reference lines.

[0022]

In addition, the methed of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that in
the step 3), second virtual reference lines defined at
predetermined positions from reference dots and/or a first
virtual reference line comprise strailght lines configuring
opposite sides forming a triangle having, as a base, a

first virtual reference line connecting adjacent reference

dots with a straight line, and



[ 0025] In addition, the nethod of formng a dot pattern
according the present invention is the nethod of formng a dot
pattern according to claim 10, characterized in that the triangle
conprises an equilateral triangle. [0026] In addition, the nmethod of
forming a dot pattern according the prsent invention is the nmethod
of formng a 10 dot pattern according to claim1, characterized in
that in the step 3), a second virtual reference |line defined at a

pr edet er ni ned Posirs oIR8 dhha & et etende WART dridrora’a Fafestengs t ual
reference line conprises a strajght |ine which divides an interior
angl e at BPNEr &CDH- 9%k &4 MR TEN S PaSEHdenS 18 5S¢ by t he
pol ygonal_ .l ine .intq equal halves, and . in the step 4),

Dl ural Ly Gt WA (e TR e S a & TSt R Srddeerth hoE
position t cond virtual refere lLi nes .ar rovi ded at

pr edet er %r%e%dli}%s?%ng}gls O;‘é’rpc()jrﬁ Te Sg'ld%rsal%l%fythc?f ecﬁ:é & éL%c'e dots. [0027]
I n additifybz§:he nmet hod of formng a dot pattern according the
present invention is the nethod of formng a dot pattern according to

claim 1, charagte/ded dd thal ddrdde ot e rfing  idstt pddtial

reference Iine which connects a plurality of reference dots and is
formed byc:dreliygonale Eir@%elr& Aneendednwitsh t@Rl e Rl o oMamng the

reference dot is placed being a vertex.
dot pattern according to claim 10, characterized in that
the triangle is defined by predetermined base angles at
the adjacent reference dots and lengths of opposite sides
corresponding to predetermined magnifications relative to
the base or a height from the base to the vertex which
corresponds to a predetermined magnification ratio
relative to the base.
[0024]

In addition, the method of forming a dot pattern
according the present invention is the methoed of forming a
dot pattern according to claim 10, characterized in that
the triangle comprises an isosceles triangle.

[0025]

In addition, the method of forming a dot pattexn
according the present invention is the method of forming a
dot pattern according to claim 10, characterized in that
the triangle comprises an equilateral triangle.

[0026]

In addition, the method of forming a dot pattern

according the present invention is the method of forming a



[ 0028] In addition, the nethod of formng a dot pattern
according the present invention is the nethod of formng a dot
pattern according to claim1l, characterized in that in the step 3), a
second virtual reference |line defined at a predeterm ned position
froma reference dot and/or a first viiPtual reference |line conprises
a straight line which forns an arbitrary angle with respect to a
tangent to the 11 first virtual reference line fornmed by the curyve,
and dofj pPatfet Wi Dlhf fliadyn df \hanstaeizaende Poithtia
provi ded at predeterm ned gositLons on second virtual reference lines

are provid¥d HteHridetderif posi t4eond dstEN S ed 15 ARG REhditadent
dots. [0029 . dditi.on, th th f f i t t
Bcor di ng Hafe U HRAHREh 157 fo TRAHORGT T A T dod 1o
tt - i t | aj teri d..i.n .t hat t i d
05! £1 on Hdai mstf e He e, TOREAR RS B & e s TR PR L) e

i nter Secgig%&é%i %31 gﬁgﬁ‘@%rbxt ne\geeud viydual, 1ef ecrheenff‘&é!éﬂ“%ﬁmiaclh

form predetermn es fromthe adjacent reference ts, a
di st ance JJpdiie nefify efaloth £ UHLIRANYAGR L O id PI8HEY @igHned

magni fication ratio relative to'a length of the first virtua
ref erencediivess,f eimyed by the curve connecting the adjacent reference
dots, or a height fromthe first virtual reference line, forned by a
curve connect iing dHee sdjraoBnt a eflarerice deis,vintcdl aarfaspows to a
predeterm ned magnification ratio relative to a length of the first
vi rtual mefiertengedvined [20030]edet caddinteico e stitie. omet lvod tdfe fseroningg a
dot pattern
virtual reference lines are provided at predetermined
distances from the plurality of reference dots.
[0027]
In addition, the method of forming a dot pattern
according the present inventicn is the method of forming a
dot pattern according to claim 1, characterized in that in
the step 2), a first virtual reference line which connects
a plurality of reference dots and is formed by a polygonal
line is provided with only a portion where the reference
dot is placed being a vertex.
{0028]
In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that in
the step 3), a second virtual reference line defined at a
predetermined position from a reference dot and/or & first

virtual reference line comprises a straight line which

forms an arbitrary angle with respect to a tangent to the



according the present invention is the nmethod of form ng a dot
pattern according to claim1l, characterized in that in the step 3), a
second virtual reference line defined at a predeterm ned position
froma reference dot and/or a first 12 virtual reference |ine
conprises a straight |ine passing thrédigh the reference dot or a

m dpoi nt of the adjacent reference dots. [0031] I n addition,

the nethod of form ng a dot pattern accordi th resent invention

e My SR R e T i Tt FheD e

characterized .in that .in &ﬂe ste 3]_) latsecj:ond. virtual reference |line
po H %

defined at a predéterhithe RO FHom £ eferetfce o afidior a

first vi .Eato‘iiﬂtvél ‘riafreor\% 5! 'dé‘ﬁcr%ﬁ%éer?@%e% to[)yitg%gqté e s%et{o%%f‘di cul ar

to the first tual refere orme rarght 11 ne or a

strai ght ;g perpendididan s & 4,an ilRd he fﬂﬂe’%ﬁet\éﬂn‘éﬂ@g

reference line forned by a curve, an ~In the step 4),
pluralitygefi tviddudletahgrRRce R Hhe IR des aloder.edet ermi ned

positions on second virtual reference |lines are provided at
pr edet er miomed jposi tions determ ned fromthe adjacent reference dots.
[ 0032] In addition, the nethod of formng a dot pattern
accordi ng t he Ipr esihitt iianventieomdshdde freidrod mef & alat e ta edot
pattern according to claim1, characterized in that in the fourth
step 4), aaqeingrald thheofenasetndali nvefndrienc 6. spaihet aigphovi ddd fatrming a
predeterm ned positions on a second virtual reference line are
provi ded 98t pedderdr fosed Adingt divc &4 afiftorh® hehiinesit evilzedalin dhérerce
line formed froma straight Iine or froma tangent to the first
predetermined position determined from the adjacent
reference dots is defined by an intersection point between
the second virtual reference lines which form
predetermired angles from the adjacent reference dots, a
distance from the reference dot corresponding to a
predetermined magnification ratio relative to a length of
the first virtual reference line formed by the curve
connecting the adjacent reference dots, or a height from
the first virtual reference line, formed by a curve
connecting the adjacent reference dots, which corresponds
to a predetermined magnification ratio relative to a
length of the first wvirtual reference line.
[0030]
In additicn, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that in

the step 3), a second virtual reference line defined at a

predetermined position from a reference dot and/or a first



13 virtual reference line formed by a curve. [0033] In
addition, the nmethod of form ng a dot pattern according the present
invention is the nethod of formng a dot pattern according to claim
1, characterized in that in the step 1), a plurality of reference
dots arranged linearly and consecutivély are arranged at different
intervals, and a direction of a dot pattern and a predeterm ned
information group of the dot pattern are defined by the arrangenent
i nt er val ¥iqtogd4jreferenqe, lHd@ (GEWLr USRS fetHed 16 drifien e dad

pattern according the present invention is the nethod of form ng a
dot pattéﬁ‘r?%&é’or hd HETEHNOOE, Char FEBA2ed 9n gdreent

plurality refergg}e dots are arranged for each predeterm ned

i nf or mat i’ %ﬁ%ﬂﬂ? “te dot pattern such that an interval between at
| east on%dﬁgf of the adjacent reference dots differs from uniform
interval s bet&een other pairs of the adjacent reference dots, and a

predet erm ned ﬂrﬁfa‘%{c[iﬁéii el %éﬁhc}&%ﬂ? rﬁ’rﬁtr{%;eran dot fﬂ'% by the

arrangenent interva s.(?803§fy In a é%t!o , the method o

form ng adefrpaldt e eeHitnd niRe tRIesant thaveriiher o¥ themieihed

of formng a dot ‘pattern according to claim?2l, characterized in that

the plura@dtt ya@f el erceReelitet $ e s angetirarteadh cpr adeterm ned

i nformation group of the dot pattern such 14
the step 3), a second virtual reference line defined at a
predetermined position from a reference dot and/or a first
virtual reference line comprises a straight line
perpendicular to the first virtual reference line formed
by a straight line or a straight line perpendicular to a
tangent to the first virtual reference line formed by a
curve, and

in the step 4), a plurality of virtual reference
points provided at predetermined positions on second
virtual reference lines are provided at predetermined
positions determined from the adjacent reference dots.
[0032]
In addition, the method of forming a dot pattern

according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that in
the fourth step 4), a plurality of virtual reference
points provided at predetermined positions on a second
virtual reference line are provided at predetermined

distances from the first virtual reference line formed

from a straight line or from a tangent to the first



that intervals between at |east two pairs of the adjacent reference
dots differ fromuniformintervals between other pairs of the

adj acent reference dots, and a direction of the dot pattern and a
predeterm ned i nformati on group of the dot pattern are defined by the
arrangenent intervals. [0036] | h3addition, the nethod of
formng a dot pattern according the present invention is the nethod
of formng a dot pattern according to claim1, characterized in that
in the stieégmal nefemandeod a6t Soaes &Y vhésevienf ormation is defined
by a distance and a direction fromthe virtual reference point at an
end poi ntl%dtlessed by a vector with the virtual reference point

being a start point, are placed on.t opposite sides of the first
Virtual refer eMC@AT e aH G SREOSSIAH (G S Gorcon®a hed h
direction of the d attern.and_a _pr.edet.er i ned infarmation _group of
he ot _BEUCBIITE & PR EmreE Gy L aTre orice Ko, MBS ot e ts PTG

di rectiongs. i.tiqn, the f .farm.ng ot,
pattern §§§5&%ﬁﬁéh¥hg“ﬁ?%?gﬁﬁd?ﬁvgﬁgﬁghHrs t%gggggﬁééggleoF%ﬁ%gEg
dot pattemnp agey ding A @16kaMel, Eharaetericzeddl Lhaknigagthe step
4), a plurality of virtual refefrence points provided at predeterm ned
posi ti 0Ny iR a5aGOREG v iddnkdlcutakenenee el aResndke akr anged reweh that

di fferent nunbers of virtual reference points are arranged on two

si des of inherfianst, wnd walkdirekerencefl aneotapdtaetinr aetdi an of the 15
dot pattern and a predeterm ned information group of the dot pattern
are defi peddey camdinfternefoerbetiwaeyrohe ohimides doff0pa8fkern are In
addition, the nethod of formng a dot pattern according the present

i nvent i onleifg niele byetthed ast-ahgemeng andetrvpatst.ern according to claim
1, characterized in that in the step 5), information dots each of
whose i nfl@P7&ti on is defined by a distance and a direction fromthe
virtual reference point at an end pojnt expressed by a vector with
the virtual reéfe 160G nt- NSe ey Q% Ofr £ FEILRG & 8% PRAGEIsuch

that diff t. f informati dot, d t id
Ty R I e

. . : : |
ot ned By a DAL FFeonce Bariderc: Reoiingar o hpdosbitifeh I KBaR, Pon
the ”EthQﬂeoglE?%FH@ _%fdQESQQEBEE”d@Q%OBan%rEQﬁPBHGESEte%@ﬁent'0”
is the method of forming a dot pattern according to claiml1,

charact epirzedtkniat HRfbRRaSEBR é)coanB@r TRL eBti padeti-neduch
dependi ng on whether an information dot whose information is defined

by a di staneeaandnaedivhecbeofebhontt Neakir bual peetebenenepatftcahtan
end point expressed by a vector with the virtual reference point
bei ng a skd&rtepokentots phidcedsafreachnaffot-he ivicetual sr ekewvenae
poi nts, placed on the virtual reference point, or placed on neither
t her eof . other pairs of the adjacent reference dots, and a
predetermined information group cf the dot pattern 1is
defined by the arrangement intervals.
[0035]
In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot patitern according to claim 21, characterized in that

the plurelity of reference dots are arranged for each

predetermined information group of the dot pattern such



16 [0040] This allows a flexible way of arranging information
dots, that is, placing an information dot at a position shifted from
a given virtual reference point of a plurality of virtual reference
points arranged in one dot pattern (with the distance and direction
bei ng other than 0), placing an infor#dti on dot on another virtual
reference point (wth the distance and direction being 0), and
placing no information dot on still another virtual reference point
(Wi th no ih#lorptdom ldothet oy gt least |Wwadihiomt tihe mebimopros
formng a dot pattern according the present invention is the nethod

of forni NFHRERCHAET O FERP 198 IS it e e s hivesd iathatat
| or mat -G Sl 'S TR By TG DG T GTA G HEaeea Tne of
LECHEEERE S e R

ot patt o SEom e T i L SR F A U V1.2

conpri si ngyoafter the step 3), a step of defining a direction of the
dot pattern and a predeterm ned information group by placing the key

dot at a predeteraadied: ROSidtHOmdthad i i aldtelpaHtern

perpendi cular to a direction of the second virtual 17
according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that in
the step 5), information dots each of whose information is
defined by a distance and a direction from the virtual
reference point at an end point expressed by a vector with
the virtual reference point being a start point are placed
on two opposite sides of the first virtual reference line
in different shifting directions, and a direction of the
dot pattern and a predetermined information group of the
dot pattern are defined by a difference between the
shifting directions.
[0037]

In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that in
the step 4), a plurality of virtual reference points
provided at predetermined positions on second virtual
reference lines are arranged such that different numbers
of virtueal reference points are arranged on two sides of

the first wvirtual reference line, and a direction of the



reference line. [0043] In addition, the nethod of formng a dot
pattern according the present invention is the nethod of formng a
dot pattern according to claim28, characterized by further
conprising, after the step 3), a step of providing a third virtual
reference |ine which passes through at>l east one of the plurality of
reference dots and is perpendicular to a straight line formng the
first virtual reference line or a tangent  to a curve fornin%hthe

first virdUalPFeiErert 13 MESSTFATRS WO a5 iR 9t equal
hal ves at vertex of a pplygonal |ine . formng the first virtual

ref er encéjciqi & S fetS r#)er%lqﬁacﬁibryecat iddﬁfofr@frelr%ee S HSE and a
predeter@d%ﬁ%ﬁgﬁornation group by placing the key dot at a
predetermned position on the third virtual reference line. [0044]

In additi 3dihe nmethod of formng a dot pattern according the
present invention is the nethod of form ng a dot pattern according to

claim 28, chargeteidzedd n thatndthdd &5 RAmng & SRFOPL ddpal
reference line defined at a predeterm ned position froma reference

dot and/ aiccdddifrsf tHe tidlsdref ameres ildnng d $Hdehictedd MM ng a
reference dot other than the reference dot shifted as the key dot.
[ 0045] | ricadghiattiten tshearetimed tof dlerif Ng ahdetaqrattiersa ib8 t&eeore ng
the present invention is the method of formng a dot pattern
accor di nghteo stlegd ™)1, icHaractteninz edtisy eht ldr whomer iisifogmagfiter itshe
step 2), a step of providing a third virtual reference |ine which
passes t idedigiedatoy @astisérecsf amise aplddrglcitiiypnoff noaf ébhenoe rdoed and i s
perpendicular to a straight line formng the first virtual reference
line or Fefgrgese PO1Rtc@ivars 6nFi RYitlie SFPLSESEC BYalk VeFéPenwdth
line, or divides an interior angle intqQ equal halves at a vertex of a
ol ygonalt™§ fé foe K¢ HeFenGer SOt P§aR9r & Séne PORRE, 2&Rd pl aci ng
pt Yg t ide d t t i it t he thi
at | east _one side dot, a prf%de erm ned positiaqn_on e |rg
Uirtua PEPErBSce Sicte Nt O FAEFERds AP ceion f FERE 88 SBREt er n
and a pr%@%t%E@aW@%& %%Okm%t%qgegr%%pthe first virtual reference
line, and a direction of the dot pattern and a
predetermined information group of the dot pattern are
defined by a difference between the numbers.
{0039]
In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that in
the step 5), information is defined depending on whether
an information dot whose information is defined by a
distance and a direction from the virtual reference pcint
at an end point expressed by a vector with the virtual
reference point being a stert point is placed at each of

the virtual reference points, placed on the virtual

reference point, or placed on neither therect.



[ 0046] In addition, the nethod of formng a dot pattern
according the present invention is the nethod of formng a dot
pattern according to claim 32, characterized in that in the step 4),
a plurality of virtual reference points provided at predeterm ned
position on second virtual reference LPnes are provided on a fourth
virtual reference line which is parallel to the first virtual
reference |ine and passes through the side dot. [0047] I n

addi ti on,[44&¢ et hod of form ng a dot pattern according the present
invention is the nmethod of faormng a dot Pttern according to claim
33, characteri iR a Het i‘“ﬁyc#) AT 1% e e st s
are providdecd att 9 .predelta%rin‘i n(?acll1 i.ntf%rr\{[%l s on 1| eaf ourt hsviitrito%al

ref er encé*Q5iHe. r P 1% FAddition: 8 FthEE 8BRS ng a dot
pattern i r t _j.nventi i .hqd formng a
dot patt%&ﬁ%%c%% |O%§ Eﬂpéﬁéflee% r%lg'\zlcf?ﬁclh%ééﬁlcetﬁ:éah%%eg%ﬁ%%t r?g “at least not
| ess thamiong of f R /0% 40! $d s R DARRAGH ot s8] 4% il he
first virtual reference line such that the side dots are |ocated at
di ffer entyditstrances thr @Me RA Sfaisle \Wnd Walrdefidnened nlg REhedN&hdn
direction of the dot pattern is defined by distances between the side
dot s and ghhe JliacShgviait Ualf orefzerienceldd re. ahd@42r virtualln addition,
the nethod of form ng a dot pattern according the present invention

i s the netdfedenicel @oiintg (widdt that terst ameeo mdidnglitre ctli@nmbeaBgafd ,32,
characterized in that at |east not |ess than one of the side dots is
pl aced omngach aofi nowmos ildds rof ttileem fdotstonvisttiddl aneféeense ritivad such
“that the side dots are |ocated at equal distances fromthe first
virtual reference Poiat dWdtd dior ddtiogmasfiophelogot pattern and a
predeterm ned information group of the dot pattern are defined by a

. di st ance I8¢Atden the side dot and the key dot.

In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that in
the step 1), a direction of the dot pattern and a
predetermined information group are defined by shifting
and placing at least one of the plurality of reference
dots as a key dot at a predetermined position.

[0042]

n addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 28, characterized by
further comprising, after the step 3), a step of defining
a direction of the dot pattern and a predetermined
information group by placing the key dot at a
predetermined position in a direction parallel or

perpendicular to a direction of the second virtual



[ 0050] This makes it possible to recognize the shifting
direction of a key dot fromthe distance froma side dot in addition
to a shift fromthe first virtual reference 20 line. It is therefore
possi ble to recogni ze the direction of the dot pattern nore
accurately. [0051] In addition, 1¥he nethod of form ng a dot
pattern according the present invention is the nethod of formng a
dot pattern according to claiml, characterized in that a reference
dot and/ cref@rantfeorlidtd-on dot is formed by a pol ygonal shape
configured to express a direction, and a direction of the dot pattern
is defindddh2lt he shape. [0052] . In addition, the method of
formng a dot pattern according the present invention is the nethod
of forming a e raddtt ‘?Td“icg A IR E Fardflt AAHSFT n t hat

one reference dot qu/or an i.nf.ormati.on dot ,.s forned t ve .a Size

di {1 er en FTGITHat b1 BCHEP T dPEFaiice dts /6t Brhér i-ror gt Fon
dif it | et it
ot s, anga diiection Sl ihe ol nater panda sdetor ed

i nformation group are from-a €r ence between

[0053] furtﬂé}i@&ﬂﬁffylﬂgjﬁaﬁg%ﬁqgﬁggﬁggag%Qgﬁaf%% .%gtgﬁggﬁding

according the present invention Is

pattern aCeefdidNg it &aliiBrbr LR AGHRY WA8GH Balhals ene Jgfegnce dot
and/or an information dot is forned to have a shape different from

that of ather referanedcdetisirandigr oFt hesrd-_fneemalen et S.s and a
direction of the dot pattern and a predeterm ned information group
are defi mpeddenerhcaldirf fter ence ladtgheen itnke fohapes. the first virtual
, reference line or a tangent to a curve forming the first
virtual reference line, or divides an interior angle into
equal halves at a vertex of a polygonal line forming the
first virtual reference line, and defining a direction of
the dot pattern and a predetermined information group by
placing the key dot at a predetermined position on the
third virtual reference line.
[0044]
In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 28, characterized in that
in the step 3), a secoend virtual reference line defined at
a predetermined position from a reference dot and/or a
first virtual reference line is defined from only a
reference dot other than the reference dot shifted as the
key dot.
[0045]

In addition, the method of forming a dot pattern



21 [ 0054] In addition, the nethod of formng a dot pattern
according the present invention is the nethod of formng a dot
pattern according to claim1l, characterized in that a reference dot
and/or an information dot is printed by ink having a property of
exhibiting a different reaction to irradiation light than ink used to
print visible information on a medi um surface. [0055] In
addition, the nethod of form ng a dot pattern accordi ng the present
i nvent i oradc»rtchiengretheo g mfs efrdr nirngeres idot  ipatther meadear difnd crmicicaiam
40, characterized in that the ink having the property of exhibiting
t he diff elntpatdasti @edardimg dicleelaimds6]jcharactem zaddibtyi dmr thtee
met hod of forming a dot pattern according the present invention is
t he nmet hGPMWIL ¥9Md ng T ot heatsttéin Zdocor ditep 1o Freivihddeg a third
characterized in that the irradiation |light conprises infrared |ight,
the i nk WaVitH§ % HeIG5636 yF OSmiiisds Pad s ey odb$Sr Bieqgh e and
the ink usﬂ:to rint .visi%lei formati on medi_ um sur f.ac
conpr | se fal KAt A REHEING Tk 61 Sarf I PP EFEFH ECIATY tonk.
[0057] I% %%%Jﬂdﬁ% ffH%'fy}%fgglf%é'fy%%JQHEQ%%lW%%Q%%ence line

or a tangent to a curve forming the first wvirtual

reference line, or divides an interior angle into equal

halves at a vertex of a poclygonal line forming the first

virtual reference line, and placing at least one side dot,

at a predetermined position on the third virtual reference

line, which defines a direction of the dot pattern and a

predetermined information group.

[0046]

In addition, the method of forming a dot pattern

according the present invention is the method of forming a

dot pattern according to claim 32, characterized in that

in the step 4), a plurality of wvirtual reference points

provided at predetermined position on second virtual

reference lines are provided on a fourth virtual reference

line which is parallel to the first virtual reference line

and passes through the side dot.

[0047]

In addition, the method of forming a dot pattern
according the present inventicon is the method of forming a

dot pattern according to claim 33, characterized in that

the plurality of virtual reference points are provided at



using a dot pattern according the present invention is the 22

i nformation input/output nethod used for a stream data pattern fornmed
by a nethod defined in claim1, characterized by conpri sing: a
step of causing optical reading neans to pick up a predeterm ned
position, a predeternmined region, or &f entire region on a nmedi um
surface, as image data, which configures the streamdot pattern; and
a step of CaUSIGﬁ%{I nf ormati on proceSS| ng. neans to obtain a code val ue

and/ or a RSt IS g 9y A Rl it R g e &vd Ssesi
correspor}glﬁlneg information or execute a corresponding program [0058]
In additi the information input/output nethod using a dot pattern
accor di ng present invention is the information input/output

met hod accor ng to claim43, characterized in that the opti cal

readi ng means yeadgya 49t Rald Gidt g aoﬂorﬁﬂ‘?& %%EI g:ad in a

predeterm ned region, or in an entire region I n cont act
or spaced,@Raldi g ¥RA ﬂF%@eWB %H{Je%l%%,orprlé%@e@srr%t@l% Rat teefiher ed

linearly. [0059] A dot pattern according the present invention
is a strerm el tRatt erdtGhamCley iZed B 2GoMMEirSidtérized in that
at least not less than one of the side dots is placed on
each of two sides of the first virtual reference line such
that the side dots are located at different distances from
-the first virtual reference line, and a direction of the
dot pattern is defined by distances between the side dots
and the first virtual reference line.
[0049]

In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claims 28 and 32, characterized
in that at least not less than one of the side dots is
placed on each of two sides of the first virtual reference
line such that the side dots are located at equal
distances from the first virtual reference line, and a
direction of the dot patitern and a predetermined
information group of the dot pattern are defined by a
distance between the side dot and the key dot.

[0050]

This makes it possible to recognize the shifting

direction of a key dot from the distance from a side dot

in addition to a shift from the first wvirtual reference



a plurality of reference dots arranged linearly and consecutively on
a nmedium surface according to a predetermned rule; a first virtua
reference |ine which connects the 23 plurality of reference dots and
is formed by a straight line or a polygonal |ine and/or a curve;

a second virtual reference |ine which20s defined at a predeterm ned
position fromthe reference dot and/or the first virtual reference

line, and is fornmed by a straight line and/or a curve; a

pl uralitylisfe.vi rttuals ridfearedivoe proiswidly o detcmn jpeedetee dyinggd ion
positions on the second virtual reference |ine; and an

i nf or mat i%9h W&t ditfod@ HLFEY MRLORGR1r@dfilYed by a di stance and a
direction fromthe virtual reference point. [0060] Thi s nmakes
it possi&qgikiforn1a dot pattern along an actual line including a

curve. In addition, since predeterm ped. information, grou det erm ned
by a predet er mithét Hi e or-ort %am@gr%s d e hsectit W8y Provi ded,

s Posaldlie o adldist, Lhe d engii qLR A ede ertied dnfariatiion

_group, a co_n ra I on, redet erm ne_ ( ]

Rk B S E R T e
reference dot and/or an information dot is formed by a
polygonal shape configured to express a direction, and a
direction of the dot pattern is defined by the shape.
[0652]

In addition, the method cof forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that
one reference dot and/or an information dot is formed to
have a size different from that of other reference dots
and/or other information dots, and a direction of the dot
pattern and a predetermined information group are defined
from a difference between the sizes.

[0053]

In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 1, characterized in that
one reference dot and/or an information dot is formed to
have a shape different from that of other reference dots
and/or other information dets, and a direction of the dot

pattern and a predetermined information group are defined

from a difference between the shapes.



In addition, deriving the | ength of predeterm ned information groups,
as an average length, fromthe length of an actual |ine can prevent a
decrease in informati on anount and the distortion of a dot pattern
that occurs to the extent that a reading neans cannot read it, due to
the 24 differences between the Iengtﬁ} interval, size, and nunber of
dots near the end portion (near the joint between strips) and those
of ot her ffutive dot patterns, when consecutively form ng stream
dot patterns 1'n the formof strips on, for exanple, a curved body in

the circunf er%iﬁdg&{%ﬁ’ti@& r{)e&g-?(%cl of forddh tgsdogﬁs%ﬁgc%t -

predeterm ned Tange 1S fined e m ni mum val ue

guar ant eed. t 0 anal ¥4 ig@&%@@&@%@d&ﬁqmﬂm%aﬁ ﬁgﬂﬁ&ﬁrﬂ& ned

i nformation group using an optical reading neans. W

st at e- of -ddie Al OB ILRorgad NG Mans 1herdnidaapivalded s@lvmst 1
mmto several nm Cbviously, advances in technology wll nake the

m ni mum vad feer iy QR dhdvidhoit A8 dmadi@63Hot is pAdihtdd AT
the optical reading neans is, for exanple, a camera or a scanner. The
scanner imslindes pyeredtype Searmidri tdndy a fdiadtfeadrec areerci dr0@64]

The manner of adjustnment is not limted to this. It is possible to
per f or m adjnsstirpdnitorby ighdndihag tik posid itongp rafmtdotis idrl et he
predeterm ned interval and nunber of dots in a predeterm ned

i nf or mat ile¥ qirEdE.on Ivar & Sedipmekintgde- have a so-cal l ed variabl e

| ength. [ 0065 This makes it possible to cope with data of
various di Mithin the amount of information set when each

In addition, the method cf forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 40, characterized in that
the ink having the property of exhibiting the different
reaction is invisible.

[0056]

In addition, the method of forming a dot pattern
according the present invention is the method of forming a
dot pattern according to claim 40, characterized in that
the irradiation light comprises infrared light,

the ink having the property comprises an infrared-
absorbing ink, and

the ink used to print visible information on a medium
surface comprises an infrared-transmitting ink or an
infrared-reflecting ink.

[0057]
In addition, the information input/output method

using a dot pattern according the present invention 1s the



25 predeterm ned information group is nade to have a variable | ength,
that is, wthin the range in which information can be read by the
readi ng neans. [0066] In addition, a dot pattern according the
present invention is a dot pattern forned by arranging, in one line
or a plurality of lines, a stream dotZ2pattern according to a step of
linearly and consecutively arranging a plurality of reference dots
according to a predetermned rule, a step of providing a first
virtual riefferapde dn Aappi i tasin g achassidurtaly vy sdfraast sladirce dot s
and is fornmed by a straight line or a polygonal |ine and/or a curve,
a step ofPFrt@AdifREmad Rast “F?d'{hqc%%eﬁf‘ﬁﬁigdﬁb d&ddhd vi rt ual
reference_line which js defined at a predeterm ned position fromthe
referencé:h(?d%a%?d?lcﬁec;[%éfﬁqn&“\ﬁﬂq}al reference line, and is forned
by a straight line and/or_a curve, a step of. providing a plyrality of
virtual referéhc® eﬁ’oi% scaa“fsjﬁ}geaoé?telrcfﬁslhe%ap%gf)gt i“be??%]sog“f rélcg%cli?n
virtual r i ne, .a St l,.acl I.nf.or matj.on dot
whose XYP%?;%T%%grtlene\r}glplfgsqgﬁnl Pdr%g eed\%atlaeﬁléﬂlglée%r(;eljfel%%él’bfra%& st ance
and a di %‘?ﬁ;ti'r%“ AdQAB Rg W rrrf]ééﬁ'un{ SfGeNCe RQ Nhade ¥taNd RAIdH
expressed by a vector with the virtual reference point being a start
poi nt. [QQGHigures theCHtddigh Wt Hat tleaghnigde, formng a plurality
of stream dot "‘patterns with constant intervals between 26 reference
poi nts side by sitdg ean ddefdingy X Noihial © NRId#RS roN medifs ”id Ng
medi um wi t hout any gaps and generate | ocus information. In addition,
assune t @t admamacioeles vad ust afrid /ot at icow,rdd newe, verlaghiogs anarl ywheg
like are printed on a printing nedium and the |line segnents are
traced ortheouchkesd wWatlh anstanrigntper tresperiddng doferopdrian ox. | n
this case, formng a streamdot pattern only along the |ine segnents
al | ows t §xegtitenal Iopraesaegel iaddmrogaefer n. Wien forning a dot
pattern whose XY coordi nates are defined as a two-di mensi onal code,
it is podSi®Bé to forma dot pattern by repeating a predeternined

ogi on Vi si bl y T GHHR oH7a MRS A e WO H5el g B ot ed by
the shapg of o 664294 a0 e9l 0 454135 ;30 e hy hQ988] 15 thne
information input/output metheod according to claim 43,
characterized in that the optical reading means reads a
dot pattern at a predetermined position, in a
predetermined region, or in an entire region while being
in contact or spaced apart from a medium surface, or reads
a dot pattern formed linearly.
[0059]
A dot pattern according the present invention is a
stream dot pattern characterized by comprising:
a plurality of reference dots arranged linearly and
consecutively on a medium surface according to a
predetermined rule;

a first wirtual reference line which connects the



In addition, a dot pattern according the present invention is, the
dot pattern according to claim46, characterized in that the stream
dot pattern is provided with a reference dot at a predeterm ned
position which serves as a reference for defining the second virtual
reference line and/or a direction of phe dot pattern and one XY
coordi nate val ue and/or code val ue. [0069] According to this
techni que, placing a new reference point can easily define the

di r ect i omplofratlher ystafeam fdotergat tderirs amdl a priedetest vned stnfedrgiet | on
group without 27 using any information dot. This makes it possible
t 0 suppr dsgieamumasdssEmnaldddresasaid/on if ormsson. I n addition,

pl acing a new reference point allows to accurately indicate the
position of a&ifaqfild refErene & PN e $thdh gai miefgmed at a
i nformation dots. [0070 In addition, a dot pattern according

. 1l ..
the pres&RCITHFERINGS B9S {tHEOTY dtr Pttt if SHELG Hon G Ao 2&6Y Gnd et
clainms 45 to 47, characterized in.that the plurality of referen
dots or CHE S UFAITEY. GFARTRGR ricker e il es EVar igad He
| east on l(?Lrneal ong an _act tﬁle line visibly formed on a nmedi um surface.
[ 0071] i< Cal ake 4 line itself have information and

i[gg;‘za]mem I nfqf MRt SPY QUGN IORSIALIONLd Il Al GANMARSLNGE:
predetermined positions on the second virtual reference
line; and

an inférmation dot whose information is defined by a
distance and a direction from the virtual reference point.
[0060]

This makes it possible to form a dot pattern along an
actual line including a curve. In addition, since
predetermined information groups determined by a
predetermined rule for dot patterns are consecutively
provided, 1t is possible to adjust the length of =
predetermined information group, as a design
consideration, in a predetermined range by increasing or
decreasing the intervals cof predetermined information
groups based on the length of the actual line.

[C061]

In addition, deriving the length of predetermined
information groups, as an average length, from the length
of an actual line can prevent a decrease in information

amount and the distortion of a dot pattern that occurs to

the extent that a reading means cannot read it, due to the



In this case, the expression "at |east” neans that reference dots or

virtual reference points are arranged on or along an actual line in a
portion where the actual line is visibly fornmed on the nedi um
surface. In a portion where no actual line is formed, it is possible

to arbitrarily arrange reference dots2oer virtual reference points

Wi t hout being restricted by the above expression. [Advantageous
Effects of Invention] [0073] According to the present invention, it

i S possi llief fearen2® sphiattwegernd dthepdtetertm, | iimesmivwalon sa zeedianm swamtege

i ndependently of the shape of a rectangular region in which a dot
pattern iof fdotredess a&hewerdi pordiiomal (neede thien Jadditt e ween i s
possi bl e to input/output various kinds of information with respect to
dr awi ngs %gﬁdpgq%@w%@fmh&%ﬂqﬁ@@putlve dot patterns, when
characters/synboLs/%Taphics, and the |jke by opticaII¥Pre%ding dot
patter n iGGERGIFFIHorEd G & TREdTuMOY P SEORF itCuit e d 9T A a

dot pattern .configured by a rectangular i on,on curved surface
body whi Isé'rﬁﬁ’isntoé]i'nifre?& ie)ré‘?n?rjra?pe.a 'W&C{:\%g’tcgfe&ﬁ &6F pattern

accordin%igo t@%r%%%%% t&i@%%%ﬁ%%? makes it possible to properly
print dot péi erns on al I types of curved surfaces such as gl obes,

human ph%%b and the |ike, and various kinds of products, and to
optically read dot pattern information formed on a nmedium [Brief

Descri ption ofr Prawingslsd, 00 did@tcniedt rhrig®e 8 Vi®Wined by
schematically show ng a streamdot pattern. [Fig. 2] Fig. 2 is a view

showi ng examplies i the denfer mmtiicen idotis efuazatetcpatbennaandet he bit
di splay of data defined on them [Fig. 3] Fig. 3 is a view show ng
exanpl es iafgehelaitafl ebratined dgt dmahiagdat ppatieermanedt He fbirmadiispl ay
of data defined on them
group using an optical reading means. With the state-of-
the-art optical reading means, the minimum value is almost
1 mm to several mm. Obviously, advances in technoloegy
will make the minimum value approach 0 without limit.
[0063]
In this case, the optical reading means is, for
example, a camera or a scanner. The scanner includes a
pen-type scanner and a flatbed scanner.
[0064]
The manner of adjustment is not limited to this. It
is possible to perform adjustment by changing the
positions of dots or the predetermined interval and number
of dots in a predetermined information group, that is, by
making it have a so-called variable length.
[0065]

This makes it possible to cope with data of various

sizes within the amount of information set when each



[Fig. 4] Fig. 4 is a view show ng exanples of the infornmation dots of
a dot pattern and the bit display of 29 data defined on them [Fig.
5] Fig. 5is a view showi ng nodifications of the dot pattern. [Fig.
6] Fig. 6 explains a nethod of formng a streamdot pattern. [Fig. 7]
Fig. 7 explains a nethod of form ng a2stream dot pattern. [Fig. 8]
Fig. 8 is a view show ng an exanple of how the first virtual
reference line is provided by a Bezier curve. [Fig.9]Fig.9 shows an
exanpl e qfresBdte wotneghtirdrarnat itdne goroegerits imagentidcomave a variable
length, that is, within the range in which information can
be read by the reading means.
[0066]
In addition, a dot pattern according the present
invention is a dot pattern formed by arranging, in one
line or a plurality of lines, a stream dot pattern
according to a step of linearly and consecutively
arranging a plurality c¢f reference dots according to a
predetermined rulé, a step of providing a first virtual
reference line which connects the plurality of reference
dots and is formed by a straight i1ine or a polygcnal line
and/or a curve, a step of providing at least not less than
one second virtual reference line which is defined at a
predetermined position from the reference dot and/or the
first virtual reference line, and is formed by a straight
line and/or a curve, a step of providing & plurality of
virtual reference points at predetermined positions on the
second virtual reference line, and a step of placing an
information dot whose XY coordinate value and/or code
value is defined by a distance and a direction from the
virtual reference point at an end point expressed by a
vector with the virtual reference point being a start
point.
[0067]

According to this technique, forming a plurality of

stream dot patterns with constant intervals between



[Fig.10] pattern. Fig. 10 shows an exanple of each stream dot
[Fig.11] pattern. Fig. 11 shows an exanple of each stream dot
[Fig.12]
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reference points side by side can define XY coordinate
values on a printing medium without any gaps and generate
locus information. In addition, assume that characters, a
staff notation, a map, graphics, or the like are printed
on a printing medium, and the line segments are traced or
touched with & scanner pen to perform some operation. In
this case, forming a stream dot pattern only alcong the
line segments allows to rationally arrange a dot pattern.
When forming a dot pattern whose XY coordinates are
defined as a two—diménsional code, 1t is possible to form
a dot pattern by repeating a predetermined information
group in an arbitrary shape conforming to an informatiocon
region visibly formed on a medium surface without being
restricted by the shape of a rectangular region {used as
an index).

[0068]

In addition, a dot pattern according the present
invention is, the dot pattern according to claim 46,
characterized in that the stream dot pattern is provided
with a reference dot at a predetermined position which
serves as a reference for defining the second virtual
reference line and/or a direction of the dot pattern and
one XY coordinate value and/or code value.

[0069]

According to this technique, placing a new reference

point can easily define the direction of the stream dot

pattern and a predetermined information group without



pattern.
pattern.
pattern.

Fig. 12 shows an exanple of each stream dot [Fig. 13]
Fig. 13 shows an exanple of each stream dot [Fig. 14]
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using any informaticn dot. This makes it possikle to
suppress an unnecessary decrease in information. In
addition, placing a new reference point allows to
accurately indicate the position of a virtual reference
point as the start point of information dots.

[0070]

In addition, a dct pattern according the present
invention is, the dot pattern according to any one of
claims 45 to 47, characterized in that the plurality of
reference dots or the piurality of virtual reference
points are arranged at least on or along an actual line
visibly formed on a medium surface.

[0071]

This can make a line itself have information and
implement information input/output operation rich in
convenience.

[0072]

In this case, the expression "at least™ means that
reference dots or virtual reference points are arranged on
or along an actual line in a porticon where the actual line
is visibkly formed on the medium surface. In a portion
where no actual line is formed, it is possible to
arbitrarily arrange reference deots or virtual reference
points without being restricted by the above expression.
[Advantageous Effects of Invention]

[0073]

According to the present invention, it is possible to



Fig. 14 shows an exanple of each streamdot [Fig.15] Fig. 15 shows an
exanpl e of how each first virtual reference line is defined fromthe
arrangenent of reference dots. [Fig. 16] Fig. 16 shows an exanpl e of

a nmethod of defining the second virtual reference line.
28

print a dot pattern linearly on a medium surface
independently of the shape of a rectangular region in
which a dot pattern is formed as a two-dimensional code.
In addition, 1t is possible to input/output various kinds
of information with respect to drawings and maps including
CAD drawings, characters/symbols/graphics, and the like by
optically reading dot pattern information formed on a
medium. It is difficult to print a dot pattern configured
by a rectangular region on a curved surface body while
maintaining its shape. Using a stream dot pattern
according to the present invention makes it possible to
properly print dot patterns on all types of curved
surfaces such as glcbes, human phantoms and the like, and
various kinds of products, and to optically read dot
pattern information formed on a medium.

[Brief Description of Drawings]

[0074]

[Fig. 1] Fig. 1 is a view schematically showing a stream
dot pattern.

[Fig. 2] Fig. 2 is a view showing examples of the
information dots of a dot pattern and the bit display of
data defined on them.

[Fig. 3] Fig. 3 is a view showing examples of the
information dots of a dot pattern and the bit display of
data defined on them.

[Fig. 4] Fig. 4 is a view showing examples of the

information dots of a dot pattern and the bit display of



30 [Fig. 17] Fig. 17 shows an exanple of a method of defining the
second virtual reference line. [Fig. 18] Fig. 18 shows an exanpl e of
a nethod of defining the second virtual reference line. [Fig. 19]
Fig. 19 shows an exanple of a nmethod of defining the second virtual
reference line. [Fig. 20] Fig. 20 shad®s an exanple of a method of
defining the second virtual reference line. [Fig.21]Fig.21 explains
the positions where virtual reference points are provided. [Fig.22]
pattern_ qafg':l @ined on them.

[Fig. 5] Fig. 5 is a view showing modifications of the dot
pattern.

[Fig. 6] Fig. 6 explains a method of forming a stream dot
pattern.

[Fig. 7] Fig. 7 explains a method of forming a stream dot
pattern.

[Fig. 8] Fig. 8 is a view showing an example of how the
first virtual reference line is provided by a Bezier
curve. .

[Fig. 9] Fig. 9 shows an example of each dot pattern in
the present invention.

[Fig. 1C] Fig. 10 shows an example of each stream dot
pattern.

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

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

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

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

[Fig. 15] Fig. 15 shows an example of how each first
virtual reference line is defined from the arrangement of
reference dots.

[Fig. 16] Fig. 16 shows an example of a method of defining

the second wvirtual reference line.



shows an exanpl e of each streamdot [Fig.23] pattern. Fig. 23 shows
an exanpl e of each streamdot [Fig.24] Fig. 24 shows an exanpl e of
how t he direction of
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[Fig. 17] Fig. 17 shows an example of a method of defining
the second virtual reference line.

[Fig. 18] Fig. 18 shows an example of a method of defining
the second virtual reference line.

[Fig. 19] Fig. 19 shows an example of a method of defining
the second virtual reference line.

[Fig. 20] Fig. 20 shows an example of a method of defining
the second wvirtual reference line.

[Fig. 21] Fig. 21 explains the positions where virtual
reference points are provided. -

[Fig. 22] Fig. 22 shows an example of each stream dot
pattern.

[Fig. 23] Fig. 23 shows an example of each stream dot
pattern.

[Fig. 24] Fig. 24 shows an example of how the direction of
each dot pattern and each predetermined information group
of the dot pattern are defined by the number of virtual
reference points.

[Fig. 25] Fig. 25 shows an example of each stream dot
pattern.

[Fig. 26] Fig. 26 explains an example of each arrangement
of key dots.

[Fig. 27] Fig. 27 explains examples of the arrangements of
side dots.

[Fig. 28] fig. 28 is a view showing an example of how XY
coordinates are obtained from a dot pattern.

[Fig. 29] Fig. 29 shows an example of each stream dot



each dot pattern and each predeterm ned i nformation group of the dot

pattern are defined by the nunber of virtual reference points. [Fig.
25] Fig. 25 shows an exanple of each streamdot pattern. [Fig. 26]
Fig. 26 explains an exanple of each arrangenent of key dots. [Fig.

27] Fig. 27 explains exanples of the arrangenents of side dots.

[Fig. 28] fig. 28 is a view show ng an exanpl e of how XY coordi nates
are obtali d#pm a dot pattern. [Fig. 29] Fig. 29 shows an exanpl e
of each streamdot 31 pattern. [Fig. 30] Fig. 30 shows an exanpl e

of each stream3iot mad! eI sHdwd a3 ldx e e haus A-apampiie of
each stream dot pattern.
pattern.

[Fig. 31] Fig. 31 shows an example of each stream dot
pattern.

[Fig. 32] Fig. 32 shows an example of the format of each
dot pattern.

[Fig. 33] Fig. 33 shows an example of the format of each
dot pattern.

[Fig. 34] Fig. 34 shows an example of each stream dot
pattern.

[Fig. 35] Fig. 35 shows an example of each stream dot
pattern.

[Description of Embodiments]

[0075]

Fig. 1 is a view for explaining an example of the dot
pattern according to the present invention. Fig. 2 is an
enlarged view showing an example of the information dots
of a dot pattern and the bit display of data defined on
them.

[0076]

An information input/cutput method using a dot
pattern according to the present invention includes
recognition of a dot pattern 1 and a means for outputting
information from the dot pattern 1 and executing a
program.

[0077]



[Fig. 32] Fig. 32 shows an exanple of the format of each dot pattern.
[Fig. 33] Fig. 33 shows an exanple of the format of each dot pattern.
[Fig. 34] Fig. 34 shows an exanple of each stream dot pattern. [Fig.
35] Fig. 35 shows an exanple of each stream dot pattern. [Description
of Enbodi nents] [0075] Fig. 1 is2a view for explaining an
exanple of the dot pattern according to the present invention. Fig. 2
I's an enl arged view show ng an exanple of the information dots of a
dot pattern andihd'ditodi SpHERLlot i IS Mk orf thenit [9076] An

i nformati on .i,nput/oytput. method using dot pattern according to the
present i%’?%r\lﬁ QY Rt ﬁoﬁaod?“eéi ddt PdtEH ¥ a means

for out putijng Joyqr i Jd Gadhedet 23 1§k AN SXEsHiNg 3

formed on a medium) as image data using an optical reading
means, and then sets a line connecting the reference dots
4 as a first virtual reference line 6. If no dots are
arranged at positions where the reference dots 4 should be
located on the first virtual reference line 6, dots near
the positions where the reference dots 4 should be located
are extracted and set as key dots 2 (oﬁ the two end
portions of a predetermined information group). The
method then extracts side dots 12 arranged on extended
lines in the positive and negative directions of the
positional shifts of the key dot 2, and sets a straight
line which passes through the side dots 12 and the key dot
2 and is perpendicular to the first virtual reference line
6 as a third wvirtual reference line 8.
[0078]

This method then sets second virtual reference lines
7 which pass through the reference dots 4 and extend in a
direction perpendicular to the first virtual reference
line 6, and fourth wvirtual reference lines 9 which pass
through the side dots 12 and are parallel to the first
virtual reference line 6, and sets the intersection points
between the virtual reference lines as virtual reference
points 5. The method then searches for a dot around the

virtual reference point 5 and extracts an information dot



program [0077] 32 This method extracts reference dots 4
first by picking up the dot pattern 1 formed in a regi on where
information is to be provided (for exanple, an actual line fornmed on
a nmedium as inage data using an optical readi ng neans, and then sets
a line connecting the reference dots 43as a first virtual reference
line 6. If no dots are arranged at positions where the reference dots
4 should be |ocated on the first virtual reference |ine 6, dots near
t he posit3 iis Wi e reFter@nces drisined foultd el vegie and
extracted, and set as key dots 2 (on the two end portions of a

pr edet er rASE GO rInE® d Y rouphua THe e dditextracts side dots
12 arranglgqchjcg;] extended lines in the positive and negative directions
of the po i'onal shifts of the key dot 2, and sets a straight |ine

whi ch passes thr h the si dots 12 .and the key dot 2 and s
per pendi cul ar noq#ﬁles 558t \%ﬁﬁ u%tal‘tlroefbe‘?nce"‘hef:een Ii-il&hé/e B L EWH Y o
virtual ce |d . Thy t C vi.rtual
_refere_ncejL tf'e{]rgisll% d\/gnir{?hesprf[s%qz rcoeug Osct%:gq %g}?jege}lﬁegecﬁ%%sn%} %%mex heend
in a direghion \nerRendiidied @ thed id o wind ualqd iR efﬁ% ine 6,
and fourth virtual reference lines 9 which pass through the si de ‘dot s
12 and ar@paif@ldes! de@ difRy fd rsfuatie sl i efrere NG d i b.d AN st s

the intersection points between the virtual reference |ines as
virtual refemrerce gpel Birs sspebte metikod it hen searthkes ifret &idat:zar ound
the virtual reference point 5 and extracts an information dot 33
reference line 6 can derive the position of the virtual
reference point 5 by interpolation. Note-that it 1is
possible to arbitrarily set an aspect ratio.
[0080]
This method determines the direction of a
predetermined information group, i.e., the direction of
the dot pattern 1, from the direction of the key dot 2
from the first virtual reference line 6. If, for example,
the key dot 2 is shifted from the first virtual reference
line 6 in the +Y direction, the information dots 3 in the
predetermined information group may be recognized upon
recognizing the shifting direction as coinciding with the
correct position.
[0081]
If the key dot 2 is shifted from the first virtual
reference line 6 in the -Y direction, the information dots
3 in a predetermined information group may be recognized

upon recognizing, as coinciding with the correct position,

the direction of the predetermined information group which



3 on which information is defined by the distance and direction from
the virtual reference point 5. [0079] In this case, the ratio
bet ween the arrangenent interval of the reference dots 4 and the

di stance fromthe first virtual reference line 6 to the side dot 12
is 1:1. Therefore, setting a square h&4ing the reference dot 4 as a
vertex and an aspect ratio of 1:1 on the first virtual reference |ine
6 can derive the position of the virtual reference point 5 by

i nt er pol a3 cirt Nt e Hatdtepodaiwl el to eapiar difitquaetl&h aspect
ratio. [0080 This method determ nes the direction of a
predetern[i § nformation group, i.e., the direction of the dot

pattern 1, fromthe direction of the key dot 2 fromthe first virtual
ref erence Iinelnrlﬁ‘s.t ¥S §BiC exdnpte, @ %&%@5%6 >9 LT 6d'% rom t he

fi t virtwal ,r.ef | i 6 i th di tj.on, the . inf ti
Hots 3 1 Re Rl She (% Rashantt oh B GUE s b G5 et W n
L el e . . gr oup oe Tec t
oo T s e 0 e Bl AbS COIME! dil0 M fde R T SOl
virtual reference Jdiied idhd hey Bl rectionnd he dHfyemti on dats 3

in a predetermned information group may be recogni zed upon _
recogni ziiRg,t 1S +60INHHNS it dHRE-1GOr eedn RS Wiarlde litheedd on

of the predeterm ned information group which 34 is set by being
rotated abeutkdyt sicemt emd MhHeugideB8et 12 placed in the -Y
direction, the information dots 3 in a predetermined
information group may be recognized upon rec&gnizing the
corresponding direction as coinciding with the correct
position.
[0083]

If the distance between the key dot 2 and the side
dot 12 placed in the -Y direction is shorter than the
distance between the key dot 2 and the side dot 12 placed
in the +Y direction, the information dots 3 in a
predetermined information group may be recognized upon
recognizing, as coinciding with the correct position, the
direction of the predetermined information group rotated
about set by being its center through 180°.

[0084]

When an image of the dot pattern 1 read by the
optical reading means is stored in the frame buffer, the
central processing unit {(CPU) of the optical reading means

analyzes the dots in the frame buffer to decode a

numerical value defined for each information dot 3 based



[0082] In this case, it is also possible to define the direction of
the dot pattern 1 by the di stance between the side dot 12 and the key
dot 2. If,for exanple, the distance between the key dot 2
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on the distance and direction of each information dot 3
from the virtual reference point 5 (see Figs. 2, 3, and
4). These numerical values are then collated as XYZ
coordinates or code values with information stored in the
memory of the optical reading means or personal computer.
As a consequence, speech, images, moving images,
characters, programs, or the like corresponding to the XYZ
coordinates or code values are read out and output from a
display means or speech/image output means.

[0085]

When generating the dot pattern 1 of the present
invention, a dot code generation algorithm arranges fine
dots, i.e., the key dots 2, the information dots 3,
reference dots 4, and the side dots 12, in order to make
information such as speech recognizable, according to a
predetermined rule. (For example, linearly and
consecutively arranging reference dots, providing virtual
reference lines constituting a polygon by using the
plurality of arranged reference dots, providing a virtual
reference point at the vertex of the polygon, and
providing a dot defining information at the end point of a
vector having the virtual reference point as the start
point. Note that it is possible to define the direction
of the dot pattern by using the shape of this polygon.)
[0086]

As shown in Fig. 1, a straight line in the horizontal

directicon which configures a predetermined information



and the side dot 12 placed in the +Y direction is shorter than the
di stance between the key dot 2 and the side dot 12 placed in the -Y
direction, the information dots 3 in a predeterm ned information
group may be recogni zed upon recognizggg t he correspondi ng direction
as coinciding with the correct position. [0083] If the

di stance between the key dot 2 and the side dot 12 placed in the -Y

directionydsushor t@fe than ﬁah‘.ececyr§t1an§?rn%]‘éﬁs:2}gt %&ﬂﬂ%l and the

side dot 12 placed in the +Y direction, ormati on 3ina

pr edet er ndmethddd ot MY 136,d8CagNitZed N JieeRNIZI Ng,
as coinciding with the correct position, the direction of the

predet er rAined 1i)nfier mddvanRiagy Qi thed atied takautt eal BFHRIMNE iltisiecant er
t hrough 180. [0084] When an i mage of the dot pattern 1 read by
the opti cal theadiengureans is stored in the frame buffer, the central
processing unit (CPU) of the optical reading neans anal yzes the dots
in the fria¥duffer to decode a nunerical value defined for each
information dot 3 based 35 on the distance and direction of each
i nformati on dothed Fidsmddte M risudravdfdakemie e mhizd seatliags. 2, 3,
and 4). These nunerical values are then coll ated as XYZ coordi nates
or code V&LFEENGS Hingr & membeRddcaled ity the demsty vértird optica
readi ng means or p nsong} conput er. As consequyence, speech, i mages,
novi ng i e §§?n5ﬁaﬁégﬁé sPaﬁP&Gﬁaﬁ§F°8ﬁ%tﬁgelF%EQESPF€SSGEdgndato t he
XYZ coor di r de.val ues are read ou nd_out put _from a display
o oo SRR 005 NAPRATES B0 B PLOBRLLLONE. 3R

Fig. 1). A straight line parallel to the third virtual

reference line 8 passing through the reference dot 4 is

set as the second virtual reference line 7. A straight

line which passes through the side dot 12 and is parallel

to the first virtual reference line 6 is set as the fourth

virtual reference line 9. In addition, this method

defines the direction in which the key dot 2 placed at a

predetermined position on the medium (on the third virtual

reference line 8 in the case shown in Fig. 1} shifts from

the first virtual reference line 6, the direction of the

dot pattern with the distance from the side dot 12, and a

predetermined information group of the dot pattern 1 from

the arrangement interval of the side dots 12 and/or the

key dots 2.

[(0088]

Note that it is possible to form the dot pattern 1

along an actual line visibly formed on the medium surface.

An actual line in this case is a concept relative to a



[ 0085] When generating the dot pattern 1 of the present

i nvention, a dot code generation algorithmarranges fine dots, i.e.,
the key dots 2, the information dots 3, reference dots 4, and the
side dots 12, in order to make infornggion such as speech

recogni zabl e, according to a predeterfrined rule. (For exanple,
linearly and consecutively arranging reference dots, providing
virtual refanence demeonsiidadd N pol ¥aon iy usliigs 1P alwallty
of arranged reference dots, providing virtual reference point at
the vertepo@fot he pol ygon, and providing a dot defining information
at the end point of a vector having the virtual reference point as
the start poi ntor Netanphet ddchsl posse Dl endiudief e d hei ki $ eod e of
the dot pattern by using the shape of this polygon.) [0086] As
shown i n JEirngs,]l,datsdd diighds | iaterdighthe shard,z gitdalcudiveact | aheanhi ch
configures a predeterm ned information 36 group of the dot pattern 1
f or med almrapartie driveerdon drg amged imefterdeice adot sspedilfiinearygen dfhe
case shown in Fig. 1) is provided as the first virtual reference line
6 on the MEEHWMOI 00gAL lines amfe fsirReddotior? xanmlevi dée o stay
third virtual reference line 8 perpendicular to the first virtua

r ef er enc®d i &6 5P KSR 3% PERFH AT )r e PévYc SEESH 4 q & vinsf @fence dot
pl aced as the key dot. 2 in . the cgse shown.in Fig. 1). A straight |ine
par al | el ™ SHE & A% & AT gdzﬂesr e(?fz’rrerf'r’é‘é‘“\pilﬁe g¥dssi M@ Edgh & he
referenc (o] is. _set as the secaond virt.ual .reference line 7. A
strai ght O&nga\?'v&:leé:ﬁ D szjse tahrpgﬁé‘%et%énﬁtl&@t&(?tn’lf Fh¢Yparall el to
the first; _ vjsr |1 ef n l.j.ne i e e fourth virtyal

refer enctelnl |lr<1:téEiLE .onl’nog{i [ 'Eél%gl"llj,e /ﬁ%sncgr?et ég%c%ee%ﬁnésél ?’héagdiar gé);iieor?ri n
whi ch t he Ry, edet 12 RrAced Alned AT %qeg)%@t&%dn@@i'u&ﬂ.on on the medi um
(on the third virtual reference |ine in the case shown in Firg. 1)
shifts frigmoghe first virtual reference line 6, the direction of the
dot pattern with the distance fromthe side dot 12, and a

pr edet er m ned T dmetisert tgroeupodintt e tdefenpaticersr chrid amrdthe i
arrangenent interval of the side dots 12 and/or the key dots 2.

[0088] referNote tlhat i/t ansl passifbluetho viiatmeilheedetrepatkt @inel 9al ong

an actual line visibly formed on the nedium surface. An actual |ine
in this éaséeitsag tdpcepripelatreferenocg point 5.
[0091]

The dot pattern 1 is generated by arranging one or a
plurality of information dots 3, each having a distance
and direction with reference toc the virtual reference
point 5 set in the above manner.

[0092]

When the optical reading means picks up the dot
pattern 1 as image data, it is possible to correct the
distortion of the lens of the optical reading means or the
like, oblique imaging, the expansion and contraction of a
sheet surface, the curvature of the medium surface,

distortion at the time of printing by using the reference



37 virtual line and includes every line that actually exists. [0089]
For exanple, actual lines include solid |lines, broken lines, dotted

| ines, straight lines, and curves. The present invention is not
limted to any specific type of mediumon which [ines are forned (for
exanpl e, the display of a video displ&p apparatus) or any specific
type of material to formlines (for exanple, ink). Note that a dot
pattern nmay be a printed indication, a display indication, or a
convex/ coHdev et patMdrh et lscal hol ks gradwas plriains orprreritiain or
pl astic nmedium [0Q90] The intersection point between the
second viftEAIdef Brende) | Tnk Cfn andof he "hdGht RORVEEGSl ar BRBEEAEEY! i ne

9 is set t.he virtu reference point 5..[.0091 , The dot

gat t eg n 7 svjﬁrgcr@]atre%ep@i%ﬁ% ﬁfﬁi’h%dp{:ee"?}l tdjr}%]aﬂrﬁ'escfzpr]ieﬁnlcqerhfd‘rt{fﬁ'te i on
ots 3, c Vi 1 i.sfance an irecti,on wi :

vi rtual 'reae errel%cléla%oi%rﬁdl@osnet% nsc{ur?ereabld\/éﬁwfnr?@f‘.e (o695 10 Eolj ‘Wien
the optical r i ARans pLk ot tern, . i at a,
it spposlgi'blagﬁ?g}%orrect tﬂeeiigffls%&g% |E;‘Loo(r;1j &%%gel%ﬁigg%%{%%gnﬁi cal

readi ng MRANRS iQn,t RedrdeR, DHiGUed Bl Rcddhe ‘%?S:E%‘?% %’&%t
contraction of a sheet surface, the curvature of the nedium surface,
di storti amfatrntahe drd e Printing by using the reference 38

[0093]

Arranging the reference dots 4 in the dot pattern 1
allows image data picked up from the dot pattern 1 by thé
optical reading means to correct distortion due to the
optical reading means and/or distortion due to oblique
imaging. Even obligue imaging by a popular camera
attached with a lens with a high distortion ratio allows
to correctly recognize the dot pattern 1 when picking up
its image data. In addition, even if the user reads the
dot pattern 1 with the optical reading means while tilting
it relative to the surface of the dot pattern 1, using a
predetermined algorithm makes it possible to correctly
recognize the dot pattern 1.

[0024]

As shown in Fig. 1, the key dots 2 are dots arranged
on the two ends of a predetermined information group. The
key dots 2 are the representative points of the dot
pattern 1 of one region which represents one information

dot group. Note that representative points can be

arranged at any positions in an information dot group.



dots 4. More specifically, this nethod obtains correction function
(Xn, Yn) = f(Xn't Yn') which converts a plurality of virtua
reference points 5 exhibiting distortion into an original polygon (a
square in this case shown in Fig. 1), and corrects the information
dots 3 using the sane function, thereBg obtaining the vectors of the
correct information dots 3. [0093] Arrangi ng the reference
dots 4 in the dot pattern 1 allows inmage data picked up fromthe dot
pattern RIfrmehdhadt itdw dmdeii iyl hedneearo ahraaestt diestteorariam dhies t o
the optical reading nmeans and/or distortion due to oblique inmaging.
Even obl i‘fud ihd@ing By W isopiash: @Rt LepteReidd tidiveh ot ds with a
hi gh distartion ratio allows tgfcorrectly recogni ze the dot pattern 1

when pi cl 3% & By ‘&t 2245 etidl 3 o WRETFd £ Wser reads
t he dot ttern 1 with.t ti di whi | it it
r eleat ?vep%osjtetalg)rlslﬁvﬂ a Cg]re t?f?elrge e%glactée:] lﬁal?% r‘?‘dll fe"‘;ﬁ# é’@eé[té%’rﬂn I P
| ith i j tl i t.he dot t 1.
Fo0oa] | THE SRl RS 00 YR Y SRR P13y, Aged on

the tvo ends o prefelierm.ned il t%*og_gté A GRedTls Koy Aof 8.2 are

the representative points o ttern 1 of one-region whicl
r epr esentcy e Haffo iBtieaN Aok FHAURe AL dN 3ot apr %?h%ntp%;s'i\ﬁ%oglg' nts

can be arranged at any positions in an information dot group.

Assune t haiaddte dowreiaval themeer adyacent 2 efenenc andes: Hesddneismm
In this case, each representative dot is placed at a position shifted
0.1 nm upward cooaminke epeoiiitan alowalvieah) tthd sr efgeenea 1detz 14e0n 0an
end portion of the region of the dot pattern 1 should be placed. If,
t her ef or am)t he inofrodrimtitend dot t3e shdef ved usy Xndand Yacdabdiendne
val ues fromthe reference dot 4, the position spaced downward from
the key @6COZABYCE. Vit Eder 6dpendd ttdhea regdrdi rat dhpodet. PRGWEYEr |
this nunerical value (0.1 nm) is not limted to the above val ue, and
is variabBl'e in accordance with the size of the regi on of the dot
pattern %. 58?95] The information dots 3 are dots for the
recognitiSH f various kinds of information. Each information dot 3

is a dot plac%%eagn%%%nggqo o%&%sfﬁggg%g%%t%%ﬁﬁgy%%t?&gggkgﬁghgggfron1

the virtual referénce point

shown ino%igﬁr%ougaﬁﬁphgfg&”&hkgngE&o% isgasﬂgaﬁﬁgkggtgagsa%%eg

apart fromthe virtua eference point 5 b irection

and | engkl whisgh B18cexPeessad BYAALYERkOE,paad 0aNce 3 DLksoare
expressed by arranging information dots clockw se at “angul ar
interval xebnd%dgl Aremghhedi/ieelibdNsefEOQABE point 5 as the start
point. For example, as shown in Fig. 2, each information
dot 3 is a dot which is spaced apart from the virtual
reference point 5 by 0.1 mm has a direction and length
which are expressed by a vector, and hence 3 bits are
expressed by arranging information dots clockwise at
angular intervals of 45° in eight directions.
[0096]
According to Fig. 2, one predetermined information
group can express 3 (bits) x 8 = 24 bits.

[0097]



According to Fig. 2, one predeterm ned information group can express
3 (bits) x 8 = 24 bits. [0097] 40 In the case shown in Fig.

2, 3 bits are expressed by arranging dots in the eight directions.
However, the present invention is not limted to this. It is possible
to express 4 bits by arranging dots i#016 directions. Qoviously, it
is possible to arrange dots in arbitrary directions at arbitrary

| engt hs. [0098] Referring to Fig. 1, the infornation dots 3 are
arranged at the: etk posie i Yy elrative tD al Ibite ade takprasfet dnce
points 5 as the start points. However, the present invention is not
linited tFRINENY 199t gos i & iadh tdetiings b ivrgr-maticoe véeperidieng on
whet her a dot is placed on a virtual reference point. For exanpl.e,

i nf or mat iFFT I D& R HREY SudPh Hatities floaddiént dft d Sdeessibde
virtual reference point. represents "1" d t.he .pl acenent, of no dot
repr esent® LTG0 tS By fﬁ&aﬁﬁ}%t‘ﬁ%s iF J'rérréﬁir@r?td&“s&
referenc t nd .si.de t. . desi r ahl ave .di aneters . of about
0. 03 nn1s¥ég}%ﬁ%%#%;¥$ é%hég%EFéﬁfoﬁooﬁ%gﬁ%lg?é%%@,lﬁhérgﬁéﬁF%%& of

pri”ti”gc{ﬁﬂégéﬂﬁié(%ﬂ“H¥Eiﬂ¥§ﬁj t¥ndiitg resol ution of the optical
i mal | cul at’i on sp

readi ng neans, optinmal cal cul ati eed, and the like. Obviously, as
the accur@@agywesqf printing, the resolution of the optical reading
means, and the optimal cal cul ation speed i ncrease with advances in

t echnol ogy, tIrefdatridiqares grigunlii, mdredlin rpM=Raesdds [0H0Q
arranged at the end positions relative to all the virtual
reference points 5 as the start points. However, the
present invention i1s not limited to this. It is possible
to define information depending on whether a dot is placed
on a virtual reference point. For example, information
can be defined such that the placement of a dot on a
virtual reference point represents "1", and the placement
of no dot represents "0".

{0099]

The key dot 2, information dot 3, reference dot 4,
and side dot 12 desirably have diameters of about 0.03 mm
to 0.05 mm in consideration of appearance, the accuracy of
printing relative to paper quality, the resolution of the
optical reading means, optimal calculation speed, and the
like. Obvicusly, as the accuracy of printing, the
resolution of the optical reading means, and the optimal
calculation speed increase with advances in technology,
the dot diameter unlimitedly approaches 0.

[0100]



41 This makes it possible to sinultaneously recognize al

pi eces of information by imaging the entire nediumsurface as well as
imaging at an arbitrary position on the nedium surface. Even in the
present conditions, using a high-precijsion scanner allows to

si mul t aneously recogni ze i nformation éefined on the entire nmedi um
surface. On the other hand, when printing dots on a very |arge nmedi um

surface and reﬁf@i@':ﬁ(&é@@i@%éé@i@?@iwﬂ%J%eb%%:ldﬂ%eé’igg{@@r and

arrangenent interval nay be properly determ ned on t

resol uti oL ofpidie=Opif cial fdreedtiitgh MANSnAihd hhORtdiBle rRiLWRAt i on
speed. [0101] It is desirable to set the interval between the

ref er encesuwntacet 40 vaddutaD. idnagirie & Srmanbl teensi qridtiiion on ahe
necessary i nformati on anmount corresponding to an inmagi ng area and the
fal se recoghiut gumdfacer i dierkiimdshef metsssnt .candittherdot s1s3ng3,a 4,
and 12. Cbviously, as the accuracy of printing, the resolution of the
optical regdiTRy afEaen S edtliovd tealsdudttizoresded riemooedse

w th advances in technology, this interval unlinmtedly approaches O.
I'n consi déYA4mRT ion ded imgds @1 dbsgsintiige areding e @5t £he and
information dots 3, the shift of the key dot 2 is desirably about 20%
of the iﬁ%ﬁ‘a&&'m@éﬁq e 1PdfleCe MOS SUGs 4 VY182 9e medivHe

i nterval between the informati.on dot and the virtual reference

poi nt 5 i"STdEST ANY TSN L5 ET B0 5F MRS e SHirdESRce thE #0&n t he

dj t i I f ' 5. f t.he foll ow . If th
i St ance Herseay RS Farer eRteRn” 43 g ataTeNe ooy FEORe gt orence.

di stance between the in

poi nt 5 i 3Pinely 1ha dt%ESth%t%%%%lutngSO%e%%eF%pQgcggcggghéﬁgnas

a large lunp, and the dot pattern 1 deteriorates in-appearance.

cont r ast melzhst hedicsleanee ihgtivean duha tibhoiRtkijon dot 3 and the
virtual reference point 5 is larger than this interval, it is

di fficul tfott@1det ermi ne whi ch one of the adjacent virtual reference
points 5 is the center based on which the information dot 3 is nade
to have vectorltdiirseckisvirtayple @03kt the interval between the

reference dots 4 to about ¢.3 mm to 0.5 mm in
consideration of a necessary information amount
corresponding to an imaging area and the false recognition
of various kinds of dots, i.e., the dots 2, 3, 4, and 12.
Obviously, as the accuracy of printing, the resolution of
the optical reading means, and the optimal calculation
speed increase with advances in technology, this interval
unlimitedly approaches 0. 1In consideration of the false
recognition of the reference dots 4 and information dots
3, the shift of the key dot 2 is desirably about 20% of
the interval between the reference dots 4.
[0102]

The interval between the information dot 3 and the

virtual reference point 5 is desirably about 15% to 30% of



An optical reading neans (for exanple, a canera or scanner) is used
to read the dot pattern according to the present invention. This
nmeans is held in contact with or spaced apart fromthe nmedi um surface
to read a dot pattern at a predeterm ned position or in a

predeterm ned region or the entire reg2on. Alternatively, the neans
traces the linearly fornmed dot pattern to read it. [0104] That
is, an optical reading nmeans inmages a predeterm ned position or a

pr edet er e @ r¥@IE At iR hediumEiadede Firdmadbord e g e ewdsits

i nformation_defined on the nedium surface. Alternativel

y, a
hi gh- r esol dt3ort Kkt d Qhdifes aaROTeht i rld rhdw mﬁ%@q%c@eﬁtwe@n Ithe
predet ermi ned distance fromt medi .um surface, or a high-resolution
scanner rjéﬁr%smtaﬁcelcirhfog]r% %ﬁpgzéﬁ ﬁ’eldfmdlr‘?‘ H& EHTYE RiIm® 4%
surface. 5 Defi.ni,ng inforyation wth dot pattern with a
suffici en%m%ljlgnégrt Feth e nlentéegcveanqdr Sus g_'%’\l%ttooi’% C?Por%]tjizt?ﬁi. n
this case, qt j Rf t hs T traciq{n .reqi t he
medi um sgﬂr #gggéo% %i’cﬁr}%ﬂédh%ot&%g tertr?r?ls_lf giretnt%gc.l_oﬁ%f%%] + ~ That
i's, infordondc read Roddading & eng |di@%%n%%mfb‘étt'd%gs_ndrt@1\@' ngs or
graphics visibly formed on a nmedium surface, or information is read
by traci ng g ithe doramesref thRotastall FRERT Rlcd B i¢@Ntsoylss of

objects in photos or images. Alternatively, it is possible to read
i nf or mat ilerdey tthaci ngial dngeaharactier ist HikEs can ta tedictmrsumhkace.
[0107] which one of the adjacent virtual reference points 5 is
the center based on which the information dot 3 is made to
have vector directivity.
[C103]

An optical reading means (for example, a camera or
scanner) 1s used to read the dot pattern according to the
present invention. This means is held in contact with or
spaced apart from the medium surface to read a dot pattern
at a predetermined position or in a predetermined region
or the entire region. Alternatively, the means traces the
linearly formed dot pattern to read it.

[0104]

That is, an optical reading means images a
predetermined position or a predetermined region on the
medium surface from above, and reads information defined
on the medium surface. Alternatively, a high-resolution
camera images the entire medium surface at a predetermined

distance from the medium surface, or a high-resolution

scanner reads the informetion defined on the entire medium



Fig. 3 shows exanples of information dots and the bit display of data
defined on them and another enbodi ment. [0108] Assune t hat
this nethod uses two types of infornmation dots 3, with one type
exhibiting a short distance (the upper rowin Fig. 3) fromthe
virtual reference point 5 derived frodBthe reference dot 4, and the
ot her type exhibiting a long distance (the lower rowin Fig. 3) from
the virtual reference point 5 derived fromthe reference dot 4, and
ei ght vectwifafigections are set. In this case, 4 bits can be
expressed. The long distance is desirably 44 about 25%to 30% of the
di st ance JEtGwden the adj acent virtual reference points 5, and the

short distance.igs, desirab about 15% to 20% of the distance. Note
that the int eﬁ?ﬁaf”b]éi%\éé#%‘éa%ém et ivfa tIRF iRFtrHE iOr-iGts 3 with

e | onaishort. 0 16 e oot ahly, Longer, Lhan Lhe dlam er o Lhe
consi der qg{f%l‘n@t ippear (‘i:%lg f g te,' %:h%es_ﬂnrfeoq‘n{[a%tilor}xcriesasr% tc{'%y
i nformation am)un]t I N I Sregar OST appear ance, | 'S pOSSIab e'to

bt ai t . jnf j j t he .i pf i
obtai n a d,a/ge ANt Lf; d dog{ %%ﬂmﬁw&%@% A abLeis %fhféatﬁfo%“

dot 3 using a plurality of e assigning one bit to eac
vector. et texale.rdhed.nfornmation dot 3 defined fromthe reference
dot 4 can express information of 28 with vectors in eight concentric
direction®10&]1ght i nformati on dots of one predeterm ned i nformation
group express information of 264 . [0110] Fig. 4 shows exanpl es
of the informathadn idot sin¥ camdhttiken hig rdizsplay tofadaip defighad ness
them In Fig. 4, (a), (b), and (c) respectively indicate two dots,
f our dot slepad ifiovelrdetings @Yltjraphics Filgib8 ysfowsenbdinf iac ateidinsm of
the dot pattern. In Fig. 5, (a), (b), and (c) respectively indicate a
patt ern BaVifage12 ornfiodeamiadd ctotis Feadr Rygédacing edgingnthe pattern
having 16 information dots 3 arranged in a region,

frames of photos or images or the contours of objects in

photos or images. Alternatively, it is possible to read

information by tracing along character strings on a medium

surface.

[0107]

Fig. 3 shows examples of information dots and the bit
display of data defined on them, and ancther embodiment.
[0108]
Assume that this method uses two types of information

dots 3, with one type exhibiting a short distance (the

upper row in Fig. 3) from the virtual reference point 5

derived from the reference dot 4, and the other type

exhibiting a long distance (the lower row in Fig. 3) from

the virtual reference point 5 derived from the reference

dot 4, and eight vector directions are set. 1In this case,

4 bits can be expressed. The long distance is desirably



45 and a pattern having 24 information dots 3 arranged in a region.
[0112] The dot pattern 1 shown in Fig. 1 described above

i ndi cates an exanpl e having eight information dots 3 arranged in a
predeterm ned i nformation group. However, the nunber of information
dots 3 arranged in the predeternined #Aformation group is not limted
to eight, and can be variously changed. For exanple, this nmethod uses

a pattern having 12 information dots 3 arranged in _one predeterm ned
i nf or mat i Hr o%%pﬁ (2)° 0% F Fhs)distanas SS+pan ﬁélel@cﬂrﬁ‘%ﬁ%t i on

dots 3 . [ redet.ermned information grou (b) in Fig.
5. and” & pter FHRRA PTG it I QUSSP SRR e

det ] I, nf t] L) . dn.Fiag,. i n accordance w.th
Pretel e IS PRI P Lo Tl Bl 2o SPGB

readi ng means, JOLA), LHPLA0 O, B0 SIJ QRN Bk B, 5 A

met hod of formng a dot pattern w escri next w ce

to Figs. AaNdhe 1 Ahort distdls & %%i&a%qﬁﬁ%tﬂg%'x‘ ¥ rshowHhe
steps, as an exanple,” in formng a streamdot pattern.” [0115
diameter of the dots.
[0109]

The information dot 3 is desirably one dot in
consideration of appearance. If it is desired to increase
the information amount in disregard of appearance, it is
possible to obtain a large amount of information by
expressing the information dot 3 using a plurality of dots
while assigning one bit to each vector. For example, the
informaticon dot 3 defined from the reference dot 4 can
express information of 2% with vectors in eight concentric
directions. Eight information dots of one predetermined
information group express information of 2¢%.

[0110]

Fig. 4 shows examples of the information dots 3 and
the bit display of data defined on them. In Fig. 4, {(a),
(b), and (c) respectively indicate two dots, four dots,
and five dots.

[0111]

Fig. 5 shows modifications of the dot pattern. In
Fig. 5, (a), (b), and (c) respectively indicate a pattern
having 12 information dots 3 arranged in a region, a

pattern having 16 information dots 3 arranged in a region,



When formng a dot pattern according to the present invention, unlike
conventional dot patterns, first of all, 46 a plurality of
reference dots 4 are arranged |linearly and consecutively at portions,
where information is to be input/output, in accordance with visible
information on a mediumsurface in stép 1. [0116] Referring to
(a) in Fig. 6, the reference dots 4 are arranged in a curve. However,
the arrangenrent of the reference dots 4 is not limted to this, and
can be vaa%gf?sﬁgﬁfctr%ﬁ{be@‘{l&q }%ldb\{or&aqﬁlé%rhﬁq% sh&Fes 5 ddpéndi ng
to regi ons, \AhOeI{e information is input/output. For exanple, a dot
pattern maf”be Tormed by m xing straight |lines and curves or may be
formed i n[(‘fl&%l ygonal line pattern constituted by a plurality of |ine
1

segnents. 7] In addition, it is possible to arrange the
reference dotspyk b AaGtdal 1 i Sidpid Oreel Q- 18y fﬁgﬂx}gn
surface or along an actual 1 ne according to a predeterm ned rule.

[0118]  indid¥ie thatedRfArLNGE 19Rf S i Arefenallikradanged at
equal intervals fromthe viewoint 'of an inprovenent in reading
accur acy .aremeieer il he fifeeRafirnimeentingd ing tielh Ig-hduird Howehies:, |t
is possible to define a predeterm ned information group of a dot
pattern bhemrximigra gf umelortna tdfon ricersva@ s rafanigeddéh néebot h a
predeterm ned information group of a dot pattern and the direction of
t he dot predetermined information group is not limited to eight,
and can be variously changed. For example, this method
uses a pattern having 12 information dots 3 arranged in
one predetermined information group ((a}) in Fig. 5), a
pattern having 16 information dots 3 arranged in one
predetermined information group ((b) in Fig. 5), and a
pattern having 24 information dots 3 arranged in one
predetermined information group {{c) in Fig. 5) in
accordance with the amount of infeormation required or the
resolution of an optical reading means.
[0113]
(Method of Forming Stream Dot Pattern)
A method of forming a dot pattern will be described
next with reference to Figs. 6 and 7.
[0114]
Figs. 6 and 7 sequentially show the steps, as an
example, in forming a stream dot pattern.
[0115]

When forming a dot pattern according to the present

invention, unlike conventional dot patterns, first of all,



47 pattern based on the arrangenent intervals between three different
reference dots in the predeterm ned information group. [0119]

In step 2, the first virtual reference line 6 is provided, which
connects the reference dots 4 arranged linearly. Referring to (b) in
Fig. 6, the first virtual reference |I#he 6 is provided in the form of
a curve. However, the first virtual reference line 6 is not limted
to this. It is possible to provide the first virtual reference line 6
as a stra ghtuitdlniey orf trrf ansraye vk Yot 122 arrangsd! iineagurw end

Al ternatively, as shown in Fig. 15, it is possible to provide the
first virdQEeqErerencal iRfE 16 o a "tfe rdrone st diserice Rdot s 4
arranged linearly. That,is, it js possible to freely define the first
virtual réfRét HYtre 16! QMﬂQﬂéqfﬁﬁhé%kﬁ?tWﬁ?lﬁgﬁéﬂéH¥€"%ﬂﬁ%ﬂn 8 rfed
by a straight |line or a .polygonal |line and/or a curve dependi ng on

' Sherutiig 4o ol i ey

t he posi t'1OHs ™ miete ¥4e Beéori® viTtual reference lines 7, virtual
referencqxﬂgkﬂts 5, and information dots 3 are arranged in steps 3 to
5. [0120] Note that as shown in Fig. 8, the first virtua
reference |ingbas.-; e dys [desrably figrded, 4] ure.
[0121] Fei%st lg}gcg{c?/,{ a%sslurre lt at ' eﬂfq{ar encéeyr otcs% édr?q{ gl fa:ifest

virtual referRpce ild Re A& d.epirRirted n,QrantRahendnds 48

reference dots 4 is not limited to this, and can be
variously changed to form dot patterns in shapes
corresponding to regions where information is
input/ocutput. For example, a dot pattern may be formed by
mixing straight lines and curves or may be formed in a
polygonal line pattern constituted by a plurality of line
segments.

[0117]

In addition, it 1is possible to arrange the reference
dots 4 on an actual line visibly formed on the medium
surface or along an actual line according to a
predetermined rule.

[0118]

Note that reference dots are preferably arranged at
equal intervals from the viewpoint of an improvement in
reading accuracy. However, the present invention is not
limited to this. It is possible to define a predetermined
information group of a dot pattern by mixing a plurality
of intervals or to define both a predetermined information

group of a dot pattern and the direction of the dot



provi ded control points are represented by Pl and P2. This nethod
then obtains points P4, P5, and P6 which respectively divide three
line segnents PO - PI, P1 - P2, and P2 - P3, obtained by sequentially
connecting the control points, at a ratio of 1:1. The nethod obtains
points P7 and P8 which respectively dévide two |ine segnents P4 - P5
and P5 - P6, obtained by sequentially connecting the points P7 and
P8, at a ratio of 1:1. [0122] Finally, this nmethod obtains a
poi nt P9 RiiedrinaRd on |l segrrranet -1rpgwonie dld e o lpoiat s
at aratio of 1:1. This point is a point on a Bezier curve. [0123]
Repeat i ngj%ﬁﬁ%r%?foc%iﬁ@%q 193t &ith T B aste turmid g chdlinddi g tFon Pl |
P2, and P3 as control points. [0124] Note that the first

virtual r&f¥fence line 6 is not linted to a Bezier curve and may be
provi ded @§J§ﬁlng various types of algorithnms, such as a spline curve
obt ai ned spline function, an n-degree polynomal, or an elliptic

arc. [0125] %uaﬁ ?dddﬁéo rgg ‘}llitﬁJO sipgt[e%lteoncdeterjanergcusrve for

the second vir eférence I'ne” or our VIT érence

line (to thq*;o R %ﬁdrﬁtq%ﬁnefe{aos}igag%g AR SR TRI0Y, a5 Lhgld or the

first vi erence |1 ne
linearly. Referring to (b) in Fig. 6, the first virtual

reference line 6 1is provided in the form of a curve.
However, the first virtual reference line 6 is not limited
‘to this. It is possible to provide the first virtual
reference line 6 as a straight line for the reference dots
4 arranged in a curve. Alternatively, as shown in Fig.
15, it is possible to provide the first virtual reference
line 6 as a curve for the reference dots 4 arranged
linearly. That is, it is possible to freely define the
first virtual reference line 6, which connects the
reference dots, formed by a straight line or a polygonal
line and/or a curve depending on the positions where the
second virtual reference lines 7, virtual reference points
5, and information dots 3 are arranged in steps 3 to 5.
[0120]

Nete that as shown in Fig. 8, the first virtual
reference line 6 as a curve is desirably formed by a
Bezier curve.

[0121]
First of all, assume that reference dots on the first

virtual reference line are represented by PO and P3, and



49 In step 3, the second virtual reference lines 7 are

provi ded, which are defined at predeterm ned positions relative to
the reference dots 4 arranged linearly and/or the first virtual
reference line 6. Referring to (c) in Fig. 6, the second virtual
reference lines 7 are provided so as 6 extend fromthe adjacent
reference dots 4 at an arbitrary angle toward a predeterm ned
position on a line perpendicular to a tangent to the first virtual

r ef er encepdniedes] aronthee nirddiret paire Heanesmmtde ntljRicemtd rRf.er ence
dots 4. However, the second virtual reference lines 7 are not |limted
to t hese.Thaiss iigthask Ghfdl it nsatrintsy fde At wald rF ettdride poi nt s

are provided in accordance with a region where infornmation is to be

i nput / out’FRP AR UG Ny H ddte pdttss niiltehe SBEiE ARG tudll r dlererde
lines 7 can def | ned varjoqus mnethods. [.0127 . In_ addition,
t he secor‘?d“cilibPﬁzt u‘alﬂi]'efo@rb%arﬁlfcii e ®H i5d r&f{“d’«?tft&mgy%‘r?e si de

W th ref e tq t. first virtual reference,line S t.0 define
t he di regoﬁlo%ﬁ:oojf ?}%lgﬁ:c?dt <':lrs)cat""t eféar;c,loorOf(ramly 1b'e thoevink?écg‘oéﬁ Q%%@% si des
to incre Aihe gnf ' : f : P t , a
pl urali t?%g Vi rﬁtﬂflq{d:?ge?glﬁ?eﬂo%ﬁﬁe[ﬁé%lg grlg\ﬁdﬁegw}t elgrn%det erm ned
posi ti ongde RCANG ovifddials refy,ener JiRes b?y, R &tling 14,0 (a)
in Fig. 7, 'each virtual reference point 5 is provi (?e at tlhe

i nt er sectdodmeRality helovernl ithe ecenrd e, r byaly refierenrge 1.50 lines 7,
i.e., the vertex of an isosceles triangle having a straight |ine
connecti M@itolzg adj acent reference dots 4 as a base and the second
virtual reference lines 7 as opposite sides. However, the position of
each virtual rEfherldnce thdisntmeBhcgl mdtt diins eegdintt 9% whindh cdrvikies
variously changed. For exanple, the position of each virtual
referencé gaingt ssumeytbé /provitdegnatectiadnitépopntingfs wle aseesnd of
virtual reference line 7 or on the reference dot 4 in place of the
second vilftlual THéfePOAEE [isng POinG12Y]) @ Beziepncsgag.5, the

i nfor mati@ﬁ ggts 3 are arranged at the end points expressed by
vectors éXté ing fromthe virtual reference points 5 as the start

ints. Ref i t b) .i.n Fig. 7, the.inf t,i ts 3
ponts PP ERRLS (0L 0 Lo kil ouiion dots S e
5 at equal gistanees fEgm bhe vEKiyal sLeterence pgigLs 5. with one
i nf or mat i ondof ei'ng provi'ded for 8ach Vi ttuaF °Féférence poi nt 5.

However, phe.qrrangenent of the information dots 3 is not limted to
this. It is possible to arrange a plurality of information dots 3 in

arbitrary dir@efticOR$ad!l tAbifinany viergbhs reFak ce%aMlise gt ilsSnot
possible to arrange the information dots 3 on the virtual reference
poi nts Sliafrafgeot hemeizAelb cviegtobndi 7nEGt beNsro@h dakr BRYEBEBRAY two

information dots 3 for one virtual reference point 5. [0130]
various types of algorithms, such as a spline curve
obtained by a spline function, an n-degree polynomial, or
an elliptic arc.

[0125]

In addition, it is possible to define a curve for the
second virtual reference line or the fourth wvirtual
reference line (to be described later) by using the same

method as that for the first wvirtual reference line.

[012¢6]



In this manner, the stream dot pattern according to 51 the present
invention is forned based on reference dots arranged consecutively in
a line including a curve, unlike conventional dot patterns proposed
by the present inventor, in which ref%rence dots are

two-di nensionally formed in a lattice Battern. [0131] Thi s
makes it possible to forma dot pattern by a predeterm ned

information orgup. g, a9 alpl tLaEYNAPE CONT ALALAG, 1O AL O PTIR T O

region visibly forned on a nedi um surface wthout any Testriction by

the shape,Qfyaidectanmy f&(ré SR OMhdd Wiz ol N AL s R Med as

a two-di nensional code. [0132] Note that virtual referenc I nes and

virtual referenes ROi1HS Actordid ddxd he Hnesely INYRIYA 10N AE d1ot
actually printed on a nmedium surface but are virtually set in the

i mge nmenmity ffrst comuiAr s @ardandgimg @ date Rattielg o (Hading a

dot pattern.
Fig. 6, the second virtual reference lines 7 are provided
so as to extend from the adjacent reference dots 4 at an
arbitrary angle toward a predetermined position on a line
perpendicular te a tangent to the first virtual reference
line 6 at the middle point between the adjacent reference
dots 4. However, the second virtual reference lines 7 are
not limited to these. As will be indicated later, since
virtual reference points are provided in accordance with a
region where information is to be input/output by using a
dot pattern, the second virtual reference lines 7 can be
defined by varicus methods.
[0127]

In addition, the second virtual reference lines 7 may
be provided only one side with reference to the first
virtual reference line 6 so as to define the direction of
the dot pattern, or may be provided on the two sides to
increase the information amount.

[0128]

In step 4, a plurality of virtual reference points 5
are provided at predetermined positions on the second
virtual reference lines 7. Referring to (a) in Fig. 7,

each virtual reference point 5 is provided at the

intersecticn point between the second virtual reference



[ First Enmbodinment] [0133] Various nodifications of the stream
dots will be described below. [0134] In Fig. 9, (a) indicates an
exanpl e of the dot pattern used in the present invention. [0135] In
the exanple indicated by (a) in Fig. 9, a 52 predeterm ned
informati on group of a dot pattern 1 i59 constituted by a first

virtual reference Iine 6, reference dots 4, second virtual reference
lines 7, virtual reference points 5, information dots 3, third
virtual rlfrgente 1ites Ge sieetetotat 19N Hnbdoles Hndanals hasfisrence

i nes 9.
a straight line connecting the adjacent reference dots 4

as a base and the second virtual reference lines 7 as
opposite sides. However, the position of each virtual
reference point 5 is not limited to this, and can be
variously changed. For example, the position of each
virtual reference point 5 may be provided at the midpoint
of the second wvirtual reference line 7 or on the reference
dot 4 in place of the second virtual reference line 7.
[0129] |

In step 5, the information dots 3 are arranged at the
end points expressed by vectors extending from the virtual
reference points 5 as the start points. Referring to (b)
in Fig. 7, the information dots 3 are arranged in eight
vector directions from the virtual reference points 5 at
equal distances from the virtual reference points 5, with
one information dot 3 being provided for each virtual
reference point 5. However, the arrangement of the
information dots 3 is not limited to this. It is possible
to arrange a plurality of information dots 3 in arbitrary
directions at arbitrary lengths. For example, it is
possible to arrange the information dots 3 on the virtual
reference points 5, arrange them in 16 vector directions,
or arrangement two information dots 3 for one virtual
reference point 5.
[0130]

In this manner, the stream dot pattern according to



[ 0136] A predetermi ned information group of the dot pattern 1
is defined by the side dots 12 arranged on the third virtual
reference line 8. The direction of the dot pattern 1 is defined by
arranging the information dots 3 located in the +Y direction (upward
direction) only in the X direction rebative to the virtual reference
points 5, and arranging the information dots 3 located in the -Y
direction (dowward direction) only in the + direction relative to

t he virt udle refeseiic el o051 0kg7jed based Thatrdfsrence dots
predeterm ned information group is defined by arranging the side dots
12 at pr SHSBIIADSPITREHAASLY R tHeg niffsriglingh ad sty sshidnleicdke
fromthe virtual,K reference point 5 in the X direction appear on the
upper si FEETEHGIR T FTheFG TS IBTWPAS TR dritce AEGREE it is
known that the dot pattern is fori ent ed war d. Wen, the inf %:}gati on
dot 3 | ocdted % t He' +Hi Te TG Lpfedt®:® 1179 IR TRAC e Yot
pattern i i e d. There are various nodifications
of the ne%nrgr[éfag;ltn %q%gkyxﬁ#’enf%t%]ee?ﬁ ITection of a dot pattern with the
shifting @jyregtion of an information dot froma virtual reference

poi nt. For exanple, if three information dots whose shifting
directions fromitdignaidd ual fgr&sfs%r@r@eccp%ktn% Aol Mk did et ion
exist in a predeterm ned information group on the upper side relative
to the figrsideterialed efrgrgnee ildmeyrddp i1 det erpined yhatddee dot
pattern is oriented upward. If two such information dots exist, it is
det er m negbrifhatnithe tdotarpaitfermmaits oor irentiecth ddwiwdrd.foAlreer rat iavel v,
if aregion including no information dot exists in a predeterm ned

i nf or mat imedtigmowm rdiades Wilthoed emya nestinialt icef @yende phiape of the
upper side relative to the first virtual reference line, it is

det er m nég¢tRag e deigat ter whilshor idtte dadywannd sl foghedr @égi @ns

i nclude information dots, are not arranged on virtual reference

poi nts, &M@ 4lEeH5dCE@laFR7€ from them by a predeterm ned distance,

it is det%r i,ned that the dot pattern is oriented downward. [0139]

In Fig. d 1?85 i ndi cates an exanple of the dot pattern used in the

present Invenwd%% that virtual reference lines and virtual

reference points accerding to the present invention are
noct actually printed on a medium surface but are virtually
set in the image memory of a computer when arranging a dot
pattern or reading a dot pattern.
[First Embodiment]
[0133]

Various modifications of the stream dots will be
described below.
[0134]

In Fig. 9, (a) indicates an example of the dot
pattern used in the present invention.
[0135]

In the example indicated by {a) in Fig. 9, a



[0140] In the exanple indicated by (b) in Fig. 9, a predeterm ned
i nformati on group of the dot pattern 1 is constituted by the first
virtual reference line 6, the reference dots 4, the second virtual
reference lines 7, the virtual referegée points 5, the information
dots 3, 54 the third virtual referen lines 8, the side dots 12,
and the fourth virtual reference lines 9. [0141]

det )} f the dot. pat fi.ned by
ﬂlg gi ge%ﬁfgeﬁgﬁéﬁég Ef Or% I"ﬁrogl Ki r§ EalCE Tttt thcré-1 le nes 8. In
ddi tion,. { i - defined by,
gi f:‘elrgzt I nt ervafeca Iﬁpaér)\dﬁlége%g‘ﬁv\%g% t ﬁjé%%résrt? %llrtr{t}eal% erence(‘ge
line 6 (adottdey refergnes, doty M) Ak thesidg dots %&hatlhe upper and

| ower sides relative to the first virtual reference
reference points 5, information dots 3, thlrd v1rtual

reference lines 8, side dots 12, and fourth virtual
reference lines 9.
[0136]

A predetermined information group of the dot pattern
1 is defined by the side dots 12 arranged on the third
virtual refereece line 8. The direction of the dot
pattern 1 is defined by arranging the information dots 3
located in the +Y direction (upward direction) only in the
X direction relative to the virtual reference points 5,
and arranging the information dots 3 located in the -Y
direction (downward direction) only in the + direction
relative to the virtual reference points 5.

[0137]

That is, a predetermined information group is defined
by arranging the side dots 12 at predetermined intervals.
When the information dot 3 shifted from the virtual
reference point 5 in the X direction appear on the upper
side relative to the first virtual reference line 6, it is
known that the dot pattern is oriented upward. When the
information dot 3 located in the + direction appears, it
is known that the dot pattern is oriented downward.

[0138]

There are various modifications of the means for



[0142] That is, when recognizing image data, it is possible to
recogni ze the direction of the dot pattern 1 regardless of the
imaging direction with respect to the dot pattern 1 by converting

i mge data using an algorithm if a pggdeternined i nformati on group
is defined by the side dots 12, and it~is defined in advance such

t hat when a region where the di stance between the reference dot 4 and

the side cgeoillrillu%laq Scr}’g Oc{itreé’ct(jll_éalr} oa%Paef‘c{]OZC Oga{étge:rt u%ecr}‘isnihdee srhell t:'Lin\(gge to

the first Vvir erence 11 ne ern i's oriente

d, d i 9 t . l C
upwar meg{rg&uaggga;f gﬁrg;g{@#e r& the distance 'ﬁdaqng%rdfe@é%) e

appears on t _ e dot pattern i's oriented downward.
[0143]  poindn Bk Shmd@), iNdigates @SRl Yoddalile pattern
used in the present invention. 55 [0144] In the exanpl e

i ndi cat edsHiyr{id)g idi fdcbicH: B-di edf! efiAtied irdRIEHdIOHArALP 6fc t he
dot pattern 1 is constituted by the first virtual reference |ine 6,
the refergrece dbirectidrhessieaonch W Hrdrle veghdirenc e didtes thort Reoup
virtual reference points 5 and the information dots 3. [0145]

A predet ermtied upyfeor natdeonr gradlipreoft o édned dtil. mzat tvemt ub 1l sedefriemed by
the arrangenent intervals of a plurality of reference dots 4 provided
on the fildgte,vilrt val dedfeamemedl Itihae &he gload giatiterrn tilse odiieedteidon of
the dot pattern 1 is defined by shifting both the information dots 3
from t he WAWALgal rléf &rndaPoilmie matseat 6@ten st efittmist si de of

t he predeterninedcinfornationcggoup on the upper and | ower sides

rel ati ve FEHENET SaH MRl TePELERTE 1150 &6 Sk Sth& CHSMAREr d

direCtiogldg%%g@ively, if.a region including nco information dot
exists in a predetermined information group or is placed
on a virtual reference point on the upper side relative to
the first wvirtuzl reference line, it is determined that
the dot pattern is oriented upward. If all regions
include information dots, are not arranged on virtual
reference points, and are spaced apart from them by a
predetermined distance, it 1s determined that the dot
pattern is oriented downward.
[0139]

In Fig. 9, (b) indicates an example of the dot
pattern used in the present invention.
[0140]

In the example indicated by (b) in Fig. 9, a
predetermined information group of the dot pattern 1 is
constituted by the first wvirtual reference line 6, the
reference dots 4, the second virtual reference lines 7,

the virtual reference points 5, the information dots 3,



That is, if a region where the interval between the reference dots 4
is the largest is |ocated on the | eftnost side of a predeterm ned
i nformati on group, and the shifting directions of the information
dots 3 fromthe virtual reference points 5 |ocated on the | eftnopst
side of the predeterm ned informationsgroup are both the downward
direction on the upper and | ower sides relative to the first virtual
reference line 6, it is known that the dot pattern 1 is oriented
upwar d. Iifhebdtii nchev iatiovesl B atiqrent ildmsesarf tthe v didis d&,i emd i t
is known that the dot pattern 1 is oriented downward. [0147]
Not e t hattha fiaqdssiiBitaialo Hefsrreea Hdnascdgni ti on accuracy of the
direction of a dot pattern by interpolation by further arrangi ng side
dot s, cha[r%'i% t he nunber of information dots, or setting regions
with different areas .on the $pﬁ_§ro and | ower sides wth reference to
ine;

the first vi rtﬁué?r‘?%’fteq'%be TRAGD 9roup |9f [ O9RF Raptern

i ndi cates an. e | e, of the dat, pattern.used in the present .

i nventi ozL. 1%0 f%il%ed %y Itrlllet ﬁseldeegéi?p e 'znﬁirfgtn&?cgfnﬁﬁ%ei rjfthl'—lr"féi 10, a
redet er n. iinf i r: f ot . er i tit d
Ey t he fir%lgft ql\c;i:lr tr%; ré]f%reér gnlglcteé% i%n'e Eﬁ %h%tglgg%téll’e%gée ggtr%%?},slotnhétfe
second VidhieUlotr %fa%rt%fl‘he 1l I{Reehi e b‘&i rstelﬁ%!inr fd%rf%%%%nFEOi nts 5, the

information dots 3, the side dots 12, the third virtual reference

lines 8, iardrihe sf eur thavinot wrl verheheRce ildstes i%tual reference
line 6 (or the reference dot 4) and the side dots 12 on
the upper and lower éides relative to the first virtual
reference line 6.
[(0142]

That is, when recognizing image data, it is possible
to recognize the direction of the dot pattern 1 regardless
of the imaging direction with respect to the dot pattern 1
by converting image data using an algorithm, if a
predetermined information group is defined by the side
dots 12, and it is defined in advance such that when a
region where the distance between the reference dot 4 and
the side dot 12 is shorter (H1) appears on the upper side
relative to the first virtual reference line 6, the dot
pattern 1 is oriented upward, whereas when a region where
the distance is longer {(H2) appears on the upper side, the
dot pattern 1 is oriented downward.
[0143]
In Fig. 10, (a) indicates an example of the dot

pattern used in the present invention.



[ 0150] A predetermned information group of the dot pattern 1 is
defined by the key dots 2 shifted upward fromthe first virtual
reference line 6. In addition, the key dots 2 are arranged in the +Y
direction relative to the first virtugl reference line 6, and the
distance fromthe side dot 12 in the ®Y direction is shorter than
that in the -Y 57 direction. Wth this arrangenent, it is known that
t he direcfdf%F#ﬁ the dot pattern 1 coincides wth the correct

position, an he dot pattern 1 is oriented upward. [0151] In
Fig 11, (a) indigales,an, pxamh e of dot) pat tefd used in the
present invention. [Olégﬁb Th ?%gg%xg%%le ind?cateﬁ %y (a) in

Fig. 11, @rdueadaberddded o dmdd o QP Wr afhd hdladatiern s is

constituted by the first virtual reterence line 6, the reference dots
4, the semond Mutddlby efier eficest iviescual therardridaall ingf &, engge points
5, the information dots 3, the third virtual reference lines 8, the
si de dot srelfZreand tdve § ouyr tthevigdamald refenencediaresi® lines 7,

the virtual reference points 5, and the information dots

3.

[0145]

A predetermined information group of the dot pattern
l is defined by the arréngement intervals of a plurality
of reference dots 4 provided on the first virtual
reference line 6. In addition, the direction of the dot
pattern 1 is defined by shifting both the information dots
3 from the virtual reference points 5 located on the
leftmost side of the predetermined information group on
the upper and lower sides relative to the first virtual
reference line 6 in the downward direction.

[0146]

That is, if a region where the interval between the
reference dots 4 is the largest is located on the leftmost
side of a predetermined information group, and the
shifting directions of the information dots 3 from the
virtual reference points 5 located on the leftmost side of
the predetermined information group are both the downward
direction on the upper and lower sides relative to the

first virtual reference line 6, it is known that the dot

pattern 1 is oriented upward. If both the above



[ 0153] A predeterm ned information group of the dot pattern 1
is defined by the side dots 12 arranged on the third virtual
reference lines 8. In addition, the direction of the dot pattern 1 is
defined by arranging the two information dots 3, each of whose
information is defined by the distancé&eand direction fromthe virtual
reference point 5, in the upward direction, and pl aci ng one
information dot 3 in the downward direction. [0154] That is, if
the two ihifxagkeidron aot stide arpvand ahigest o hel tHY slikreptr dhatt Hghe
information dots 3 in a predeterm ned information group are

recogni zetPwiatdaHe 1 58 Hiretigbriioimwaed group is recogni zed as
coinciding with the correct position. If one information dot 3 is

pl aced in Y ly direction, the information dots 3 in the

pr edet er mi ned i nf ormation group may be recogni zed ile the direction
of the group SETTDy- It st ntp MOHHORAC (12 TRRETe (5 Jgtrom jion
recogni z cQj ncd di i th.t.he carrec Qsi.t.ion. [ 0155] Not e
t hat gt heea |C?12rcatcﬁ}or$%ogehtr%eﬂcfo Ctplac{“t eo(r)f;l ana&f%é)a(fetfeirrpe yby respectively

setting difdBrent dist ARE0R, L8ilT L WAl BRLPEn J.nf Ll on, dats

and virtua rence points on the up _ ower si _
reference fhdhe f it Mativdl dRfer /ceddigy and 13 gdgter m ned

information group of the dot pattern may obviously be defined by
arr angi ngigifffreianta i ers tofe ivpfRMRIHON RS saRdshe iwpper and

| ower sides with reference to the first virtual reference |line.
[0156] referdamcaddid itbwe finfsar Retrdtez Imae fee-defd nadchy arrangi ng
information dots at a distance of 0 fromsone of the virtual
referencd0ddigits | ocated on the lower side with reference to the
first virtual reference line, that is, on sone of the virtual
r ef erence p0| r.T.tI'gFlg. 10, (b) indicgtes an example of the dot
pattern used in the present invention.
[0149]

In the example indicated by (b} in Fig. 10, a
predetermined information group of the dot pattern 1 is
constituted by the first virtual reference line 6, the
reference dots 4, the second virtual reference lines 7,
the virtual reference points 5, the information dots 3,
the side dots 12, the third virtual reference lines 8, and
the fourth wvirtual reference lines 9.

[(0150]

A predetermined information group of the dot pattern
1 is defined by the key dots 2 shifted upward from the
first virtual reference line 6. In addition, the key dots
2 are arranged in the +Y direction relative to the first

virtual reference line 6, and the distance from the side

dot 12 in the +Y direction i1s shorter than that in the =Y



[ 0157] In addition, a group of a dot pattern in a
predetermned direction and its direction may be defined by making a
portion where an information dot is placed on 59 a virtual reference
poi nt appears on only one of the upper_and |lower sides with reference
to the first virtual reference |ine. %6158] In Fig. 11, (b)

i ndi cates an exanple of the dot pattern used in the present

i ti . [ 0159 co hnoth I h i.n Fig. 1

Ipp\e/ggt Ie(r)nmdlnl[ee Jtlln(%no'r ma litohn tgg}losugarg%aaqr&eﬁeﬁ’oé\% 1[32% H(II%W:S Jﬁélc?ﬁtstql}%t ed

by the fiy. i s ' 6, the re , S e
sgcong v:%%ea #%#gfegﬁeelr%?#%%ne lviérbt%‘ur{aﬁemreeggflgcﬁlcgghﬁoﬁcrﬂés ,t t he

| nfor mat igr ol Baddaddiqt viadualy reler enondines B e side

dots 12, "and the fourth virtual reference |line
the exanpig@ sshiown in Fig. 11, a predeterm ned information group of
the dot pattern 1 is defined by the side dots 12 arranged on the
third virtual Tefrience | ines dhdildataddidn ekariglee A egtd opof the
dot pattern 1 is defined by placing an arrangenent region of
i nf or mat ipat thotrs wednlry tiree ofestelre: Uppemtdndh .| ower sides with
reference to the first virtual reference line 6.

[0152]

In the example indicated by (a) in Fig. 11, a
predetermined information group of the dot pattern 1 is
constituted by the first virtual reference line 6, the
reference dots 4, the second virtual reference lines 7,
the virtual reference points 5, the information dots 3,
the third virtual reference lines 8, the side dots 12, and
the fourth virtual reference lines ©.

[0153]

A predetermined information group of the dot pattern
1 is defined by the side dots 12 arranged on the third
virtual reference lines 8. 1In addition, the direction of
the dot pattern 1 is defined by arranging the two
information dots 3, each of whose information is defined
by the distance and direction from the virtual reference
point 5, in the upward direction, and placing one
information dot 3 in the downward direction.

[0154]
That is, if the two information dots 3 are arranged

in the 4Y direction, the information dets 3 in a

predetermined information group are recognized while the



[0161] That is, a predetermined information group is known from
the side dots 12 arranged at predeterm ned intervals. \Wen the
information dots 3 and the side dots 12 are arranged only in the
upward direction relative to the 60 %rst virtual reference line 6,
it is known that the dot pattern 1 is~oriented downward, whereas when
the information dots 3 and the side dots 12 are arranged only in the

downwar d g i 0N, 4ty it tern L g r.j-ent ed
upwar d. [((%11%2 icHhot Jriﬂné ig. 121,41?_15&{5?&?%& 2‘% aﬁglg}(%lnc%)ﬁ%egoaﬁ‘l%e dot
pattern uged ddrtde pr@esatod hvent i IfHS3lation dod B tie g e

indicated by (a) in Fig. 12, a predeterm ned information group of the
dot patteim thd srcanstdditi@d mhd henffdidde M taeads refier enge 1ine 6,
the reference dots 4, the second virtual reference lines 7, the
virtual refetearoe ipedtinfridtel drmforamt ineny det ek oqniddchertkiay: dot s
2. [0164] In the exanple indicated by (a) in Fig. 12, the
directiorthf dihedotorpat erhre Hrang &9r ddeteroamied; iinf elomatt drcsgr oup
are defined by the key dots 2. That is, when the key dots 2 are

ar r anged daitidie Wpmndh difEctisoraasiatiaas tag tdrd rididsitngy jwdittdalthe
reference line 6, it is known that the dot pattern 1 is oriented
upwar d. \RREF a3 B&StdSs 12 are arranged in the downward direction,
it is kn%%ﬂiﬁﬂat the dot pattern 1 is oriented downward.

Note that the direction of the dot pattern may be
defined by respectively setting éifferent distances (shift
widths) between information dots“and virtual reference
points on the upper and lower sides with reference to the
first virtual reference line, and a predetermined
information group of the dot pattern may obviously be
defined by arranging different numbers of information dots
on the upper and lower sides with reference tc the first
virtual reference line.

[0156]

In addition, information may be defined by arranging
information dots at a distance of 0 from some of the
virtual reference points located on the lower side with
reference to the first virtual reference line, that is, on
some of the virtual reference points.

[0157]

In addition, a group of a dot pattern in a

predetermined direction and its direction may be defined

by making a portion where an information dot is placed on



[ 0165] A predetermned information group is known fromthe key
dots 2 arranged at predetermned intervals. 61 [0166] Not e
that the exanple indicated by (a) in Fig. 12 indicates an exanpl e of
how a dot pattern with a snall streamw dth, in particular, is
formed, in which the virtual referencé9points 5 are defined at the

m dpoi nts between the adjacent reference dots 4. This pattern all ows

an actual line 10 itself to have information. [0167] Not e t hat
it is possibletual arefmgenomtpontly amferenes) dotlsy bute alfsdhe niprsx
reference points or information dots on or along an actual |ine

vi si bly fBihePusT £iAeA v Surfef@cearia8] the finst mpigitued (b)

i ndi cates an exanple of the dot pattern used in the present

i nventi orF SR 1in€- |n the exanple indicated by (b) in Fig. 12, a
predetern&g&ﬂvinfornation group of the dot pattern 1 is constituted
by the fi irtual reference line 6, the reference dots 4, the

tsﬁgoinﬁf \(;Ir :T;;J?LInr{ Oj?i.egfle, ! ébrﬁesin7dictahcees\/ia{r} ue%!arrll’pelfeeroepct%eoocjo@ s 5, and
pattern used in the present invention.
(0159]

In the example shown in Fig. 11, a predetermined
information group of the dot pattern 1 is constituted by
the first virtual reference line 6,.the reference dots 4,
the second virtual reference lines 7, the virtual
reference points 5, the information dots 3, the third
virtual reference lines 8, the side dots 12, and the
fourth virtual reference lines 9.

[0160]

In the example shown in Fig. 11, a predetermined
information group of the dot pattern 1 is defined by the
side dots 12 arranged on the third virtual reference lines
8. In addition, the directicon of the dot pattern 1 is
defined by placing an arrangement region of information
dots on only one of the upper and lower sides with
reference to the first virtual reference line 6.

[C161]

That is, a predetermined information group is known
from the side dots 12 arranged at predetermined intervals.
When the information dots 3 and the side dots 12 are

arranged only in the upward direction relative to the



[0170] A predeterm ned information group of the dot pattern 1 is

defined by the arrangenent interval of a plurality of refer
4 provided on the first virtual reference line. The directi
dot pattern 1 is defined by 62 setting three different arr
intervals between the reference dots 40 [0171] That

predeterm ned information groups are defined by repeatedly

ence dots
on of the
angenent
is,
arrangi ng

the reference dots 4 at large, internmediate, and small arrangenent
i nt er val stiatdordinigialo zefmesiaterinted r dlite.19 rkridvirs tdede, thehalott he
intervals of the reference dots 4 repeatedly appear in order of

| arge, i MadrifEdi dt 6,5 ad 9kad dartneiars s Wagiaashaheg diheect
+direction,_i

1t
correct pSSitiGtiahEq

ion to the

is recoqnized that the direction coincides with the

HA D dthe it 9% Gisente @ WFp i@ IRtk P e

b i nt, I tedly. fraom.the +X di ti to -X
Girecti on 19 SRS e SR  dot o Kby Pt dtTeng e
predeterrsl‘g'ar%ett Ijr{n;:]Lorirgatoir rétrg{e%%%q}g. its center through 180

Wi e

coi nci de correct position, ‘and the dot pattern is oriented
downwar d. o1GL42] In Fig. 13, (a) indicates an exanple of the
dot pattern used in the present invention. [0173] In the

exanpl e indi catedriy. (@), |k )Fiihdikhtd HLASILIINeL: oL i on

group of the dot pdattern 1 is constituted by the first virt
ref er enceaticrenb ustle inefterepae sdoits ihvehlte ozgcond virtual

ual
r ef erence

lines 7, the virtual reference points 5 and the information dots

[0163]
In the example indicated by (a} in Fig. 12, a
predetermined information group of the dot pattern

constituted by the first virtual reference line 6,

1 is

the

reference dots 4, the second virtual reference lines 7,

the virtual reference points 5, the information dots 3,

and the key dots 2.

[0164]

In the example indicated by {a) in Fig. 12, the

direction of the dot pattern 1 and a predetermined

information group are defined by the key dots 2. That is,

when the key dots 2 are arranged in the upward direction

relative to the first virtual reference line 6, it

is

known that the dot pattern 1 is oriented upward. When the

key dots 12 are arranged in the downward direction,
known that the dot pattern 1 is oriented downward.

[C165]

it is

A predetermined information group is known from the

key dots 2 arranged at predetermined intervals.



63 [0174] A predeterm ned information group of the dot pattern
1 is defined by the arrangenent intervals of a plurality of reference
dots 4 provided on the first virtual reference line 6. The direction
of the dot pattern 1 is defined by shifting the information dots 3
fromthe virtual reference points 5 | §¢ated on the | eftnost side of
the predeterm ned information group in different directions relative
to the fi{@% afrtual reference line on the two opposite sides. [0175]
That is, egi on where the interval between the reference dots 4

is the | argest r to ef side. of a predeterm ned

i nformation gr%cﬁ% ﬁ?‘ﬁ?%el mnpgltl olnrgénc)) teié are { spjgrétl Vel fBshl fted
fromthe 4t ugl rENGE, RO I el ide of

t he pr edelt erm ned‘{ rfor mat’l (%ﬁ Cgf} ?uépq |aﬁ%f1 etrlle}lct |lge;1ht :gri%%aﬁl

di recti onsurelat eitd tihe ddhstcvidd, uais rﬁﬂe%ﬁcqu e ak in the X
direction in the -Y direction, it is known that the dot pattern is

ori ent ed wipward. rlécféﬂlﬁ‘ldé’lfp%ﬂ%s! O Lot sieF iHR) 1ASReE inielnsishid t ed
in the X direction in the +Y direction and in the +direction in the

-Y di rectdetmedrt tihe kbatdrhatrdiee-dnie paitseran | IHard enfad downwar d.
[0176] Note that it is obviously possible to inprove the
recogni t iadrl catc wma@c tafa lt He rdi ridetiitee 1df ta detvepattferrmatnyi orbd

[0167]

Note that it is possible to arrange not only
reference dots but also virtual reference-points or
information dots on or along an actual line visibly formed
on a medium surface.

[0168]

In Fig. 12, (b) indicates an example of the dot
pattern used in the present invention.
[0169]

In the example indicated by (b) in Fig. 12, a
predetermined information group of the dot pattern 1 is
constituted by the first virtual reference line 6, the
reference dots 4, the second virtual reference lines 7,
the virtual reference points 5, and the information dots
3.

[0170]

A predetermined information group of the dot pattern

1 is defined by the arrangement interval of a plurality of

reference dots 4 provided on the first virtual reference

line. The direction of the dot pattern 1 is defined by



i nterpol ation by changi ng the nunber of information dots or setting
regions with different areas on the upper and | ower sides with
reference to the first virtual reference line. [0177] In Fig.
13, (b) indicates an exanple of the d% pattern used in the present
invention. [0178] In the exanpl"é indicated by (b) in Fig. 13,
a predeterm ned information group of the dot pattern 1 is constituted

by the fi Mt e i 6,.the reference dots 4, t

s)e/cond vi“JF uta AC'{ e eree%c%ﬁfér}g%%,ﬂ?%aen%elnp‘?rhtallnr eefre\?aenscgoeps)to"fén %h%e and
the infornmtlion dotgs 3y 40179] A predeterm ned information
group of the dot pattern 1 is defined by the shifting directions of
the information dots 3 fromthe virtual reference points 5. The
direction of the dot pattern 1 is defined by shifting the information

dots 3 from t henat riglalpFeded £nReen 01 W Sobnd thi SH T Lid aed f0nsg on
t he upper and | ower sides with reference to the first virtual
ref erencey inepdatddh8@Hrranginglhdie irssfeardregl aovtdefd rad las-dgi ng
| ocated on the | eftnost side of a predeterm ned information group is
a regi on wHermmeadia ienf amrhtsren Id atrs hgamerghiifrtted val ¢ ke ¢ rdiimectticon
in the upward direction wth reference to the 65
a predetermined rule. In this case, when the intervals of
the reference dots 4 repeatedly appear in order of large,
intermediate, and small intervals from the -X direction to
the +direction, it is recognized that the digection
coincides with the correct position, and the dot pattern
is oriented upward. When the above intervals repeatedly
appear from the +X direction to -X direction, it is known
that the direction set by rotating the predetermined
information group about its center through 180° coincides
with the correct position, and the dot pattern is oriented
downward.
[0172]

In Fig. 13, (a) indicates an example of the dot
pattern used in the present invention.
[0173]

In the example indicated by (a) in Fig. 13, a
predetermined information group of the dot pattern 1 is
constituted by the first virtual reference line 6, the
reference dots 4, the second virtual reference lines 7,

the virtual reference points 5, and the information dots

3.



first virtual reference line 6, and are shifted in the + direction in
the downward direction. Alternatively, a predeterm ned information
group is defined by shifting the information dots 3 fromthe virtual
reference points 5 with a predeterm ned period (regularity such as
the X, +, +, +, and + directions in thé upward direction with
reference to the first virtual reference line 6, and the +, X X X
and X directions in the dowward direction). In this case, if the
informati dhl ok s 3 shifted inthe X, +, +, +, and + directions in the
upward direction with reference to the first virtual reference line
6, and sh.fted“.lé?r% - qrminedy 1nd oHpat horyi FRHR dis rhetqlfétmrﬁ/%rra
directio dlrectlon to the +X d|re tion, | Iﬁﬁpomn

t hat t_he %‘ﬁl@}%ﬂ Py d I-berlaerrﬁaé’cged%trquefr‘{ |9'ch?rrﬁ£t‘1 dots 3
are shrft ane:} ‘?ﬁ]e ci%ts’tlﬂpr 1dedd'r§§{“ srsrtn‘}lh upwar d

directi on and itecti®ns i'n downvvard

directi omeférér&é<qq% tyat the oq%tecpcaitotﬂerdl: e Lthet%fgbt patter n

[0181] Fig. 14 1s a view show ng an ‘exanple o

used in tdaa:ﬂreeﬁw dventiPrnd Q3 rmation ddtd he Mg shown in
Fig. 14, a predeterm ned information group of the dot pattern 1 is

const i t utvad-ta 1t he fdesicevigdivals refieyened ldmerk tidredeferanee ot s
4, the second virtual reference lines 7, the virtual 66 reference

poi nt s 5 tHeherefcararatiner doife rhattike tgmduja iy tidiglferefn@r ence |ines
8, the key dots 2, the side dots 12, and the fourth virtual reference
| i nes 9. igE8B]ions relaltn viche cexdmplfe reftown ritiali gefb4enidee Ifiowr osi de
dots 12 are arranged on the third virtual reference line 8 for each
pr edet er e d vionfopestiiten sgidedp to increase the number of fourth
virtual reference lines 9, the nunber of virtual reference points 5,
and the rd@dder of information dots 3, t hereby increasing the

i nformati on anmpun A predeterm ned i nformation grqup of the dot
pattern 1 expﬁggge & LEHE= W, qﬁtgpe interval between the

reference dots 4 is the largest corresponds to the
leftmost side of a predetermined information group. If
the information dots 3 are respectively shifted from the
virtual reference points 5 located on the leftmost side of
the predetermined information group in the + direction in
the +Y direction relative to the first virtual reference
line 6 and in the X direction in the -Y direction, it is
known that the dot pattern is oriented upward. If the
information dots 3 are respectively shifted in the X
direction in the +Y direction and in the +direction in the
-Y direction, it is known that the dot pattern is oriented
downward.
[0176]

Note that it is obviously possible to improve the

recognition accuracy of the direction of a dot pattern by



[ 0184] Note that in the exanple shown in Fig. 14, the
information dots 3 are shifted differently (in ternms of the distances
fromthe virtual reference points to the information dots) fromthe
virtual reference points 5 in the X direction and the + direction.
This allows to performdeterm nati on Based on not only the shifting
directions of information dots but also the distances fromthe
information dots to the virtual reference points. This nakes it

possi bl e ¥Rty MecOgizdaa Hée nfusireat ich iddtermetdegsldots
Note that it is desirable to properly determ ne, in accordance with
the stat €orstiddd¥ eifd Bttt hofdif eW%ﬁ%ﬁ?ﬁﬂﬁ%ﬂ%m%mmﬁ
whet her to make dots unnoticeable 67 b unlf ing the shift w dths of
the dots ‘W& I9WR% RSP Y€ dgh %“r tratlitdmado s S5 SH96 ng
the shift, wdths different. [0186] Flg 15 shows an exanpl e of
how t he H] st virtual reference lines are defined fromthe
arrangenﬁﬁgfﬁfy reference dots. [0187]

In Fig. 13, (b) indicates an example of the dot
pattern used in the present invention.
[0178]

In the example indicafed by (b) in Fig. 13, a
predetermined information group of the dot pattern'1 is
constituted by the first virtual reference line 6, the
reference dots 4, the second viriual reference lines 7,
the virtual reference points 5, and the information dots
3.

[0179]

A predetermined information group of the dot pattern
1 is defined by the shifting directions of the information
dots 3 from the virtual reference points 5. The direction
of the dot pattern 1 is defined by shifting the
information dots 3 from the virtual reference points 5 in
different directions on the upper and lower sides with
reference to the first virtual reference line 6.

[6180]

That is, a region defined as being located on the
leftmost side of a predetermined information group is a
region where the information dots 3 are shifted in the X

direction in the upward direction with reference to the



In Fig. 15, (a) indicates an exanple in which the reference dots are
arranged in the formof a line, and the first virtual reference line
is provided in the formof a straight line. In Fig. 15, (b) indicates
an exanple in which the reference dots are arranged linearly, and the
first virtual reference line is provié@éd in the formof a curve. In
Fig. 15, (c) indicates an exanple in which the reference dots are
arranged linearly, and the first virtual reference line is provided
in the fdrimsf wWpgoladgordienanne limeriqy. a8l aud shiditeat e dheextanpl e
in which the reference dots are arranged in the formof a curve, and
the firstdhAeIan ref dlenhcemfed sigeskiged | Altuseradrimedfy a a

straight line. In Fi i ndicates an exanple in which the

A5 , ) th
r ef er enc @ FSIEE S dﬁ@-’@orﬁmncwap drsd dafe e &y Whdtfiding the
f | i i i.d i t he  f f L Fi g. .15, f
o eat ed S SR L AG s AT el SerE e b s o A
, he fj irt.ual f | ] i, id i t f
or e or s ol il HEh N (G g 8 L P EE e B 0 The

arrangengnt jof jref ar ence 4qts J %aitlrﬁ% LRGSR Al thiSPQSSiHb! € to

define thé fi'rst virtual reference line in various nanners. This

makes it poeblR k@ koMol tpatitenny ceretidhed iy R edelermened
information groups in arbitrary shapes in conformty with information

regi ons wi sl ¥,f or,mechdorx rEdicwniswisl agethel @b89lvard dire@tienhhat if
the first virtual reference line is provided in the formof a

pol ygonalInl ithds ictasies desithabliefioemartangeotefl 8r ehdEteat Inomhal X,
vertices to inprove the readi ng accuracy of the optical reading
means. [0196] +, and Fi gire@texplsaiins tiret hpdsrdf ddekictiing whéhsecond
virtual reference lines defined froma plurality of reference dots
and/ or t Kefpiregceyitet Gl féfrsteé&thipAe redetrengea linecakgl endavi ng, as
a base, the first virtual reference line which is a straight line

connect | #§1&dFscdnt Thef érefeeXdots. apg1§1firectionRefgr £PRg to (a) in
L0, ol Sesond it veference U oo 7.constiyling,a {riangl e
5oL e PSRN Ll aeoR LN ReT B RGO 38 B8 Brea
setting EB%aQéigthOEhé Ehkggﬁg%igﬂ 8ots 3 are shifted in the +,
X, X, ¥, and X directions in the upward direction, and in
the X, +, +, +, and + directions in the downward
direction, it is known that the dot pattern 1 is oriented
downward.
[0181]
Fig. 14 is a view showing an example of the dot
pattern used in the present invention.
[0182]
In the example shown in Fig. 14, a predetermined
information group of the dot pattern 1 is constituted by

the first virtual reference line 6, the reference dots 4,

the second virtual reference lines 7, the virtual



69 predeterm ned magnification ratio relative to the interval between
the reference dots. [0192] In the exanple indicated by (a) in
Fig. 16, the height of each triangle is set to a length twice the

di stance P between the adjacent referggce dots. However, the height
of the triangle is not Iimted to this, and can be variously changed.
[ 0193] Referring to (b) in Fig. 16, the second virtua

f j 7 i i trd I fi b h I st
Lo ence didien el SOnSiud U] 192 Nl B 9] e,y el ot ance

rence i's, the second Virtual

reference lidies Tl AVl SG a3 ) YlReCh ahane dibe Wddpol nt
n se g t he

bet ween the adj acent reference dot's upo tting the l'ength o

opposi t e 191, desdft Hhe durtanglie i 12 frredeteiniined sTagni fi cation ratio
relative to the interval between the reference dots. [0194] In

t he exanglog siandi cated by (b) in Fig. 16, the length of the opposite
sides of the triangle is set to a length twice the distance P between
t he adj acent rlef eftenceeadatls ddawevem Fike l1engtdheoff dure sGpROSidS
sides of the triangle is not Iimted to this, and can be variously
changed. 120&9%] aRefomgeidngnt ¢ hec ) hiimdFivgrtid]l tred esecord linet Balfor
reference lines 7 constituting a triangle are defined by a
each predetermined information group to increase the
number of fourth wvirtual reference lines 9, the number of
virtual reference points 5, and the number of information
dots 3, thereby increasing the information amount. A
predetermined information group of the dot pattern 1
expresses 3 bits x 16 = 48 bits.
[0184]

Note that in the example shown in Fig. 14, the
informaticon dots 3 are shifted differently (in terms of
the distances from the virtual reference points to the
information dots) from the virtual reference points 5 in
the X direction and the + direction. This allows to
perform determination based on not only the shifting
directions of information dots but also the distances from
the information dots tc the virtual reference points.
This makes it possible to accurately recognize the
information dots.
[0185]

Note that it is desirable to properly determine, in

accordance with the state or usage environment of a dot

pattern formed medium, whether to make dots unnoticeable



70 base angle 0 of the triangle. That is, the value of the base angle
of the triangle is set in advance so as to provide reference dots at
arbitrary positions on a nedium surface, and the second virtual
reference lines 7 are provided so as tg formthe set base angle.

[ 0196] This makes it possible @8 set in advance a region where
information is to be input/output and set a base angle for a triangle

by back aIcuI |on asto Aarra e| rmat n dots .at
& B Sﬁe Sh QEI QC Orﬁ)laé%'e?ﬂ a dot

cor r espondi ng pol Hersfor e poss

pattern techpigue V&N 806 ] S
possi ble to use a pr oper cg%n%l ﬁ{a¥t| onec ﬁgtrretk%gls }Jc#lgg %th ni ng %ﬂn
second Viyityals referangg lines 7 in (a) to (c) in Fig. 16. This can

reduce errors caused by the calculation of the positions of virtual
referencequadits. [0198] Note that in order to inprove the
anal ysi s/readi ng accuracy, it is desirable to provide virtual
reference poi misy.on 3 hhowey tdrcescpiptd iANH®@S .t HOIIHYst virtual
reference lines are defined from the arrangements of
reference dots.
[0187]
In Fig. 15, (a) indicates an example in which the
reference dots are arranged in the form of a line, and the
first virtual reference line is provided in the form of a
straight line. 1In Fig. 15, (b) indicates an example in
which the reference dots are arranged linearly, and the
first virtual reference line is provided in the form of a
curve. In Fig. 15, (c¢) indicates an example in which the
reference dots are arranged linearly, and the first
virtual reference line is provided in the form of a
polygonal line. 1In Fig. 15, (d) indicates an example in
which the reference dots are arranged in the form of a
curve, and the first wvirtual reference line is provided in
the form of a straight line. 1In Fig. 15, (e} indicates an
example in which the reference dots are arranged in a
curve, and the first virtual reference line is provided in
the form of a curve. In Fig. 15, (f) indicates an example
in which the reference dots are arranged in a curve, and

the first virtual reference line is provided in the form

of a polygonal line.



Fig. 17 explains methods of defining the second virtual reference
lines fromthe first virtual reference line and/or a plurality of
reference dots when the first virtual reference line is fornmed by a
curve. 71 [0200] In Fig. 17, (a) indicates an exanple in which
an angle for providing each second vi 6Bual reference line is set in
advance relative to a tangent to the first virtual reference line so
as to provide virtual reference points at an arbitrary position on a
medi um suk3%, and each second virtual reference line 7 is provided
to formthe set angle. [0201] Referring to (b) in Fig. 17, the
second vi rt ual®§ AT ENET i HE T Rt P B @R TEHRMH @bf the

first virtual reference line forned by a curve connecting the _.
adj acent J?%‘fﬁeerreé}ﬁ?e Cg:bttss.reﬁ‘?dtn% g:,r?ea Sr%?eghtl? FomBL SS3iénttq diafHge
first virtual.reference lineds set to a predeterm ned magnifi

| i t
ratio reldS vie T Pﬁé:LJﬁbf?ﬁf%ﬁﬁ?%QNg%gg%dﬂ%lWﬁﬁﬁQEﬂ HFg?ﬁgﬁﬁce%ﬁpkgg

7 f dj { t i nt t at
2 posi 11 G BB g 6 R Prozog) condtiafa I 7

i ndi cat e¢h R tR)rrdihdd gunfon:’matﬂ%nhe@#Lgﬁ d ri%"a@%%t&%’%ﬁé%}hg %ﬁﬁ% first

virtual reference line is set to alength equal tot ( of
the firstcofifidradle y efi@enGe drin2e ifdy TRG i A ~GWiVA \CHWIGRId RG, t he

adj acent reference dots. However, the height is not limted to this,
and can hediami cusifaceanged. For exanple, the height may be set to a
|l ength an even nmultiple of the length Qat a given point and to a

|l ength 72189]

Note that if the first virtual reference line is
provided in the form of a polygonal line, it is desirable
to arrange reference dots on all vertices to improve the
reading accuracy of the optical reading means.

[0190]

Fig. 16 explains methods of defining the second
virtual reference lines defined from a plurality of
reference dots and/or the first virtual reference line to
form a triangle having, as a base, the first virtual
reference line which is a straight line connecting
adjacent reference dots.

[0191]

Referring to (a) in Fig. 16, the second virtual
reference lines 7 constituting a triangle is defined by a
distance P between the adjacent reference dots. That is,
the second virtual reference lines 7 are provided so as to

intersect above the midpoint between the adjacent

reference dots upon setting the height of a triangle to a



an odd multiple of the length Q at another point, thereby defining
the direction of a dot pattern or a predeterm ned information group.
[ 0203] Referring to (c) in Fig. 17, the second virtual
reference line 7 is defined by the length Q of the first virtual
reference line forned by a curve connééti ng adjacent reference dots.
That is, the second virtual reference lines 7 are provided fromthe
adjacent reference dots such that the I ength of each second virtual
referencéﬂﬁdﬁiﬁ@ﬂ%ﬂﬁdtMﬁQF%ﬁkﬁﬁﬁkﬂﬂnH&ﬁ#QHﬁﬁﬁ&hx%ﬁ|Hﬂ1ﬁhﬁ|kﬁﬁ&ﬂ%ﬁhve
to the len [0204] In the exanple indicated by (c) in
Fig. 17, 4%¥qgﬂmﬁﬂ?(ﬁeﬁ3ﬁﬁﬂﬁﬁuﬂﬂiﬁmrtual reference line 7 is set to
a nagnlflc nratio of 1:1 relative to the length Q of the first

vi rtual %ﬁgtgnce line formed by a curve connecting adjacent

ref erence dot vvevegg% the le %%é}(’heﬁ e&g}n l\éqlq-rt I tr%erence
[ i i t i t Jéﬁ%‘ ari’o a r
elxgﬁpiz n?etl%kiter}% @ar@.y e_La% letgLSa Squ:n th 2an e %n r{ul Hem of the

|l ength Q at "a given poln toa Iengt &n 64t nultl t he

| ength Quils HRRING! LRALen ttfm%r% Aefeni g d té% CBE.oN 1 e%e%ot

pattern or a predetermned infor t|on group us Iy,

it is posgidlRilghtUss aHy eReHLneARbIRAatkiN 19k the et heds; '%
by (a) to (c) in Fig. 17. That 73 is, a straight |ine perpen

to a tangentvaati dila ymctReigreld .of the first virtual reference I|ne
formed by a curve may be defined, and the second virtual reference

| i nes and Odi93jual reference points may be defined by a conbination of
t he net hods descri bed above. [0206]

Referring to (b) in Fig. 16, the second virtual
reference lines 7 constituting a triangle are defined by
the distance P between the adjacent reference dots. That
is, the second virtual reference lines 7 are provided so
as to intersect above the midpoint between the adjacent
reference dots upon setting the length of the opposite
sides of the triangle to a predetermined magnification
ratio relative to the interval between the reference dots.
[0194]

In the example indicated by (b) in Fig. 16, the
length of the opposite sides of the triangle is set to a
length twice the distance P between the adjacent reference
dots. However, the length of the opposite sides of the
triangle is not limited to this, and can be variously
changed.

[0195]

Referring to (c¢) in Fig. 16, the second virtual

reference lines 7 constituting a triangle are defined by a



In Fig. 18, (a) indicates an exanple of a method of defining the
second virtual reference line when the first virtual reference |ine
is formed by a polygonal Iine. [0207] When the first virtual
reference line 6 is formed by a polyg&nal l'ine, the second virtual
‘reference 7 line is desirably a straight |ine dividing the interior
angle at a vertex formed by the first virtual reference line 6 into

]| t ed
equal anghgse L0208l Thatris., %la%ﬂrq@acatﬂ?aipy ghl exa £ 'P$@$ag| y

by (a) in Fig. 18, the secon erence |s pr

provi ded isaish dh@le apgl e a ANsh P defd ned. by, the, § r}lééts<¥ {)ecome

reference line 6 and the second virtual reference |Iine

val ues saprstydaigréferdnce 18ks [A2Wdbitrary Jdd St IMke o ta RRSSI ) €
to define each virtual reference point by interpolation according to

thi s equatinfpce hearebytled | ovddrgd tol ULl acsiyadredy BXIdACt At
i nformati on dot. [0210]

provided so as to form the set base angle.

[0196]

This makes it possible to set in advance a region
where information is to be input/output and set a base
angle for a triangle by back calculation so as to arrange
information dots at the corresponding points. It is
therefore possible to implement a dot pattern technique
rich in convenience.

[01987]

Note that it is possible to use a proper combination
of the methods of defining the second virtual reference
lines 7 in {a) to {(c) in Fig. 16. This can reduce errors
caused by the calculation of the positions of virtual
reference points.

[0198]

Note that in order to improve the analysis/reading
accuracy, it is desirable to provide virtual reference
points on the vertices of triangles.

[0199]

Fig. 17 explains methods of defining the second

virtual reference lines from the first virtual reference

line and/or a plurality of reference dots when the first

virtual reference line is formed by a curve.



74 Note that it is possible to use this nethod when defining
the third virtual reference line. [0211] In Fig. 18, (b) (1)

i ndi cates an exanple in which reference dots are always arranged on
the vertices of the first virtual reference line. [0212] The
first virtual reference line is a virvgal line forned by a straight

|l ine, a polygonal line and /or a curve which connects a plurality of
reference dots. As indicated by (b)(2) in Fig. 18, there is avail able
a method B 2&Efining the first virtual reference line froma

pol ygonal line by a predeternlned algorithmto provide points for
reference for Warfiis Yypesdlofipgtioedsst mp (FHmrbanpt e/hieh provi de

virtual reference dots) jn addition to reference dots. As indicated
by (b) (1)PARFiPT %Om@aq%éqq% VAR Gedresiadde Jiinge 1

f or med by pol nal I| i.n th resent invention i deS|rab
provi ded % cﬁq 'qbﬁ% QMﬁ%ﬂgqqﬁ ﬁ%@ W%%F%%hged

are the v ces of e first V|rtual ef er )
fgf ré% %#Aé SO ds P agl e v1r gr r c Wk?ﬁtﬁne

This makes it p055| to connec cent

strai ght Jd ng, a@?ﬂ%ﬁ}éﬁg 511t O %I %' %%\ﬁ% eCreas Jdp dot
pattern anal ysis and readi ng spee due the 'use of ‘a conp 4Cat ed
al gori thgeddl4li rt{R1 reference line 7 is provided to form the
set angle.
[0201]

Referring to (b) in Fig. 17, the second virtual
reference lines 7 are defined by a length Q of the first
virtual reference line formed by a curve connecting the
adjacent reference dots. That is, a height from a tangent
to the first wvirtual reference line is set to a
predetermined magnification ratio relative to the length,
and the second virtual reference lines 7 are provided from
the adjacent reference dots so as to intersect at a
position corresponding to the height.

[0202]

In the example indicated by (b) in Fig. 17, the
height from the tangent to the first virtual reference
line is set to a length equal to the length Q of the first
virtual reference line formed by a curve connecting the
adjacent reference dots. However, the height is not
limited to this, and can be variously changed. For

example, the height may be set to a length an even

multiple of the length Q at a given point and to a length



Fig. 19 shows an exanple of a nethod of defining the second virtual
reference lines. [0215] In Fig. 19, (a) indicates the

m dpoi nts between adj acent reference dots. In Fig. 19, (b) indicates
an exanple in which the second virtual reference lines 7 are provided
on reference dots. [0216] In tARs case, the second virtual
reference lines are preferably straight |ines perpendicular to the
first virtual reference line at the m dpoints between adjacent
referencédsid multipleriqf U@ shivwsha® etamplattiar weich t Hdieswmdond
virtual reference lines 7 are provided to be perpendicular to the
first vidREINE dhehcB 1951 Fordfed BiPta Rtttd@ghton i@ sdatengened
perpendicuugr to tangents to the first virtual reference line forned
by a cur Ve EJERLACY YTOUP There are various types of modifications of
a met hod Qf Qﬁfining t he second virtual reference |ines. For exanple,
it is poés%& to forma dot pattern rich in conveni ence by properly

com 8 2 AR S e g S

regi on where i rmation 1s ut’/ dutpu

shows an @eamled 11w 6h ;3 RIUnAdd %Ol nd neydler @f 8fenge RAifLks are
provi ded at predeterm ned
virtual reference line formed by a curve connecting
adjacent reference dots. That is, the second virtual
reference lines 7 are provided from the adjacent reference
dots such that the length of each second virtual reference
line is set to a predetermined magnification ratio
relative to the length Q.
[0204]

In the example indicated by (c¢) in Fig. 17, the
length of the second virtual reference line 7 is set to a
magnification ratio of 1:1 relative to the length Q of the
first virtual reference line formed by a curve connecting
adjacent reference dots. However, the length of the
second virtual reference line is not limited to this, and
can be variously changed. For example, the length may be
set to a length an even multiple of the length Q at a
given point and to a length an odd multiple of the length
Q at another point, thereby defining the direction cof a
dot pattern or a predetermined information group.

[0205]
Obviously, it is possible to use a proper combination

of the methods indicated by (a) to (c) in Fig. 17. That



76 positions on the second virtual reference lines at a constant

di stance fromthe first virtual reference line forned by a straight
line or fromtangents to the first virtual reference line fornmed by a
curve. [0219] That is, distances Hfromthe first virtual
reference line or tangents to the firg8 virtual reference line to
virtual reference points are unified as shown in Fig. 21 regardl ess
of whether the nethod of defining the second virtual reference |ines
remai ns the sanf$3Brdtachl i eRstea i Hadl 4 hftor mattiasigagro: dtheach dot
pattern or, each reference dot and/or each first virtual reference

line in EPPrEdétlermsiedd 15 oFnetion Histhenqo2doe formedriik drakes
it possible to use.a thod of defining the second virtual reference
| i ngs i n Acor Wc@%réferﬁfer giad}i:I %‘?Wﬁﬁﬁ%% FHF e
i nput / out;put il i.fying the arrangenent positions..of jnformation
dobs to Aol RIS HISMATRY P A Gled '

i ndi cat . i i t I f dto h
i ndi cat es, &} %?é(lagde%v]\ﬁidc M g%et?ﬁ?zs gﬁé LLes a%%%_are or me o have

a pol ygonal slh can ITection I nstead of a general
round shape.p@nd the direction of the dot pattern 1 is defined by the
shape difference. [0222] In Fig. 22, (a) indicates an exanple in

whi ch dots In Fig. 18, (a) indicates an example of a method of

defining the second virtual reference line when the first
virtual reference line is formed by a polygonal line.
[0207]

When the first virtual reference line 6 is formed by
a polygonal line, the second virtual reference 7 line is
desirably a straight line dividing the interior angle at a
vertex formed by the first virtual reference line 6 into
equal angles.

[0208]

That is, as indicated by this example indicated by
(a) in Fig. 18, the second virtual reference line 7 is
preferably provided such that angles o and P defined by
the first virtual reference line 6 and the second virtual
reference line 7 become values satisfying a + f = 180°.
{0209]

This makes it possible to define each virtual
reference point by interpolation according to this
equation, thereby allowing to more accurately extract an
information dot.

[0210]



77 are formed in triangular shapes. It is possible to define the
direction of a dot pattern by various nmethods. For exanple, it is
possible to define the direction of a dot pattern depending on in
which direction a dot in a triangular.shape is forned from one side
of the triangle which is parallel to the first virtual reference |line
6 or the fourth virtual reference line 9 (in the exanple indicated by

(a) Tn Fig. 226k Nefal Nec dol bosd ptneded nddie: i dhdodd Ay L om the

side, the dot pattern 1 may be recogni zed upon recogni zi hg

corr espommﬂiv%ea{é Oth B8 GRI AGEAH Nek Mdtdh ddhe qpu rect position).

Al ternatively, en the vertex of the triangle overl apping the second
virtual rpefxerence line 7 or the third virtual reference line 8 is

| ocated in the +Y direction, the corresponding direction is regarded
as coi nci di ng i thig helgor (lect (Posindraiods tdre daimgias tet nvhli.cy 0223]
In Fig. 22, (b) indicates an exanple in which normal round dots and
pol ygonalrafoireremea stotngatcherlwd 02 24jranged orEddte palntgersad «dottHen
the exanple indicated by (b) in Fig. 22 has a square shape, and hence
t he diredtiwit ofinthvaldotefsatareren lirsannot be defined. However, it is
possible to define the direction of the dot pattern 1 by conbi ning
and usindEPH@]side dots 12 and the key dots 2. [0225] It is possible

to change the shapes of all the dots 78
9 f%e[¥arst éﬁrtugﬁ reference line is a virtual line

formed by a straight line, a polygonal line and /or a
curve which connects a plurality of reference dots. As
indicated by (b) (2) in Fig. 18, there is available a
method of defining the first virtual reference line from a
polygenal line by a predetermined algorithm to provide
points for reference for various types of processing (for
example, to provide virtual reference dots) in addition to
reference dots. As indicated by (b) (1) in Fig. 18,
however, the first virtual reference line formed by a
polygonal line in the present invention is desirably
provided such that only portions at which reference dots
are arranged are the vertices of the first virtual
reference line.

[0213]

This makes it possible to connect adjacent reference
dots with one straight line, and hence it is possible to
prevent decrease in dot pattern analysis and reading speed
due to the use of a complicated algorithm.

[C214]



used in the present invention, which are not limted to reference
dots and information dots. For exanple, it is possible to arrange
normal round dots as the reference dots 4 and the key dots 2 while
arrangi ng pol ygonal dots, which can define a direction, as the
information dots 3 and the side dots I2. Cobviously, in addition, a
predeterm ned information group may sinultaneously i ncl ude round dots
and pol ygonal dots. %0226 In Fig. (a) andé%%%reach

i ndi cate an ex i el 9 PR TR I”F’ex‘_i‘:l‘i@:'e%tci‘%rﬁ d‘i‘etél%tOfp efeH ghd- e
predeternln | nf.ormat.i on grou are deflned by changing the size of a
dot it sel T heeddd® %(ﬁﬁﬁ% erfee ef-erring to (a) in Fig. 23, a
predetermd¥¥%fnfornatlon group of the dot pattern 1 and the
direction 0o he dot pattern 1 are defined by using, as one of a
plurality of rgf C 0 4 t j . i ffer L4 si ze
fromthe remaini nged(;otelséj I%Zaf er rnla(:lnlgc’r %U%r% quﬂzf, baeq_'preeedlet erm ned

i nf or mat i.Qn HOUP Frdhg dotypatter, Fiis def i n(%fi ¥1d§rcra‘%%%' ng, as

the reference dots 4, round dots dlfferent in siZze fromthe remnaining

dots, whesgaplleha ivtaeH ameofsddpadats iatdien ik desicdefiined BY are
arranging, only in the +Y direction, the information dots 3 different

in size foramiidael mmmmeﬁar@md@f@kﬁ&tlon dots 3. [0228] Cbviously, the
nmet hod of defining a predetermned 79 information group and the
directiori0gfled dot pattern by changing the sizes and shapes

t hensel ves of dots shown in Figs. 22 and 23 can change the sizes and
shapes of sondrorthald asfse,hehdotsscaas! ndeded] ine fageocdaidess wire
various conditions including_an algorithmfor generating and

anal yzi n§TESCIp&t e 5itS 3498 T Ré ngreBrIPERISLUd are dgeithe] G229

Fig. 24 shows €xa mal es in which the direction of a dot pattern and a
predeterﬂFﬁé&alnF@FﬁﬁFP&ﬁ &98§p36ftpﬁemﬁgpoﬁéﬁﬁepﬁtaﬁéndéﬂﬂﬁ@&nﬁy
arrangln? %lfferent %unbers of virtual reference points on the two
si des wi - -FEFEFENER s the first virtual reference line. [0230]

Fig. 20 shows an example in which the second virtual
reference lines 7 are provided to be perpendicular to the
first virtual reference line formed by a straight line or
to be perpendicular to tangents to the first virtual
reference line formed by a curve.

[0217]

There are various types of modifications of a method
of defining the second virtual reference lines. For
example, it is possible to form a dot pattern rich in
convenience by properly combining and using these
definition methods in accordance with a region where
information is to be input/output.

[0218]
Fig. 21 shows an example in which a plurality of

virtual reference points are provided at predetermined



Referring to (a) in Fig. 24, in the +Y direction, the second virtual
reference lines are provided at predeterm ned angles relative to the
adj acent reference dots such that they intersect each other on a
per pendi cular line at the m dpoint between the adjacent reference
dots, and the virtual reference point365 are arranged on the second
virtual reference lines. In the -Y direction, the second virtual
reference lines are provided so as to pass through the reference dots
and i nt erXEEtY¥HS 191 Sth&/i TAqRID refdrenc e g figrenate rliigias ariglaes, and
the virtual reference points 5 are arranged on the second virtual
r ef er encEMHSNT [@%tﬂpnw th ahitdearfidifge feiit vadh e isdenceaddme
recogni zes a c$33 dot pattern, the virtual reference point 5is
defined BYAt°T éast® t %%ﬁg%éﬁ&§(ﬁﬁ T RAWSRYS kA Hher dridide
points 5 _smaller in nunber t.han the vjrtual reference points 5
provi ded %ﬁ%agl orpepoesrluetnecesilcféleofftotrﬁ“(aec# st iYE'Fal reference Iine
appear irtdjy§J+Y direction, it is possible to define the direction of
the dot pattern upon recogni zing the corresponding direction as
coi nci di ng w tgy, ord; RQs ty f A I frer.enc jnts
5 (smaller in njﬁggfgtﬁgﬁg%%ose S%Q?ﬁgl5%%2§?¥§ﬁiﬁﬁéTﬁﬁﬁpear ﬁﬁggﬁg
-Y directiiioR o aldiRrite the thier $i reir tak u=af 818G ldend i niet +ioS
possible to define the direction of the dot pattern upon recognizing
the dir ectiramasetr di redicat iddd nithke ager LesFard B¢ dobwpatihersgabeut its
center through 1800 as coinciding with the correct position. [0232]
In Fig. 24gaibl)lessdicfatdsthenodhk oatthonl of weifdhioke thier tealnd
reference point 5 is provided for one reference dot in the +Y
di rect i ovivittialr gedeaeacet d inke fiemetingi thealsamef éoeneechi ne, and one
virtual reference point 5 is provided for three reference dots in the
-Y di recPréfetegmingd 2aforapting e5ee® a3 erahpldeti pakiceh arportion
wher e one v'rtu%J reference point 5 is provided, for one reference
dot, on E&EH &F Fﬁénﬁﬁod?Fdégd%PFheﬁéheﬁéﬁéé Vo ritnelf FpserenFeual
referenc§.line is_a s&ot f%r t he eti%ition,of a predet erm ned
i nf or mat i'6ASgrouFesP RTGSECFAILBRA, 1RAG PR 1GT Y 8EPHBN of the dot
pattern ig-dghined by arranging different numbers of virtual
referencé points 81 5 on the upper and |lower sides with reference to
the first vitiwal kehesensedisaenia REeAgkeLMRgdnhar ARl an,gr oup
F in the +Q d

includes three virtual reference points irection and

four virtual seebanencetnahnt-erbRehBe 1Yndsr €6t k@Bbrdance with a
region where information is to be input/output while
unifying the arrangement positions of information dots to
a predetermined height.

[0221]

In Fig. 22, (a) indicates an example in which dots
themselves each are formed to have a polygonal shape which
can define a direction instead of a general round shape,
and the direction of the dot pattern 1 is defined by the
shape difference.

[0222]

In Fig. 22, {a) indicates an example in which dots



[ 0233] Qobvi ously, as described above, it is possible to change
t he manner of defining virtual reference points within a
predeterm ned information group as needed, and to adjust the
positions at which virtual reference 9ints are provided in
accordance with visible information on‘a nedi um surface. [0234]

Fig. 25 is a view show ng an exanple of a dot pattern forned al ong an

act ual p%a%'@%rﬁ]ci el .tlzoizé)%?c%un]tar s}"a%\éhes? n g ai% lﬁ%}!snsliibr}ﬁea\]/‘u%ngf)e{ﬁr@nean

angle, t i's, ere i s an erva Wween” two €s
sane edge ol ditye g, fQls F%?tcit.ﬁ{ rsbsaéteeirr{e ef8rally 898 4s. For
di sconti nuous. [0236] Thi s can prevent erroneous | nformation

| nput / outdinORer atd oy N greadiNGd8ale ahLI0e- RN, e toy:

readi ng of an information dot | ocated near an information dot which
shoul d beateadn idwieatiaf drt ,inhen dotgipaldelds Ak d agmed
consecutively. [0237] 82
triangular shape is formed from one side of the triangle
which is parallel to the first virtual reference line 6 or
the fourth virtual reference line 9 (in the example
indicated by (a) in Fig. 22, since the dot is formed in
the +Y direction from the side, the dot pattern 1 may be
recognized upon recognizing the corresponding direction as
ceinciding with the correct position). Alternatively,
when the vertex of the triangle overlapping the second
virtual reference line 7 or the third virtual reference
line 8 is located in the +Y direction, the corresponding
direction is regarded as coinciding with the correct
position of the dot pattern 1.
[0223]
In Fig. 22, (b) indicates an example in which normal
round dots and polygonal dots exist together.
[0224]
Each polygonal dot in the example indicated by (b) in
Fig. 22 has a square shape, and hence the direction of the
dot pattern 1 cannct be defined. However, it is possible
to define the direction of the dot pattern 1 by combining
and using the side dots 12 and the key dots 2.
[0225]

It is possible to change the shapes of all the dots



Note that if an information dot which should be read is read
erroneously together with an adjacent information dot, information
i nput/ out put operation near an edge point may be allowed by Iinking
to predeterm ned information upon determining that the read dots do
not conply with a dot pattern generati’8n al gorithm [0238]

Fig. 26 shows exanples of the arrangenent of key dots according to

th t t 023 t Fig, 26, th
di r ect i or 21“%”&“82&-2&%&&%%%%& LA Ak TR G ar o

defi ned ty J{s&gﬁ %‘Qﬂ@@se g altI di I | Ly, OJO Sef er]_:eonrcreet Sag% s, arr e%t:se

linearly 1n an oblique direc ronf}he 1'rst” Vi ref er

line. [024siple toT adgsﬁ r?oﬂa%degoq{krmrbg;dctg rzggorewé' QU of a

dot pattern is defined placing th I n an obliquely upper

| ef twar d gligect i0m fﬂmarn}&é}ﬁ RAS 17 Ghiate \My FC?irfgef QR A0l houl d
be placed in the exanple indicated by (a) in 6 I'nstead of

pl aci ng aHiefterenceidtinata tdie-qasidn 0%sattH@1|1<H‘fdrtma3ﬂQiH didie B aced.
The direction of the dot pattern is defi ned by recogni zing, as

coi nci di rgrdhittte tshedec atatectl posidbvaryusting dior eeldian dm) whi ch the key
dot 2 is placed when it is placed in the shifted direction. [0241]

83 FRefdsrtremmg negl () dmafiign 260up pregd etienditeecd odusflgr natdlonie
group and the direction of a dot pattern are defined by placing the
key dot ZowsKd tded skeéypddiod yuomerlawgdd -on t he medi um surface, which is
| ocated on the left in the exanple indicated by (b) in Fig. 26, in a
directioﬁtggﬁﬂllel to the direction of the second virtual reference

l'ine, and pla 'n%rtheégfy dat 2, @fated on the right in the exanple

i ndi cated by %%5 WeFi iAh @ &35 ﬁﬁﬂ%ﬂi&%MQﬂﬂ%%aWRQQE%?

d'reCtlonh% Q% t kftu%l ref ren%%ern and a predetermined
information group are defined by changing the size of a
dot itself as needed.
[0227]

Referring to (a) in Fig. 23, a predetermined

information group of the dot pattern 1 and the direction
of the dot pattern 1 are defined by using, as one of a
plurality of reference dots 4, a triangular dot different
in size from the remazining dots. Referring to (b) in Fig.
23, a predetermined information group of the dot pattern 1
is defined by arranging, as the reference dots 4, round
dots different in size from the remaining dots, whereas
the direction of the dot pattern 1 is defined by
arranging, only in the +Y direction, the information dots
3 different in size from the remaining information dots 3.

[0228]

Obviocusly, the method cof defining a predetermined



[ 0242] That is, the key dot 2 located on the |left indicated by
(b) in Fig. 26 is placed in a direction parallel to the direction of
the second virtual reference line in the +Y direction to define a
predeterm ned information group and the direction of the dot pattern.
In contrast, the key dot 2 | ocated on’the right indicated by (b) in
Fig. 26 is placed in a direction per pendi cul ar to the direction of

t he second yortu reference ne %%deflne a reqeternlned

i nf or mat i on group. 7t n" TR %I?fsle ke OF i RAGHFFR Y i n
t he +X di f h f dot, should b
Sced, (P P ‘WM?%%O;%'%' e PR T fyenai A e

pl aced, rectron o Brnean

recogni zi h t i th-t

corr ect p%%%. o A R T N S R pc?fed?%er Rhed
84 inforgmt ion WO U@ é&%@&é@&t Iﬂ{l ééc@r&%q{cep% i@ n A&, pef i ned

by pl acing the key dot 2 pl aced on the medi um'surface, at a

pr edet er niorett qiosid | orcnmMihe dhigthos il £ 4.ef ﬁrﬁ%&m d&nd 0244]
That is, a predeterm ned information group is fined by placing the

key dot 2Zralythieng hiatd phtritarals reaferane edddies ias oSty aidited i ne
perpendi cular to a tangent to a curve formng the first virtual
referenceld44td. The direction of the dot pattern is defined by
recogni zing, as coinciding with the correct position, the direction
in which the Keygdot4 Zsh@ﬂ%al%?t@@l%plendfhﬂg:mrtm dahi et fposidi an on
the third virtual reference |line the dot 2 is placed with

r ef er enc&Qto Rate F41y SN id tﬂfﬁdert@freflﬂe‘@:% Infeenaigios gFSeitt icdaltihg,

" dependin n ther t he key dot 2 |s |l aced in the +Y direction in
t he exan%ﬁ% éﬁ?bﬁlﬁy fq Q nglng different numbers of

virtual reference points on the two sides with reference
to the first virtual reference line.
[0230]

Referring to (a) in Fig. 24, in the +Y direction, the
second virtual reference lines are provided at
predetermined angles relative to the adjacent reference
dots such that they intersect each other on a
perpendicular line at the midpoint between the adjacent
reference dots, and the virtual reference points 5 are
arranged on the second virtual reference lines. In the -Y
direction, the second virtual reference lines are provided
so as to pass through the reference dots and intersect the
first virtual reference line at right angles, and the
virtual reference points 5 are arranged on the second
virtual reference lines.

[0231]

With this arrangement, when the reader recognizes a



[ 0245] In Fig. 26, (d) indicates an exanple in which the second
virtual reference lines are defined fromonly reference dots except
for the reference dots which are shifted as key dots. [0246]

That is, no second virtual reference line is defined fromthe
reference dot before it is placed as BRe key dot 2 on the left in the
exanple indicated by (d) in Fig. 26, whereas the second virtual
reference line is defined from 85 the reference dot before it is

pl aced aLfthPKeyrdt o iHe'dt gitferentr R&EHDI® Fhdedinas By (d)

in Fig. 26. [0247] Wth this arrangenent, other dots such as
i nf or mat i TR @' iRt THyetrivar the ey ddual mfisrenae
prevent err.oneo re nition of key dots .and other dots. [0248]
Fig. 27 é%ﬁf§¥%3§é§g%gﬂ%% Bt THP S regenei %ﬁrgﬁ§ﬁa?ﬁ£%§ ¢or di ng
to the pr qﬁ; [ ﬁgﬂ%jo [9249] Ref er.rin a)-.in.Fig 27, a
pr edet er rﬁq%le Si n‘? r matll%énd goggup eanodjq%seﬁcﬁ I’SelC ei g)nft 3:fh(ea fd'Or[S attern
are def | nad due PlAGOGAde SR Afed2 o dfe Widdaddidpl fefarence
l'ine passing through a reference dot. That is, a pre eterﬁlped
i nf or mat iy AW dos defimed iy Adddg ¢h dat il 18 T8 teal 1 anotrhe
arrangenment of reference dots unlike the key dot described abdve. The
di recti onrefodrieidef WAl tyrrdsprrfidediiedias e e i ide ridpty:k2 on
only one of the upper and lower sides with reference to the first
virtual referenoedtd masition. If the virtual reference points 5
(smaller in number than those on the opposite side) appear
in the -Y direction relative to the first virtual
reference 1ine, it is possible to define the direction of
the dot pattern upon recognizing the direction set by
rotating the corresponding dot pattern about its center
through 180° as coinciding with the correct position.
[0232]
In Fig. 24, (b) indicates a modification in which one
virtual reference point 5 is provided for one reference
dot in the +Y direction with reference to the first
virtual reference line, and one virtual reference point 5
is provided for three reference dots in the -Y direction.
In Fig. 24, (c) indicates an example in which a portion
where one virtual reference point 5 is provided, for one
reference dot, on each of the two sides with reference to
the first virtual reference line is a spot for the
definition of a predetermined information group of a dot

pattern, and the direction of the dot pattern is defined

by arranging different numbers of virtual reference points



[ 0250] In Fig. 27, (b) indicates an exanple in which the
fourth virtual reference line is provided, which is a straight line
passi ng through the side dot 12 and parallel to the first virtual
reference line, and virtual referencegqoints are provi ded at
predeterm ned intervals on the fourth virtual reference line.
Defining virtual reference 86 points using both the second and

fourth vigtual f ! 1 I acy..
[Oopa] R RS ARES Carkq O AT LIRS QY Me L PR A IS Hrot

pr edet er nj e d N s F@tdofe aroup BN A Al £86Td O Of o @y torpac_}fcﬁ.[ép

are defined by arranging the side dots 12 on the tw sides of”t

first virtasludes eftenee dimauat Hidanend ghist@anoes | rgm the first
virtual reference line. In Fig. 27, (d) indicates an exanple in which
the directimnctofora atat fmtt erinctus defd Meckrine adieit datn aliained by
shifting a reference dot upward on the third virtual reference |ine
and t he diistegriciem)bet ween the key dot and the side dots 12 arranged
on the two sides of the first virtual reference line at equal

di stanceslG4%th the first virtual reference line, and a predeternined
information group is defined by the intervals between the side dots
12 and the keyRioiougpsAs describhed gl held difowresaifdre tar e

vari ous difications of the arrangenent, of side dots which can
defi ne aQ%V¥%ﬁ9 BN &S 1Gi% 0, ttied digfecenes eriatdot

pattern,whggﬁfourth vi r.t ual. refer%?ce l.i.nes, and the like, and

al teratidns can abéj_rfer&éeéﬁefr[ﬁélc?g ' oﬁ@%ﬁh&é{ﬁéﬁ i OFiSHChe 30CbF€ of
Rl S O L N A R T
dot p?tt%&%v@@%@“ﬁ%da%ﬁo&@%n@%t%@%h 82dk1% T83Smation on a

medium surface.

[0234]

Fig. 25 is a view showing an example of a dot pattern
formed along an actual polygonal line.
[0235]

When an actual line 10 forms an angle, that is, there
is an interval between two lines having the same edge
point, the dot patterns 1 are preferably made
discentinuous.

[0236]

This can prevent erroneous information input/output
operation, when reading near an edge point, due to reading
of an information dot located near an information dot
which should be read, instead of it, when dot patterns are
formed consecutively.

[0237]



87 [0254] When obtai ning the XY coordinate values of the center
of the captured imge, the coordinate values of the coordinate center
of the dot pattern are obtained first. [0255] A representative
coordinate value of a dot pattern whigh defines one coordinate val ue
is represented by (X0, Yo) in the dot coordinate system and is
represented by (xo, yo) in the inmaging coordinate system [0256]

In addition, lesténghdk be an ineseaseidn dbe hraordinate val ve, of
dot coordinates and My be an increase in the Y-coordinate val ue, the

val ue of {Xmudad ¥rhidnears be teprasanted:-hyarX ady ssdit itk Do ik tishl
—n R dot, information input/output operation near an edge point
may be allowed by linking to predetermined information
upon determining that the read dots do not comply with a
dot pattern generation algorithm.
[0238]

Fig. 26 shows examples of the arrangement of key dots
according to the present invention.
-[0239]

Referring to (a) in Fig. 26, the direction of a dot
pattern and a predetermined information group are defined
by shifting one of a plurality of reference dots arranged
linearly in an oblique direction from the first virtual
reference line.

[0240]

That is, a predetermined information group of a dot
pattern is defined by placing the key dot 2 in an
obliquely upper leftward direction from the position at
which a reference dot should be placed in the example
indicated by (a) in Fig. 26 instead of placing a reference
dot at the position at which it should be placed. The
direction of the dot pattern is defined by recognizing, as
coinciding with the correct position, the direction in
which the key dot 2 is placed when it is placed in the
shifted direction.

[0241]



Therefore, the XY coordi nate values of the center of the captured

I mage is represented by the following equation: Kx n Y Ky - oc -
where n is the nunber of reference dots between the first dot of a
plurality of reference dots defining one set of coordinate val ues and
the start dot of reference dots definBAg coordi nate val ues
consecutively arranged follow ng the set of coordinate values. 88

[ 0257] In addition, ais a coefficient for indicating an

i ncrease in y-RobRHT A et n(Phel e aptdr et i mager edorelimined system wi t h
respect to a distance Ax between reference dots of the dot pattern in
the capt urEP il i HMmaat fha cHiresid A oot rdp et a1a! e

i i - i i he dot coordj nate system [0258
Inerease Ky d NG A MRS L L8, dpt, ceordingle system  [0258]

arranged on the medium surface, which is loccated on the
left in the example indicated by (b) in Fig. 26, in a
direction parallel to the direction of the second virtual
reference line, and placing the key dot 2, located on the
right in the example indicated by (b) in Fig. 26, in a
direction perpendicular to the direction of the second
viftual reference line.

[0242]

That is, the key dot 2 located on the left indicated
by (b) in Fig. 26 is placed in a direction parallel to the
direction of the second virtual reference line in the +Y
direction to define a predetermined information group and
the direction of the dot pattern. 1In contrast, the key
dot 2 located on the right indicated by (b) in Fig. 26 is
placed in a direction perpendicular to the direction of
the second virtual reference line to define a
predetermined information group. In this case, since the
key dot 2 is shifted in the +X direction from the position
at which a reference dot should be placed, the direction
of the dot pattern can be defined by recognizing the
corresponding direction as coinciding with the correct
position.

{0243]

Referring to ({(c) in Fig. 26, a predetermined



Note that a dot pattern need not always be forned at the position of
aAx above the dot pattern in Fig. 28. [0259] When using a
one-di nensi onal dot pattern defined by X-coordi nate val ues, code

val ues may be defined in the regi on where Y-coordi nate val ues are
defined. [0260] Wth this arrangdnent, arranging a dot pattern
al ong an actual line can give vector information fornmed by various

| ine segnments such as a CAD draw ng, characters/synbol s/ graphics, the
cont our s 0T ArApL oA YA R fidrsredd Ire T I o frek edoti tpgidssithlare o
print electronic vector jnformation such as DTP information, CAD

i nf or mat i 1089 b RIS 1Y dofediuRlgasEbyn the medhum
exanple, in the case of CAD, conventionally, it is technicall

i npossi bl B FArqut’t & & SHT O RS (RIS 4 TSy it | tﬂ}”i%g}’el%dﬁﬂi ng.

Appl yi ng_lte@ rnecseerhtir{enventi on to CAD nakes it possible to generate

el ectronic vector information for CAD by reading the entire
drawi ng V\[idﬁmt he optical readi ng neans. [0262] I n addition,
the present | n]venti on (streamdots) allows to define Z-coordinate

al ues. Thi i ' T e |
val ues. NS MRS id, ROSSIRS 40 SR SRR INATIH TR desined

by placing the key dot 2 on the third virtual reference
line as a straight line perpendicular to a tangent to a
curve forming the first virtual reference line. The
direcﬁion of the dot pattern is defined by recognizing, as
coinciding with the correct position, the direction in
which the key dot 2 is placed, depending on at which
position on the third virtual reference line the key dot 2
is placed with reference to the first virtual reference
line, more specifically, depending on whether the key dot
2 is placed in the +Y direction in the example indicated
by (c) in Fig. 26.

[0245]

In Fig. 26, (d) indicates an example in which the
second virtual reference lines are defined from only
reference dots except for the reference dots which are
shifted as key dots.

[0246]

That is, no second virtual reference line is defined
from the reference dot before it is placed as the key dot
2 on the left in the example indicated by (d) in Fig. 26,

whereas the second virtual reference line is defined from



It is therefore possible to read height information at any position
on a map by using streamdots for the contours of the map. In
addition, printing dots on a stereoscopic surface can read and
reproduce the correspondi ng stereosco%%c shape. [0264] The

i nks used for a streamdot pattern according to the present invention
and for visible printed matter on a nedium surface will be descri bed

next. [026%] ,refer?ﬂ_g@ (F(%( E@fr?]?%u?ﬁgl% Oggléj@é%ngé ngljk%]gkvﬁ C(%Oéti &

dot pattern is preferably stea invisible in absorbs

i nfrared dights e cas bore bl askod ki ndhes d o wsedy f of, P Nt ing. gener al

graphics and texts is preferably non-carbon ink which reflects or
transm tsjgafriared |light. [0266] It is possible to print a dot
pattern using alnost all types of printers ranging froman of fset
printer to an Wil ethis i st esndpymeont y @it nodone siap £ Odotopiditdng
to general printing steps without requiring any special 90 printing
t echni quelof{s=02674 not arrardpdd patderthedast idatt e byr'iishuwian dot s each
having a diameter of 0.04 nm (about 0.05 mmin the case of an inkjet
print er) HELSVHTT jQUiang s deecadyi iyl @wolaf |kess datenspat ertther dots.

i nfrared-absorbing stealth ink devel oped for high-quality output can
make dots“E%Wﬁletely i nvisible. [0268]

Fig. 27 explains examples of the arrangement of side
dots according to the present invention.
[0249] |

Referring to {(a) in Fig. 27, a predetermined
information group and the direction of a dot pattern are
defined by placing the side dot 12 on the third virtual
reference line passing through a reference dot. That is,
a predetermined information group is defined by adding a
dot while maintaining the arrangement of reference dots
unlike the key dot described above. The direction of the
dot pattern is defined by placing the side dot 12 on only
cne of the upper and lower sides with reference to the
first virtual reference line.

[0250]

In Fig. 27, (b) indicates an example in which the
fourth virtual reference line is provided, which is a
straight line passing through the side dot 12 and parallel
to the first virtual reference line, and virtual reference
points are provided at predetermined intervals on the

fourth virtual reference line. Defining virtual reference



Note that information dots are generally provided at equal distances
fromvirtual reference points to nmake the dots unnoticeable. Wen,
however, accurately recognizing information dots by expressing the
information using lengths as well asjdirections, the information may
be defined by different distances at the respective virtual reference
poi nts. [0269] When not changing the ink and the printing st eps
at all (Hﬂ:‘xﬂﬁ@@'ﬁlrﬁ'%ﬁmg&he Kd &H PO P! agkde %Ickgs may felre K

inks is used for dots. In this case, C, M and e used for
a CAD dravirdeks &raragd ewd ool P &Sar &8P, a photograph, and
graphics, and K ink may be used to print dots on them Black color is
expressed d®sicjonposite bl ack obtained by mxing C M and Y inks at
100% However, since perfect black cannot be reproduced, black is not
enphasi zed. Thirs May. |ZAd (o airdifdatsed g ctxamgpld niraddiidons a
region in which dots are printed becones a hal ftone dot pattern 91
because tdeeddtey mare rinficadnddyl d igheupA arldbgdre |digledti drhicst reeglaan
will show a slightly raylsh plcture In order to solve this problem
dmsrmy%ﬁ%ﬁ%ﬁﬁﬁ% Pymiafinang it ddwarsyi deediads, landrcthy v,
and K inks may be used for a region in which no dots are printed, as

in a con\Féf‘m iSorias toé%ﬁrﬂeqd%r%v‘@\)fé‘rualt Kief s9nGifs ]{lﬁ’@ Sdaridfarent

t ouch onl Ilnlt i 0 n which dots are print [ 0270]
In additl %9%%%%%‘ cﬁhﬁ&ﬁeﬁﬁﬁi?%%ﬂ?q NCEa %QerﬂﬁbFlg

infrared.r n ot,_al | ow _caopyi po S|ble to intain
security a7'? g(%ﬁl gﬁlcﬁq%\% e e eﬁiraimﬁﬁleﬁénngf&lt?%ﬁ 'tz’ GRS Ao Gany
speci fi c Jyp a%% Pe's %%%q 'n&b@gdoltob%aag%%!gl éﬁiﬂ@fdg a
dots on any type of paper, or exanpl e art paper

hi gh- qualdetrt eaRer dokl & =RPSH t@%w%ﬁﬁg%rWl&%ﬁ%@g&%ﬁgE%n%%pg
printer paper. Furthernore, it is possible to print on any HE&IUHI

ot her thandpaper diasaherg a%thRenmedisURedogsthahdexpand gk %F&Tsr got .
[0271] This techni que can use all types of nedia such as

newspapegrrphaen papehe amd poldgesodr thandican phikRtizhy réSeR@nce
printing techni ques such as offset printing and rotary press
printinglit¥ pti roibag, dasdapcest fmgnusheg famsicnkjietupli ne€erehbat i s,
the techni que is very high in degree of freedomin printing.
line, and a predetermined information group is defined by
the intervals between the side dots 12 and the key dot.
[0252]
As described above, there are various modifications
of the arrangement of side dots which can define a
predetermined information group, the direction of a dot
pattern, the fourth virtual reference lines, and the like,
and alterations can be freely made to the arrangement
within the scope of the present invention.
[0253]
Fig. 28 is a view showing an example of how the XY

coordinate value of the center of an image of a dot

pattern captured by the optical reading means.



[0272] Note that the scanner which reads dot codes can 92 perform
processing frominmaging of a dot pattern to analysis of the dot codes
inonly 0.1 sec to 0.2 sec. This nmakes it possible to access

information instantly wthout any stress. [0273] Q her exanpl es
of the arrangenent of a dot pattern wBl/l be described next with
reference to Figs. 29 to 31. [0274] In Fig. 29, (a) indicates
an exanple in which the virtual reference points 5 are provided on
the referldc®dots 4 on the first virtual reference i ne instead of
the second virtual reference lines. In Fig. (b) indicates an

exanpl e in whi'thER RPYWIIRG TR éi‘éreeowr}ﬁfse Bfaa]r‘éespr%ﬁn% GH ke

ref erence ts 4 on the first virtual re rence l.i ne as |1 as on

t he secorit %I}e{ el r]ErLerfeéjr ee89i dd€ 'fIS]i e valggs, i \rlrg]ec o (a) in

Fig. 29, Ssi ve th for sear chi.n he second
virtual r e%oellrdzlr{gagc i nengC andjsléﬁg}eeé'g)ec rrgt BTG v tﬁgnﬁ# 8T i ng

to (b) |qd§5% 29, it is possible to increase the information anount.

[0276]
A representative coordinate value of a dot pattern

which defines one coordinate value is represented by (X,
Yp) in the dot coordinate system, and is represented by
(%0, ¥Ye¢) 1in the imaging coordinate system.

[0256]

In addition, letting Kx be an increase in the X-
coordinate value of dot coordinates and Ky be an increase
in the Y-coordinate value, the value of {(Xp:1, Yne1) can be

represented by

X =X_ +K,

n+1

Y =Y -E'K]F

n+ 1

Therefore, the XY coordinate values of the center of

the captured image is represented by the following

equation:
Kx

X— X('\_\E)s;\
n Ax
Ry

NV o= — =
D(m{x(:v ve) T Y,

where n is the number of reference dots between the first
dot of a plurality of reference dots defining one set of
coordinate values and the start dot of reference dots
defining coordinate values consecutively arranged

following the set of coordinate values.



In Fig. 29, (c) and (d) indicate an exanple in which the reference
dots 4 are arranged on the virtual reference points 5 provided on the
second virtual reference lines. Referring to (c) in Fig. 29, no dots
are arranged on the 93 virtual reference points 5. This arrangenent
sonetinmes |leads to slight delays and &Brors when recogni zi ng and

anal yzing the image data read by the optical reading nmeans as
conpared with an arrangenent in which the reference dots 4 are
further at®%anbled on the virtual reference points 5 as indicated by
(d) in Fig. 29. Arra_ngi ng the reference dots 4 on the virtual
reference poi m% FIAETINH Xt By dyCIF LI FEly. Foo MRkt inp i bl e

to also define the virtual reference points 5 fromthe new y arranged
r ef er ence Ot % artl Bt Tt coghi ttlﬂ’c?n HRYES I EWHE B er n

nore accur teelré"wi[ %27743 Not e, .t h;aatnéehem! |bresﬁttW virtu r ef erence

line may be provided By RBhned ihd the Hewd: &1 a0 1eraditce dot s

4, or theysec t»ﬂgt#@él dafananas lines. £ &%kglﬁve&ée%oclr%%ﬁte

In Fig. 30, (a) to (c cate the conpari son nha case In

whi ch no Jefeiencs AQA: &S A dNEed @ Md tiypl J£fengncs, pai nts and
a case in"which reference dots are arranged on virtual® reference

poi nts. [biinate irxHNHRALRG MM e Iy Ftich. 30, when no

reference dots are arranged on the virtual reference points 5, it is
necessaryxp8drovi de the virtual reference points 5 by defining the
second virtual reference lines and the fourth virtual reference |ines
fromthe refentrice Watts a4 duir gregeckon rideed frigtsta maysudde rfefrereeneer
line and the side dots 94

the position of aAx above the dot pattern in Fig. 28.

[0259]

When using a one-dimensional dot pattern defined by
X-coordinate values, code values may be defined in the
region where Y-coordinate values are defined.

[0260]

With this arrangement, arranging a dot pattern along
an actual line can give vector information formed by
various line segments such as a CAD drawing,
characters/symbols/graphics, the contours of a map, and
road information. This makes it possible to print
electronic vector infeormation such as DTP information, CAD
infeormation, or map information on a medium.

[0261]

For example, in the case of CAD, conventionally, it
is technically impossible to acquire electronic vector
information by image copying. Applying the present

invention to CAD makes it possible to generate electronic



arranged on the third virtual reference lines. The larger a region
formng a predeterm ned information group, the nore difficult it is
to search for the virtual reference points 5. [0280] I n
contrast, arranging the reference dots 4 on the virtual reference
points 5 as in the exanple indicated @ﬁ (b) in Fig. 30 can also
define the second virtual reference lines fromthe newy arranged

Sl or eneer ot s UL TRAE S PSS s AR LR st e
possi bl e o defi ne C Vi Lt ef erence points by arranging a
plurality %% ?Eel?%r%#gjgc%%tggg%lé%ry |r}1§é‘s and to search for virtual

referencergpints. In the exanple indicated by (b) in Fig. 30, for
exanple, the fourth virtual reference Iines |ocated on the upper and

| ower ends of &n ps@det £5) Nesk | HF O IBE | Oy G OLUP, ”Pé’t)p@aﬁ%ot[ass} the

first virtual reference lines (W thout providing any virtua

ref er encea oW St @ rdeat 18 gi -Neb avad i 18 Nt Jiens dots)i s [hA82] i+

Qobvi ously, reference dots can be arranged on all the virtual

ref erenceoquiiiils tas dxapitaat athdye{dmdms il Ibofdizt3es. The
step of providing virtual reference points at predeterm ned positions
at whi ch td¥%63lef erence dots 95 arranged on virtual reference points
are connected to the reference dots arranged on the first virtual

reference |inetwily Weenrbkers meap siddie Wia traast dreiide tiofanatddre) in

Fig. 31. ‘o
9 at any position on a map by using stream dots for the

contours of the map. In addition, printing dots on a
stereoscopic surface can read and reproduce the
corresponding stereoscopic shape.

[0264]

The inks used for a stream dot pattern according to
the present invention and for visible printed matter on a
medium surface will be described next.

[0265]

The ink to be used for dot printing of a stream dot
pattern is preferably stealth ink (invisible ink) which
absorbs infrared light or carbon black ink. The ink used
for printing general graphics and texts is preferably non-
carbon ink which reflects or transmits infrared light.
[0266]

It is possible to print a dot pattern using almost
all types of printers ranging from an offset printer to an
inkjet printer by only adding one step of dot printing to

general printing steps without requiring any special



[ 0284] First of all, lines connecting the reference dots 4
arranged on the virtual reference points 5 and the reference dots 4
arranged on the first virtual reference |line are provided as
indicated by (a) in Fig. 31. As indicated by (b) in Fig. 31, the new
virtual reference points 5 are providé€8 at the intersection points
between the provided lines and the fourth virtual reference |ines
defined fromthe side dots arranged on the third virtual reference
lines. [02B51ting tegiditkcated by (c) in Fig. 31, infornation dots
are then Egé$£ﬁed’ whi ch define information with di stances and

di rection mthe newy provided virtual reference points 5. [0286]

Qovi ousl y, wh I ncreasing the anmpunt of. informati defi ned by, one
pr edet er mi ned%pnc?%q‘ et '%%gbr%?fbs, Jt%"ér)t?cgf%‘? S ot ¥ c%cr}bg”‘af‘ﬁ]ﬂ%er
arranged .on,. j Lrtual,r ence .poi nts 5

i ndi cgt ed lr%/la?rge)%?ﬁr,lw%ﬁ gf.'q%dl,q%gngﬂ{%%@vq 'roﬁjgr?" re éclr?‘leencceaspeoion &5 can
be further,orQvi pr; ef 41 itd.ons At i Wy
arr angedqrne]%e&e r%%gl%d%rs) 4l%g§§elqcf§n&n%gct e ts_gsle?he [%'telfng]e%geé ﬂS%sqﬁot s 4
arr anged a9/ i A 1St i Fd b - Sf anante didi -t 0280 ldeve lopedSor

descri bed above, the stream dot pattern according to the present
i nvent i omiaJH-ee 1tia ydefitpd nf0r MO completely invisible.
(0268]

Neote that information dots are generally provided at
equal distances from viftual reference points to make the
dots unnoticeable. When, however, accurately recognizing
information dots by expressing the information using
lengths as well as directions, the information may be
defined by different distances at the respective virtual
reference points.

[0269]

When not changing the ink and the printing steps at
all (four-cclor printing), K {carbon black) ink of C, M,
Y, and K inks is used for dots. 1In this case, C, M, and Y
inks may be used for a CAD drawing,
characters/symbols/graphics, a map, a photograph, and
graphics, and K ink may be used tc print dots on them.
Black coclor is expressed by composite black obtained by
mixing C, M, and Y inks at 100%. However, since perfect
black cannot be reproduced, black is not emphasized. This
may lead to a diffused picture. In addition, a region in

which dots are printed becomes a halftone dot pattern



an anount simlar to that by a conventional dot pattern while
properly formng the dot pattern along an actual line including a
curve or on a curved surface body such as a gl obe. [0288] Not e
that it is also possible to provide virtual reference points between
reference dots arranged linearly and gﬁrange virtual reference points
at arbitrary positions in a predeterm ned information group by a dot

patiern aegercls analaon L LOZRRL. wy o FlES 2200089 Pl
L?ggg% er rﬁhniesdlfllen irc}%lnaqﬁlolﬁa%%%p% ;%ﬂg(%rﬁ%l&d;gﬁ%ae)(dia%vggi@%%géIonﬁs. Thi s
P, DR S o0 BSB89 0 (e 1 RS
minimum necessary region, and C, M, Y, and K inks may be
used for a region in which no dots are printed, as in a
conventional technique. However, this allows the scanner
to touch only a limited region in which dots are printed.
[0270]

In addition, since this technique uses ink that
reacts in the infrared ranée and does not allow copying,
it is possible to maintain security at a high level. The
printing medium is not limited to any specific type of
paper used for printing. It is possible to print dots on
any type of paper, for example, art paper, mat paper,
high-quality paper, plain paper, newspaper, photographic
paper, or printer paper. Furthermore, it is possible to
print on any medium, other than paper, as long as the
medium does not expand or contract.

[0271]

This technique can use all types of media such as
newspaper, plain paper, and polyester, and can print by
using printing techniques such as offset printing and
rotary press printing, UV printing, and printing using an
inkjet printer. That is, the technique is very high in
degree of freedom in printing.

[0272]

Note that the scanner which reads dot codes can



In Fig. 32, (b) indicates a case in which a dot pattern is
constituted by only code values. In COto 017, the code val ues of the
respective dot codes of the dot 97 pattern in the respective regions
indicated by (a) in Fig. 32 are registered. In 018 and 019, parities
are registered. [0292] Referrifig to (c) in Fig. 32, XY

coordi nates values are registered together with code values. That is,

referring to (%% in Fig., 32, X-coordi nate values are registered in CO
to 07, VRS R TP SR S W dgiagiate Pl # ot P ardP code

val ues are reqister i n 6 to,019. [0293] As descri bed above,
inthis ea%&%?e%tqﬁ%ec%]tdi%ees vat dﬁé-‘{:agﬁ 1be'sercts‘gﬁOsg)e'r%ao‘?jeq'oget her
w th code..V | e dot_-pattern, [0294 . 1n.addition, in
Fig. 32, eT(h d)ag ilﬁﬁaaﬁecéa{l et; q)e? ! olrbrrla tv%iac%CJrsesgilsr{fec?%n ¢dork |sﬂ:a I'1etci\),al ues

togetherﬁ@ﬁﬁéﬁ%éﬁﬁggﬂ#@ggavalues. As descri bed above, the dot

pattern accor e present invention can use a very flexible
f or mat aﬁﬁgvjme case in which only code values are registered, the
case in i ch code val ues and XY coordinates are registered, and the

case in whi ch ctrnorgdiigdie v lehars- ragiaiaed egeidherp ddynXY
coordi nate val ues.
will be described next with reference to Figs. 29 to 31.
[0274]

In Fig. 29, (a) indicates an example in which the
virtual reference points 5 aré provided on the reference
dots 4 on the first virtual reference line instead of the
second virtual reference lines. In Fig. 29, (b) indicates
an example in which the virtual reference points 5 are
provided on the reference dots 4 on the first virtual
reference line as well as on the second virtual reference
lines.

[0275]

Referring to (a) in Fig. 29, it is possible to save
the time for searching for the second virtual reference
lines and increase the reading velocity. Referring to (b)
in Fig. 29, it is possible to increase the information
amount.

[0276]

In Fig. 29, (c) and (d) indicate an example in which

the reference dots 4 are arranged on the virtual reference

points 5 provided on the second virtual reference lines.

Referring to (c¢) in Fig. 29, no dots are arranged on the



[ 0295] Note that a code val ue indicates an active code and/ or
an index, the active code indicates a processing nethod, and the

I ndex indicates a predeterm ned region. 98 [0296] I n
addition, an index includes a coordinate index, which indicates a
region in which the page nunber of papér as a nediumor the like is
registered. In this region, it is possible to register an identifier
identifying a mediumitself in which XY coordinate values are

regi st er 6 10vUaL gy FRIMRIPUNTES dot pHti®rarrgropmynt sometlimes g.
32, (e) to |nd|cate ot her nodifications of the format. [0298]
The rel at} ‘?ﬁfg% At @r%ﬁjé"nﬁi} FESOHHE i i er s

Wil be desclr Izblendg n:%xet ivrmnatghe rchtear ernecad tboy Iﬁzlhge th,[aQL grgéadlng means
as compared with an arrangement in which the reference
dots 4 are further arranged on the virtual reference
points 5 as indicated by {(d) in Fig. 29. Arranging the
reference dots 4 on the virtual reference points 5 as
indicated by (d) in Fig. 29 makes it possible to also
define the virtual reference points 5 from the newly
arranged reference dots 4 and pegform recognition analysis
of the data pattern more accurately.

[0277]

Note that the first virtual reference line may be
provided by connecting the newly arranged reference dots
4, or the second virtual reference lines can be defined.
[6278]

In Fig. 30, (a) to (c) indicate the comparison
between & case in which no reference dots are arranged on
virtual reference points and a case in which reference
dots are arranged on virtual reference points.

[0279]

As indicated by (a) in Fig. 30, when no reference
dots are arranged on the virtual reference points 5, it is
necessary to provide the virtual reference points 5 by
defining the second virtual reference lines and the fourth
virtual reference lines from the reference dots 4 arranged

on the first wvirtual reference line and the side dots



According to the dot pattern indicated by (a) in Fig. 33, a
predeterm ned information group of the dot pattern and its direction
are defined by placing a predeterm ned dot (key dot or side dot),
unlike the case indicated by (a) in Fig. 32 in which a predeterm ned
information group of a dot pattern an84its direction are defined by
the shifting the direction of each information dot froma virtual
reference point. This allows the dot pattern to have shifts in eight
directi or?s“?adTgecﬁlé”} st it tsh Vd‘cﬁtuatlhd%eﬁ%rert‘%? He\é&San iTheorkadtdson
amount of 3 bits. st[OBOO I n Fi lﬁpb%@(l ndi cat es a case in Whl ch a
dot 99 p?atlieegr%?l} 9 tuthef eoﬁﬁf} neg\}féiutPes thé thi

S

dot pattern r di,nat. vaI es are re st i
Y- coor di F&tE vda ]%(e)s alp:e ?Cegl ster e7 37 Vﬁdlai Efdg:%(ﬁeﬁ’éie
val ues ar. stered in C18 to C26. [0301] As descri bed above,

using th dlot pattern according to the present invention can cope
w th Z-cogydignat e val ues and ot her coordinate systens (for exanple,
cylindrical coordinate system spherical coordinate system or

| atitude/ | ongiftiide Skt AS MR inALHEY Lo dNat Qo Wesn [{QR02]

Ot her nodifications of the fornat may be those indicated by (c) to

(9) in Fivgrt3dlane fdierdek o ibush 5f sl talee dx@impilenined che eldhese
shown in Fig. 33. Qoviously, it is possible to freely change the
formats wiktthiim tFie .sGGpezof alhe prddiert tihryeridonnl viGIO3L

O her exanples of the arrangenent of the dot pattern will be
descri bededexenset B imefserfeore the Fieyly34rranged reference dots 4.

This makes it possible to search for the virtual reference
points 5 more accurately.
[0281]

Obviously, it 1s possible to define the second
virtual reference points by arranging a plurality of
reference dots in two lines and to search for virtual
reference points. In the example indicated by (b) in Fig.
30, for example, the fourth virtual reference lines
located on the upper and lower ends of a predetermined
information grcup may be set as the first virtual
reference lines (without providing any virtual reference
points or arranging no information dots).

[0282]

Obviously, reference dots can be arranged on all the
virtual reference points, as indicated by (¢) in Fig. 30.
[0283]

The step of providing virtual reference points at

predetermined positicons at which the reference dots

a



[ 0304] In Fig. 34, (a) indicates an exanple in which reference
dots are arranged on virtual reference points. In Fig. 34, (b)

i ndi cates an exanple in which reference dots are consecutively
arranged in three lines on a nediun1sg§face, and virtual reference
points are provided on the reference dots on the respective rows.

100 [ 0305] Note that as the step of arranging reference dots

and virt nOi ane .spots, it is ssihl e .to use
either t %%%ﬁ%%%%%ﬁ% I?e%feéI'l\/‘L':%r eu;Eie o ererenc ecopnol} n%qcsedoﬁc% htehe

ref erenc t t r i : : e he

vi rtual rere%‘j%rlzenréﬁee pac}?cn%sﬁpr[%%%%{ Cﬁp%wlénl%%ﬁ%ﬁ%lc)% |eg{ahtées an
exanpl e i1 hingin 1t e sReQndipdd thale hefiel ence ddmies « i fdhuals (¢)
reference points, and information dots are arranged between rows of
referencerdatisy.c@isecutively arranged in lines. [0307] In the
exanple indicated by (c) in Fig. 34, straight lines connecting the
ref erencelst4s] arranged on the different first virtual reference
lines are set as the second virtual reference lines, virtual

ref erence poi iisc=r eofpraohd deldirats tdmneapointthefrdaffrreesontbba r4 ual
reference lines, and information dots are arranged. However, the

ar r angen@iragied rnudihe éfisrtarde yedianendes pedmts i teedl ttdret he one in
whi ch the second virtual reference lines are defined between the two
first videfarsnseéice 4 iatesnded additdicod 1 r6tvivdadivpl wiede rancangi ng

accor A ng P6 PHE GSGPESET AnPGRHERLGH B ), Hguthsut put, e 1o
POSS1 b BRLRA05. 1L A Ty GELETSACE RN O SELY R8RS o
points 5 are provided at the intersection points between

the provided lines and the fourth virtual reference lines
defined from the side dots arranged on the third virtual
reference lines.

[0285]

As indicated by {(c) in Fig. 31, information dots are
then arranged, which define information with distances and
directions from the newly provided virtual reference
points 5.

[0286]

Obviously, when increasing the amount of information
defined by one predetermined information group, the
reference dots 4 can be further arranged on the newly
provided virtual reference points 5 as indicated by (b) in
Fig. 31, and the virtual reference points 5 can be further

provided at predetermined positions at which the newly

arranged reference dots 4 are connected to the reference



101 [ 0308] In Fig. 34, (d) indicates an exanple in which the
second virtual reference lines are defined between the two or nore
first virtual reference lines, and information dots are arranged.

[ 0309] When providing virtual reference points between the two
or nore first virtual reference lines®fPn this manner, the positions
at which the virtual reference points are provided are not limted to
the m dpojnts. However, the virtual reference points are preferably
provi ded Ft % He 3HIFESH £t & pddinst tHe ssl thedirasics RN r t ual
reference osiﬂts fromthe positions of the corresponding reference
dots easi[IO% and nore accurately, inprove the recognition ratio, and

i ncrease the | cul ati.gn speed. [Qtth] éfi . ?1% shows an exanpl e
of a state in tihiCH StrEsEm AR Patt b i 8 Or%rﬁfe S AT Ye
0311 ef er.r.i t. iq.. 35, dats id r

grran]ged tion taltl dipt%lreogne ol?lé): éIrQC elr(l%e adllgl?;sasa%(? iq%&:irnsr?atj'%g%q:%%ttgo%f?g key
dots are AptaArfandsd 10 Whe din eRs Qord Rradelar Hdiedduaiormlt i on

group. The key dots are representati've points of t ot pattern 1
correspoR@iing tQ-opRe 1hLGIRMiTRP e jiced RV t&F i RiYHIREN0R ek 19T oup.

The side dots are dots arranged on extended lines in the positive and
negat i ve 1shief tiinkg WdiiheClHl Qurdfe the ey dtredl@lrface body such as

a globe,

[0288]

Note that it is also possible to proﬁide virtual
reference points between reference dots arranged linearly
and arrange virtual reference points at arbitrary
positions in a predetermined information group by a dot
pattern generation algorithm.

(0289]

Figs. 32 and 33 explain the relationship between dot
patterns, code wvalues, and identifiers.
[0290]

In the dot pattern indicated by (a) in Fig. 32, a
predetermined information group is constituted by 2 x 5
regions. This predetermined information group is
partitioned into C1-0 to C19-18. 1In Fig. 32, (b)
indicates the dot code format of each region.

[0291]
In Fig. 32, (b) indicates a case in which a dot

pattern is constituted by only code values. In C(C to Cl17,

the code values of the respective dot codes of the dot



2. [0312] Referring to (b) in Fig. 35, reference dots and
stream dot patterns are arranged at equal intervals. XY coordinate
val ues are defined wthout any gap by formng a plurality of stream
dot patterns side by side with refereage dots being arranged at
predeterm ned intervals. However, the”stream dot pattern according to
the present invention is not limted to this. As indicated by (a) in

Fig. 35, ﬂalpciteéf@li% ”E%. %%[5?%%{\% 'llé' iso%ts t{%c}r']i?:gance tsb)ggég)erinns'Filgn.

addi tion, I'S poSsSI Itrarily set i rva ween

referencgdels JQ3ereq. HIG dig Possihlg d o forma dot

pattern by repeati'ng a predeterm ned I nformation group in an
arbitrar ycsfiapeeenformng to an information region visibly fornmed on
a medi um surface without being restricted by the shape of a
rect angul@2azggi on (used as an index) when a dot pattern whose XY
coordi nates are defined is formed as a two-di nensi onal code.
| ndustri al Apfdizahiilnig yvd 031)4]in Fig. Azortli ngdal i 4 esgntes
invention, it is possible to define and use information on curved
sur f aces agfe glegied e reghdre gettdsirons. tdndadee vailkes .andhadr iieys ki nds of
products, along the lines drawn on CAD draw ngs, maps, characters,
synbol s, &t rdiashites, (@and rc drtdourss oK~ CcLO3 dphaiteg vaphvs s iameges, and
the |ike. Reference Signs List _ _
registered in TO to C7, Y-coordinate values are registered
in C8 to C15, and code values are registered in Clé to
Cl9.
[0293]

As described above, in this embodiment, XY coordinate
values can be registered, together with code values, in
the dot pattern.

[0224]

In addition, in Fig. 32, (d) indicates a format which
registers Z-coordinate values together with XY coordinate
values. As described above, the dot pattern according to
the present invention can use a very flexible format as in
the case in which only code wvalues are registered, the
case in which code values and XY coordinates are
registered, and the case in which Z-coordinate values are
registered together with XY coordinate values.

[0295]
Note that a code value indicates an active code

and/or an index, the active code indicates a processing

method, and the index indicates a predetermined region.



[0315] 1...dot pattern 2.. .key dot 3...information dot 4..
.reference dot 5...virtual reference point 6...first virtua
reference line 7...second virtual reference line 8.. .third virtual
reference line 9...fourth virtual reference line 10.. .actual |ine
12...side dot 104 dains 1.A nethod 88 forming a dot pattern,
characterized by

[0296]

In additicon, an index includes a coordinate index,
which indicates a region in which the page number of paper
as a medium or the like is registered. 1In this region, it
is possible to register an identifier identifying a medium
itself in which XY coordinate values are registered or a
page number as a dot pattern.

[0297]

In Fig. 32, {e) to (g) indicate other modifications
of the format. |
[0298]

The relationship between dot patterns, code values,
and identifiers will be described next with reference to
Fig. 33.

[06299]

According to the dot pattern indicated by (a) in Fig.
33, a predetermined information group of the dot pattern
and its direction are defined by placing a predetermined
dot (key dot or side dot), unlike the case indicated by
(a) in Fig. 32 in which a predetermined informatiocn group
of a dot pattern and its direction are defined by the
shifting the direction of each information dot from a
virtual reference point. This allows the dot pattern to
have shifts in eight directions for one information dot,
that is, tec have an information amount of 3 bits.

[0300]

In Fig. 33, (b) indicates a case in which a dot



conprising the foll ow ng steps, when formng, on a nmedium surface, a
stream dot pattern defining information according to a predeterm ned

rule for dots: 1) arranging a plurality of reference dots
| inearly and consecutively on the medi um surface according to a
predeterm ned rul e; 2) providiA§ a first virtual reference

| i ne which connects the plurality of reference dots and is forned by

t ht I r 0 onal _l.ine and/or_a curve;
B ovi di Pt ST \ﬁcﬁﬁégwrfeﬁderkeh@éﬂm R Sl s o T

predet er ned SI Qn fro the reference dot and/or_ the fir

vi rtual [ge et e1ice H e - LS Dy H S & gentrqq ed??&folfj &0
curve; 4)y V. i It ef ce nts at
predet erm ned8 posﬁ ?)ofr?gu{(}% ﬁ;eélg{ee?ondyw retg{\j ﬁte erene%egelnC qufa'nd

5) pl aci ng,any,J o dmidn dat, ahase, inf rsreetfe% sirs cdef inedy a

di stance and a direction fromthe virt reference point at an end
poi nt expreessigd by a vector with the V|rtual reference point being a
start point. 2. The nethod of formng a dot pattern according to

claim 1, charay eldsad Hail tdmdvd N ddihStee Yot dadtdm idoedding
reference dots arranged Ilnearly and consecutively are arranged at

pr edet er micnedhel Mirerswalts . invantihe meirhadpef Wiahmzagoa rddthapat tverlmes
according to 105

and other coordinate systems (for example, a cylindrical
coordinate system, spherical coordinate system, or
latitude/longitude system) as well as XY coordinate
values.
[0302]

Other modifications of the format may be those
indicated by {(¢) to (g) in Fig. 33 and the like. Such
formats are not limited to those shown in Fig. 33.
Obviously, it is possible to freely change the formats
within the scope of the present invention.
(0303]

Other examples of the arrangement of the dot pattern
will be described next with reference to Fig. 34.
[0304]

In Fig. 34, (a) indicates an example in which
reference dots are arranged on virtual reference points.
In Fig. 34, (b) indicates an example in which reference
dots are consecutively arranged in three lines on a medium

surface, and virtual reference points are provided on the

reference dots on the respective rows.



claim1l1, characterized in that in the step 4), a plurality of virtual
ref erence points provided on the second virtual reference line are
provided on the plurality of reference dots in place of the second
virtual reference line. 4. The nethod of formng a dot pattern
according to claim1, characterized QWQLMther conprising, after the
step 4), a step of providing the plurality of virtual reference

poi nts on gﬁ%Plurality of reference dots. 5. The nmethod of formng
a dot pat&ern according to claiml1, characterized by further

conpri sing, afgere the step 4)a 6%(%16& OJ%%AJ?%J}A? &feege%{%‘gcfotgsota%ﬁ)c{'

the virtual reference point. e net ormng a d pattern

accor di ng i, A1 ¥8 flo r SN GBI Z G hd WARETs LANPY 158 rit% pdLh itdhe

step 4), a step of providing a virtual reference point at a

pr edet er etk Pasitian e Widh of HiRreNeR dole Riiaaed 10ndha-afdd ual
reference point is connected to a reference dot placed on the first
virtual rmefierencs ldhee.referete RIJ0OGroftHOrgBdt0 o datrPRfitey the
according to claim1l1, characterized in that in the step 1), a

pl ur al i t yredfenegicer elvdes dot Shar vanged 1l iredardencangodonsecut i vel y
according to a predetermined rule are arranged in not |ess than two
rows at |[dsX6lon the medi um surface, in the step 2), not |ess
than two first_virtual_reference |ines which connect a plurality of
ref erence dot sttardd %r &4 or(fed PR istatasgmn 195769 lsr ipolwhgedaltis nes
and/or curves are provided in correspondence wiith the 106 reference
dots in SECPESY YL e irgwEceaddnes, vinthal,gedegsneye, rPeisdsond

e |line defined at a predeterni ned positiaon froma

irtual refer.
ef er enc@So L TARIIGE 8Tt FPLE Gitrt QA rErey BRESSEMEONS 881 i ned

bet ween Eé less . than t fi.cst virtual reference lines. 8. The
nmet hod o ?g;}%&r?g? gi%(%t %%gts}tg%ruﬁlg%é r&irﬁﬁnfggdcllgi %l‘?,eSChar acteri zed
in that thegpsgcond virtual reference line conprises a straight line

connecting a plurality of reference dots arranged on the not |ess
than two differerthd ihdmpiid Lwdli Jaefer @3cqd)inesrig. 34, straight

iines connecting the reference dots arranged on the
different first wvirtual reference lines are set as the
second virtual reference lines, virtual reference points
are provided at the midpoints of the second virtual
reference lines, and information dots are arranged.
However, the arrangement of virtual reference points is
not limited to the one in which the second virtual
reference lines are defined between the two first virtual
reference lines. In addition, obviously, when arranging
information dots arocund the reference dots 4 and defining
information according to the degree of information to be
input/output, it is possible to provide virtual reference
points on reference dots and arrange information dots as

described above.



9. The nethod of formng a dot pattern according to claim?7,
characterized in that in the step 4), a plurality of virtua
reference points arranged at predeterm ned positions on second
virtual reference lines are provided at m dpoints of the second
virtual reference lines. 10. The nmethod of formng a dot pattern
according to claim1, characterized in that in the step 3), second
virtual reference |lines defined at predeterm ned positions from
referencel ff&l and/or a first virtual reference line conprise
straight lines_configuring opposite sides formng a triangle having,
as a base, a fI?st 91 rital (FefErdheares mn ormBets ni ddpkeenthe
reference dots,with a st in the step 4), a

raight line, and .
plural i t YOS rtud ua}lefléerafeeﬁ"ceél%i NESH A dF Hie gt thgg two
positions cond virtual reference |ines are provided on .vertices
of the t rcirgnqngqsrge gf?lrosnt o‘{)lposulatle rselfieerserbcfe gﬁéletsr’i af‘ﬁﬁp el.ndfe%‘?ar%lf’f The
met hod ofg s d ttern according to claim10, characterized
in that tqhe tﬁ%g er%?{sgegjg'fi ned by predeterm ned base angles at the
adj acent [efigyience dots and | engths of opposite sides corresponding
to predeterm ned magnifications relative to the base or a height from
the base to thmaterdew With wiorhasPads td & HEItLHENREN the |
magni fication ratio relative to the base. 12. The nethod of form ng
a dot pattiwer raceatedifig sto valrajunll Ge frefiamact griinged im that rak@er,
triangle conprises an isosceles triangle. 13. The nethod of formng
a dot patther peadedraisngtt orhdlchi mhE0 v icharsdc trerfiezeth den pidialt st hee
triangle conprises an equilateral triangle. 14. The nethod of -
form ng @r@otidsat Baren nadc dridiingd ¢ oclthiemnd dpohartsct etiomedeirn tthat in
the step 3), a second virtual reference line defined at a
pr edet er MiltAédegosieticdis NGEomod et arén e edetr akdd eroyidedsetvitheua
reference .line conprises a straight Iine which divides an interior
angl e at "&We BRE Sty s the PegAlt iP8fePdnédel VA tSimed by t he
pol ygonal_l.ine_into equal _halves, and, . i.n the step 4), a
pIuralitfegfrﬁpFFugplggPeFéﬁ@e%ggiRP§15989Fd85 ﬁkepFQ&éﬁéPﬁpﬁéBg
position S d_virtual reference |ines.are.provided,at
predeter%ﬁ%%&ggigtgﬁggse Fo tﬁgdp&§F§|IF§ug Fé#éréﬁ@éOHStghe 15.
The net hed ot fienplng @ dot _patt ording t lLai.m 1
characterigegnﬁnlthataiﬁ fhg ?tggegf?gg %g%s?a&?Pgﬁgﬁgbngsgﬁée l'ine
whi ch conpeag a plurality of

Fig. 35 shows an example of a state in which stream
dot patterns are arranged vertically.
[0311]

Referring to Fig. 35, key dots and side dots are
arranged in addition to reference dots and information
dots. The key dots are dots arranged on the two ends of a
predetermined information group. The key dots are
representative points of the dot pattern 1 corresponding
to one region represented by an information dot group.

The side dots are dots arranged on extended lines in the

positive and negative shifting direction of the key dots



108 reference dots and is formed by a polygonal line is provided
with only a portion where the reference dot is placed being a vertex.
16. The nmethod of formng a dot pattern according to claiml1,
characterized in that in the step 3), a second virtual reference |line
defined at a predeterm ned position f¥@@n a reference dot and/or a
first virtual reference line conprises a straight line which forns an
arbitrary angle with respect to a tangent to the first virtua
referencéine formed by the curve, and in the step 4), a
plurality of virtual reference points provided at predeterm ned
positions“ﬁﬂjgecond virtual reference lines are provided at
predeternined&?o itions determned fro he adj acent dots. 17. The

met hod of for S Par e ihhdtdt dity tEEERA e TChatt eri zed
in that et er.m n osi tion determ ned from.the adjacent
refer enc%tgf;eteagn iqgcjtdé?a?tgceeg:rﬁ’y A iarﬁreaﬁnsgeeé{]ia%n S5 lB’é:tevbJé’ She %Fecond
virtual r i i f rm.n | e r t.

adj acent C%];C)?;Q?Lg%%eel of.i Zl,e%a agést%l@en%;af g%ttﬁ?erﬂ tr g'?‘é’? g%&oe% otf%rymﬁ% a
cor r espopdifig 14i@ 1A J¥ edeteiiriqed Jmgnificatien HAL e gliali ve to a

| ength of the first virtual reference Iine formed by the curve
connect i R@ flhenad AR YAl QNGRrGRIS at0h rd dR@lediti nfdoMnthe kst
virtual reference line, formed by a curve connecting the adjacent

r ef er encélotietver , whiheh seofaes pend$ait@ canpzederaifigned ragnifHeeathiton
ratio relative to a length of the first virtual reference line. 109
18. The retvieod iofh fier motg lardatedpatet efhn saccasdiingitcatekaibm La) in
characterized in that in the step 3), a second virtual reference |ine
defined d&tida pPedéndéenivadd peyi bieomrbricmea idef ecténbetdeenaddtor a
first virtual reference line conprises a straight |ine passing

t hrough PRétEERérend® @elisioa midpdisnPosEibhe &) acoatrestidvenes
dots. 19. The thod of form ng a dot pattern according to claim1,
characteﬁpféﬁvgﬁst VPRt KEL8LEHCS) doaSsecond virtual reference |ine
defi ned ib g qredeternined position froma reference dot and/or a
first vi t& ﬁ reference line conprises a straight |ine perpendicul ar
to the first wirtual_ .refere |, i f.orned._b traight line or a

st rai ght Iine%%é%pgﬁéfguﬁér%%%Sébg%n&eng% 8 t%heo iP@F% Fptbg

referenC?eb%ﬁ?iB?LgFBrgée%eEHﬁﬁ@d_%HQOImatﬁggiBg%ﬂgrz epp4), a

plurality of vir reference points prov d edet er m ned
pOSItIonargmt§§§9nghgp@teehfe%&@hgn%% bhnesrak-RaRiBU dedidh

predeterm ned poSitions determined fromthe adjacent reference dots.
visibly formed on a medium surface without being
restricted by the shape of a rectangular region (used as
an index) when a dot pattern whose XY coordinates are
defined is formed as a two-dimensional code.
Industrial Applicability
[0314]

According to the present invention, it is possible to

define and use information on curved surfaces of globes,
human phantoms and the like, and various kinds of

products, along the lines drawn on CAD drawings, maps,

characters, symbols, and graphics, and contours of



20. The nethod of form ng a dot pattern according to claim1,
characterized in that in the fourth step 4), a plurality of virtua
reference points provided at predeterm ned positions on a second
virtual reference line are provided ﬁ%%fredeternined di stances from
the first virtual reference line for froma straight line or from
a tangent to the first virtual reference line formed by a curve. 21.

The net h%%@‘{%ﬂég}? i?nn s’paatﬁdar ACCS d.i ng to 110 claim1,

characteri z e step , a plurality of reference dots
arranged dd meal]de angdLonsecutively are arranged at different
intervals, and a direction of a dot pattern and a predeterm ned

i nformati@zgigrjoup of the dot pattern are defined by the arrangenent
intervals. 22. The nmethod of formng a dot pattern according to claim
21, characterilzed dgt tdedtde plurality of reference dots are
arranged for each predeterm ned information group of the dot pattern
such that an interkst deet ween at | east one pair of the adjacent
reference dots differs fromuniformintervals between other pairs of
the adj acent r¥f.eravfewmdtisn alwt a predeternined i nformation group of
the dot pattern is defined by the arrangenent intervals. 23. The

met hod of forfi-ng X@ifgensns t4th according to claim21, characterized
inthat the plurality of reference dots are arranged for each

pr edet er ni ned 3 -nf-0riEti%dn THIGHETSE v ot pattern such that

interval s between at | east t pairs of the adjacent reference dots
differ from u\r,%ieifdrfﬁ\risﬁt v é:t‘:v%éﬁ*?n(ﬁ% %airs of the adjacent
reference dots, a dj rection of the dot .pattern and a
predeternineq%rﬁfg%%%ﬁ%n¥iﬁ%ﬁ% 5F§ & a6t ﬁﬂﬁiern are defined by the
arrangerrent i glervalisq 24+ he aLhad.of Yfoining a dot pattern

according to claim1, characterized in that in the step 5),
information dats eachtof Mhesg i Hgmti@n  iss,defined by a distance
and a direction fromthe virtual reference point at an end point
expressed by aovectetuailt hithke virtual reference 111 point being a
start point are placed on two opposite sides of the first virtual
reference |indz.n.diildeedent shifting directions, and a direction of
the dot pattern and a predeterm ned information group of the dot
pattern are defined by a difference between the shifting directions.



25. The nethod of form ng a dot pattern according to claim1,
characterized in that in the step 4), a plurality of virtua
reference points provided at predeterm ned positions on second
virtual reference lines are arranged such that different nunbers of
virtual reference points are arrangedl®h two sides of the first
virtual reference line, and a direction of the dot pattern and a
predeterm ned information group of the dot pattern are defined by a
di fference between the nunbers. 2651&HBS method of forming a dot
pattern according to claiml, characterized in that in the step 5),

i nf or mat iaJO'n dg%srgee%}&%go‘? \:\?rl%g%lr??lf%r(ﬁw%ﬁi%tt?%rﬂef‘? %%ﬁ%l%‘?‘gt%ce
and a direction from.the virtual referenc oint _at an end point
expressed:Q(t%&;Jgralsvlen (r)grhevmﬁ%l]t%weln\ﬁ r%ueaﬁs’r eer}se?ré it Oﬁbi%dnead}s'{r%rt
poi nt ar e [ her f_ 4 rjmatj on dots
are arra%glg{d{%l&t\%b Si e%ygéofr%gﬁe?ﬁ Vi ﬁ'ar]sg genffeogén(r)lace ine, and a
di r ect i ony Qfo Adie, fato RAIRIHR NG i3 Y GdeterAlneg,dnf or mation group of
the dot pattern are defined by a difference between the nunbers. 27.
The method of fior hrey A} PHTEFdN BeF Wi NFdeid@idBtls linearly
characterized in that in the step 5), information 112 is defined
dependi ngirah odhetdrert iare liynfoar radd ek diain wWhose dahfygmidion it def i ned
by a distance and a direction fromthe virtual reference point at an
end poi ntpredertessdchenly ranlwector with the virtual reference point
being a start point is placed at each of the virtual reference

poi nts, placed)on Aty idimaua fiefssr enicgysoi me £ agrerpleadecheonwhigitt her
thereof. 28. The nethod of forming a dot pattern according to claim
1, char aéPeFeLES ithe Pdbed ittlye oft e LRrengadidadet iagd dfs theamgst by
pattern and a predetermned infaormation group are defined by shifting
and placﬁnétéﬁlﬁgésﬁl@ﬁeoéfatWQlM%ﬂQ%%t%}n@faP@V@ﬁéﬁc§U&8F§ as a key

dot at a predeterm.ned position. 29. The t hod of form ng a dot
pattern accor |)ngqr(9vd1cglinrﬁ 28,5 (?’tletrr{l"fg L&fdefrﬁﬂ%ﬁwglﬁqhg,
after the_s : step.aof finin di.rectiaqn of .the dot pattern
and a prggebgg%ﬁ%gdgfn o%ﬁ%ﬁﬁ%%rg?gﬁp fsﬁFéEPngrPﬁet gyr %Frgpcg

predet er gigped pOSit @R ien a.d iv{i‘i@uia‘i” ARaallel 9igBe gﬁgd gu 'f%gmtgg a

direction of the second virtual reference |ine. met ho

form ng aydat spabtehr ageer dinAgoto oCl-aie28, characterized by further
conprising, after the step 3), a step of providing a third virtual

reference |ine)whigglvRasses at ieugh iaty logast rene 101 tfae cplddr @dityt of
reference dots and is perpendicular to a straight line form ng the
first viptuakredeferadaed ppeiadocast angeht tecanduriethiannragetrhece
first virtual reference line, or divides
line; and
5) placing an information dot whose information is
defined by a distance and a direction from the virtual
reference point at an end point expressed by a vector with
the virtual reference point being a start point.
2. The method of forming a dot pattern according to
claim 1, characterized in that in the step 1), a plurality
of reference dots arranged linearly and consecutively are

arranged at predetermined intervals.

3. The method of forming a dot pattern according to



113 an interior angle into equal halves at a vertex of a pol ygonal
line formng the first virtual reference line, and defining a
direction of the dot pattern and a predeterm ned information group by
pl aci ng the key dot at a predeterm ned position on the third virtual
reference line. 31. The nethod of fofting a dot pattern according to
claim 28, characterized in that in the step 3), a second virtua
reference ﬂine defined at a.%*gdeternined position froma reference

dot and/ SFET i Trst AT UF TR ErEhde 3 nd! i ettiFRd fr FmHRAE tY
reference_gdot. ot her than the reference dot shifted as the key, dot.
55 “The ek N 1T G SOt G 57 S dith hep S Lo tbal
characterized rther [.Si t t ten .2).-a step of
provi di ngf at él%%’cdé \L;ll lrﬁaalIce(r)'[:EB!edr\élnc}[(’:%i Ioﬁ{let%{v%iézhﬁlrgaéslgc S c{f*nrroeug Lpear’tCe

| east on&ifils the Pl dd el Jelarenne dals Akl penpepdicular o
a straight line formng the first virtual reference line or a tangent
to a curve formAdinddiend igstromintala refernenoe dd necHqdiyides an
interior angle into equal halves at a vertex of a polygonal |ine
form ng tdimifn rist oHardialeriefer e dritir aghgdiacing atrdeaasiheoone
side dot, at a predeterm ned position on the third virtual reference
l'i ne, whistlepdef)i,nes sstadi roefctdrayviefi ridhe hdotp Jpedatlardy arfd v rtual
predeterm ned information group. 33. The nethod of form ng a dot
pattern asdemdinug twigita mri32hec pdraetlatiyzed ine fishanden dodtes .st ep 4),
a 114 plurality of virtual reference points provided at

predet er M-ned Psing@diPdre s degmdng ra @eq et tdreanc @ ddaiekiray € r ovi ded
on a fourth virtual reference |ine which is parallel to the first
virtual r@féflertce ANEHE Afd F&Ss &Y TRESHGH IR80siigd ndot 2f3er the

met hod of forqing a dot %&t%ﬁrn,accordi to claim33, characterized
in that tHEPpIrad &8 A ALGL "PeferEicd SHGEnCOtTard by ivded gt
predet erm intervals on the fourth virtual reference |ine. 35.
The nethggggge %F 'ﬁ&ng'dot pattern according to claim 32,

char act erg zed fifL taale & J2ast0l; Lesed han s ol dhieside dots is

pl aced on ‘each of two sides o rtual reference line such

that thegixda dot $haredr@cated at dififarentgdi-stances Lremthefirst
virtual reference line, and a difection of the dot pattern is geflned

by di stargep hetweenrtihe oF @@o@i@aangn@ e thian Stretibralk ?%ﬁ%rtea%e
line. 36. The nethod of formng a dot pattern according to clains 28
and 32, ehatadeerirzedeidnpbbatiah heashirt al essctrbagecoaetobithedsi de
dots is placed on each of two sides of the first virtual reference

| i ne suchnt khe vhetside rédesecarce bodatedsatoeqeal-edi sbances feremcthe
first virtual reference line, and a direction of the dot pattern and
a predet dpi% pédceaf enmaheod igebupioturhe réderpaceednnare defined by a

di stance_between the side dot and the key dot.
7. The method of forming a dot pattern according to

claim 1, characterized in that in the step 1), a plurality
of reference dots arranged linearly and consecutively
according to a predetermined rule are arranged in not less
than two rows at least on the medium surface,

in the step 2), not less than two first wvirtual
reference lines which connect a plurality of reference
dots and are formed by straight lines or polygonal lines

and/or curves are provided in correspondence with the



37. The nethod of form ng a dot pattern according to 115 claim1,
characterized in that a reference dot and/or an information dot is
formed by a pol ygonal shape configured to express a direction, and a
direction of the dot pattern is defigﬁg by the shape. 38. The net hod
of formng a dot pattern according t qain11, characterized in that
one reference dot and/or an information dot is forned to have a size

di f ferent t ot f erence dats and/or other information
%feg.fgrr%{ha d@és 1 q{o{ e]legs nftchan cho T OW

dot s, and ion of 'the dot pattern and a 6%%6%}ernined

nformation grup.iy e dslined 4 raing dii 1 Srence el ueen, e, Si zes.

39. The nethod of formng a dot pattern according to claim _
charact erdezeihdd) dithal nedfBrience ol @nd! ofr & 4 fddmidn fdat is

formed to have a shape different fromthat of other reference dots
and/ or otdel/dmforfmidonidahsl artardideatimn iof ddve e atlemn and
a predetermned information group are defined froma difference

bet ween tthe shepdsss dhanlhsvanetined ofi foarall ng: fa deicepatitrers
according to claiml1, characterized in that a reference dot and/or an
i nf or mat ifon ddthe sugirhiant ek byormiknchaviduy gairmper tacafrdixiy biding a
different reaction to irradiation light than ink used to print

vi si bl e iGHedmrealt.i ohage i arddiadmisurthade thed BecTinel metrftod lof forning a
dot pattern according to claim40, characterized in that the ink

havi ng t A& ISEHE™ (1o SAMiisasy & Bé r@ilhdr dime sadniesting a
invisible., 116 42. The thod of formng a dot pattern according to
clain140P1€ﬁ§ﬁééﬂbFﬁﬁé§ﬁQEQQ%% e PETARIEG O IHhgh%¢ordBtiSs édan

Infraredth%ggﬁfferent first virtual reference lines.

9. The method of forming a dot pattern according to
claim 7, characterized in that in the step 4), a plurality
of virtual reference points arranged at predetermined
positions on second virtual reference lines are provided
at midpeints of the second virtual reference lines.
10. The method of forming a dot pattern according to
claim 1, characterized in that in the step 3), second
virtual reference lines defined at predetermined positions
from reference dots and/or a first virtual reference line
comprise straight lines configuring opposite sides forming
a triangle having, as a base, a first virtual reference
line connecting adjacent reference dots with a straight
line, and

in the step 4), a plurality of virtual reference
points provided at predetermined positions on second
virtual reference lines are provided on vertices of the

triangle or on opposite sides of the triangle.



the ink having the property conprises an infrared-absorbing ink, and
the ink used to print visible information on a nmedi um surface
conprises an infrared-transmtting ink or an infrared-reflecting ink.
43. The information input/output nmethod used for a stream data
pattern formed by a nethod defined int&laim 1, characterized by
conpri si ng: a step of causing optical reading neans to pick up
a predetermned position, a predeterm ned region, or an entire region
on a meditm su?l?ead%e,t%%di%ggoﬁﬁ%%g HITh RINFS FuraesceFding ricam dot
pattern; and a step of causing information processing neans to
obtain a Cg]c?d’én v]aq'uéskéﬁf'cﬁ%’fe%l rdt ﬁ%taet VS PR yir rﬁbeftglﬁ‘eeq Rige
data and out put correspondi ng informati,on or. execute correspondi ng
program P% Affe e %&?ﬁaﬁeﬁ o%qlnep%ta/r%&}beutac{?ﬁ%ﬁ arcec%rtﬁrﬁbe tcg)tcel aim
43, char - ' ..optj.cal_ readi ng neans._ reads a dot
pattern Zﬁ%og lpeﬁjggg:eﬁégrér#] %}ep&; %glsﬁ‘{)iéolnaj%sl ncogrrper%djé{ogirnr% nteod region, or in

an entireg, Jeal Qi ihidce ngﬁjﬂgfiiébtci%{sa?ﬁl%rtiﬁﬁaﬁ:%d jaRadadd o 3 redi um

surface, "'or reads a dot pattern forne I nea stream dot

pattern charpal eiGeEHY GPHSITHE v ildl AlHitoh Qfo eI fREe 1dpts
arranged linearly and 117 consecutively on a nmedi um surface

accor di ng et pigdeiemagred iddteion ratio adlidtStvevidd udle Rfy ence
| i ne which connects the plurality of reference dots and is forned by
a straight2.l i Mtheomest hpad ygonad rotime anbtopattisvesccording to
claim 10, characterized in that the triangle comprises an
isosceles triangle.
13. The method of forming a dot pattern according to
claim 10, characterized in that the triangle comprises an
equilateral triangle.
14. The method of forming a dot pattern according to
claim 1, characterized in that in the step 3), a second
virtual reference line defined at a predetermined position
from a reference dot and/or a first virtual reference line
comprises a straight line which divides an interior angle
at a vertex of the first virtual reference line formed by
the polygonal line into equal halves, and
in the step 4), a plurality of virtual reference
points provided at predetermined positions on the second
virtual reference lines are provided at predetermined
distances from the plurality of reference dots.
15. The method of forming a dot pattern according to

claim 1, characterized in that in the step 2), a first

virtual reference line which connects a plurality of



a second virtual reference |line which is defined at a predeterm ned
position fromthe reference dot and/or the first virtual reference

line, and is fornmed by a straight |line and/or a curve; a
plurality of virtual reference points provided at predeterm ned
positions on the second virtual referldhte |ine; and an

i nformati on dot whose information is defined by a distance and a
direction fromthe virtual reference point. 46. A dot pattern formed
by arrandiSiEriF oty mrdris ed ity ofqliveenala Liedm dot
pattern accor ep of linearly and consecutively arranging a

o] .
plural i tf]iﬂv%délcgr‘é%ckg qu{}tyg B[R HY ‘“ﬁ”@rf? P dishTHeE date, 15 step

of provid[ﬂ%éé%fggfg Vi rtu%! reference |ine which connects the
pIuraIitﬁ)o ‘efererce dots And is forned by a straight line or a

pol ygonal, din CUf Vv, .. step of prqviding at |east .not |ess
lé & V%%Jhacfd rcé‘# o vt iy &P c?ovaﬁacoctern gafccor 149 éto

t han one secon erence 1ine i s detine

det i it .1 ef : the fj
pr edet er ngch QQS'ctHa%cft;e%?ztéaﬁ e t%réﬁgﬁ% del an Oral)., e éer(ﬁ%qrd .

virtual reference |1 ne, I's forme y a straight 1'i'ne an

curve, avstem=0f g 18 R Weailidan ot W il HSHERRRC S RAINALS, at
predeterm ned positions on the second 118 virtual reference Iine,

and a ste@poaf aplREI@rde IdFtormRL/ican adat eS8 EY200Hdictain eV alike
and/ or code value is defined by a distance and a direction fromthe

virtual reiprdses poistiradtyhan ldmeé poiikth ©cpiessed by ia raegt @hgliet h
the virtual reference point being a start point. 47. The dot pattern
accor di nyittd clesipnca6 tockartacigemitz ed ithet Hatr stther istruedmredie reatcker n
is provided with a reference dot at a predetermn ned position which
serves adider gparerc ®yf ghedetinyieng aflde second virtual reference |ine
and/or a direction of the dot pattern and one XY coordi nate val ue
and/ or code vafuéhe £&5ePrid (dét Faredrirt Yacdovditivgiatlo radie reme of
clains 45 to 47, characterized in that the plurality of reference

dots or PﬁénﬁFuP§PWP€egfa&iPF&Q@t@§PéP§ﬁcBOgéFﬁP§5a%§ &PFRRGed at

east on.Qn #9930, A0LUAY s hne YsLRLY hemed 0.3 Tegdhym.gur face.

positions determined from the adjacent dots.

17. The method of forming a dot pattern according to
claim 16, characterized in that a predetermined position
determined from the adjacent reference dots is defined by
an intersection point between the second virtual reference
lines which form predetermined angles from the adjacent
reference dots, a distance from the reference dot
corresponding to a predetermined magnification ratio
relative to a length of the first virtual reference line
formed by the curve connecting the adjacent reference
dots, or a height from the first virtual reference line,
formed by a curve connecting the adjacent reference dots,
which corresponds to a predetermined magnification ratio

relative to a length of the first virtual reference line.
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18. The method of forming a dot pattern according to
claim 1, characterized in that in the step 3), a second
virtual reference line defined at a predetermined position
from a reference dot and/or a first virtual reference line
comprises a straight line passing through the reference
dot cor a midpoint of the adjacent reference dots.
19. The method of forming a dot pattern according to
claim 1, characterized in that in the step 3), a second
virtual reference line defined at a predetermined position
from a reference dot and/or a first virtual reference line
comprises a straight line perpendicular to the first
virtual reference line formed by a straight line or a
straight line perpendicular to a tangent to the first
virtual reference line formed by a curve, and

in the step 4), a plurality of virtual reference
points provided at predetermined positions cn second
virtual reference lines are provided at predetermined
positions determined from the adjacent reference dots.
20. The method of forming a dot pattern according to
claim 1, characterized in that in the fourth step 4), a
plurality of virtual reference points provided at
predetermined positions on a second virtual reference line
are provided at predetermined distances from the first
virtual reference line formed from a straight line or from
a tangent to the first virtual reference line formed by a
curwve.

21. The method of forming a dot pattern according to
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claim 1, characterized in that in the step 1), a plurality
of reference dots arranged linearly and consecutively are
arranged at different intervals, and a direction of a dot
pattern and a predetermined information group of the dot
pattern are defined by the arrangement intervals.

22. The method of forming a dot pattern according to
claim 21, characterized in that the plurality of reference
dots are arranged for each predetermined information group
of the dot pattern such that an interval between at least
one palr of the adjacent reference dots differs from
uniform intervals between other pairs of the adjacent
reference dots, and a predetermined information group of
the dot pattern is defined by the arrangement intervals.
23. The method of forming a dot pattern according to
claim 21, characterized in that the plurality of reference
dots are arranged for each predetermined information group
of the dot pattern such that intervals between at least
two pairs of the adjacent reference dots differ from
uniform intervals between other pairs of the adjacent
reference dots, and a direction of the dot pattern and a
predetermined information group of the dot pattern are
defined by the arrangement intervals.

24. The method of forming a dot pattern according to
claim 1, characterized in that in the step 5), information
dots each of whose information is defined by a distance
and a direction from the virtual reference point at an end

point expressed by a vector with the virtual reference
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point being a start point are placed on two opposite sides
of the first virtual reference line in different shifting
directions, and a direction of the dot pattern and a
predetermined information group of the dot pattern are
defined by a difference between the shifting directions.
25. The method of forming a dot pattern according to
claim 1, characterized in that in the step 4), a plurality
of virtual reference points provided at predetermined
positions on second virtual reference lines are arranged
such that different numbers of virtual reference points
are arranged on two sides of the first virtual reference
line, and a direction of the dot pattern and a
predetermined information group of the dot pattern are
defined by a difference between the numbers.

26. The method of forming a dot pattern according to
claim 1, characterized in that in the step 5), information
dots each of whose information is defined by a distance
and a direction from the virtual reference point at an end
point expressed by a vector with the virtual reference
point being a start point are arranged such that different
numbers of information dots are arranged on two sides of
the first virtual reference line, and a direction of the
dot pattern and a prédetermined information group of the
dot pattern are defined by a difference between the
numbers.

27. The method of forming a dot pattern according to

claim 1, characterized in that in the step 5), information
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is defined depending on whether an information dot whose
information is defined by a distance and a direction from
the virtual reference point at an end point expressed by a
vector with the virtual reference point being a start
point is placed at each of the virtual reference points,
placed on the virtual reference point, or placed on
neither thereof.

28. The method of forming a dot pattern according to
claim 1, characterized in that in the step 1), a direction
of the dot pattern and a predetermined information group
are defined by shifting and placing at least one of the
plurality of reference dots as a key dot at a
predetermined position.

29. The method of forming a dot pattern according to
claim 28, characterized by further comprising, after the
step 3), a step of defining a direction of the dot pattern
and a predetermined information group by placing the key
dot at a predetermined position in a direction parallel or
perpendicular to a direction of the second virtual
reference line.

30. The method of forming a dot pattern according to
claim 28, characterized by further comprising, after the
step 3), a step of providing a third virtual reference
line which passes through at least one of the plurality of
reference dots and is perpendicular to a straight line
forming the first virtual reference line or a tangent to a

curve forming the first virtual reference line, or divides
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an interior angle into equal halves at a vertex of a
polygonal line forming the first virtual reference line,
and defining a direction of the dot pattern and a
predetermined information group by placing the key dot at
a predetermined position on the third virtual reference
line.

31. The method of forming a dot pattern according to
claim 28, characterized in that in the step 3), a second
virtual reference line defined at a predetermined position
from a reference dot and/or a first virtual reference line
is defined from only a reference dot other than the
reference dot shifted as the key dot.

32. The method of forming a dot pattern according to
claim 1, characterized by further comprising, after the
step 2), a step of providing a third virtual reference
line which passes through at least one of the plurality of
reference dots and is perpendicular to a straight line
forming the first virtual reference line or a tangent to a
curve forming the first virtual reference line, or divides
an interior angle into equal halves at a vertex of a
polygonal line forming the first virtual reference line,
and placing at least one side dot, at a predetermined
position on the third virtual reference line, which
defines a direction of the dot pattern and z predetermined
information group.

33. The method of forming a dot pattern according to

claim 32, characterized in that in the step 4), a
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plurality of wvirtual reference points provided at
predetermined position on second virtual reference lines
are provided on a fourth virtual reference line which is
parallel to the first virtual reference line and passes
through the side dot.

34. The method of forming a dot pattern according to
claim 33, characterized in that the plurality of wvirtual
reference points are provided at predetermined intervals
on the fourth virtual reference line.

35. The method of forming a dot pattern according to
claim 32, characterized in that at least not less than one
of the side dots is placed on each of two sides of the
first virtual reference line such that the side dots are
located at different distances from the first virtual
reference line, and a direction of the dot pattern is
defined by distances between the side dots and the first
virtual reference line.

36. The method of ferming a dot pattern according to
claims 28 and 32, characterized in that at least not less
than one of the side dots is placed on each of two sides
of the first wvirtual reference line such that the side
dots are located at equal distances from the first virtual
reference line, and a direction of the dot pattern and a
predetermined information group of the dot pattern are
defined by a distance between the side dot and the key
dot.

37. The method of forming a dot pattern according to
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claim 1, characterized in that a reference dot and/or an
information dot is formed by a polygonal shape configured
to express a direction, and a direction of the dot pattern
is defined by the shape.

38. The method of forming a dot pattern according to
claim 1, characterized in that one reference dot and/or an
information dot is formed to have a size different from
that of other reference dots and/or other information
dots, and a direction of the dot pattern and a
predetermined information group are defined from a
difference between the sizes.

39. The method of forming a dot pattern according to
claim 1, characterized in that one reference dot and/or an
information dot is formed to have a shape different from
that of other reference dots and/or other information
dots, and a direction of the dot pattern and a
predetermined information group are defined from a
difference between the shapes.

40. The method of forming a dot pattern according to
claim 1, characterized in that a reference dot and/or an
information dot is printed by ink having a property of
exhibiting a different reaction to irradiation light than
ink used to print visible information on a medium surface.
41. The method of forming a dot pattern according to
claim 40, characterized in that the ink having the
property of exhibiting the different reaction is

invisible.
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42. The method of forming a dot pattern according to
claim 40, characterized in that the irradiation light
comprises infrared light,

the ink having the property comprises an infrared-
absorbing ink, and

the ink used to print visible information on a medium
surface comprises an infrared-transmitting ink or an
infrared-reflecting ink.

43. The information input/output method used for a stream
data pattern formed by a method defined in claim 1,
characterized by comprising:

a step of causing optical reading means to pick up a
predetermined position, a predetermined region, or an
entire region on a medium surface, as image data, which
configures the stream dot pattern; and

a step of causing information processing means to
obtain a code value and/or a coordinate value by analyzing
the image data and output corresponding information or
execute a corresponding program.

44. The information input/output method according to
claim 43, characterized in that the optical reading means
reads a dot pattern at a predetermined position, in a
predetermined region, or in an entire region while being
in contact or spaced apart from a medium surface, or reads
a dot pattern formed linearly.

45. A stream dot pattern characterized by comprising:

a plurality of reference dots arranged linearly and
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consecutively on a medium surface according to a
predetermined rule;

a first virtual reference line which connects the
plurality of reference dots and is formed by a straight
line or a polygonal line and/or a curve;

a second virtual reference line which is defined at a
predetermined position from the reference dot and/or the
first virtual reference line, and is formed by a straight
line and/or a curve;
| a plurality of virtual reference points provided at
predetermined positions on the second virtual reference
line; and

an information dot whose information is defined by a
distance and & direction from the virtual reference point.
46. A dot pattern formed by arranging, in one line or a
plurality of lines, a stream dot pattern according to a
step of linearly and consecutively arranging a plurality
of reference dots according to a predetermined rule, a
step of providing & first virtual reference line which
connects the plurality of reference dots and is formed by
a straight line or a polygonal line and/or a curve, a step
of providing at least not less than one second virtual
reference line which is defined at a predetermined
position from the reference dot and/or the first virtual
reference line, and is formed by a straight line and/or a
curve, a step of providing a plurality of virtual

reference points at predetermined positions on the second
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virtual reference line, and a step of placing an
information dot whose XY coordinate value and/or code
value is defined by a distance and a direction from the
virtual reference point at an end point expressed by a
vector with the virtual reference point being a start
point.

47. The dot pattern according to claim 46, characterized
in that the stream dot pattern is provided with a
reference dot at a predetermined position which serves as
a feference for defining the second virtual reference line
and/or a direction of the dot pattern and one XY
coordinate value and/ocr code value.

48. The dot pattern according to any one of claims 45 to
47, characterized in that the plurality of reference dots
or the plurality of virtual reference points are arranged
at least on or along an actual line visibly formed on a

medium surface,



