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BACKGRClJND G: THE INVENTION 1. Field of the { nventtion Thi

il
i nvention relates to a posit+don det'ecti on system and net hod usi -
processing so as to find a rotation angle and a coordinate for @&WZ :
object. 2. Description of the Related Art Hitherto, the folllﬁa.ﬁg

nmet hod has been known as a nethod of finding a rotation angle froma

ref erence position for a check object contained in an input inmage (check

i mage) given by picking ' | i Ll such as a TV
canera: The concentratio%ﬁ?@%&ﬁ&egﬁm @ﬂtmj ect and”
background is used to binarize the input image with respect to the .
concentration, thereby separating the check object fromthe background,
then a noment of inertia of tRR~weh& pvERsfeNy and the center
position of the check object™and the"r a main axis are

cal cul at ed. | f ' ted for posi tion detection of parts on
a manufacturing line. For exanple, It is used for a robot eye to control a
robot fors detecting i tiaveokioh salatiescdopar popitm@mmnpaﬂsmand

attaching the parts to _predeterm ned positjons. he art for

findi ng the nand metBodf “PF]EQCMWOBF%Q“% R A% B ﬁ!&%‘\’e‘l Fesatian; ne

Irg! an\émeg E;(r)]bl eT an&fa coozd?. oé)fatqmcih g%eggj ect is acircle, the
W

~ Hitherto, the following method has been known as a

10 method of .finding- a rotation angle from a rofer;ance position’

. for a check object contained in an input image (check image)

given by picking up an image by an image input unit such as a

TV camera: The concentration difference betwean the check

. object and background is used to binarize the input image with

“ 15 respect to the concentration, thereby separating the check

object from the background, then a moment of inertia of the

check cbject is found and the center position of the chack

object and the rotation angle of a main axis are calculated.

This kind of art is adopted for position detection of parts on

20 a manufacturing line. Por example, it is used for a robot eye

to control a robot for detectind orientation of supplied parts,

holding the parts, and attaching the paxts to predetermined
positions. . .

' The art for finding the main axia Qf the check object

25 as degcribed above involves the following problem: If the

outline of the check object is a circle, the main axis cannot
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2 bé‘“cf‘"““é‘ﬁl‘m‘ﬁd*&gigﬁ%“Ta char Act &r PRREC * (PRIN Ay check ob
like a coin and the check object P. cont al ns i-55,("';%0“ gr%%d;t ion (see %ﬁ%ssﬁg 4 # 4/85
and 6(b)), the rotation angle of the check object P cannot be found If

the outline has rotation symetry |like a square, the main axis cannot be
determ ned one, thus a simlar problemarises. Further, even if main axis

M (see Figs. 7(a) and 7(b)) can be found, infoermation representing
orientation is not contained in the min axis M Thus, for exanple, when

the check obj ¢l #dundl, S S 68 VA t End R, tdted | 111 WSLETAAVIn| ehisoks -

7(a) and 7(b), it it differs in position 180 degrees ‘the check object P
shown in Fig. opjabtca@ndlilee @& stolguisid theonchéck iobjecy. P l(contains

In contrast, a pattern matching nmethod of collating a check object with a
previously envaoedentapion ofseehFighy 6 (d)ndindg6(b}) 5 dike irotatboh cangle oé

check object .is known as described in Japanese Patent Publication No. Hei.

6-89341. In the sheciesebjent Recannghs theufawnd. ari[ﬁ nﬁb% gutiine has of

a part is collated,as the check ect t her eby ecre ocessi ng
amount . 1% i s TOSRLLER, SYPORLLY; t c&ﬂ“ﬁ@euS tﬁ@&‘% aPPon
angi e of [he HaEGinPRed UndS iR b Jou'wwis.s "Rl

i mage at the corner 1's use PSS Acirele or a's uare, the

Eregﬁl Eg]o\r,ﬁnglsag VSl &Qﬂ- x (see Iiughheruat)heaﬁal l7qwi§g ceai hed Rundl, so
.information represanting orientation is not contained in the
main nx:l.Q M. Thus, for example, when the check object P is

10 symmotric with respect to a line as shown in Figs. 7(a) and’
. 7(b), 1f it differs in position 180 degrees, the check object
P shown in Fig. 7(b) cannot be distinguished from that in Fig.
7(a). | '

In contrast, a pattern matching method of collating a
) 15 check object with a é:evioualy entered template, theredy
finding the rotation angle of the check cbject is known as
describad in Japanese Patent Publication No. Hei. 6-8%341. 1In
the art described here, particularly, an image at. a corner of
a part is collated as the check cbject, thereby decreasing the
20 proceising amount. It is considered that the art can ba used
to detect the rotation anqlé_a of the check object as shown in
Fig. 7. However, since only the image at tha corner is used,
when the outline is a circle oxr a square, the problem remains

unsolved. N
25 _ Further, the tolloﬁ.tnq method has also been known as a
method of finding a poait.i.on. (rotation angle and coordinate)

—_—
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met hoa eigz T ined Hoasaacsi ti on [Torat PR ohyfrant idi nat e) ,
3ifor a chqu obj gc?@cont ained in an input i_pggg‘?‘?g?]%ck | mage) 89191{'/53%1383’-’/4’# 5/85
picking up an immage by an inage input unit such as a TV canera:

As this kind of position detection system hitherto a systemdisclosed in
Japanese Patent Publication No. Hei. 6- 160047 has been available.

This. system perfornms rough detection processing of detecting a rough
position of an approximate position of a check object in a check range

based on the a4 s SORAP si% fwr
| mages provi dgggg)g %gérggeégf‘n%é t‘ﬁ;en cq'g@ ?'rﬁragg % a cor é(;c‘t s) lﬂniﬂgﬁ)
| mge subj ect gdyhfl Lok up) adll SRh Rin iMEGEALASEE Ainid WUchCaRTabY
rough detecti gﬂ' di s%fzg:eneﬂg I<':1l%nl)unt a?e?ifi me | ngtéhe gﬁtéck i mage, then
perforns precVecamdesti on processing of detecting a nore precise position
of the check object in the check range in the proximty of the rough

o a

positi on based on thdktdidar kind eéponition desection systamys hilthes
[ the i i ded [ th K. | h
corfoct i ut PEREMalaclaged L4 fapdnase gatent; SubILcAtLER Ba; Bpbr o6 on
f displ aci d ti i SRl t ; '
check | mage -89k Z o Hhe CERER' | &¥alablie® CTolLd "RBkel, Fudtduy Ceblifh

conpr essi on - pgtgor. L8l g%esmﬁ@eoﬁowﬁtemg e rblighk piitdbn Bf NEn

check range in nmultip st eps. articularly, the position
detecti on syshpproximate position of a check object in a chaeck range based

on the comparison result of comparison processing of comparing

10 images provided by compressing the check image ;md a correct’

- solution image subjected to the detection displacement

cperation of displacing by rough detection displacement amount

at a time in the check image, then performs precise datection

processing of detecting a more precise position of the check

) 15 object in the check range in the proximity of the rough

position based on the comparison result of comparison

processing of comparing the images provided by compressing the

check image and the correct solution image subjected to the

detection displacement operation of displacing by rough

20 detection displacement amount at a time in the check image at

a compraaaion rate more moderate than the previous comprassion

rate, and datects the posjition of the check object in the check
‘range in multiple steps. _ '

_ More. particularly, the pos:l.t.ion' detection system

25 performs compression p:ocu:ing by extracting (or thinaning out)

some of the piwels making up the correct solut.ton' image.
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per f PR RSt eSS e i ocessi AT B B9Er b tPRINTER, BRSE i ng.out) '
theé pi xe?%oﬁgi ngl?ésgfhe correct solution 'L.ng_)gg%‘ﬁ& Mﬂ?ﬂ"‘ ' El%&fﬂ%%:i,# 6/65
cohiventi onal position detection system which detects the position of the
check object in the check- range in nultiple steps, takes a shorter

detecti-on tinme than the tinme taken for accurately detecting the position

of the check object in the check range fromthe begi nning by one-step
detection processing. However, since the position detection

system perforns CO%&éSE@&&h@i&ﬁ@i%Mﬂ&? gt ent F%gg%ﬁgew&cﬁorre

of the pixels making up the correc ution inage, \ _
extracted froggrgets! R gpdhakema 82 i checkeebjedt Ui Lhel GBOSk riiRa B!
as

have an average val ue an a peculiar value, the position of the check

obj ect in theslledleastepsntikes ¥ ahiortey Hetdctiwi ctind Thanx i eimshen
t he noi ses are picked up). SUMVARY OF THE | NVENTI ON

To sol ve the #hkeanfor iaccotapedyldetmctingothe gosdtichof thescheck obdacton

is to provide a position detection systemand nethod using imge '
processi n andMdhey chack,range £rom ﬁﬁeabeﬂﬂ’h’cﬂ%%r@%‘%ﬂ é’g’@GGFGIPHat e

of a check ob'-e"E LFQardl ess of the shape of the check object.
According to PI g5 ’é%bect of the invention, there is provided a nethod

for detecting a posi tu\fuvilr,” s3E6KLRE) fédition detection system performs

.compression processing by extracting or thinning out some of

the pixels making up the corraect solution image, when tha pixel
10 extracted from the pixels making up the correct s;:lution image
‘does not have an average value and has a peculiar value, the
position of the check object in the check range cannot
precisely be detected (for example, when the nolses are picked
up) .
) 1s

SUMMARY OF THE INVENTION
To solve the aforementioned problems, an object of the

present invention is to provide a position detection system and
mathod using image proceuing and being capkble of finding a

20 rotation angle and a coordinate of a chack object regardless of
the shape of the check object.

According to a first aspect of the invention, there is
provided a method for detecting a position of a chéck object
using image processing, comprising the steps of: picking up an

25 image of the check ovbject s0 as to prepare a check image of the

chack object; preparing a reference template having a reference

—_—
—_—
—_—
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check object so as to prepare a check |nage 0 e check object’.
pr paring a reference tenplate having a reference
5 .image of the check object; preparing a plurality of collation tenplates
by rotating the reference tenplate at various rotation angles; collating
the collation tenplates with the check inage so as to evaluate a
correl ation degree therebetween; and acknow edging a rotation angle of the
reference tenplate for preparing the collation tenplate, which natches

obj oct | C“ec“a%%%&”ﬁﬁ%ﬁ%%‘%@e%ﬁaagéﬁ%i%‘ ( HoFaddhyi of Siimtyan,
provi ded a ne C%Qﬂtin?()% og..géranége ne6! at'SivaFiouRoe

processi ng, conp |S|ng e steps pi cki ng up | mage of the check
obj ect so as LtRtesdAr h@l&b?%alﬁﬂﬂa@ftﬁ f@oﬁmlenomwnbi) withpaheng a

correct solution image having a -reference imge of the check object; (3)
conpr essi ng t ichackhe dmaigengsocands hete orevaluatel utd orcormajationa glem-

conpression rate by an average conpressi on processing which cal cul at s an
aver age V&l ue mxstwmnem nagl ging ned rofatdom jangle of K&

and the corpr datege 8%%%2{4‘&63&‘” &HDWS"@‘J B B
corr et ooy o BRIV e SRR L BostCURASEERS o B fot oGt -

of the check object.

Acvording to a second aspect of the invention, there is

20 providad a method for detecting a position of a'chnck object’

- using image processing, comprising the steps of: (1) picking up

an image of the chgck object so as to prepare a chack image of

the check objact; (2) preparing a correct soiution image having

a reference image of the check object; (3) compressing the

) 15 chaeck image and the correct solution image at a given

compression rate ﬁy an iwarage compression processing which

calculatas_an average value of a brightness in a pradetsrmined

area and adopts the average value as a brightness of one pixel

of the compressed check image and the compressed correct

20 solution image; (4) displacing the compressed correct solution

image; (5) comparing the compressed check image and the

compressed/displaced correct solution image so as to detect a

rough position of the check object; (6) compressing the check

1ma§e and the correct solution imaga'after detecting'tha rough

23 position at a compression rcta-mo:e modexate than the pzovioﬁs

compression rate by the average compression processing; (7)

-8 -
This Sheet Has Been Rep

[ i



: 3-10 i
r oo Bk B b T8 Eheck oBTET: PE) ° CBMERERRndiishe check igmBasemask:s o/es
the correct solution imge after detecting the rough position at a
cogpression rate nore noderate than the previous conpression rate by the
average conpression processing; (7)
6 “displacing the conpressed correct solution image in a proxinty of the
rough position; (8) conparing the conpressed check imge and the
conpressed/ di spl aced correct solution imge so as to detect a nore precise
position than the rough position of the check object; and (9) repeating

S0 as to dot dlimnine g ERe Foppeninnd SR TR irfjtiapd £ pRofuEYS
for det oct g 3F Ae; PHME HpedtAbRf, () EliapRRiag WalelprRlitd CRict Skl

CORPrising: NegRf diy denfpreBsedPdidplddil coiireihc sollétionbimage W ans tto
prepare a check 1 mge of the check object; neans for preparing a reference

t enpl at e havi riptevt af morecprecisge pusitionctber ths asughposition of &hw i ng
a ‘plurality of collation tenplates by rotating the reference tenplate at
vari ous r 8t at'ichecingbbiectpamnd of 9k olnepepsdnghe(3)kokPat (& SEMBS IR ( 1y

ans for ackRAREATIAG 354 GOBOEORSLF) ERE. {hoTPIFAPINCACPER, RY, B S
ing th | J.ati t ich iy heck i t

ettty Cas o deHeRs Sh8 REREEAS donsich pECEfie nel brdee 10K | TROP TS

fourth aspect of the hRuGPAINY td ACER1LE aspect of the invention, there is

provided a system for detecting a position of a check object

10 using image processing, comprising: means fox éiaking up an
. image of the check object so as to prepare a check image of the
. check object; m‘ans for preparing a referencae template having
a reference image of the check object; means for preparing a
plurality of collation templates by rotating the referance
15 template at various rotation angles; means for collating the
callation templates with the check image so as to evaluate a
corraelation degipe'tha:ehetwuen; and means for acknowledging a
rotation angle of the rafe:enc§ template for preparing the
collation template, which matches w;th the check image most

20 sxactly, as a rotation angle of thg check object.
According to a fourth aspect of the invention, there is
provided a system for detectinq & position of a chack object
using image processing, comprising: means for picking up an
imaga of the check object sc as to prepaxe a check image of the
3 check object; means for preparing a correct solution image

having a reference image of the check object; meana for

—_—
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pr bcessi ng, conprising: neans for picking up an imge of the check object
so:as to prepare a check inmage of the check.object; neans for preparing a
cofrect solution inmage having a reference inage of the check object; neans
for ) 7 conpressing the check i mage

and the correct solution i mge at a given conpression rate by an average
conpressi on processing whi ch cal cul ates an average val ue of a brightness

in a predeterm ned area and adopts the average value as a brightness of

one pixel of t S C [ r

solution i mge%%ﬁs%ﬂgr%%a% ?ﬁg %%?%i%gﬁgéﬁﬂi% aar?'d

t he conpresse ' | PR S dhigie AT of
t he check obj glct%,!mgr glﬁ%ktu%g%corrpr ggi‘%g‘?g?ngd?orrpr e.gssg'gﬁgﬁze che‘cj'lgﬁn .
i mge and the yfdieCalcGlatés ORdn "ReSrdje Avali®r &Fi AN bxrightness ndiecmat e
than the previ ous conpression rate by the average conpressi on processing
af ter detecti nurddeternigadpmsed and, addpte chpoaverageewaine woapbrightriess
conpressed correct solution neans and the conpressed check inmage in a

proxi ni ty3of tof onsu@ixedspEi the ompressed gheekinageaad,tbe; sempransed;,

L e U0l 3k eon g K T, 1R o SRR Sl
;ggi . g‘r’]”g; etsf]éerwcbhie gﬁuﬂggjr‘%é'ltt'!éﬂd)'cﬁmﬁkﬁﬁ’ée& botrekt S6icCiord 'lﬁa&&eiésfs to

detact a rough position of the check object, wherein the

éumprassing means compresses the check image and the correct

10 solution image at & compression rate more modaiata than the’

- previous comprassion rate by the average compression proc-eu ing
after detecting the rough position, fhe comparing means

comparaes the compressed correct solution means and the

compressed check image in a proximity of the rough position &o

) 13 as to detect a more precise position than the rough position of
the check object, and the compressing and comparing means

repeat compressing and comparing steps while moderating the

compression rate in multiple steps =0 as to &atect the precise

position of the check objact.

20 .
nn:nz_nBscn:zminn.nz.mna.nnanxnsa
In the accompanying drawings:
Fig. 1 is a conceptual illustration of a first
embodiment of the invention; ' |

25 Fig. 2 is a block diagram to show the first embodiment

of the invention;

-
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Fig. 1 is a conceptual illustration of a first enbaodi nent of the

i nyent.i on; Fig. 2 is a block diagramto show the first enbodi nent
of ithe i nventi on: _ 8 Fig. 3
is'a block diagramto show a second enbodi nent of the invention;

Fig. 4 is a conceptual illustration of a fourth enbodi ment of the

i nventi on; Fig. 5 is a conceptual illustration of a fifth
enbodi ment of the invention; Figs. 6(a) and 6(b) are illustrations
to explain a convent naI 3P b S (
illustrations to expl %@ %ﬂqc%&hm:%lt%!hﬂ@ s%BQEZ %@ﬁi.@laglt
conceptual ill t Hﬁ%aﬂii@ns'Xth embodi nent of the |nvent|on

Fig. 9is ani ration to Show canpression processing according to a

sevent h enbodi rrent of pitlge i&vdat i @nconceptual Fifllubtratienblofkadi faurth t 0

show the configuration of the seventh enbodi nent of the invention;

Fig. 11 is an enbodimeati of thesimwentiengperation of a CPU, an ASIC etc.,

: Inl Lgte r;te ;gzt? oegﬁg\c/ivl gﬁgt dloéplt’ggelﬁg\r/ﬁeg‘t‘ég;t“‘l 111“35‘1"-'9‘55-"1“2. of ‘a fifth
embodiment of the invention; '

Pigs. 6(a) and G(b)'ara illustrations to axplain a
_conventional problem;

Figas. 7(a) and 7(b) are 111ustrations_to explain a

10 conventional proﬁlem;

Pig, 8 is a conceptual illustration of a sixth
embodiment of the invention;

Fig. 9 1is an illustration to show compression
processing according to a seventh embodiment of the invention;

) 15 Pig. 10 is a Slock diagram to show the configuration of
the seventh embodiment of the invention;

Fig. 11 is an illustration to show the opération of a
CPU, an ASIC, etc., in the seventh embodiment of the invention;

Pig. 12 is an illustration to show the di-paacaﬁant

20 operation of rotation of a reference image compressed in the
saventh embodiment of the invention;

Fig. 13 is an illustration to show a predetermined
angle of rotation in the next step in the seventh embodiment of
the invention;

25 Fig., 14 is an illustration to show a predetermined
.range of parallel move in the next step in the seventh

-8 - This Sheet Has Been Reilaoed
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di mren t he 1 nvention; Fig. 13 1s an ustration to show
predeterm ned angle of rotation in the next .step in the seventh enbodlnent
of ¢ the invention; Fig. 14 is an illustration to show a
pr edet er m ned range'of parallel nove in the next step in the seventh
9 -enbodi nent 'of the invention; Fig. 15 is a flowhart to show the
det'ection operation of the seventh embodi nent of the i nventi on;

Fig. 16 is an illustration to show a plurality of positions det ect ed by

erformn fi rst- ct ocessin n an ei ghth enbodi nent of
ltOhe i nven'?i on; smbodimertt %gttﬁ!#*‘g'% iqqy\/\ch:ar? ![O shovvI '?he det ect : on
operation of anlnth vegnt
fIOovm:hart to show t he Fg‘g) ggngﬂ ‘bg&%ﬁ‘#) E‘? dhg%eﬁpﬁ d%cc}:idng{:plﬁa{:ﬁoﬁ
i nvention; andgg wﬂi‘ﬂ € | ey niréneiony t he detection

ent

operation of an e ev odi rrent of the invention. DETAI LED

DESCRI PTI ON OF .THE PRiHgRRAE EMPORhMANIGwtiatisnbedi whow a pluralidy sebwn
iniFig. 2, the image of an object 1 is picked up by an inage input unit 2

made of a 5TV cposttdcn adetetted dligytaperﬁnuisgonféndtpﬁm ocdeteetionch
s ‘sm)ot hing a;r:x(:aoceuing in an eighth embodiment. of the invention;
Fig. 17 is a flowchart to show the detection operation
of a n:l.rith embodiment of the invention;
Fig. 18 is a flowchart to Qhow the detection operation
10 of a tenth unbod.i.napt of the invention; and -

Fig. 19 is a flowchart to show the detection oparation

of an alaventh embodiment of the invantion.

As shown in Fig. 2, the image of an object 1 is picked
up by an image input unit 2 made of & TV camera and analog-
digital conversion and preprocessing such as smoothing are
applied to the grajr-ucale image provided by the image input

20 unit 2, thereby preparing an original imagé with noise removed
(in the example shown in Fig. 2, the analag-digital conversion
and preprocessing a}:'a perxformed by the image input unit 2) and
the original image is stored in a frame memory 3 as an input
imaga (check image). The frame memory 3 is connected via a bus

25 9 to a CPU (central porcessing unit) 4-:;:! a microcomputer and

a template memory 5 storing a reference template dascribed

This Sheet Has B
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t hereby preparing an original inmage with nqise renoved (in the exanple

shown in Fig. 2, the analog-digital conversion and preprocessing are
performed by the image input unit 2) and the original image is stored in a
frame nenory 3 as an input inage (check image). The frame nenmory 3 is
connected via a bus 9 to a CPU (central porcessing unit) 4 of a

m croconputer and a tenplate nmenory 5 storing a reference tenpl ate

descri bed Ry O
t he bus 9. Th&ﬂtgﬁpfﬁt%"% ')‘/1 §° F%?ebs“a"re erencgjt enpwazgos] q
reference shape do?eRBn6e! bakgsThed h o BOLbEBESa Qinagde tabbeCeollatdd it he
frame nmenory 2 and the tenplate nenory 5 are matched with each other in

i mge referente dmaget ofi the obfect di.agdHergt dhef frame rmémoxn 2 andeghieat e
in the tenplate nenory 5 i's defined as a reference position (narrely, t he

rotation angl &empleter raemoxsyr Sexars| atehbed sdth caaghcathexs &nr dmagence
T s ST e St o e
obl oot pr a SHBRISER dn, the thublafe %ﬂ%ﬁﬁy&tﬁﬂfﬁvt#} %ﬁ*@'ﬁ?fi g
Gogreas) ar o BPRSEISR Eﬁ%& o, Braeiof g e o). TTreE lldublel <b)
P. The angl e yei &mﬁmctw adtd %fbﬁéﬁéétﬁmﬁaﬁﬁ$ttmh!élﬁliénéé&sﬁylﬁtb

i mge P forns
with the character normally set is stored in the template

10 memory 5.

To find a specific graphic form of the object 1
contained in the input image, namely, the position of check
object P, as .hown in Fig. 1, collation templates Tl1 provided
| by rotating reference template T0 at a predetermined angle at
| 15 a time (in Fig. 1, 10 dog:ees_) are prepared by the CPU 4 and
are collated with the object image P. The angle which the
collation template Tl most matching the object image P forms
with the reference template TO s.tored in the template 'memory 5
is acknowledged as the rotation angle of the check object P.
20 Here, a conventional known normalization correlational method
. is used for collating the collation templates T1 with the check
object P; a correlation function betwean the check object P and
each collation template Tl is found and when the correlation
function value reaches the maximum, the check objact P and the

25 collation template T1 ars assumed to match. In the method of
. the embodiment, one reference template T0 is entered in the

This Sheet Has Been Replaced
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acknowl edged as the rotation angl e of the check object P. a

contventi onal known normalization correlational nmethod "is used for

collating the collation tenplates T1 with the check object P, a

correlation function between the check object P and each collation

tenplate Tl is found and when the correlation function value reaches the

maxi mum the check object P and the collation tenplate T1 are assuned to
match. In the nethod of the enbodi nent, one reference tenplate TOis

entered in the | 2L t hg check
object P, so Pﬂ?lﬁﬁe mm%@&%age@@géﬁg?e@%r%%g E’gc{r:re%‘br§/€5
can be | essengfiat the memo Qquiféd f3cEhd %ﬁlh%é'ﬁhéﬁf}s can
prepared at. equal angle interva s appropr| ately set as required hat 1s,
if the angl e | phelusdéned.e | arge, the detection accuracy of the rotation
angl e of a check object P |lowers, but the nunber of the collation

tenpl ates to be conparbiu wicllationchemplatge Tl badizally hreosprepaved hat

colllation result can be obtainéd in a short tine. In contrast, if the
angl e int & val equat angle mtmnbmmiatewa&qt 88 regquired: i Shatnife of

merory 5 can Shirte SIS, a5y LA, HG® (HEARHR, SSTUEeY RE S o
Course, |1 tne oRitids B B WE 3?‘%?‘33“”‘?%%' Bae! chiGiasly of!
' .the collation templates to be compared with the check object P
is small, mso that the collation result can be obtained in a
10 short tima. In contrast, if the angle intervals Are small,’ the’
- detection accuracy of the rotation angle of a check object P
heightens. |
The frame memory 3 and the template memory 5 can share
the same memory by dividing the memory area. The system can be
) 1$ provided by a computer system havin_g an image input function;
of course, if the CPU processing speed improves, the time
interval ﬁetween the instant at which an image is read and the
instant at which the result is obtained is shortened.
2nd_Embodiment
20 In tha first embodiment, the CPU 4 prepares tha
.collation templates based on the reference template stored in
the template memory S. In a second embodiment of the
invention, as shown in Pig. 3, a template preparation section
6 is provided forx prepai:inq collaéion templatas from a
25 reference template. If euch a configuration is adopted, the
template preparation lec{:ion 6 can ba designed to ba dedicated

- 1 -
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whi gh t he result I's obtained is shortened. 2nd Enbodi nent I'n the
first enbodi ment, the CPU 4 prepares the collation tenplates based on the
reference tenplate stored in the tenplate nenory 5. In a second

enbodi nent of the invention, as shown in Fig. 3, a tenplate preparation
section 6 is provided for preparing collation tenplates froma reference
tenplate. |If such a configuration is adopted, the tenplate preparation
section 6 can be designed to be dedicated

et erence. { amplth SPORAFREESH Sitinekd LoB; bF epF kAT &aﬁlﬁiﬁﬂeﬁ% S
gggt Pgnsgeggﬁdge‘qpr oV HW‘“’A r&iSK?appl | capl on- specl ?‘ﬁeng?a‘ WEE}BU 4 .

functions nmai nlpgodeedingOkhal ben spe8aeaSuPIasCal Wholb)' er WnakPle)C the
collation tenplates V\Ath a check object and finding the rotation angle of

t he check obj ediempiate @reparatibhasactioxsél ican be providimbriy ngnt AsStbe
configuration of the-embodinent, the tenplate preparation section 6 is
provi déd, %\herdmﬂeaatm-wﬂicﬁispé@ed tThet [GPUCHAY faumanemen%raee

E)reﬁgfi;?telson sect B‘gnﬁg?%M| ch i iﬁﬁgdgé:a%‘%&{} gﬁgrebar!ﬁt | gn of he c %t&hoge

t ak ff th t I
bg ﬁgeg as tﬁe%i&té%re£e¥bﬁ%sfmaﬁe #ﬂ‘? f&nﬁkﬂlﬁ’ ﬁié)%ii'tmn ﬁ{)ﬁ%ﬂofan
.the check object based on the collation result.

According to the configuration of the embodiment, the

10 template preparation section 6§ is provided, wherei:y load can be’

- dispersed to the CPU 4 and the template preparation section 6

which is dedicated to preparation of the collation templates,

can perform processing at hig!t speed. Since a huge load can be

taken off the CPU 4, a CFU having comparatively slow processing

| 15 spsed can be used as the CPU 4. Moreover, as in the first

enbodiment, a small-capacity mory can be used as a tan'.uplata

memory 5. Other components and operation of the second

emhodiment are similar to those of the first embodiment. The

template preparation saection § only prepares the collation

20 tempiatea, but may also collate the collation templates with
the check object.

dzd_Epbodiment

In the first and asecond embodiments, the reference

templates are provided in a one-to-one correspondence with the

25 check objectg for storage in the template memory 5 and when one

reference template is collated with its corresponding check

- 12 - This Sheet Has
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O her conponents and operation of the second enbodl nment are simlar

thdse of the first enbodi ment. The t enpl ate .preparation section 6 onl y
prepares the collation tenplates, but may also collate the collation

eﬁpl ates with the check object. . 3rd Enbodi nent In the first and
second enbodi nents, the reference tenplates are provided in a one-to-one
correspondence with the check objects for storage in the tenplate nenory 5
and when one reference tenplate is collated with its correspondi ng check

13 object, the CPU 4 epares the collation | at es based .on e

ef erence | emMkiact, the GF AirEmaemtnshe 691 1iaele e sﬁas KARAdop he
tenpl ates used_f{ coI I q_:tlog )é/l ﬁ’é gng%ﬁ?‘ﬁe#" ggg L%‘ EH% ed in
a tenpl ate mert? t cl Y is .
required as t.fsa 0 na%smgfm.v@ !&:&é@}ﬁ% ﬁﬁuhrfd.-m BbYeat | d¥h

the collation es 1s not nee e collation tenplatés are read

fromthe tenplﬁ&&mmweﬁumemmmuuaﬁwlﬂ ed with the check
object, so that a CPU having conparatively slow processing speed can be

used as asCPU 4. O h&n theextadineat; &garga-capatitycuandzy ignvequired
are simlar to those of the first enbodi nent. <4th Enbodi ment I n
a fourth enbodhnthe Semplate memexy B, Autakhecting gequired for preparing

the collation templates is not neaded and the collation
.templates are read from the template memory 5 in sequence and
are collated with the check ubjlect,. g0 that a CPU having
10 comparatively slow processing speed can be use& as a QPU 4.
- Other components and operation of the third embodiment are

similar to those of the first embodiment.

4:h _Rmbodimant
In a fourth embodiment of the invention, an angle *ange
13 @ for preparing collation templates Tl is limited, as shown in
Fig. 4. That is, 1f collation templates Tl at all angles are
prepared for such an object 1 where only a émpuativa.‘l.y small
angle shift occurs, some collation templates T1 are not used.
Thus, work tamplates T1 .a:r:e pre;;ared only in the necessary
" 20  angle range 8. -

~ The angle range 6 of the collation tamplates T1 to be
prepared is thus limited, whereby the number of the collation
templates T1 to be used can be decreased, so that the
processing time required for preparing the collation templates
25 T1 is shortened and the memory capacity of a template memory 5
for storing the collation templates T1 foxr one check object =

- This Sheet Has Been R,

[

i



[ erriEchiggs ?gﬁ@‘a‘rf’gﬁggﬁfl at i o g @RI "éf‘%s“’TT“i'%?gwﬁﬁNkﬁ@R as .shown '8P3+5'a:3199544#16/65
That i s,

collation tenplates T1 at all angles are prepared for such

objlect 1 where only a conparatively small -angle shift occurs, sone
coldation tenplates Tl are not used. Thus, work tenplates Tl are prepared
only in the necessary angle range [err]. The angle range [err] of

the collation tenplates T1l to be prepared is thus limted, whereby the
nunber of the collation tenplates Tl to be used can be decreased, so that
the processing tinme required for preparing the collation tenplates T1 is

ol atton {ompiaReeRky | 5F O Y, BrfEUAIS CBIFing thl' sahb hioky©

14 lessens. ey 2Ee PaPHES NOthé "Angld iRtes?dEs "BEDhe oldativnare
applied, the angP& efngﬁr SB@? é%e col | at |gon tenpl ates T1 can be narrowed -

for raising theﬁﬁlmsm 88 e Aurroked Nior eadsing theyletettion accuracy
obj ect.- The angle range [err] is set by the user through an operatign

section, such ag the lemtatdon, angle st cheGkhebjadtpoThat enghu nqmeaﬁr&n of
“the fourth enbodi nent are simlar to those of the first

enbodi nents. ek Ewhothepmser throughp Q’FfPP\'Eﬁ‘B%FFm!HF‘g PNy hé“Fhvérﬂrbn
uses both the

finding a nai nkﬁxﬁggg Pfr?élhe?ég'whéhs d:%rg'érqto&an I;?‘H %\égﬁ&%n [ ongf'ﬁa]r'?r
's applied for ofngh NgeRodBidht?tird Miﬂhﬁ: to those of the first to third
. embodiments .,
Sth Embodiment

10 A fifth embodiment of the invention u'ses both the
- method of the fourth embodiment and the conventional art for
finding a main axis. That is, as shown in Pig. 5, the
convantional art is applied for finding a main axis M of a
check object P and an angle range O is set with the xotation
. 18 angle of the majin axis M as the center. Further, anothar angle
range 0’ different 180° from the angle xange O is set and
collation templates in the angle ranges 0 and 0’ are collated
with the check object P. To find the main axis M, a binaxy
image provided by binarizing an original image with respec't to
zd the concentration with an appropriate threshold value is used

and a conventional known technique is applied.
The technique of the embodiment enables datection of
the rotation angle of even a check object P symmetric with
respai:t to a line, the rotatiori angle of the check object P
23 he_u.ng unable to be detected if the rotation angle of the main

axis M is only found as in the conventional art. Other

- 1 4 - = ————
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the mai n"axi s N as e center. Further, another angl'é rarnge [err

different 180 fromthe angle range [err] is set and collation tenplates in
the angle ranges [err] and [err] are collated wth the check object P. To
find the main axis M a binary image provided by binarizing an original

il mge with respect to the concentration with an appropriate threshold
value is used and a conventional known technique is applied. . The
techni que of the enbodi nent enabl es detection of the rotation angle of

oo & oK Cohgbheed W bhkalién of ERNSE0 eibd s el platianep ol o
the main axi §M-hs°@nku.f€£§%eahﬁ Fflﬁgge A5 drtanal art other

conponent s-and operation of t ment are simlar to those of
the first to Wnts. 6t h' Enbodi ment As shown in Fig.
8, in a sixth enbodi nent of the invention, a representative point C of a
check object (generas| shownntlar Big.gr8yitin) & ssixth nesbodimente efnthe of

each collation tenplate is matched with the center of _the cHecqsb I%g{ec% for
col | atingdt he invensipon tenprepresentakivee pHAY Copplcid | PRIes

exoeuted i n ¢t HosRREaLLEs BeRter ' SEoFaet e AT unodl o Rl gl of,

object with a JRicoRihEsdf vlnbRats! 1 hakeRSa Wi he Wiiidr B! thd Rheck

' .object for collating the collation templates with the check

object., The collation templates are provided for one round.

10 This means that collation is executed in the ra;nge of 0-360°
- degrees; the rotafion angle of even a check ocbject with a main
axis hard to set such as a check ocbject with the outline as a

circle or a squara can be detected. Howaver, a plain circle
contains no orientation and a plain square is ¢-revolution
) 15 rotation symmetry and the rotation angles ara equivalent with
respect to four directions, in which cases the rotation angle
cannot be determined aven in the embodiment. However, if a
character -or a mark is written within the outline of a check
ohject, the technjigue of the embodiment can be applied for
20 finding the rotation angle. Other components and operation of
the sixth embodiment are similar to those of the first to third
embodiments.

Jeh Embodiment

A seventh embodiment of the invention will be discussed
25 with reference to Figs. 9 to 135.

A position detection system of the seventh embodiment

- 15 - This Sheet Has Been Replaced

- R




ci r e PG Qfﬁwél’ﬁﬁ?@’be det &gt "’ﬁ&v\é?/é'?“‘“ﬁ”‘ﬂﬂﬁ{ Bigfrcle contgi 5[‘%84;#13/55

orlgntatlon and a p square is 4-revolution tifon symretry "an
rotation angles are equivalent with respect to four ‘directions, in which
cases the rotation angle cannot be determ ned even in the enbodinent.-
However, if a - character or a mark is witten within the outline of a check
obj ect, the technique of the enbodi nent can be applied for finding the
rotation angle. O her conponents and operation of the sixth enbodi ment are
simlar to those of the first to third enbodinents. 7th Enbodi nent

A seventh enbodi ment of the invention will be discussed wth reference to
Figs. 9 to 15. comprises fapT¥icaneradilqcai mniygrehiofatmm/elriahcnpturﬂ
enbodi nment conprises a TV canera

10, : a nonitor HemoEipRNbIA apd léﬁptﬂﬁﬁl%ﬂ‘mﬁé“lamﬂaﬁ&dléﬂr A pvaylay

menbries 14A and 14B,. an | 1

CP(LjJ (central pmﬂ%ﬁ% Wﬁ’#a@'}’ﬂg éf‘;:],f)f) g-gp &E(d 280 iﬁ# %% %éf gﬁ:t )

and a scan fmeggl i¥re 11, PICAAE" a Vi e
m)nitoi 11 Flg@ u?) rign i mage of e GEE Eﬁecb ;I'he ncéZnDLy'Q’lZ st%res -
correc s9| ut meRo: € Qidtiown)i, ng e check objec changeover switc

SWL swi tches bet Weg?;ag%ess of the CPU 17 to the-nenory 12 and access of

the ASIC 18 to the nernThe T¥ vempravihttogesheASritH ShensonihtorAl picksonp

accessing the nenory 12 at the sane
an image of a check object. The memory 12 stores a correct

solution image containing the check object. A changeover

switch SW1 ewitches baetwaean access 6£ the CPU 17 to the memory

10 12 and access of the ASIC 18 to the memory B to prevent the

- ASIC 18 ahd the CPU 17 from accessing the memory 12 at the same

time. |

The capture memory 13A, 138 reads the chack image

(input image) in the check range in which the check object

) 15 exists from the TV camera 10 and records the chack image.

Changecver switches SW2a and 5W2b ewitch among access of the

CPU 17 to the capture memory 13a, 133, access of the ASIC 18 to

the capture memory 13A, 13B, and connection to the TV 1. Thus,

.when one of the capture memories 13A and 13B is connected to

20 either the CPU 17 ox the ASIC 18, the other is connected to the

TV camera 10. Therefore, when one of the capture memories 13A

and 13B is processed by either the CPU 17 6r the ASIC 18, the

other iz connected to the TV camera 10 for reading another
check image. .

25 The display memory 14A, 14B records an image diaplayecl

on the monitor 1l. Changeover switches SW3a and SW3b switch
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cgﬁera 10 and records the check image. Changeover sw tches SWa and SW2b
swi‘t ch anong access of the CPU 17 to the capture nmenory 13A, 13B, access
of the ASIC 18 to the capture nmenory 13A, 13B, and connection to the TV 1.
Thus, when one of the capture nenories 13A and 13B is connected to either
the CPU 17 or the ASIC 18, the other is-.connected to the TV canera 10.
Therefore, when one of the capture nmenories 13A and 13B is processed by

either the CPUydngl abbfad'bE ifls EBS 19! 06" th3_A3BPIEYCilenbry el S4BP: 2

10 for readi ng another check: I mage. menory 14A,

records an i mggnfésticldo Othé havoni tfr lieadiigo0Vehesk tialage, SViled and
SWBb switch .17 anong access of the -

CPU 17 to the dofndetiory théihonitér 1X Sorcdispbaying thal'éhbckoimagadi ng
a check image, and connection to the nonitor 11 for displaying the check
i mage. The oWhe syexdayr peadrylr bSsdeiwsh & thagacteraoyr apgrephieor m

superinposes it on a check i mage, ;,and displays . the resultant. i e on the
moni tor 1% ThEOPWr !Bpﬁﬁém?'f_‘?&)l &t on %IeFBXT'ﬂ‘ni‘ﬂ'ann cﬂﬂdptéiﬁﬁzia&!t he

monitor 11 ceguicast'iniEl bh EREGHRTSHONE 2lmili RS Se Gl W Bpb0M: fod

perfornms cal cu processing o hah ca ation ~ processed by
the ASIC 18.  getermining an output value to the monitor 11.

| The CPU 17 executes general-purpose calculation. It
performs cq.lculat.-.ion .of ail processing dthar than calculation

10 processad by the ASIC 18, | '

The ASIC (calculation means_) 9 1is suitable for
repeating multiplication and addition of simple calculation.
It is dedicated to execution of arithmetic of sum of products
(Zxy) of aim cnlculation.. The arithmetic of sum of products
" 15 becomes sum total calculation when x=1; the arithmetic becomes
calculation of sum of products in the narrow sense when X<y
the arithmetic becomes calculation of sum of squares when x-y.'
The oparation of the ASIC 18 and expressions of arithmetic of
sum of products will be discussed later in detail.

20 The scan memory stores scan data for actually opefat.tng
the ASIC 18; the scan memory, the memory 12, and the capture
memories 13A and 13B make up a memory section. The scan data
iz prepared by the CPU 17. '

Next, the operation of the ASIC 18 will be discussed in

25  detail. First, the CPU 17 selects the ASIC 18 and tzansfers
scan data to the ASIC 18, which then selacts a memory and a
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ang additi on of S|rrpecalculat|on It is delcate to execution o
arithmetic of sumof products ([err]xy) of aimcalculation. The arithnetic
of .sum of products becones sumtotal cal culation when x=I; the arithnetic

becones cal cul ati on of sum of products in the narrow sense when x=y; the
arithmetic beconmes calcul ati on of sum of squares when x=y. The operation,
of the ASIC 18 and expressions of arithnmetic of sum.of products will be
di scussed later in detail. The scan menmory stores scan data for
actual |y oper antit@e ndde,AShérbby the memoryesecyion mmmhqzscaamﬂq«e
capture nenories 13A and 138 make g&a menory section. The scan data

prepared by tHkntcPhe7 scan memory\exWhema ehesker ok shown)sie: E%“&Vrﬁqr be

di scussed in detail First, the CPU 17 §e| ects e ASIC 18 an&i transfers
scan data to tthe ﬂ@"Cli'B“W%rF%&'sIgel cke %P*E?r}o nemery a

scan memory. Vb “’“er%%a%i‘re PR, dnEFd- %W%&é“ﬁﬁﬁﬁééﬁ%%%séf?he
poIC B Lg se, §5kn SR 1R PEQodRd Yo thaAdadlllréad, the
ry sectlon reads af

wher eby t romt .scan nenory. |n response to

the data read Asit.e 18\t kadifs CERS Kfuibér Nabaatal pletespi sets, asaicien amile
and various paraneters, and generates scan data. It also reads data from

the capture nemariouldjparbfiBterayi srd generstemdsaan: dateyor It also maadas C
18 counts grayd:t%alfio%ai:ﬁe cggtntfrlg memoxy 13A, 13B of video memory _and the
memory 12, The ASIC 18 counts gray-scale data, namely,
10 performs aritlmetic of sum of products, eglcuint:l.on of sum’
- total, sum of products in a narrow gsonso, or sum of li;uaros,
based on set mode selection, and requests the CPU 17 to read
the arithmetic result of sum of products. The CPU 17 makas
timing adjustment and reads the arithmetic result of sum of

h 15 products. ' _

Next, the gemeral operation of the position detection
' system will be discussed. The position detection saystem
performs rough detection processing of detecting a rough
position of an approximate position of a check object in a
20 check range based on the comparison result of comparison
processing of comparing images provided by compressing a
correct solution image containing the check object subjected to
the detection displacement operation of displacing by rough
detection displacement amount at a time in the check image and
25 the check image as shown in Fig. 9, then performs preciese
detection proceassing of more precisely detecting the position

- 18 - ‘\\
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duct 5ense, or sum of - squares on set
selectlon and requests the CPU 17 to read -~ the arithmetic result of sum of
praducts. The CPU 17 nakes timng adjustnent and reads the arithnetjc
result of sum of products. Next, the general operation of the
position detection systemw ||l be discussed. The position detection
system perforns rough detection processing of detecting a rough position
of an approxi mate position of a check object in a check range based on the

Compresaing a SEcvit el BEIRE fh e §#%F§%‘nﬁw°ﬁ”‘§§r tHE LB 0n O O

to. the detect pggeg é@&fff‘d}?rﬁ oW Gl | e Vorifietiletsl HanhXt! 840 BongllShdd 0N

di spl acenent a I'n the c ge and the check ifmage as

shown in Fig. @rl ngf?h FJfOEBﬁ%H-ﬁﬁ the Qﬂ&@ﬁ fXRvidedeEy | dikpresiRhg the

precisely dete € positi
of the check obpgtéct moujueiehenkagamjmtéuebq)m detegcitfon Iddspl.mnt

p03|t|on based on the conparison result of conparison 6&;oces& n
conpari ng & he' bpexation ©f aéapb;cmwesgmg detection, W‘gna’l‘%ﬂ&’e

detecti on i spABcATehiMmdn Chey, GBSERcLNaFe, AT SR (SHHRY hpERs oabndti
e RS o b RR R O 8, S
rate, and detects the position of the check object in the check
range in multiple steps, wherein the compression rate is
10 moderated from 1/16 to 1/8 to 1/4 to 1/2 to 1/1 (five stops) in’
. X and Y directions. That is, the compression rate 1/1 is a
last step. The compression .pzocassinq refers to average
compression processing of calculating an average value of
brightness in a square area and adopting the calculation result
| 13 as the brightnass of one pixel of the compressed image. For
example, if the compression zate is 1/16, an average value of
the brightness in a 16 x 16 pixel area becomes the brightness
of one pixel of the compressed image. Incidentally, the
correct solution image corresponds to the reference template in
20 the first embodiment. The correct solution image aubjected to
the detection displacement operation coxresponds to the
collation template in the first embodiment, A detection
displacement angle O described hereinafter corresponds to the
rotation angle in the l!.'irst embodiment.
25 Next, the operation of the position detection system
will be discussed in detail with reference to Fig. 15. First,
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16 to to 1/4°to 1/2 to 1/1 (five steps X and Y directions. That
is)| the conpression rate 1/1 is a last step.. The conpression proceSS|ng
refers to average conpression processing of calculating an average val ue
of brightness in a square area and adopting the calculation result as the
bri ghtness of one pixel of the conpressed inage. For exanple, if the
conpression rate is 1/16, an average value of  the brightness in a 16 x- 16
pi xel area becones the brightness of one pixel of the conpressed imge.

| nci dent al | y hﬁ% ARdUai eBrreBecssitivi dndget arahconpiassad at
tenplate in e f| rst odi nent. The correct solution i nage subjected to

the det ection €hé RRAVIRBhtLPNER | conprewsionppats. t (Theny asobhawn ofn tRAKI at e
in.the first enbodi nent. A detection displacenent angle [err] described
herei nafter cot2esgbadscomprassed: ccoxreat anglution ¢ H-!“S’Pr s‘e‘ ekpEaEed Ny

Next, the operation of the position de ect&on %ll_ste&r}_ vl be discussed in
detail with redefegtdon dlap c!&n'ﬂpiﬂmie etection disp Ademiit ancusit)
20 a check image _and rrect sol Ne a egse by
above- menfi one%QCBHﬁrgggpgﬂcmrét #ﬂ& d S o‘%\niignﬁ@gg& iilz‘%ﬁllhﬁ
conpr essed cor‘i&gdc “tdi%g].? %é Q;f Rhe PakeE! beNtHeS

| anmount

angl e (detecti splace as one di spl acenent operation

and is noved ifmgiy al (autekrioflet esipmbdudmﬂ aamoant) | eayt ha of timee dinxela of

the conpressed inmage (detection displacenent anount) at a tine in a
predetermined range as one displacament operation. This is so-
called raster scanning. The displacement operation comprising

10 the rotation and parallel move is performed until the rotation
- angle becomes a predetermined angle ¢.

| Tha predetermined angle ¢ in the first-step detection

procea'sing is 360°, for exampla. The detection displacement

angle O is found according to expreséion (1) for calculating an

. 15 angle when the pixel at the position most distant fxom the

rotation center is displaced one pixel. In expression (1),

Dist denotes the distance between the rotation center and the

pixel at the position most distant from the rotation center.

The Dist, which is the distance between the rotation center and

20 the pixel at the position most _'di.itant from the rotation

center, increases gradually as the compression rate is

moderated. Therefore, the detection displacement angle 0

lessens gradually as the compression rate is moderated. This

means that the precise detection displacement angle used for

25 the precise detection processing becomes smaller than the rough

detection displacement angle used for the rough detection

- 20 - Sheet Has Been Re laced
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ragter s I ng. € Hi spl acenent operation conprising the rotation an
parial l el nove is perfornmed until the rotati-on. angl e becones a
predeternined angle [err]. The predeterm ned angle [err] in the
first-step-detection processing is 360[err], for exanple. The detection
di spl acenent angle [err] is found according to expression (1) for
calculating an angle when the pixel at the position nost distant fromthe
rotation center is displaced one pixel. In expression (1), Dist denotes
t he di stance between the rotation center and the pixel at the position-
nost di stant PFBF®#H%0t ati on center. The Dist, which is the distance

bet ween the rotation C@gt‘?-&igﬂddﬁs@w%h ?P,giaee @%H'Qrkrlrmtstﬂi st F{{lj »

fromthe rotation center, increa gr adua as the conpression rate

moderated. Therefore, dgpheppiet ggﬁéfnhghaggwqﬁ?ﬂihgar lrang@S Sii'Sthe

gradually as the conpression rate i S np nmeans that the

preci se detect gppyflididprCaaREEL LGN Drovedsing ideallecthe deiexct ofn the
processi ng beconmes snal'l er than the rough detection displacenent angle
used for tshe ioogpresdestimage. The detection displacement length, whichiis
processi ng. Det ection displacenent anglwe [err]. = Si.n errl él [ Di st)
(1) cene [eixalhof khejconpressed) Jmage RE da q']"lbf?é'"f Lpaseng .

detection processing Jjs all_the area of, the

det ecti on di spPa® Y |8 gehe W‘ﬁ'&m‘oﬁ&“ﬁ?g&r Egﬁggﬂggggﬁblﬁe@geﬁeﬁr%ge

as described appyp, ¢hSidtise detection displacement length used for the
pieci.ae detaction processing becomes emaller than the rbuqh
10 detection displacement length used for the rm.;qh detection’
- processing.

After the first-step detection processing is thus
performed, the next-step detection processing is paerformed.
The predetermined angle ¢ in the next-step or later-step
" 15 detection processing is betwaen the angle to which the
detection displacement angle § in the previous step is added
and the angle from which the detection displacement angle € in
the -previous step is aubtracted with the angle where the rough
position (rough rotation angle) of the check ocbject is detected
20 as the center, as shown in Fig. 13. Pig. 13 is an illustration
to explain the predetermined angle ¢ and compression processing

is not perxformed. |
A predetermined dimension LL for defining the
p:édetem:_l.nad range in the next-step detection processing is
.25  between the position (coordinata) to which dimension value L

resulting from (current compression rate in the next

- 21 - —
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pr qci se ction displacenent length used for the precise detection
pracessing beconmes snaller than the rough detection displacenent |ength
used for the rough detection processing. After the first-step

detection processing is thus perforned, the next-step detection processing
is performed. The predeternm ned angle [err] in the next-step or later-step
detection processing is between the angle to which the detection

di spl acenent angle [err] in the previous step is added and the angle from
whi ch the detection displacenent angle [err] in_ the previqus_ st '

subtracted wit Btepd/ (pyeeioys reonpreasigyn & Blii isomddeg, dnd, She %ﬁﬁﬁﬁ"e)

f th heck object .is detected - th h Ln ,Fi L g.
o 1he ek oiLsct 3ol s vl Yo bt S 1 Bhfnctad
Coor def ot ndith the.ZplGh, PRERELIBE (rough cbd¥ALd)T WAa-d! Tena o

processing is gbfidRORatdc pd8itiofN (covvddnitayp) ofo vhe Clehdickeshijuwrt akae L
resul'ting from (current conpression rate in the next

step)/ ('pr esi oldetected sas ctha menters indkicandi T dixrecsdonsi e shayoodn Rige)
from whi ch the di nension value -L is subtracted "w th the rough position
(rough coor di ndfe) Epwkexample, i the previpus; coRpre]sion rate s &Vslﬁhend

check obj ect 13, 40gt cot e fin Nk °Lk lnd "ndkdSkop U /4, bhe" sildAlEoh"
value L becomes 2 and -the predetermined dimension LL in the
next-step detection processing becomes the range ?f ttwo pixaels
10 with the position (coordinate) detected in the previous atep as’
. the center. Fig. 14 is an illustration to explain the
predetermined dimension LL and compresaion processing is not
performed. |
After tha displacement operation 1is performed,
) 15 correlation value R indicating the match degree between the
correct solution image and the check image in the area where
"the correct solution image and the check image are superimposed
is calculated according to expression (2) involving arithmetic
of sum of products, the correlation values are compared and a
20 combination of the coordinate and the rotation angle where the
correlation value R reaches the maximum is found, thereby
datecting the position of the check object in the detection
check range.
In expression (2), £ (x, y) denotes the brightness
25 value of the correct solution image in the coordinates (x, y).,
g (x, y) denotes the brightness value of the check image in the
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conpres te he next step is 1/8, the i mensi on val ue L becones 2
and the predeternined dinension LL in the .next-step detection processing
becomes the range of two pixels wth the position (coordinate) detected in

the previous step as the center. Fig. 14.is an illustration to explain
the predeterm ned di nension LL and conpression processing i s not
per f or med. After the displacenent operation is perforned,

correlation value R indicating the match degree between the correct

sol ution i mage and e che [ th e t or t L on
i mage and the EARER 1 Zﬂ‘e R { |5er 5@*&‘% ghgﬁe&ﬁat%%ccgﬁl ngg%‘gﬁ
expression (2) (iﬁx?er’m J chrd | )
val ues are conﬂgﬁ\éﬁl*hd% |on ri.F%'mcooﬂ%una e angogﬁde rotation

angl e where th +hide atipet d&d faedd, -t hereby
' : §05|?|‘%ﬁh§ tﬁe check O%j ec!t]9§ uae

detecting the In the detection check range.
I n expression pgrreiation WaldenRt s the brightness value of the correct
sol ution inmage in the cdordi nates (x, y), @ (X, y) denotes the bright ness

val ue of tshe ch .
2o ar e Bapd: oo Gkl T mﬁimﬁg géxhﬁL}ZL°2f'H?22|s

coordi nates (
and the check i

in the superi sed areg el ati on vaI (2)
{mn I *(x. v) - (Z $(x, r-)h'(mn I §lix )'- (I §4x, ﬂﬁ
X, YES %, YES - . X, ¥ESF T ox o y€8
'-'A:l.h' - If the position of the check object in the det.egtion'

- chegk range is detected according to the procedure, for
exanple, when the siges of the check image and the correct
solution image are 512 x 480 pixels and 128 x 128 pixels
respectively and the detection displacement' angle § in the last

) 15 step is 1°, the total numh_ar of calculation processing times
accompanying the detection processing becomes 19300 and the
total processing time becomes about one second. Thus, the
number of detection processing times and the detection time are
drastically decreased as compared with the total number of

20 calculation processing times, 48000000 and the total procaessing
time, several s-econds applied when the position of the chack
object in the dstaction check range is detected by l-stap
detection without executing multi-step detection. About 98% of
the number of processing times 19300 is the number of

z5 pxocesaing timas in the firat-step detection processing.
In the position detection system, unlike the image

- 23 -
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check réﬁ%é s deg%? ed according to the procedure, for exanple

si zes of the check image and the correct solution imge are 512 x 480

pi xel s and 128 x 128 pixels respectively and the detection displacenent
angle [err]  in the last step is 1l[err], the total nunber of calculation
processing tinmes acconpanying the detection processing becones 19300 and
the total processing tinme beconmes about one second. Thus, the nunber of
detection processing tines and the detection tine are drastically

i e, 4800000 $EATAaRAoEY opRPERTEURL (Ui Btriling, Bty Yol oF 248" Hifid)
when the posi t QI; @%}ﬁhésﬁgaﬁlﬂhtiBntﬂﬁﬁﬁ% Chbi Diagid) pebvided oy the

detected by 1- s ection wt

98% of the numagé RoRpeessieh t procedsXi has tém avebsge 0bf yaluessofig
times in the first-step detection processing. In the position

detection syst gixedski keThus; i rizfgesome pixels have peculiar values, the
24 provided by extracting (or thinning out) some of, the thel s . maki ngF

the correc$ sol ﬂ}lrﬁﬂ;:}él@!t pTe averagedAn éﬂeb?e'f‘h’é"uav thempedy

ﬁ;\?gezzlczﬂﬂ gfsman S;gi& . Oflovz%:lh%%stﬂe pgsj.(t:ll.on of -'[ a ehac;: 3’1%?:1:0 '1.)§:elr.ﬁe

chack range can be detected accurately. -

By displacing by precise detection displacement amount

smaller than the rough detection displacement amount at a time,
10 more precise detection processing can be pe.rformad than’ -
. detection processing of displacing by the same 'precise
detection . displacement amount as the rough detection
displacement amount at & time. The effect of being capable of
accurately detecting the position of the check object in the

"15  check range can be produced furthermore.

Since the arithmetic of sum of products is performed by
the ASIC 18 dedicated to exsecution of aim calculation and not
by the CPU 17 used for general-purpose calculation, the time
required for the arithmetic of sum of products can be made

20 gshorter than that taken when the CPU 17 performs the arithmetic
of sum of products. For example, when the sizes of the check
inage and the corraect solution image are 51.2 x 480 pixels and
128 x 128 pixels reapecf;ively, if only the CPU 17 exaecutes the
arithmetic of sum of products, it takes several seuonﬁc in

25 processing; the time is ahoﬁ:enad to about one second in the

smbodiment.

- 28 =
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Iudea T hat position of the check object in the check range c
beldetected accurately. By displacing by precise detection
di dpl acenent amount smaller than the rough detection displacenent anpunt
at ‘a time,- nore precise detection processing can be perforned than
detecti on processing of displacing by the sane precise detection
di spl acenent anmount as the rough detection displacenent anount at a
time. The effect of being capable of accurately detecting the position of
the check object in the check range can be produced furthernore.
Since the ari tftietBnhodingat of products is performed by the ASIC 18

dedi cated t t f | cul at i t t 7 d
gener a epur‘;oiéeﬁzl coPaEEon o AS9REho enpalrnat 6, S oHyarial WO o,
of products ca Qﬁ‘l%%eo ﬁfréﬁ;ﬁ%gow%j‘ keﬁ Whegat-6f mhggcﬂer;ﬁ]{rs

the arithnetic r exa When the sizes of the

check | Mge APfodd®praviSEELY O bk mednds amSJ.&m&ﬁo @ibodimentd ad@s X

128 pi xel s respéc ly the CPU 17 executes the arithnetic of sum

of productss, 1&;&@&%@% HemecLefearidn nﬂnerelssungthe helghtheembodiment:ned
to about one second in the enbodi nent.

25 8th Enbodi amditwill not mmsuqaemggntnenbtm.mtsmntthemm%%
will be discussed with reference to Fig. 16. Parts identic

' when detection processing in each step is per o the

coordinates and the rotation angle with the correlation value

R reaching the maximum are found, thereby detecting the

10 position of the check object; in the eighth embodiment, when’

. detection processing in each step other than the last step is

parforﬁed, a plurality of proposed combinations qf the

coordinate and the rotation angle where the cor;elntion value
R is relatively high and e#ceads a threshold value are found,
-.15 then when detection processing in the nexg step is performed,
the combinations found in the pravious step are narrowed down
and the position of the check object is detected.
More particularly, for example, as shown in Fig. 1§,
when first-step detaction processing is performed, if there are
20 first-order to seventh-order combinations of coordinates and
rotation angle with the correlation value R héin'g not much low,
the first-order .to fifth-order combinations with the
corralation valua R being comparatively high are selected and
when the first-oxder to the fourth-order combinations have the
25 correlation value R exceeding a threshold value, only the
| first-order to the fourth-order combinations, namely, Cl, C2,

__,_-__”—
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sang referenc
again. In the
i s perforned,
value R reac
t he check obj
each step oth
comnbi nati ons

correlation v
found, then

combi nati ons

of the check

shown in Fig.
there are fi
rotation angl
first-order

'Y Degh.Moed i nSEhEosEREnEh BIHEERTEnE e  denot Edalg)fsstsﬁ‘?és‘i;(fza/ss

e nunerals in the eighth enbodi nrent and wll "not be

I SCUSSse

sevent h enbodi ment, when detection processing in each step
the coordinates and the rotation angle with the correl ation

hi ng the maxi mum are found, thereby detecting the position
ect; in the eighth enbodi nent, when detection processing

of
n

er than the last step is perforned, a plurality of proposed

of the coordinate and the rotation angle where the

oFds of 54 ene” EpiRal el  HaBECERIT sny REaE e YR 18
o B0 Ene (bild: BBIYERYS vhieRP a8 End o Lol Herdabion Yioddiaiigd Lh
Horforhed, | A" GredsCRmiBieir i aiye GKPSEé ekt ford Aifwp1aedneht

rst-order to seventh-order conbi nati ons of coordi nates and
e langthth o ar parallel wivecoR dne diaplacsment |aperatiiion and
to fifth-order conbinations wth the correlation value

bei ng conphr at AvEredeteymined sngleid and,detoption displasemant angle O for

f ourt h-order
t hreshol d va

conbi nati ons hav

t | ati on, Val R di-
JESEBRIQR G one; dLepiacmment oPRESTIRR Are FaLPalains haseden
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check "obj ect.

10

15

en Secon ection processing is
Then, the second-step detection processing is performed.

In the position detaction system, if an only position

e
he

i on
as .

R

he

is detected in the bzevious-step detection processing, the’

- datectad position may be detected with poor accuracy and have
an error because of noise, etc, However, if a number of
positions are detected in the previous-step dataction
processing and then are alsc narrowed down in the next-step
detection processing, even if the detected positiéns cbntain a
position not accurately detected and hairing an erxor, the
position can be excluded when the detected positim are
narrowad down. Thus, the effect of being capable of accurately
detecting the position of the check object in the check range
can be produced furthermore. |

As in the seventh embodiwent, by diapla&ing by precise
detection displacement amount smaller than the rough detection
displacement amount at a time, the effect of being capabla of
accurately detecting the position of the check object in the

check range can be produced furthermore. .

As in the seventh embodiment, the arithmetic of sum of
[
: Bamkqiﬂﬁd
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pertf BFHYEE GAttetial sl A ned r aITGE TS e 1 Bilwdl Wi tagenent | engihisisiben; fo/6s
panral | el nove of one displ acenent operation and . a predeterm ned angl e

[edr] and detection displacenent angle [err] for rotation of one

di spl acenent operation are cal cul ated based on each of the first-order to
fourth-order detection positions. Then, the second-step detection

processing i s perforned. In the position detection system if an

onl'y position is detected in the previous-step detection processing, the
detected position may be detected with poor accuracy and have an error

b f ' tC. Ho! ' f L4 t '

he. pr ovi ous. SRS BRFERERRACRY T IS Al cafiohted ¥ BrloHELGLIAE, "
the next-step ofig! SEIPREYACCRD! Bhlat U tilne! DBgUELES ! Sk ROV BEERMECL A1 N
a -position not accurately détected and having an error, the position can -

be excluded whgp §iif ofchPedtstd tan! b6 ifady Shopters Ciixh thas. talkurs whahcthe
ef fect of being capable of accurately detecting the position of the check

obj'ect in the ghithmetitpof sum be prodiwad i pepformed by a CPU 12s in the
sevent h enbodi ment, by displacing by precise detection displacenent anount

smal | er tisan tSkshrEmbddilentcti on displacenent anobunt at a time, the effect

of being capable of accurately detecting, the position of the che ofy ect
in the check range cdieafe # oBiBER FB‘PP&%’F%‘F e‘.’2 the ““W“‘iiﬂnt Hé‘iisle th

enbodi nent, the,arithneti,c,of m of h tho
27 products | SERHERT e rafeliate 8 Ty 2 SPTES ASERTiTY) ViR thone
_previously described in the seventh embodiment are denoted by

the same reference numerals in the ninth embodiment and will

10 not be discussed again. In the seventh embodiment, when the’

. first-step detection processing is performed, the displacement
operation of parallel move and rotation is performed; in the
ninth embodiment, the displacement operation of only parallel
move is performed. _

) 15 More particularly, in i:ha firgst-step detection
pxoceaaiﬁg, for example, a check image and a correct solution
image are compressed at a compression rate of 1/4, then the
compreud' correct solution image is moved in parallel as the
displacement operation by detection displacament length of one

20 pixel of the compressed image at a time in a predetermined
range, namely, in all the area of the compressed image. -

After the: first-step detection processing is- thus

performed, the second-step detection processing involving the

displacement operation of parallel move and xrotation is

25 performed. The combression_rate in the second step and later

is 1/1. A predetermined rangs in the second gstep and later is

——

TThe———
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prqduct S ca e made shorter than that taken when the arithnetic of sum of
products is performed by a CPU 17. 9th Enrodi nent Next, a ninth
enbodi ment of the invention wll be discussed with reference to Fig. 9.

Parts identical with those previously described in the seventh enbodi nent

are denoted by the sane reference nunerals in the ninth enbodi nent and

will not be discussed again. In the seventh enbodi nent, when the

first-step detection processing is perforned, the displacenment operation

of parallel noyg. r Oftﬁdi’lt'i%npg,f:f:gf:&ﬁﬁté)n_ﬁdqﬁrhi@hnuhmﬁﬁbﬂdnniﬂua the

di spl acenent operati on only par nove i s performned. Mor e

particularly, resfltifif f£rdist {shepentct eotprensionoceaterginfothexangxt: a
check i nmage anﬁ a correct solution inage are conpressed at a conpression

rate of 1/4, tiaeep)hiprevivusccomgressient rate)t innaddedcand hhecposition

paral l el as the displacenent operation by detection displ acemenLFI engetél of
one pixel of (teo s dirommspdch; the; dimenpglan ;Faiue ok iAo FUPEEARES

nanely, in all the area of, . the conpr d.i e. t

first E/st 13;5 det!%ﬂ‘oﬁ‘ rmépﬁgi?é?@%%g%&ﬁvetw%%&%? g?)itj.on
det ecti on processing, invaql vi th h.S L@ Naf r ve
and rotati (F;n [ §°°%%%f%ir¥° d.‘JéI]'%eh .c%#p’r@g‘s%?’ g%@g? é ?ﬁeté eége%’(;ngﬁgt éelthg*n%m
later is 1/1. phePpkifpel 190 tha) Sorgrdetd ohc Gt SixePthed prévicussstep

* _detection processing is 1/4 and the current compression rate
for the next-stap detection processing is 1/1, the dimension

10 value L. bacomes 4 and the predetermined range in 'tha next-step’

- detaction processing hacémas the range of ifour pixels with the
position (coordinate) detected in the previous step as the
canﬁaz. The detaction displacement length in the second step

.and later 1/ (2 x previous compression rate). For example, if

) 15 ~ the previous compression rate is 1/4 and the current
compression rate is 1/1, the detection displacement length
becomes two pixels. On the other hand, the detection
displacement length in the first-stap detaction processing is

one pixel of the image compressed at the compression rate 1/4

20 and corresponds to four pixeia of the uncompressed image, thus
the detection displacement length in the second-step detection
processing is smaller than the detection displacement length in

the first-step detection processing. When the detaction
displacement length becomes less than one pixel, the

25 predetermined range and the detection digplacement length are

‘not changad as the detection step proceeds.

-

i
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frgqm(curre conpression rate- in the next- step)/(previous conpression

ratle) is added and the position (coordinate),fromwhich the dinension

val’ue L is subtracted wth the position (coordinate) where the approxi mate
position (coordinate) of the check object is detected as the center. For
exanple, if the conpression rate in the previous-step detection processing

is 1/4 and the current conpression rate for the next-step detection
processing is 1/1, the dinension value L becones 4 and the predeterm ned

. [ th t-st t | |

bixels wi th the  post MmbiBecEEPRF HEnG: RopRieaEeiied Unola e vhs haibnd |
ter. The d [ dj N ' hgréd@&edEn Sicd t

(1:/e?;2e>r< pr e\e/i oﬁéegglfrg?ésiélég*nf,‘r:ﬁ’t eg. For g?ﬁ‘ﬁ& %, ﬁff the pr evi.(r)'ﬁgd 4! ¢ha

conpressi on ragRikd stdphfidt D&tEr) r§Nt isCa(R/provivue domprashion ichte).
detection di sp%ggenenté?ength ' bec{)rrg;s] tV\D(mpl xel s. On the other )

hand, the depogtaramplislficehee praviogshcomprension state dg dédecandothe
processing is one pixel of the inmage conpressed at the conpression rat

1/4 and crrecprnent t conpresgion:| Tats imecliheotPpcpraderarmined angle
det'ecti on di spl acenent Igngt h in the second-stepg_det ectt'h(gn gracegsi ng_Ls
smal | er than t hecemesctéSn (The| pEedetarmined angle din. the third step &pd;

Bixel . the  pr AAERE: dhndiiem, o8 40/ PROPEHE HompER b EoRJEaNER, skRarf e 21
not changed asgffe fiRleetibAN stlelP PEOSERIS when the compression rate is
| " smaller than 1/1. A detection displacement angle 6 is 1/4 of
10 the predetermined angle ¢. For example, if the 'predeterm‘.ned'
. angle ¢ is $16°, the detection displacement angle 6 becomes 8°,
The detection displacement angle 6, which is 1/4 of the
predetermined angle ¢, lessens as the detection step proceads
when the predetemi.ned angla. lessens as the detection step
.‘ 15 - proceeds as described above. When the detection displacement
angle © exceaeds the limit accuracy, the predetermined range and
the detection displacement length are not changed as the

detection step proceeds,
In the above position detection system, the first-step
20 detection processing of rough detection processing of detecting
an approximate position involves a wide detection range and a
large calculation amount for the detection processing as
compared with the second-step detection processing of precise
detection processing of detecting a more precise position in
23 the proximity of the rough position, thus takes time in

processing., However, the first-step detaction processing,
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[enr], |s r exanple. A predeterm ned angle in the third

an Iater [err], is (1/previous conpression rate). ~For exanple, if the
previ ous conpression.rate is 1/4 and the current conpression rate is 1/1,
the predeterm ned angle [err] becones 4[err]. The predeterm ned angle in
the third step and later, [€rr], which is (1/previous conpression-rate),

| essens as the detection step proceeds when the conpression rate is

smal ler than 1/1. A detection displacenent angle [err] is 1/4 of the

predeterni ned JRELE tnGbibes "8 #p L dclemia P o RilToP $h1yPHiLELIET ]

Is 16[err], ctron acene angl e econes 8

detection di S%&F@neeaxaﬁghaokeéf] tine G | prodebading heharmr thiet detection
angle [err], l'essens as the detection step proceeds. when the predeterm ned

angl e | essens ¢ idgy etavalvixigepther dieplscemantes operstionovempriaing he
detection displacenent angle [err] exceeds the limt accuracy,

he
predet er mi ned rokagiomdand ipareddedt mowed sfpeetiignllyonfox 9?‘&“1355?' c%ed
as the detection step proceed I.n the abov on ,det c Hely
system tHe fikhe aixag o ﬁe‘i‘&ﬁi’&ﬁkp%ﬂ‘ﬁgtﬁ? dg?g jr‘gh gec
01}/ det ecti ng | a % OSi ti ony dﬁvgl vS3 m deg, ‘ém?f geg y Sga
| ar ge cal cul at% %?mm F F‘? e“&gt |on procggm ng as géonpar e?]vvi tlﬂé]t he
second- st ep debfedetil-RACaaEIW 1o hb Yeodhd-HEbF Uardiciblpiiidmaing, ¢,

detecting a e precrse position in proxinity of the rough position,
thus takes tingsi B16P} OGRS dimpresedony afatel hin f thet firep-stepctstaction

processing, processing is 1/4, and the angle limit accuracy is 1°, the
10 total number of calculation processing times assoclated with
- the detection processing becomes B80 and the detection
processing time becomes 400 msec. '
Az in the seventh embodiment, by displacing by precise
detection displacement amount smaller than the rough detection
“ 1s displacement amount at a time, the effect of being capablae of
accurately detecting the position of the check object in the
check range can be ﬁ::aducad furtharmore.
As in the seventh embodiment, the arithmetic of sum of
products is performed by an ASIC 18 dedicated to exaecution of
20 aim calculation, so that the time required for the arithmetic
of sum of products can be made shorter than that taken when the
arithmetic of sum of products is performed by a CPU 17.
A0th Embodiment
Rext, a tenth embodiment of the invention will be
25 discussed with reference to Fig. 18, Parts identical with
thosa previously described in the ninth embodiment are denoted

-
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t akes shorter time 1 n processing than the detection processing involving
thé di spl acenent operation conprising rotation and parallel nove.
Specifically, for exanple, when the sizes of the check i mage and the
correct solution image are 512 x 480 pixels and 128 x 128 pi xels
respectively, the predeterm ned angle in the second-step detection
processing, [err], is 16[err], the conpression rate in the first-step
detection processing is 1/4, and the angle limt accuracy is 1[err], the

ot 6ot] on - pr REEHe §aBS JRFARSTCRBMEFALS LcEns, FAULE: BB %ﬂw&é‘&wmm
b 400

preggim;Z detec‘%%nbﬁl Ga%'e‘r?édnlt Jn%ﬁnfegl?rgf:?erﬂ?ﬁ %o?ﬁegrﬁ ‘det ec |or'1'b
di spl acement aé%ﬁ}ld-f& &bﬂﬁcti&iﬁg&&&&ﬁ&iﬂé | feeaae&J hef coefuﬂémly

detecting the position O0f the check object 1n t check range can

produced furthgidoelfs rotation aAglénwitie ﬂwedﬁﬂ‘reemtddnmaluetnetaamh@t ic
of sumof products is perfornmed by an ASIC 18 dedicated to execution of
ai m cal culsat i othe snaximn wxe tfound; ctheraky fdetactdngr thanpesition oflbhef
products can be nade shorter than that taken when the arithnetic of sum of

products is peehesknebiogta Lmpthey tenth: emhodinentenss in the fﬁdﬁﬁf'"*&f’! ér?t h
A T S TR R AR T T =g
are denot ed plurality of combinations of the coordinates and the rotation
angle where the correlation value R is relatively high and
10 exceeds a threshold value are found, then whén third-step"
-deﬁect.ton processing is performed, the 'combinationa found in
the second-step detection processing are narrowed down and the
position of the check ocbject ls detected.
In the positicn detection system, even if the detected
“ 15 positions contain a position not accurately detectacl and having
an exxor, the position can be excluded when the detected
positions are narrowed down, thus the effect of being capable
of accurately detecting the position of the check object in the
check range can be produced furthermore as in the eighth
20 embodiment in addition to the effect of the ninth embodimant.
11th Embodiment
Next, an eleventh embodiment of the invention will be
discussed with reference to Fig. 19, This embodiment is a
combination which includes steps for preparing templates and
25 stepa for compressing the check image and the templates.
In thim embodiment, the check ranges of the rastezr
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di sgussed agai n. I'n’ the ninth embodi nent, .when the second-step '

det gction processing is perfornmed, the coordinates and the rotation angle
with the correlation value R reaching the maxi numare found, thereby
det&cting the position of the check object; in the tenth enbodinent, as in
the first-step to fourth-step detection processing. in the eighth

enbodi ment, a plurality of conbinations of the coordinates and the

rotation angle where the correlation value Ris relatively high and

o ocessing i o PERBAG ATG Gt SREATLeh HRaPS Tk Y 4eRkehe 2L Lhaftea in
detection processiQdelfmitud \Qﬁg daa3aHch! Sas AeALE1BEdYn fthﬁ;fé\ﬁfkh}t
L FAsg 8 2

o
object is dete e position ection system even if the
detected posi tyjxih aRbddinbntsROSid tha filéstiatiepiietec i prodessing,atheg

an error, the position can be excluded when the detected positions are
narrowed down, compreshedcfdhectk oimbge Ny compxieseedos inputir Ameng) deandt thy

the position of the check gbject in the check range can_be ErOdUC%SIF'
further nor$® as qorprResed aallationdanplates (the compressed corgert solutipp.

I ot AU = e 1
cotoc Tert | 5, SopbAR W Ul G RoSRELGR(RiGPECheReLAT spa
this enbodi nentpgthteos i1 d)28856he ThebR dlifdct where the correlation value
reaches maximum in the f:l.rst.-atep. detection processing. In the
10 next step, the compression rate is moderated, .and' the check’
+ image and the collation templates at a compression rate more
moderate than the previous compression rate are compared in the
proximity of the rough position detected in the first-step
detection processing so as to detect the position of the check
) 15 ° object more precicely. By performing the aforementioned rough
detection processing in multiple steps, it is possible to
determine the precise position of the check object. This
mbodhu:nt is ‘an example of a combination of ﬂrat, fourth to
seventh embodiments aforementioned. Of course, it is poseible
20 to adopt various combinations of the aforementioned
embodiments.

In the above ami:odiments, the detection diapla_cement
angle & may lassen as the datection step proceeds; for example,
when the detection displacefaent angle § is extremely small, it

25 need not necessarily .bel lessened a8 the detection step

proceeds,
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predete nh advance, as described-int fourth to

enfjodi ments. In the first-step detection pr.ocessing, the conpressed check
i mage (conpressed input inmge) and the conpressed col |l ation tenpl ates
(the conpressed correct solution | mage subjected to the detection

di spl acenent operation) are conpared so as to detect a rough position
(rough coordi nate and rotation angle) of the check object where the
correl ation val ue reaches maximumin the first-step detection processing.

e Che Co | i SRaEaR o Lenteh SRR BeePh i o bmen

ough pasi 11 oniRavER (A the et fid HERTREGAELe higl% 0 86 W ebeBELLES

detect the pos“&gngggo;;@, cﬂ_gz%t PiiAd 6y HY W’ reBY sRowh 04111 thet he
roug

af orenenti oned detection processing in nultiple steps, it is

possi ble to iBoeé Nambsod idntecci se position of the check object.  This
enbodi ment is an exanple of a conbination of first, fourth to sevent h
enbodi neritss af or ement i Imethe Cabove r sebodimgnts,  the) arithmetic) gk sWm 9fys

enbodi Ment s, t RECHRFER (kR paTEERRat dTt e AHZFCL{ dRdiontpd e anpaRe PR SE " ©
angl o [orr] i SRURTAITRRAtIRas| 5F angdh- Tt HE- SRRk phyer b T b
as the deteci{QNye il o p26EEESIng calculation amount is not much large,
| the arithmetic of sum of products may be performed by the CPU
w17, ' |
According to the invention, a position detection mathod
comprises a first step of preparing a plurality of collation

templatas one after another by rotating a reference template as

a reference graphic form previously entered at various rotation

) 15 angles, a second step of collating the co].lati?n templates with
a check object contained in a given input image in oxder for
evaluating a correlation degree therebétween, and a thixd atep

of a;elmowlndg.i.ng the rotation angle which the collation
template most matching the check object at the second step

20 forms with the reference template as the rotation angle of the
check object. The collation templates provided by rotating the
referance template at various rotation angles are collatad with

the check object, thereby finding the rotation angle of the

. check object. Thus, evan if the outline of the check object is

25 a sghape having symmetry, if the check object contains

orientation, the rotation angle 6f the check object can be

—

—
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S tot limted to the procedures shown in the- above enbodi nents.

In the above enbodinents, the arithnmetic of sumof products is perforned
by the ASIC 18 dedicated to execution of aimcalculation; for exanple,
when the check image is small and the detection processing cal cul ation
anount is not nuch large, the arithnetic of sum of products may be
performed by the CPU 17. According to the invention, a position

detection nmethod conprises a first step of preparing a pluralit
collation tendetesctedac mgﬂuncﬂl'ﬁPOE}lttﬁ'&tW]-& Et&%ﬁé’!ﬂ’éﬁgﬁ’&’&das
a reference graphic form previously entered at ripus gotati a
second step of Qothet ¥ﬁ5¢¥9¥@%5ﬂ¥?ﬁﬁ L1 aFBiiﬁH)?P g&gﬂégfﬂe]?th%%k
contained in a given i QRUL.I [ f ' '
degree ther ebm ! Qﬁdt%“t%ﬁ?rﬁa gP gég:e_%* g% k%%%aﬁé%%gﬁﬁﬁﬂtﬁiﬁganﬁgl e
whi ch the col | aﬁéf&%@ﬁﬂ”@éﬁ%&@%&ﬁ%@ﬂgi&ﬁﬁ%sﬁhﬂﬁ at the second
th the refere S

step forms w ce tenplate a he rotation angle of the check
obj ect. Thg collation renpdiistion cenpbacdy preparadoondattez snother by &

tenpl ate at various rotation angles are collated-wth the check object,
t hereby findi nenplatet preparation eation chavingppardwans dedicated  tone
outline of the check object is a shape havilrs%aséynms!tera/,ohf o he fe'e?rkance
obj ect cont ai npreparation of collation temp
.template are usaed and the rotation angla. of the check object is
found by a collation operation section provided apart from the
10 template preparation gection from the collation results of the’
. collation templates with the check object, the dedicated
hardware is used for the step of preparing the collation
templates based on the reference template, so that the step of
preparing the collation templates from tha refarence template
1s can be speedad up, leading to shortening of the processing
time.

Further the position detection method may be providaed
which comprisea a fi:st step of collating a plurality of
previously entered collation templates provided by rotating &

20 reforenee. gr'a;;hic form at various rotation angles with a check
object contained in a given input image in order for evaluating

~a& correlation degree therebetween and a second step of
acknowledging a rotation angle which the collation template

most matching the check object at the first step forms with the

25 refaerence template as the rotation angle of the check object.

Bince the collation‘tampl_atas are previously entered, the step
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that the capacity of the menory for entering the
becomes conparatively small.

or temﬂ:mtu’ncmﬁ-it 1657 1 on angPLaEh Piffe 2 HERNIEALRRE SThdn be
4 Py “ '

ded¥ct

reference tenplate at the collation tine with the check

813+55613954; #37/65

er, the collation tenplates are prepared based on

obj ect, so

reference tenpl ate
If collation tenplates prepared one

after another by a tenplate preparation section having hardware dedi cated

to

preparation of collation tenplates based on the reference

used- and the rotation angle of the check object is found by a

tenpl ate are
coll ation

[T om the col | aPFOREWRREAAG, The (9pl Iakor, Somkinbnh) & COSE, AT Hibd S, b

- object, the d
col.lation te
preparing the
speeded up, |
t he position
of collating
provided gy r
wi th a check

ﬁg#gﬁgﬂ,&; Qﬂé‘g‘(’)\ﬁiﬁ ieﬁnre‘e’ ?ﬁqefcoébﬁ@t AhAPh L -Aipie Pﬂ&:“ﬂng

pase erence tenplate, So that the step of
£8! dpdhgu.tenplates fromthe reference tenplate can be

eading to shortening of the processing tine. . Furt her
det ecti oMM hngle rangeowfdathe wollationptemplateds tatbat ep

a plurality of previously entered collation tenplates |
dtelismgedh witf cvhenchegkaphiject oisn himited &os & pradssaraingd
obj ect contained in a given input "image in o

der for
eval uating a range; aasepmingrthat Hde siatachion, 4cULacH Q) sggﬁ gptation

acknow edgi ng
t he check obj

10

ciob b e PE0S ! R LS e BURGS e o i) 1
the number of collation templates can be decreased, resulting

in speeding up of processing and a decreasa in the memory

capacity. If is many collation templates as the number of’

. gollation templates when the angle range is not limited are

13

ueed, the detection accuracy of the rotation angle can be
raisec'l. . '

Iﬁe position detection method preferably comprises the
gtep of finding a rotation angle of a main axis of the check
object, and if the angle rangs of the collation templates to be
collated with the check object is limited to a predetermined
angle range with the rotation angle of the m:.n axis as the
center and an angle range' different 180 degrees from the
predetermined angle range, the main axis of the check object is
found, thereby finding a rough rotation angle of the check |
object, then the collation templates are used to determine the
rotation angle of the check ;':bject. Thus, although the number
of collation templates is reduced, the rotation angle of the
c¢heck object can be found accurately.

The position detection method preferably comprises the
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coI]I ati | at'e re previously entered, the step :
35 " of preparing the collation tenplates is- not required at the collation
time with the check object and hi gh-speed processing is enabl ed.

| f the angl'e range of the collation tenplates to be . collated with the

check object is limted to a predeterm ned range, assum ng that the

detection accuracy of the rotation angle is the sanme as that when the

angle range is not limted, the nunber of collation tenplates can be

decreased. resybbhns EindfiPd YapiibeRheREERS POk Webcidhr 1hes oearlon

menory capaci atron tenplates as thé nunber of

col l ation tenpeghesr\Waen thae ciudke d@e,i ambtif i &i trepresentativie point
detection accuracy of the rotation angle can be raised. The

posi tion det ecbieetmimg htha protatidn ycentar i sfseath collptionf temphyte is

rotation angle of a main axis of the check object, and if theegqgl e range
of the coll ati matcheg witds the pepresentatdvepopntnef the chagk: ¢t| 0¥ ed

D Do o e on el (R he ot el U, Bl et ik
Phor by {1 ndi n3d FEUEERRS: SERBIaCHy: Su5, SppisieithEive polrt nevoniidy the
88} atl 0%55“2@{:%%%%@%%“ SRIPCH11EIB8 chii¥ieoRecRat e wike Eheck
.::ai:reuntative. point becoming the rotation center of the check
object for collation., This élim.i.nates the need for aligning
10 each collation template and the check objact e-ach' time the’
- collation template is collated with the check object,
facilitating the collation therebetween.
Further, in the present invention, un_like the image '
provided by extracting (or thinning out) some of the pixels
" 15 making up the correct solution image, the image provided by the
ave::aée compression processing has an average of values of
pixels. Thus, if some pixels have peculiar values, the
peculiar values are averaged and the peculiar values themsalves
are excluded, so that the pos:‘.timi of the check object in the
20 check range can be detected accurately.
- I£ an only rough position ie detected by performing the
' rough' detection processing, the detected rough position may be
detected with poor accuracy and have an error bacausé of noise,
etc. However, if a number of rough positions are detected in
25 the rough detection processing and then are alsc narrowed down

by performing tha pracise detection proée'uing , even if the
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of rcREERISED @yl Uﬂ‘ﬁﬂl SR eTi s r ecRIBWERt RO F9OIPRINTERP bf the ch 8t
can be %z%ﬁ t%cc @51 y. The pOSitiO'ﬁ entgzﬁgigllégn met hod p?g%gr@églglﬁ?%,#gg/es
copgpri ses the - 36 step of finding a
repgresentative point becomng the rotation center of the check object, and

If a representative point becomng the rotation center of each collation
tenplate is matched with the representative point of the check object for

eval uating a correlation degree between the check object and the collation
tenpl ates, the representative point becomng the rotation center of each

Akl o L, S B N
The. col | ati ondRBmpPeY dChafipd el SRR ¥ Dele PGl Yoty 50 PEL AR whad ™

the collation rf&ﬁ% re narrbhed ddwh.! N £ thiat effaeth ofothe
unli ke the irra%gg provi de %%og?(t.raecti ng (or thinning out) sone of the

pi xel s nmaki Ng j ipeht ok Afcrementluhdd bairmgeapahla iothgecpratelie detpcting
aver age conpression processing has an average of val ues of pixels. Thus,
i f some pisel $thevpopdtibnanfyaheechackhobipct uinatheaphegkarangs cFagch®and
the peculiar values thensel ves are excluded, so that the position of the
check object i produced turtharmpxraczan be detected accurately. I f an

only rough position is_detected,by perforning,the . . rou '
processing, the detect®¥ H"bﬂéi& Haweb%atectio% SE.SELE&H:&“ amount

_smaller than the rough detection displacement amount at a time,

morae precise detection processing can be pgrf.omad than
10 detection processing of displacing by the same precise’

. detection displacement amount as the rough detection

displacement amount at a time. The effect of the invention

aforementioned being capable of accurataly detecting the

position of the chaeck object in the check range can be produced
) 1s furti:armaza.

In addition to the aforementioned effect of the
invention, the rough detection processing .of detecting an
approximate position involves a wide detection range as
compaéod with the precise detection processing of detecting a

20 more precise position in the proximity of the rough position,
thus takes time in processing, However, the first-step
detection processing, which involves only the displacement
operation of only parallel move, takes shortex time in
px:'ocessing' than the detection processing involving the

23 displacement operation comprising rotation and parallel move.

Purther, the arithmetic of sum of products is performed
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However, 1 f "a nunber "of rough positions are.defected in the rou

det ection processing and then are al so narrowed down by performing the
preci se detection processing, even if the

37 extracted rough positions contain a position not- accurately detected
and having an error, the position can-be excluded when the rough positions
are narrowed down. Thus, the effect of the invention aforenentioned being

capabl e of acc;ﬁ,ggﬁhyamtgfgéi @3%% hfad123itbidOfo qx.hneisg% adbhi Eﬁi%ﬁihﬂ*ﬁ

check range ca produ er nore. By di'spl aci ng by precise

detection di splafeTRA byTedloulaton GedriBuche asOR0BPGCLREd | HOr. general-
di spl acenent anobunt at a tine, nore precise detection processing can be

perforned than pultposeat caboeplacinsi thuefths timec raquived forsthe mrittutic
det ecti on di spl acenent anount as the rough.detection displacenent anount

at a tinme. -Thokepacel grodystencantheonadefshartan thaadthnt tokenjehan the
accuratel y. deteecting the osition_of the check_object in the check range
can be prodlucefd P ins such as| & GEW perfnrng the axdf %ﬁ?i%{wé
effect of the J{x&g&'{l‘q_p‘“. t he rough detection processing of detecting an
appr oxi mate position I nvofves a wi de detection range as conpared with the
preci se detection processing of detecting a nore precise position in the
proximty of the rough position, thus takes tine in processing.

However, the first-step

—_—
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detEeBECEIYED pr/0c @6 S8 N9P8 akhi ch | FRACIGHEBAEDNY (RREIE hent, operagi .
onl 1 pargéFIlél“wm)vlénfi akes shorter tine in gﬁ%&?@*ﬁ%ﬁt han’' t he dze?é@{g?féﬁﬁ'#“/%
e

protessing involving the displacement—eperation conprising rotation and

paral | el nove. Further, the arithnetic of sumof products is
perforned - . JJ“‘I"‘W"“M‘“M“L 38 by the addition
means dedicated to exec ®ul ation and not by calcul ation
means such as a CPU used Tor". éen%ra?- "purpose cal culation, thus the tine

required for the arithmetic of sum of products can be made shorter than
that taken when the calculation neans such as a CPU perforns the
arithnetic of ! A nethod for detecTing a

: 1.
s " L B Gking uptan i mado RYUHHE S HRtEREng ACPBELPLAR df e Mt
cheek i mageg of olpi ; . r ' ¢ | ate
havi ng a ?gf ereé]%g]na%g%gngf %@é &%%ﬁ(&g&nggt EBﬁﬁfﬂﬂlrfb pﬁh&gg?l&gg %ﬂg})ural ity
of collatign tenplat esp“km atubng“; hemigé cbeNthet HUcK csbidct Vs | aNS to

rotation angles; collating the collation tenplates with the check
i mage so ag to pyepail @ cheokrbhage wf thegrbeck ubjdsdipeen; and
5 - preparing a reference template having a raference image

6 of the check object;
2 preparing a plurality of collation templates by

8 rotating the reference template at various rotation angles;

9 collating the collation templates with tl;e check_ inmage’ -
10 . so as to avaluate a correlation degree therebetwaen; and

11 acknowledging a rotation angle of the reference
12 template for preparing the collation template, which matches
1s with the check image most exactly, as a rotation angle of the

) 14 check object.

1 2. The method for detacting a position of a check
2 object according to claim 1, wherein the step for preparing the
] collation templates is perfomed. using a hardware dedicated to
4 preparation of the collation tempiatu and the collating stap
L] | is performed using a collation operation section provided
6 separate from the hardware.

1 3. The mathod for detecting a position of a check

2 object according to claim 1, wherein the reference template and
3 the collation templates are prepared before the picking-up step.
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col ati whi ch matches with the check I nage nost exac

rotlati on. angl e of the check abject;— - wherein the step for preparing
the collation tenplates is perfornmed using a hardware dedicated to

pr €paration of the Enmﬂ““ l‘es and the collating step is perforned
usi'ng a collation 3 ﬂﬁ“l provi ded separate fromthe hardware.

2. - The met hod for *dettectinly & position of a check object according to
claiml1l, wherein the reference tenplate and the collation tenplates are
prepared before the picking- hod

tep. s s 3 h
for detectl ng a posit i{!n of gﬂﬂm%°gbf8§tdﬁ%%cow%a PS't?‘a?'Pn"f Ifﬁ"? er
o th Lo ¢ Ak .
Compl atc for ' APARCE, cardifly epdciafn, B TpkPthdl G o ietig LHOCHESGE of
4. Th t d In§ by h vy gﬁ?jﬁﬁ [ t
claim1l, ?u?fhg'?ﬂlc%%{pq i ?ﬁ;k?ﬁgtg?'ggghgynﬁ ﬁlé: e?iﬁndi ngée;iro at i%lnﬂ?f.]gloe

of a mai n jaxi sppépdiing ek colbatLén taplate to a preddtaxminiad rangéion
angle of the reference tenplate for preparing the collation tenplate to a
rotation anglé range of the nain axis as a center and an angl e range

different 180 degrees fromthe rotation an‘gﬁle rrange of the main axis.
5. Thé net hod for Sdet ect | TP Mathod; for datactdngcp poeition of a check

2 object according to claim 1, further comprising the stapas of:

s finding a xotation angle of a main axis of the qheck
4 ocbjact; and

5 limiting the rotation angle of the re!er‘ence template’
é¢ - for praparing the collation tamplate to a :;otation angle range

7 of the main axis as a canter and an angle range different 180

8 ° degrees from the rotation angle range of the main axis.

) "1 6. The method for detecting a position of a check
2 object according to claim 1, further comprising the steps of:
s defining a reprementative point of the check object;
4 and '
5 - matching a center of the collation template with the

6 repressentative point of the check object so as to evaluate the
'? correlation degree between the check object and the collation

8 templates.

1 7. The method for detecting a position of a check
2 object accoxrding to glaim 1, further comprising the steps of:

3 acm_tprauing the check image and the collation templates
‘ \
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defy nin tive point of the check object; and

a center of the collation tenplate the. representative point of the
che:ck obj ect so as tg,eALaJ«ua‘rm\Atie?rel ation degree bet ween the check
object and-the collation \“\ The met hod for
detecting a position 3;““ ?‘\ﬁmﬁ ““ accor di ng to claim1, further
conprising the steps " Eonpre55|ng t he check.image and the
collation tenpl ates 41 at a given
conpression rate by an average conpression processi ng which cal cul ates an

average val ue ak aabrq@hmemﬂlﬂéoprmilarrh}'neenareu‘m aRS@presgion

average value as a bri ght ness of one pixel of the ssed. % |
and the Xoll pcpeﬁsemmi% calculates EBH‘Eﬁ’mg' I'H &ﬁg

t | at th th d ch k
bor e of §he 8hxedatermined £6E " apl Fadh S chR Fidiape’ LRHA & Qtﬁé' o
Coll ati or ;e"ppgigﬁtﬁse s Sof Yy %iih?“of e w@:@edsaaesemaﬁ aR@C¥heUs

conpression ra average conpr ession cessing after detecting the
rough rotgfi O”céﬂﬂkﬂoa templatei'-sm aci ng the conpressed col | ation

tenplates 1n a proximty of the rough rotation angle;

9 collating the compressed collation templates with the
10 compressed chack image so as to detect a rough rotation angle
11  .of the check object;

12 : compressing the chack image and the eollatﬁ.on templates
1s at a compression rate more mode':.;ate than the previous -
14 - compression rate by the average compression processing after

. 15 detecting the rough rotation angle; |
16 displacing the compruied collation templates in a
17 proximity of the rough rotation angle;

) 18 collating the compressed collation templates with the
19 compressaed check :!.mago so as to detect a more precise rotation
20 angle than the rough rotation angle of the check object; and
21 repeating all above steps while moderating the
22 compression rate in multiple steps so as to detect the precise

23 rotation angle of the check object.

1 8. A method for detecting a position of a check
2 ohject nsmg image processing, comprising the steps of:
3 (1) picking up an image of the check object so as to

4 prepare a check image of the check object;

- \\um\ i
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a nore precise rotation angle than the rough
rot tion angle of the check Obj ect; and . repeating all above steps
whid{e noderating the conpressi o Tate in multiple steps so as to detect

the' precise rotation angl e of“ m\n ck obj ect. 7. A net hod

for detectlng a posit bj ect using image processing,
conprising the steps “‘\“““‘\ﬂ pi cking up an i mage of the check

object so as to prepare & ¢ eck i mmge of the check object,; (2)
preparing a correct solution inmage having a ) reference | mage of
t he check bj ereference :Lnage( of thaprhaak ebleesicheck i mge and the -
correct solution inmage at a given corr%aesm on rate by an_average

conpr essi dh processi ng( | CAMPESRSING c$han Ghesk (dmage cand Fhe | PPEENTss
det d d d ts t h f

one. i xel for { RESEGHDT odBate cAELIA| wipef . Seabteffidif £old By F hfEE0E

sol ution 'srmgecom{;g?ssion éﬁ:&adb Ry Sl {th U&Qgﬁ?ﬁgéﬁsﬁ?iﬁi’aﬁcﬁmﬁb%f o)

i mage; ring t e¥ conpr esse I mage and the

conpr essegy di Sgg e LACK pi@detumnaa@:@oaﬁa ddoptet €hé sveragectalue
position of the ¢ eck obj ect; (6) compressing the check inage

and the norreas naﬁ.ﬂghtmeunugmtm‘ pixeleo £ cthien gompressed ehws iimage and
conpression rate nore noderate than the previ ous conpression
12 the comprasaed correct solution image;
13 ) (4) diaplac:l.ng the compressed correct solution image;
TR . (8) comparing the compressed check in}aga and the
15 compressed/displaced correct solution image so as to detcct a
16 ' rough position of the check object:
17 {6) compressing the check image and the cozrrect
18 solution image after detecting the rough position at a
29 compression rate moxe moderate than the previous compression
) 20 rate by the average compxes'sion processing;
21 (7) displacing the compressed correct solution image in
22 a proximity of the rough position; |
23 (8) comparing the compressed chack image and the
24 compresgsed/displaced correct solution image so as to detect a
2% more precise position than the rough position of the check
26 object; and '
27 (9) repeating (3) to (8) steps while moderating thae
28 compression rate in multiple steps so as to detect the precise

29 position of the check object.
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res fution imge in a prOX|mty o the rough posit

(8) conmparing the conpressed check image and the conpressed/displ aced
correct solution inmage so as to detect a nore precise position than the

rough position of the m : (9) repeating (3) to (8)
steps whil e noderati ngcmﬂﬂl”m j‘l”lmfjrate in multiple steps so as to
detect the precise positidn 6f Phe®cHeck object, wherein the
conparing steps includes arithnmetic of sum of products execut ed by

43 5 Ao mathod Yor det SR MLAd det: RRESFENS & BoRShacn 9 4 cheak
of the rovhn pBEIpEh SHiRY b REpEh °F7 Hirther °°"Pnar%f§}‘*nﬂ§9ﬁ#”ﬁf" v

detected gough positiffigeting®a pm?amyt bed the' rdRgAC oBEtIoReSithi eheOf
a check object according to cllaim’7 whetrein a displacenent anount in the

step ( 7 )gis seepl £5)4 hemt a displ acement ampunt in the step ( 4). 10.
The nethod for detecting a position of a.check object according to claim?7

wherein the step ( 4 )nanrowmisngsdawnithe setectedgrough @amitdonsd correct
solution inmage according to a raster scanning, and the step ( 7 ) includes
steps of noving the conpressed correct solution imge according to the

raster scalnni ng and rofgt i ng &H %deics::e:ddec@aréteing a position of a check

2 ob'jeqt according to claim 8, wherein a diaplacement amount in

s the atep (7) is smaller than a displacement amount in the step

& (4).

1 11, The method for detecting a position of a check
2 object according to claim B, wherein tha step (4) includes a

a step of moving the compressed correct soclution image according

4 to a raster scanning, and the step (7) includes steps of moving
S the compressed correct solution image according to the raster
6 scanning and rotating the compressed correct solution image.
1 12. . The mathod for detecting a position of a check
2 object according to claim 8, wherein the comparing steps
3 includes arithmetic of sum of products executed by calculation
4 means dedicated to execution of aim calculation.

1 ' 13. A system for detecting a position of a check

2 ebject using image processing, comprising:

8 means foxr picking up an image of the check object so as

\
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SOl utecoNEDN BHOE 17:28 1958 AT SysBaRY EﬁEE des enst PASE ption of a ,
obj pct §8F Hapﬁénadéﬁ%ﬁocesm ng, conprising: “Dm‘ﬁngpﬁeans for pi ?&Fﬁg“&ﬁuaﬁ“/“

i mpe of the check obj w a check image of the check
obj ect ; means for preparing a reference tenplate having a reference

ol ural ity of collat ?Ekeﬂillllllal}llﬂsllljulljlu[[mi ng the referchce. femplate at
(0]

various rotation angles reans r collating the collation

- tenplates with the check image so as to evaluate a correlation degree
t her ebet ween; and means for acknow edgi ng a_ rotation angle of the
ref erence 4errp|t&t prsnargrepamqlgimse Phcthe| qmq% &R/fFate, which matches

IW|ththe check i mage nost exactly, as a rotatio Ie
object, 8 whgr e eaRR gadeHWﬁ*PSr %r’éﬁgﬁ?f&? h&%**l&f g%%"g a
te Iates | ncl ud I.C t aration of the collation
teggl at es %md %ﬁ’%&gﬁs%‘? °oqd%2&e| %Eg‘glglﬁc e"‘saaqa Cl)| | ati on operati oln
- section pr.pw ded separ é‘ng TP B F : ggguu ty of cbl2ati6h niplates
ec

detecting a position o achecko Ing to claim1l1l, wherein the

reference § ermlb}t Sotatihd e rbdbroNicd Qiﬁipahe& aﬁ eveyicnar cdtheian angles;
pi cki ng-up the"i mage of the check object.

9 means for collating the collation templates with the
10 check image so as to evaluate a correlation degree
11 therebetween; and

12 - " means for acknowledging & rotation angle of the
13 reference template for preparing the collation te.mplate, which’
14 - matches with the check image most exactly, as a rotation angle
15 of the check object.

1. 14. The system for detecting a position of a check
2 abject ncdorgiing to claim 13, wheraein said means for preparing
3 the collation templates includes a hardware dedicated to
4 preparation of the collation templates and said means for

-5 collating includes a collation operation section provided

6 separate from said hardware.

1 15. The system for detecting a position of a chack
2 object according to claim 13, wherein the reference template
3 and the collation tegtplates are prepared before picking-up the
4 image of the check object. |
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obj egct §%6Fkﬁﬂng L{%288] ai m 11, further conpr?glfﬁg‘fﬁggaﬁg for i mﬁfﬁﬁasltzﬁsé’“#ﬂ/ss

rothtion angle of the :ﬂgf_e%e_rlge;_emmq preparing the collation
tenplate to a predetermned range. 14, . The system for
detecting a position of m ﬁu“?ccordi ng to claim11, further
conpri si ng: rreaxmmml““‘ﬁ E ot ation angle of a main axis of

t he- check object; and » ¢ feahs for' limting the rotation angle of the
reference *tenplate for preparing the collation tenplate to a rotation

angl e range of the main axis as a center and an angle range different 180
degrees friomthe rotatign angRe’ dpdrendfoithdet@ctinga position of a chéck
The system for detecting a position of a check object according to claim
11, further coopjestngecording toneiaimf d3,dEurchey sompprisingtseans foi nt
of the ¢heck object; and mean for matching _a center of_ the

col | ati on & enplimiting : Shehxotasioncangley O cthe seferenes ctamplita fap s

to evaluate the coryel ation ree between the check,object d the
collation# ererﬁ?B%’.'I"q e ‘""’(ﬁgfg?n t‘%&‘lﬂ/&eﬁﬂ Pﬁ?dﬁ"e%%ﬁgr&nﬂﬁsi tion
of a check object according to claim11, further conprising: :

1 17. The system for detacting a position of a check
2

object according to claim 13 ,' further comprising:

3 means for finding a rot'ation angle of a main axis of
4 the check object; and ,
5 means for limiting the rotation angle of the reference’

6 ' template for preparing the collation template to a rotation
? angle range of the main axis as a center and an angle range
8 different 180 degrees from the rotation angle range of the main

9 axis.

18. 2 The system for detecting a position of a check
object according to claim 13, further comprising:

means for defining a representative point of the check
object; and |

mean for matching a center of the collation template
with the representative point of the check object so as to

evaluate the correlation degree between the check cbject and

® ~N o v s W N =

the collation templatesa.

i 19, The system forx detscting a position of a check
2 object according to claim 13, further comprising:

- 48 - _
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professing -whi ch cal cul ates an average val ue of a brightness in a .
preglet er mi ned ar ea’ and adopts—theavergge-val ue as a bri ght ness of one

pi xel of the conpressed ' he collation tenplates; and
means for collating the' Eﬂ H“@BHW Li on tenplates -with the conpressed
cheek image so as to det c S tion angle of the check object,

wherein said conpressing neans conpresses the check inmage and the
collation tenplates at -a conpression rate nore noderate than the previous

conpressi of rate by thmesne fagecompramednygi-the whecks tnage and-the ateddntdgnt he
rough rotation angle, said collating neans col |l ates the

conpr essed4 col [tampdates ot magivenicomprass iompatesby amaverage roupression
proximty of the rough rotation angle so as to det'eft Z{d;mre reci se
rotati on &ngl ®FPFIRILAG calputatas apAeerage Falue R4 a tnegs,in

ote ! . . 7 :
Stens i1 € oo, BPPAEEemredd SRS di8P RIofi P ESY dbrdlil FALLE. di) o
det ect the; preqr3gntabss ' &¥ &mﬁrei of 'éné tmlpraBbedt check image and’the A

system for detecting a position™of a check objeact using inage processing,
conprisingg  collatiiGRntenmplatidsGknfd up an i mage of the check. object so as

9 means for collating the coiupressed collation templates

10 with the compressed check image sc as to detect a rough
11 rotation anglé of the Eheck object,

12 wherein said compressing means compran;es the check
13 - image and tha collation templates at a coﬁpreuion rate more
14 moderate thaz; the previous compression rate by the average
15 i:ompression' process.ing after detecting the rough rotation
16 angle,

17 , aaid collating means collates the compressed collation
10 templates with the éompressed check image in a proximity of the
19 rough rotation angle so as to detect a more precise rotation
20 angle than the rough rotation angle of the check object, and

21 ' said compressing and collating means repeat compressing
22 and collating steps while moderating the compression rate in
238  multiple steps so as to detect the precise rotation angle of
24 ‘the chéck obhject.

1 20, A system for detecting a position of a check
2 ' object using image processing, compz::l.u:l.nd:

3 means for picking up an image of the check object so as

———
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pre ariﬁ a‘correct solution-imge having a reference i mage of the check
obj gct ; nmeans f-er—econpressing the check i mage and the correct

sol ition inmage at a given ¢ [ | by an average conpr essi on
processi ng whi ch cal cul at eﬁiﬂﬁjﬁﬂ%&ﬂ@ me of a brightness in a
predeterm ned area and ado xval ue as a brightness of one

pi xel of the conpressed check i mage and t he conpressed correct solution
I mage; and means for conparing the conpressed check i mage and the

conpressed correct solution inmage so as to detect a roqt;g:h position of the
check obj eét, &iftprepargcagheck image of,ghar cheslk9RIQFEIsum of prodects

dedi cated to execution _of ‘ait cal cul ation erein,.sai d_conpressin
means conpfesses the cﬂ%ﬁ’i#&@@%‘éﬂg Eo??’éﬁ‘\’,{]oﬁjﬁii iﬁlrﬂﬂ‘é%"éa’g%
conpressiop ra =y . COnpression rate by the
aver age coﬁpre%%&?ggﬁéﬁgagm@rh gfgcﬁﬁg""?he rough position,

sai d conpagi ng means CRERRE Sfort RANFREBEEAGCERE BHRNK inagalhh@ "thE Aisritd

t he- conpressed check image in a proximty of the rough position so as to
detect a n@re mwolatienpdsiaigeonat han given rconpgression arated by c anhanierage
obj ect, and sai d conpressing and conpafi ng neans repeat

conpressing anempsasalondprocaaning vbichdealaulateshanc enpragei valummas an

. multiple steps..sqo as to detect the precise position _of the check object.
48 10 brightness .in a pradetermined avea and adopts the averags value

1 as a brightness of one pixel of the compressed check image and

1z  the compressed correct solution image; and |

13 means for comparing the compressed check .:hnngo and the’

14 - compressed correct solution image so as to detect a rough

15 position of the check object,

6 wherein said compressing means compresses the check

17 image and the corract solution image at a compression rate more
) 18 moderate than the previous compression rate by the average

19 compression processing after datecting the rough position,

20 sald comparing means compares the compressed correct

21 solution means and the comprassed check image in a proximity of

22 the rough position so as to detect a more precise position than
‘ 23 the rough position of the check object, and

24 sald compressing and comparing means repeat compressing

25 and comparing steps while moderating the compression rate in

26. multiple steps so as to detect the pracise position of the

27 check object, .
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clagiml 'd conparing neans detects a plurality of the roug

posli ti ons, and the systewi“ﬁg_ means for narrow ng down the
detject ed rough positions: 19. The system for detecting a
position of a check obj e;& E“‘H“‘mm‘al m 17, wherein a displacenent
anount for detecting the ﬁmm Wsmal | er than a di spl acenent
amount for detecting the « preekist psosition. 20. The system
for detecting a position of a check object according to claim17, wherein
said conparing neans conpares the conpressed correct solution neans and
the conpressed check 2tmge byrheosysten forcdepeeting & posdtionsof & icheck

i mage according to a raster scanning for detecting the rough postion, and
by novi ng 2 he OhiprEsacgording tosslaimoR0,i whexrein: aadd rFampaziag, neans
A ; h LUt : ; ;
Seann g o T HeBbnhd, b SusaTREg SR ohe’ hSiign® Yotk 1nh > 45a’ the Syethn"
' 4 further comprising means for narrowing down the detected rough

's positions.

1 22, The systom for detecting a position of a check
2 .object according to claim 20, wherein a displacement amount for
3 detacting the xough postion is emaller than a displacement

4  amount for detecting the more pracise position.

1 23. ‘The system for detecting a position of a check
2 object according to claim 20, whare.i.zi said comparing means
3  compares the coméreséad correct . solution means and the
4 compressed check image by moving the compressed correct
5 solution image according te a raster scanning for detecting the
6 rough postioi\, and by 'moirihg the compreiaed correct solution
7  image according to the raster scanning and' rotating the
8 dcmpressed correct aolution .tmaga' for detecting the more

9 pracise position.

1 24, The system for detecting a position of a check
2 object according to claim 20, further comprising means for
3

executing arithmetic of sum of products dedicated to execution

4 of aim caléulation.

—————
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