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ND OF THE | NVENTI ON 1. Field of the Inventien ey
invention relates to a nmethod of registeringa 5 nodel i mge
serving as a reference inmage for inage inspection, . and an
appar at us ?herefor. 2. Description of the Related Art

MODEL IMAGE REGISTRATION METHOD AND APPARATUS THEREFOR

BACKGROUND OF THE INVENTION
1. Field of the Invention.
The invention relates to a method of registering a
5 model image serving as a reference image for image inspection,

and an apparatus therefor.

2. Description of the Related Art

In a device deéigned to sequentially inspect the same

kind of objects by means of image processing, such as an image

10 . processor for inspecting a product carried on a conveyor, an

inspection is carried'out in the following way. A model image

serving as a reference image during image inspection is

registered in advance; such a part of a target image taken by

the camera as corresponding to. the model image is extracted;
15 and the extracted image is compared with the model image.

Some conventional model image registration methods

carried out by the image processor for image inspection are

characterized as follows.

(1) A model image is registered by manually

20 positioning a target model, a camera, or the like so that the

model image becomes as horizontal or vertical as possible on a
display screen of a monitor.

(2) A model image is registered (or re-registered) by

stopping a target model if the target model is moving along a

25 line such as a conveyor.
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In a device designed to.sequentially inspect the same .- ki nd of

obj ectS by means of. i mage processing, such as an image - 10 processor
foor inspecting a product carried on a conveyor, an i nspection is
carried out in the follow ng way. A nodel inmage . serving as a

ref erence i mage during inage inspectionis regi stered i n advance;
such a part of a target inmage taken by the canera as correspondi ng

to the nodel image is extracted; 15 and the extracted imge is

conpared with the noflel ATRgRlel image is regis&@f&dCpaAYENbiyORArtRdglle
i mage registration nethods carried out by the image processor for
| mge i nspegdhgecdifrely rotatiif actedrget :asdéblinamaally if the target(1)
A nodel image is registered by manually

model is not arranged substantially horizontally, but arranged

substantially concentric.

5 However, the aforementioned methods address the
following shortcomings.

With respect to case (1), since the target model, the
camera, or the like have to be positioned manually so that the
model image becomes substantially horizontal or vertical, the

10 positioning operation not only is cumbersome but also entails
skill.

With respect to case (2), since the line have to be
stopped at the time the model image is registered (re-
registered), the problem of reducing productivity arises. 1In

15 addition, the operation of stopping and resuming thé line have
to be additionally performed.

With respect to case (3), the positioning operation

that entails more time than in the case (1) is required.

20 SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
model registration method in which a target model having been
once stored in the image memory is rotated on an image memory,

and an apparatus therefor.
25 In the model image registration method of the present
invention, a image is registered after calculating a main axis

T
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20
nodel

positioning a target nodel, a canera, or the like so that the
| mge becones as horizontal or vertical as possible on a

ds spl ay screen of a nonitor. (2) A nodel inmage is
regi stered (or re-registered) by stopping a target nodel if the
target nodel is noving along a 25 | i ne such as a conveyor.

-2

10

15

20

25

angle of the model image stored in the image memory on a
display screen, and thereafter rotating the model image so that
the main axis angle becomes a predeéermined angle, for example,
substantially 0° or 90°.

Also in the invention, a model image is registered part
by part while rotating the model image after se£ting a window
enclosing the model image stored in the image memory and moving
the model image so that the centroid of the window coincides
with the center of the display screen.

In the model image registration method characterized as
rotating the model image so that the main axis_angle becomes a
predetermined angle, for example, 0° or 90° after the main axis
angle has been calculated, the main axis angle 0c of a model
image consisting of a character string ABCD is calculated, and
the model image is thereafter rotated so that the main axis
angle B8c becomes substantially 0° as shown in Fig. 1A. The
main axis angle 6c is the angle formed by an axis on which the
angular moment of the model image is minimized with respect to
the horizontal axis. Usually, the main axis angle passes
through the center of the model image. Let it now be assumed
that a model image is registered without rotating the model
image such as shown in Fig. 1A. When a window W’ is set to
register, e.g., the character B, it is not possible to register
only the character B correctly because part of the characters
A and C adjacent to the window W’ is covered by the window.

However, if the model image is rotated so that the main axis
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(3) A nodel image is registered part by part while . consecutively

rotating a target model manually if the target - 'nodel is not
asranged substantially horizontally, but arranged substantial ly
concentri c. 5 However, the aforenentioned nethods address
t he foll owi ng shortcom ngs. Wth respect to case
(1), since the target nodel, the canera, or the like have to be
positioned nmanually so that the nodel i mge beconmes substantially

hori zontal MigMerbecdhes the, 19 is p@@éibl@ntags@ﬁeaahuﬁﬁoWOW"OMHhﬂf%an
cunber sone but also entails skill.

cover only the character B. Therefore, each character can be

registered independently. "

Moreover, the method of registering a model image by

5 rotating the model image while moving is applicable to the case

where characters or the like to be registered aee arranged on

an arc such as shown in Fig. 1B. In the case of such model

image, the model image is not only moved close to the center of

the display screen but also registered sequentially while

10 rotating. Therefore, the setting of the window W becomes easy,

which in turn allows the model image enclosed by the window W

to be arranged in the frontal position.

BRIEF DESCRIPTION OF THE DRAWINGS
15 In the accompanying drawings;
Figs. 1A and 1B are diagrams illustrative of a model
image registration method of the present invention;
Fig. 2 is a diagram showing the configuration of an
image processor to which the model image registration method of

290 the invention is applied;

Figs. 3A to 3F are diagrams illustrative of the model
image registration method, which is a first embodiment of the
invention;

Fig. 4 is a flowchart showing an operational procedure

25 of a control section for execut}ng the model image registration

method shown in Fig. 3;
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Wth respect to case (2), since the Iine have to be stopped at the

time the nodel inmage is registered (re- regi stered), the problem of
rseduci ng productivity arises. In 15 addition, the operation of
stoppi ng and resum ng the |ine have to be additionally performned.
Wth respect to case (3), the positioning operation that entails
nore tinme than in the case (1) is required. 20

SUMVARY OF THE | NVENTI ON It is an object of the present
invention to providgi@ s is a r&ldaﬂrc?&fgi? JSLL P01 PR 580 ahBLWRIEC hodld asget

nodel having been once store e Inage nenory 1s rotated on an
| mage MeNDl¥peration of the embodiment shown in Fig. 3;

Figs. 6A to 6E are diagréﬁs illustrative of a model

image registration method, which is a second embodiment of the
5 present invention;

Fig. 7 is a flowchart showing an operatisnal procedure
of a control section for executing the model image registration
method shown in Fig. 6; and

Fig. 8 is a plan view of an object to be inspected

10 suitably by the model image registration method shown in Figs.

6A to BE and 7.

PREFERRED EMBODIMENTS OF THE INVENTION
Preferred embodiments of the present inwvention will be

15 described in detail referring to the accompanying drawings as
follows.

Fig. 2 is a diagram showing the configuration of an
‘image processor to which a model image registration method of
the invention is applied.

20 A camera 1 takes the image of an object that is either
stationary or moving on a line such as a conveyor, and the
image data is stored in an image memory 2. If the image stored
in the image memory 2 is a model image, such model image is
stored in a model image registration memory 3. It may be noted

25 that the model image becomes'q reference image for inspecting

and measuring an object to be inspected. The model image is to
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and an apparatus therefor. 25 In the nodel inmage registration

nmet hod of the present . I nvention, a inmage is registered after

gal culating a main axis - 3-
angl e of the nodel image stored in the inmage nenory on a di spl ay
screen, and thereafter rotating the nodel imge so that the main

axi s angl e becones a predeterm ned angle, for exanple,

be compared with the image of the object to be inspected.
Further, to inspect and measure an object using this image
processor, an image taken by the Eamera 1 and stored in the
image memory 2 is compared with a model image that has been
5 stored in the model image registration memory 3. A monitor 4
displays a imége stored in the image memory 2; is used for
registering a model image, and displays a menu and the like for
control purposes. A control section 5 controls the image
processor. Input keys 6 are used, e.g., to set a window on the
10 . display screen, select a menu, and register a model image.
Figs. 3A to 3F are diagrams illustrative of how an
image is registered after calculating the main axis angle of a
model image and rotating the model image.
If a model image "ABCD" is displayed obliquely as shown
15 in Fig. 3A, from the fact that this display is as taken from
the camera 1, one can assume that either the model image is out
of position or that the angle of the camera is displaced. With
the monitor image shown in Fig. 3A being displayed on the
display screen of the monitor 4, a window W is set on the
20 display screen by using a cursor 6a and an ENT key 6b of the
input keys 6 in the following way. First, the upper left
coordinates (x1, yl) are determined and the ENT key 6b is
pressed, and then the lower right corner coordinates (x2, y2)
are.determined by'moving the cursor 6a and the ENT key 6b is
25 thereafter pressed so that .Fhe character string ABCD is

accommodated within the rectangular window W. Then, a main
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substantially O[err] or.-90[err]. 5 Also.in the invention, a
nodel inmage is regi.stered part by part while rotating the node
ijyrage after setting a w ndow encl osing the nodel inmage stored in

t he i mage nenory and novi ng t he nodel image so that the centroid
of the w ndow coi nci des with the center of the display screen. 10
In the nodel inmage registration nethod characterized as rotating

t he nodel image so that the main axis angl e becones a pr edet er mi ned
angle, for 10ber i @41801afd€rad Rtvow Anaki§. 3C. Thah@ie Bassbeen
cal cul ated, the In axis angle [err]c of a nodel | mage consi sting

of a charaggf1sted s ARKEIAS] Gt CaM adgglle afdlrmed by a line (axis) that

10

15

20

25

minimizes the angular moment of fhe model image (ABCD) with
respect to the horizontal line. 1In Fig. 3D, both the model
image and the window W are rotated so that the angle 6c becomes
horizontal (0°). As a result of the rotation, tﬁe model image
ABCD becomes a horizontal, correctly positioned image as shown
in Fig. 3D. In this embodiment, both the model image and the
window W are moved from the Fig. 3D condition so that the
centroid of the window W coincides with the center of the
display image. Fig. 3E shows this relocated condition. As a
result of this operation, the model image ABCD is moved
substantially to the center of the display screen.
Successively, the window W is deleted from the display screen,
and the model image is thereafter registered from the left
character A to the right characters. That is, first, a window
W’ that encloses the character A is similarly set by operating
the input keys 6 as in the case of the window W. Then, the
character A is zregistered in the model image registration
memory 3 by performing a predetermined operation. Similarly,
the characters B, C, D are registered to complete the
registration of the model image.

Fig. 4 is a flowchart showing the opération of the
model image registration method of Fig. 3.

First, an image is taken by the camera 1 and stored in
the image memory 2 in step nl. Then, the window W is set

-_
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15 the nodel image.is thereafter rotated so that the main axis
angle [err]c becones substantially 0 as shown in Fig. 1A  The mai n
axis angle [err]Jc is the angle formed by an axis on which the
angul ar nonent of the nodel inmage is mnimzed with respect to t he
hori zontal axis. Usual Iy, the main axis angle passes 20 t hrough t he
center of the nodel image. Let it now be assuned t hat a nodel
i mage is registered without rotating the nodel i mage such as shown
in Fig. 1AthibaghatkenioputVkeys set(dtep n2), andeghet maineagis ahgle Oc¢
character B, it is not possible to register only the character B
correctly beceabeupmtéd ain tdteEher.acBeth thB modeA imdg€ and acleatwimddwe
wi ndow W is covered by the w ndow. ~However, if the nodel inage is
rot at ed soWt hze tdodameidn aaxi snoved parallel in the X-axis direction as
well as in the Y-axis direction (step n4). With respect to the
5 rotation and movement in the case of setting the main axis
angle to 6c, the angle of rotation and the moving distances are
determined by the equation indicated on the right of the
flowchart.
It is the condition shown in Fig. 3E that is obtained

10 after the n4 operation has been completed. Successively, the
window W is deleted, and whether or not the model image have to
be separated into the respective characters is judged. If the
answer to the judgment is negative, the whole model image is
registered to terminate the processing (step n9). If the

15 answer to the judgment is positive, a first window W’ is set in
step n6 as shown in Fig. 3F to separate the model image, and
the separated piece is registered (step n7). This operation is
performed for the rest of the separated pieces of the model
image.

20 While both the model image and the window W are moved
parallel in the ZX-axis direction as well as in the Y-axis
direction in the above embodiment, the model image is
rearranged to be horizontal in position and can be iegistered
in such horizontal position, as 1ong'as a step is taken to scan

25 to rotate the model image so that the main axis angle 6c

becomes substantially 0° after the main axis angle has been

- : THIS SHEET HAS BEEﬂ
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-4- angl e becones O[err], it is possible to set a wi ndow W that

can cover only the character B. Therefore, each character can be
regi stered i ndependently. Mor eover, the nethod of

regi stering a nodel image by 5 rotating the npdel inage while noving
I's applicable to the case where characters or the like to be

regi stered are arranged on

calculated. Therefore, éarallel movement in the X-axis
direction and in the Y-axis dlrectlon is not necessary in this
case. The reason why the model 1mage is moved parallel is to
facilitate the registration by moving the model image toward
5 the center of the display screen. Further, while the model
image is rotated so that the main axis angie Bc beconmes
substantially 0°, certain model images can be rotated so that
the main axis angle becomes 90°. For example, a model image
such as shown in Fig. 5, it is desirable to rotate the model
10 image so that the main axis angie 86c becomes 90°.
A second embodiment of the present invention will be
described as follows.
Figs. 6A to 6E are diagrams illustrative of a
registration method designed to sequentially register a model
15 image while rotating the model image.
As shown in Fig. 6A, in the case where a model image
taken by the camera 1 is so arranged that the characters A, B,
C, D are rotated, the window W that encloses the whole model
image such as shown in Fig. 6B is similarly set by the method
20 shown in Fig. 3B, and then both the window W and the model
image are moved parallel in the X-axis direction as well as in
the Y-axis direction so that the centroid of the window W
coincides with the center of the display screen as shown in
Fig. 6C. Then, by rotating the whole model image little by
25 little through the cursor 6a qf the input keys 6, a window W’

for separating the model image into pieces is set to enclose
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an arc such as shown in Fig. 1B. 1In the case of such nodel I mage,

the nodel inage is not only noved close to the center of t he

di splay screen but also registered sequentially while 10 rotating.
Therefore, the setting of the w ndow W becones easy, which in turn
al l ows the nodel image enclosed by the wi ndow W to be arranged in
the frontal position. BRI EF DESCRI PTI ON OF THE
DRAW NGS 15 In the acconpanyi ng draw ngs;

Figs. 1A anghdBeargedlhdidRter WISNEH | ¥acA RaFalter A has EBRECto an
regi stration nethod of the present invention;
appropriate position. A model image registration for the
character A is thereafter made. Thén, the whole model image is
rotated little by little through the cursor 6a, and a window W’
5 is set to separate the next character B when such character B
has come to the appropriate position. A' model image
registration for the character B is thereafter made.
Similarly, model image registrations for the characteré C and
D are made. Thus, the registration is made using the window W’
10 to separate the model image with each character being in the
frontal position.
Fig 7 is a flowchart showing the procedure of the above
registration method in the second embodiment.
The model image is stored in step nl0. Then, the
15 window W is set (step nll), and both the model image and the
window W are moved parallel thereafter in the X-axis direction
as well as in the Y-axis direction (step nl2). It may be noted
that moving parallel distances in the X-axis direction as well
as in the Y-axis direction are expressed by the eqguations
20 indicated on the right of step nl2.
Then, the window W is deleted, and the characters are
separated one by one in steps nl3 to nl8 to make their
registrations. That is, a window W’ for separating the model

image is set in step nl4; the separated piece is registered in

25 step nl5; and the monitored image is rotated by operating the
cursor 6a by a desired angle (step nl7). The processing in
This Sheet Has Been Repla - 10 - THIS SHEET HAS BEEN
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Fig. 2 is a diagramshow ng the configuration of an

to which the nodel inage registration nethod of 20 " the invention is

appl i ed;
nodel

I nvention;
pr ocedure

Figs. 3Ato 3F are diagranms illustrative of the

I mage. regi strati on nethod, which is a first enbodi nrent of the

Fig. 4 is a flowhart show ng an operati onal
25 of a control section for executing the nodel inage

regi stration met hod shown in Fig. 3;

10

15

steps nl4 to nl8 is performed until the registration of all the
characters is completed. If there is no piece to be separated,

then the model image is registered as it is.

It may be noted that a cap having a character string
arranged along the periphery such as shown in Fig. 8 is an
exemplary object to be inspected in the case of.registering a
model image while rotating the model image such as in the

registration method shown in Figs. 6 and 7.

According to the present invention, a model image is

* registered after stored in the memory by the camera.

Therefore, even if positioned obliquely, the model image can be
registered in the correct position without rearranging the
model image or the camera. As a result, no special positioning
operation is required, which not only dispenses with a jig ox
skill, but also allows a registration to be made extremely
quickly. Therefore, it is no longer necessary to take the
trouble to stop the conveyor line even if a model object is
moving along the line. Therefore, the problem of reducing

productivity is not brought about.

| mage processor
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- 5- . Fig. 5is adiagramillustrative of another node of

operation of the enbodi nent shown in Fig. 3; Figs. 6A to 6E
are diagrans illustrative of a nodel i mage registration method,

whi ch Tg—_——EEﬁﬁa“ﬁbUdrnent of the 5 present .invention;

Fig. 7 IHBﬂi "m W ng an operational procedure of a control
section nodel inmage registration nmet hod shown in

Fig. 6; and Fig. 8 is a plan view of an object to be.

i nspect ed CLATIMS

WHAT IS CLAIMED IS:

1 1. A model image registration method comprising the

2 steps of:

3 storing an image taken by image taking means in an
4 image memory;

5 calculating a main axis angle of said image stored in
6 the image memory on a display screen;

7 rotating said image until the main axis angle thereof
8 becomes a predetermined angle; and

9 registering at least a part of said image as a model
10 image serving as a reference image for an image inspection.

1 2. A model image registration method according to
2 claim 1, wherein said predetermined -angle is at least one of

3 substantially 0° and substantially 90°.

1 3. A model image registration method according to
2 claim 1, wherein said image is registered as said model image
3 after setting a window enclosing said image, rotating said
4 image, and thereafter moving said image so that the centroid of
5 the window coincides with the centerlof the display screen.

1 4. A model image registration method comprising the
2 steps of: |
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10 stitabby—by—+the nodel inmage registration nethod shown in Figs.

6A to‘ [ R PREFERRED EMBODI MENTS OF THE | NVENTI ON
Rr ef erki { |} Fﬂof the present invention will be 15 ~described in
detail Yeferting to the acconpanying drawi ngs as . fol | ows.
Fig. 2 is a diagramshow ng the configuration of an | mage processor
to which a nodel imge registration nethod of the invention is
applied. 20 A canera 1 takes the imge of an object that is
eitherg storing an image taken by image taking means in an
4 image memory;
5 setting a window enclosin§ said image stored in the
6 image memory;
7 moving said image so that the centroid of said window
8 coincides with the center of the display screen;
9 registering partially at least a part of said image as
10 a model image serving as a reference image while rotating said
11 image.
1 5. A model image registration apparatus comprising:
2 image taking means for taking an image;
3 image storing means for storing the image taken by said
4 image taking means;
5 means for calculating a main axis angle of the image
6 stored in said image storing means on a display screen, and
7 rotating the image until the main axis angle thereof becomes a
8 predetermined angle; and
9 registering means for registering at least a part of
10 the image which the main axis is rotated to become the
11 - predetermined angle as a model image serving as a reference
12 image for an image inspection.
-1 6. A model image registration apparatus according to
2 claim 5, wherein said predete;mined angle is at least one of

3 substantially 0° and substantially 90°.
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stati OW i ne such as a conveyor, and the i mage
data i e menory 2. |If the image stored in the

image me \ \ E‘B}@Eﬁ i mage, such nodel image is stored in a

nodel i menory 3. It may be noted . 25 t hat the nodel

I mage becohes a'reference i mge for inspecting and neasuring an

object to be inspected. The nbdel image is to

REPLACEMENT SHEET _ _ -6 - be

conpargd with the immgeaofnddil Obh&§é bR tAHIRE Gfethod according to
2 claim 5, wherein the image is registered as the model image
3 after setting a window enclosing said image, rotating said
4 image, and thereafter moving said image so that the centroid of
5 the window coincides with the center of the display screen.
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Further, to inspect and neasure an object using this inmage

processor, an inmage taken by the canera 1 and stored in the i mage
nenory 2 is conpared with a nodel inage that has been 5 stored in the
nodel inmage registration nmenory 3. -A nonitor 4 . di spl ays a i mage
stored in the image nenory 2, is used for '~ registering a node

i mge, and displays a nenu and the |ike for control purposes. A
control section 5 controls the inmge processor. |Input keys 6 are

used, e.g., to set a W ndow gixdd¥r ¢ THE qj_ﬁﬂmstg@g een, select a menu,

and register a nodel image. 1gs. 3Ato 3F are diagrans

illustrative of hownaBhe presentB8feh8ibRYi §hengéfisrréghsué@b&nastae
main axis angle of a

model image by setting a window after calculating a main axis

angle of the model image stored in an image memory, the main
5 axis angle being defined on a display screen, and then rotating
the model image so that the main axis angle becomes a

predetermined angle.
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nodel inmage and rotating the nodel image.
"ABCD' is displayed obliquely as showmn 15
that this display is as taken from

that either the nodel image is out

the canera is displaced. Wth

bei ng di spl ayed on the

det
cor

t he nonitor

coordlnates (x2

ENT key 6b is

Gc

'X__W'

“~ABICD

FIG.

in Fig. 3A
t he canera 1,
of position or that the angle of
I mmge shown in Fig. 3A
di splay screen of the nonitor 4, a wi ndow W
is set on the 20 di spl ay screenibfgusi ng a cursor 6a and an ENT key 6b
of the input keys 6 in the follow ng way.

coordi nates (x|, vyl
and then the Iomer g?i
by noving the cursor

I f a nodel inmage
fromthe fact

one can assune

First, the upper left

ned and the ENT k | S pressed,
' , 7;)/3@_ 1Bre det er m ned

Y‘B
O'X.—W

O

2

3

et

MODEL IMAGE
REGISTRATION MEMORY
1 t 2
- ~
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CAMERA }—» MEMORY
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CONTROL
SECTION
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25 thereafter pressed so that the character string ABCD is
accommodated within the rectangular wi ndow W Then, a nmain

REPLACEMENT SHEET -7- axi s
angle [err]c is calculated as shown in Fig. 3C. The main axis angl e
[err]c is defined as an angle forned by a line (axis) that
m nimzes the angul ar nonent of the n%gqﬁ I mge (ABCD) with respect
to the horizontal line. 1In Fig. 3D, Both the nodel
W
(X1,¥1) /
Q %
O O
\% \%
v v
(x2 1y2 )

FIG. 3C FIG. 3D

W—

ABCD

&

FIG. 3E FIG. 3F
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5 | mage and the wi ndow W are rotated so that the angle [err]c becones
hori zontal (O[err]). As a result of the rotation, the nodel imge

ABCD becones a horizontal, correctly positioned i mage as shown in
Fig. 3D. In this enbodinent, both the nodel inmage and the wi ndow W
are noved fromthe Fig. 3D condition so that the 10 centroid of the

w ndow W coi ncides with the center of3% display imge. Fig. 3E
shows this relocated condition. As a result of this operation, the
nodel i mge ABCD is noved substantially to the center of the
di splay screen. Successively, the window Wis deleted fromthe

di spl ay screen, 15 and the no lgquge J S thereafter registered from
the left character Ato t IG? 4aracters. That is, first, a

w ndow
( sTAaRT )'

__nf

TAKING IMAGE

,./n2
SETTING WINDOW

~—N3

. CALCULATING MAIN
AXIS ANGLE 6¢c

y X cos8-sind x0+ a
~N y | |sing cos8i|yo| |b

ROTATING & MOVING

ns « @ =-6c : ROTATING IN
CLOCKWISE DIRECTION

+ 8 = 8¢ : ROTATING IN
6 YESa —  ANTICLOCKWISE
DIRECTION

. a AND b ARE

— - - VARIABLES IN PARALLEL

— =N MOVEMENT , AND

REGISTERING | | REGISTERING | b:;é:;ﬂ

/ N

X,Y :CENTER OF
MONITOR DISPLAY

SEPARATING ?

SETTING WINDOW

TERMINATING ? xh,yh : CENTROID OF
: WINDOW
»YES x0,y0 : POSITION
BEFORE MOVING

X,y :POSITION
END L AFTER MOVING




W that encloses the character Ais simlarly set by operating t he

i nput keys 6 as in the case of the window W Then, the character A
iss registered in the nodel image registration 20 menory 3 by
perform ng a predeterm ned operation. Simlarly, t he characters B
C, Dare registered to conplete the regi stration of the nodel

i mage. Fig. 4is afl yﬂ@art showi ng the operation of the
nodel image registration nmethod of Fig. 3. 25 First, an inage

is taken by the canera 1 and stored in the image nmenory 2 in step

nl. Then, the wi ndow Wis set |
FIG. 5

fc

O O0Ow>»




- 8- t hrough the input keys 6 (step n2), and the main axis angle
Cc Is calculated in step n3. Both the nodel inage and the w ndow
Ware rotated and noved parallel in the X-axis direction as wel |
as in the Y-axis direction (step n4). Wth respect to the 5 rotation
and novenent in the case of setting the main axis angle to Oc, the
angl e of rotation and the noving di shgi8es are determ ned by the
equation indicated on the right of the

FIG. 6A FIG. 6B

(X1,¥1)

A
R v

(X2 :Y2)

-—._.Wl

Wl




~flowchart. It is the condition shown in Fig. 3E that is
obtained 10 after the n4 operation has been conpleted. Successively,
tshe wi ndow Wis del eted, and whether or not the nodel imge have to
be separated into the respective characters is judged. If the

answer to the judgnment is negative, the whol e nodel inmage is

registered to term nate the processi B/ step no) . If the 15 answer
to the judgnment is positive, a first Wndow W is set in step n6 as
shown in Fig. 3F to separate the nodel image, and t he separated

piece is registered (step n7). Thi ratpgon is perfornmed for the
rest of the separated pieces of th@l 7 I mage.
{ START ’

TAKING IMAGE

,_,mo

{_,n1 1
SETTING WINDOW

,_/n12

MOVING

ni3
SEPARATE ?

YES

et}

SETTING WINDOW

__n18 __n15 17
REGISTERING | | REGISTERING | | ROTATING

ni6
NO

TERMINATING ?

»| YES X=xX0+(X-xh)
y=y0+(Y-yh)

X,Y :CENTER OF MONITOR
~ DISPLAY
xh,yh : CENTROID OF
WINDOW -
x0,y0 : POSITION BEFORE
" MOVING
x,y :POSITION AFTER
MOVING :

END
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parallel in the X-axis direction as well as in the Y-axi direct)g
in the above enbodi ment, the nodel inmage is rear '&M%FiﬁaﬁﬁﬁyEE%
hori zontal in position and can be regi stered in gu¢h horiZonta
position, as long as a step is taken tolsean 25 to fotete—the—rodet

I mge so that the nmain axis angle [err]c beconesjsubstantially O

Wil e both the nodel image and the wi ndow]VERACEMERY SHEET

after the main axis angl e has been
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MODEL IMAGE REGISTRATION METHOD AND APPARATUS THEREFOR
BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method of registering a
model image serving as a reference image for image inspection,

and an apparatus therefor.

2. Description of the Related Art

In a device designed to sequentially inspect the same
kind of objects by means of image processing, such as an image

processor for inspecting a product carried on a conveyor, an

-inspection is carried out in the following way. A model image

serving as a reference image during image inspection is
registered in advance; such a part of a target image taken by
the camera as corresponding to the model image is extracted;'
and the extracted image is compared with the model image.

Some conventional model image registration methods
carried out by the image processor for image inspection are

characterized as follows.

(1) A model image is ©registered by manually
positioning a target model, a camera, or the like so that the
model image becomes as horizontal or vertical as possible on a
display screen of a monitor.

{2) A model image is registered {(or re-registered) by
stopping a target model if the target model is moving along a

line such as a conveyor.
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direction and in the Y-axis direction is not necessary i
case. The reason why the nodel inmmge is noved parall el
facilitate the registration by noving the nodel inmage to
center of the display screen. Further, 2whil e the nodel
rotated so that the main axis angle Oc becones sulpstantially
certain nodel imges can be rotated so that '

O[err],

cal cul at ed. Therefore, parallel novenen ﬁfn"tMgmjgmggys
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is desira

to rotate the nodel | mage so that the main

axis angl e [ QionseRR§98Ry Vtating a target model manually if the target
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model is not arranged substantially horizontally, but arranged

‘substantially concentric.

However, the aforementioned methods address the
following shortcomings.

With respect to case (1), since the target model, the
camera, or the like have to be positioned manually so that the
model image becomes substantially horizontal or vertical, the
positioning operation not only is cumbersome but also entails
skill.

With respect to case (2), since the line have to be
stopped at the time the model image is registered (re-
registered), the problem of reducing productivity arises. 1In
addition, the operation of stopping and resuming the line have

to be additionally performed.

With respect to case (3), the positioning operation

that entails more time than in the case (1) is required.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
model registration method in which a target model having been
once stored in the image memory is rotated on an image memory,

and an apparatus therefor.

In the model image registration method of the present

invention, a image is registered after calculating a main axis




Agsecond enbodi mrent of the present invention wll be REFdesprgriert as

fol | ows. Figs. 6Ato 6E are diagrans illu trarrvewoﬁ*a"
registration nethod designed to sequentially register a rg

while rotating the nodel inmage. As shown

case where a nodel inmage taken By -t he canera 1 is] sk

t he characters A, B, ~ C, Dare rotated, the wi ndow Wt hat encloses
t he whol e nodel |nage such as shown in Fig. 6B i S*™st+fii-tfd-spmsot—iy

the method 2Qgje SHO¥Rel ﬁﬁg@ngtuﬂga bot hehde iwapdovmeard bhe a

nodel |nage are nove par In the X-axis direction as well as

in t Be sp18¥ ScHbéfldrntherbhatelNBotPif@ithednodea WnagevsdVthat
the main axis angle becomes a predetermined angle, for example,
substantially 0° or 90°.

5 Also in the invention, a model image is registered part
by part while rotating the model image after setting a window
enclosing the model image stored in the image memory and moving
the model image so that the centroid of the window coincides
with the center of the display screen.

10 In the model image registration method characterized as
rotating the model image so that the main axis'angle becomes a
predetermined angle, for example, 0° or 90° after the main axis
angle has been calculated, the main axis angle 8c of a model
image consisting of a character string ABCD is calculated, and

15 the model image is thereafter rotated so that the main axis
angle 8c becomes substantially 0° 'as shown in Fig. 1A. The
main axis angle 6c is the angle formed by an axis on which the
angular moment of the model image is minimized with respect to
the horizontal axis. Usually, the main axis angle passes

20 through the center of the model image. Let it now be assumed
that a model image is registered without rotating the model
image such as shown in Fig. 1A. When a window W' is set to
register, e.g., the character B, it is not possible to register
only the character B correctly because part of the characters

25 A and C adjacent to the window W’ is covered by the window.

However, if the model image is rotated so that the main axis



coincides with the center of the display screen as shown
6C. Then, by rotating the whole nodel image little by 2%

tthrough the cursor 6a of the input keys 6, a wi ndow W REP%@EET&EEF

separating the nodel inmage into pieces is set to enclose
- 10 - the first character A-when such character

mspmpemgqfsﬂm

has cone to gn

appropriate position. A nodel image registration for the character

A is thereafter made. Then, the whole nodel inage is
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angle becomes 0°, it is possible to set a window W’ that can
cover only the character B. Therefore, eat¢h character can be
registered independently. |

Moreover, the method of registering a model image by
rotating the model image while moving is applicable to the case
where characters or the like to be registered are arranged on
an arc such as shown in Fig. 1B. In the case of such model
image, the model image is not only moved close to the center of
the display screen but also registered sequentially while
rotating. Therefore, the setting of the window W becomes easy,
which in turn allows the model image enclosed by the window W

to be arranged in the frontal position.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings;

Figs. 1A and 1B are diagrams illustrative of a model
image registration method of the present invention;

Fig. 2 is a diagram showing the configuration of an
image processor to which the model image registration method of
the invention is applied;

Figs. 3A to 3F are diagrams illustrative of the model
image registration method, which is a first embodiment of the
invention;

Fig. 4 is a flowchart showing an operational procedure
of a control section for executing the model image :egistfation

method shown in Fig. 3;



Fotated little by little through the cursor 6a, and a w nd

set to separate the next character B when such character B V&EHACE“?W S“éﬁ
donme to the appropriate position. A nodel image pE EMENT SHEET
registration for the character B is thereafter nade. R“P'A%M%

nodel image registrations for the charasters C and O are na

Thus, the registration is nade using the window W 10 t

nodel inmage with each character being in the fronthl position.

Fig 7is a f'OWChartF§§0“5”§st@9d¥é§?€#”fifﬁséf@t?@9vgf another mode of
odi e

regi stration nethod in"the second The nodel
i mage is StObEérhﬁléﬁeéfnﬂﬂb emﬂ$E&heﬂ€“%héH% 1n Migday Wis set (step

nll), and both the nodel inage and t

Figs. 6A to 6E are dlagrams illustrative of a model

image registration method, which is a second embodiment of the
5 present invention;

Fig. 7 is a flowchart showing an operatiénal procedure
of a control section for executing the model image registration
method shown in Fig. 6; and

Fig. 8 is a plan view of an object to be inspected

10 suitably by the model image registration method shown in Figs.

64& to 6E and 7.

PREFERRED EMBODIMENTS OF THE INVENTION

Preferred embodiments of the present invention will be

15 described in detail referring to the accompanying drawings as
follows.

Fig. 2 is a diagram showing the configuration of an
image processor to which a model image registration method of
the invention is applied.

20 A camera 1 takes the image of an object that is either
stationary or moving on a line such as a conveyor, and the
image data is stored in an image memory 2. If the image stored
in the image memory 2 is a model image, such model image is
stored in a model image registration memory 3. It may be noted

25 that the model image becomes a reference image fox inspecting

and measuring an object to be inspected. The model image is to



w ndow Ware noved parallel thereafter in the X-axis dir

CREPDACEMENT SHEED
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well as in the Y-axis direction (step nl2). It may be notjec et
novi ng paral l el distances in the X-axis direction as well h
Y-axis direction are expressed by the equations 20 iﬁE?ggﬁaﬁﬁgﬁﬁkﬁgT
ri ght of step nl2. Therf the wi ndow Wi s {deleted, _and the
characters are separated one by one in steps nl3{to nl8 to nmake
their registrations. That is, a window W for se '

i mge i s setbé NcoinpRrad4witthe tIfPainbgd Rifecthd SobgaLst aiethé NiRBpectedt ep

nl5; and the rmonitored image is rotated by operating the cursor 6a
by a desiredratfigher (Stepinsppct Bhd PIRGASS Ngni Bbject using this image

processor, an image taken by the camera 1 and stored in the
image memory 2 is compared with a model image that has been
5 stored in the model image registration memory 3. A monitor 4
displays a ima.ge stored in the image memory 2., is used for
registering a model image, and displays a menu and the like for
control purposes. A control section 5 controls the image
processor. Input keys 6 are used, e.g., to set a window on the
16 display screen, select a menu, and register a model image.
Figs. 3A to 3F are diagrams illustrative of how an
image is registered after calculating the main axis angle of a
model image and rotating the model image.
If a model image "ABCD" is displayed obliguely as shown
15 in Fig. 3A, from the fact that this display is as taken from
the camera 1, one can assume that either the model image is out
of position or that the angle of the camera is displaced. With
the monitor image shown in Fig. 3A being displayed on the
display screen of the monitor 4, a window W is set on the
20 display screen by using a cursor 6a and an ENT key 6b of the
input keys 6 in the following way. First, the upper left
coordinates (xl, yl) are determined and the ENT key 6b is
pressed, and then the lower right corner coordinates (x2, y2)
are determined by moving the cursor 6a and the ENT key 6b is
25 thereafter pressed so that the character string ABCD is

accommodated within the rectangular window W. Then, a main
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t he

characters is conpleted. If there is no piecsd
tthen the nodel image is registered as it is.-

steps nl4 to nl8 is perfornmed until the.de

0 be separatefd,

ekl

noted that a cap having a character string 5 arrange

peri phery such as shown in Fig. 8 is an7 - exenpl ary object to be
I nspected in the case of registering a nodel i mag ' |
t he nodel imge such as in the
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axis angle §c is calculated as shown in Fig. 3C. The main axis
angle 6c is defined as an angle formed by a line (axis) that

minimizes the angular moment of the model image (ABCD) with

lrespect to the horizontal line. In Fig. 3D, both the model

image and the window W are rotated so that the angle fic becomes
horizontal (0°). As a result of the rotation, the model image
ABCD becomes a horizontal, correctly positioned image as shown
in Fig. 3D. In this embodiment, both the model image and the
window W are moved from the Fig. 3D condition so that the
centroid of the window W coincides with the center of the
display image. Fig. 3E shows this relocated condition. As a
result of this operation, the model image ABCD is moved
substantially to the center of the display screen.
Successively, the window W is deleted from the display screen,
and the model image is thereafter registered from the left
character A to the right characters. That is, first, a window
W’ that encloses the character A is similarly set by operating
the input keys 6 as in the case of the window W. Then, the
character A is registered in the model image registration
memory 3 by performing a predetermined operation. Similarly,
the characters B, C, D are registered to complete the
registration of the model image. |

Fig. 4 is a flowchart showing the operation of the
model image registration method of Fig. 3.

First, an image is taken by the camera 1 and stored in

the image memory 2 in step nl. Then, the window W is set




regi stration nmethod shown in Figs. 6 and 7.
the present invention, a nodel image is 10 regi stere
im the nenory by the canera. Therefore, even
obl i quely, the nodel image can be registered int
position wthout rearranging the - 8 #model image or t
result, no special positioning operation is requi
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W are rotated and moved parallel in the X-axis direction as

‘well as in the Y-axis direction (step n4). With respect to the

rotation and movement in the case of setting the main axis
angle to 6c, the angle of rotation and the moviné distances are
determined by the equation indicated on the right of the
flowchart.

It is the condition shown in Fig. 3E that is obtained
after the n4 operation has been completed. Successively, the
window W is deleted, and whether or not the model image have to
be separated into the respective characters is judged. If the
answer to the judgment is negative, the whole model image is
registered to terminate the processing (step n3). If the
answer to the judgment is positive, a first window W’ is set in
step n6 as shown in Fig. 3F to separate the model image, and
the separated piece is registered {step n7). This operation is
performed for the rest of the separated pieces of the model
image.

While both the model image and the window W are moved
parallel in the X-axis direction as well as in the Y-axis
direction in the above embodiment, the model image is
rearranged to be horizontal in position and can be registered
in such horizontal position, as long as a step is taken to scan
to rotate the model image so that the main axis angle 6c

becomes substantially 0° after the main axis angle has been
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calculated. Therefore, parallel movement in the X-axis
direction and in the Y-axis direction is not necessary in this
case. The reason why the model image is moved parallel is to
facilitate the registration by moving the model image toward
5 the center of the display screen. Further, while the model
image is rotated so that the main axis angie 6c becomes
substantially 0°, certain model images can be rotated so that
the main axis angle becomes §0°. For example, a model image
such as shown in Fig. 5, it is desirable to rotate the model
10 image so that the main axis angle 8¢ becomes 90°.
A second embodiment of the present invention will be
described as follows.
Figs. éA to 6E are diagrams illustrative of a
registration method designed to sequentially register a model
15 image while rotating the model image.
As shown in Fig. 6A, in the case where a model image.
taken by the camera 1 is so arranged that the characters A, B,
C, D are rotated, the window W that encloses the whole model
image such as shown in Fig. 6B is similarly set by the method
20 shown in Fig. 3B, and then both the window W and the model
image are moved parallel in the X-axis direction as well as in
the Y-axis direction so that the centroid of the window W
coincides with the center of the display screen as shown in
Fig. 6C. Then, by rotating the whole model image little by
25 little through the cursor 6a qf the input keys 6, a window W’

for separating the model image into pieces is set to enclose
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4 | mage menory; 5

stored in

said imge until the main axis angle thereof 8 beco %@%@?
angle; and 9 registering at |least a part of s

10 immge serving as a reference inmegeldor an inmage i ngpeciion

2. A nodel

said predetermned angle is at |east one of 3 subst a

6

calculating a main axis a gRE%Q@EMENﬁSHEEb

7 rotattin

the image nenory on a display screen;

| mge registration nethod according to 2 claim1l, mhereln

substantial | wH¥)[£i¥dt character A when such character A has come to an
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appropriate position. A model image registration for the
character A is thereafter made. Then, the whole model image is
rotated little by little through the cursor 6éa, and a window W'
is set to separate the next character B when such character B
has come to the appropriate position. Al model image
registration for the character B is thereafter made.
Similarly, model image registrations for the characters C and
D are made. Thus, the registration is made using the window W’
to separate the model image with each character being in the
frontal position.

Fig 7 is a flowchart showing the procedure of the above
registration method in the second embodiment.

The model image is stored in step nlo0. Then, the
window W is set (step nll), and both the model image and the
window W are moved parallel thereafter in the X-axis direction
as well as in the Y-axis direction (step nl2). It may be noted
that moving parallel distances in the X-axis direction as well
as in the Y-axis direction are expressed by the eguations
indicated on the right of step nl2.

Then, the window W is deleted, and the characters are
separated one by one in steps nl3 to nl8 to make their
registrations. That is, a window W’ for separating the model
image is set in step nl4; the separated piece is registered in
step nl5; and the monitored image is rotated by operating the

cursoxr 6a by a desired angle (step nl7). The processing in
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wherein said image is registered as said nodel inage 3
w ndow encl osing said image, rotating said 4 i mage, an
noving said inmage so that the centroid of 5 t he wi nd¢W
the center of the display screen. 411 - 4. A mpdeTTTHEgE
regi stration nethod conprising the 2 steps of:

10
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3. A nodel inmage registration nethod accordifng:

after setting 2

R ek

steps nl4 to nl8 is performed until the registration of all the
characters is completed. If there is no piece to be separated,
then the model image is registered as it is.

It may be noted that a cap having a character string
arranged along the periphery such as shown in Fig. 8 is an
exemplary object to be inspected in the case of.registering a
model image while rotating the model image such as in the
registration method shown in Figs. 6 and 7.

According to the present invention, a model image is
registered after stored in the memory by the camera.
Therefore, even if positioned obliquely, the model image can be
registered in the correct position without rearranging the
model image or the camera. As a result, no special positioning
operation is required, which not only dispenses with a jig or
skill, but also allows a registration to be made extremely
quickly. Therefore, it is no longer necessary to take the
trouble to stop the conveyor line even if a model object is
moving along the line. Therefore, the problem of reducing

productivity is not brought about.



- 13 - 3 storing an i mage taken by inmage taking neans in

an 4 | mge nenory; 5 setting a w ndow encl osing said i nmage

stored in the 6 i mage nenory; 7 ‘moving said i

centroid of said window 8 coincides with the center Y %ﬁg@T
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WHAT IS CLAIMED IS:

1 1. A model image registration method comprising the
2  steps of:

3 storing an image taken by image taking means in an
4 image memory;

5 calculating a main axis angle of said image stored in
6 the image memory on a display screen;

7 rotating said image until the main axis angle thereof
8 becomes a predetermined angle; and

9 registering at least a part of said image as a model
10 image serving as a reference image for an image inspection.

1 2. A model image registration method according to
2 claim 1, wherein said predetermined -angle is at least one of

3 substantially 0° and substantially 90°.

1 3. A model image registration method according to
2 claim 1, wherein said image is registered as said model image
3 after setting a window enclosing said image, rotating said
4 image, and thereafter moving said image so that the centroid of
5 the window coincides with the center of the display screen.

1 4. A model image registration method comprising the

2 steps of:
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image memory;

setting a window enclosing said image stored in the

image memory;

moving said image so that the centroid of said window
coincides with the center of the display screen;

registering partially at least a part of said image as
a model image serving as a reference image while rotating said

image.

5. A model image registration apparatus comprising:

image taking means for taking an image;

image storing means for storing the image taken by said
image taking means;

means for calculating a main axis angle of the image
stored in said image storing means on a display screen, and
rotating the image until the main axis angle thereof becomes a
predetermined angle; and

registering means for registering at least a part of
the image which the main axis is rotated to become the
predetermined angle as a model image serving as a reference

image for an image inspection.

6. A model image registration apparatus a¢cording to
claim 5, wherein said predetermined angle is at least one of

substantially 0° and substantially 90°.
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regijst ra%iﬂm\m m‘“ cording to 2 claimb5, whereirn sard
predet er l ‘E | | east one of 3  substantiall
substanti Ve ?eﬂr | R EWQW@%ET

7. A nodel image registration nethod adcerding to

1 7. A model image registration method according to

claim 5, wherein the image is registered as the model image

3 after setting a window enclosing said image, rotating said

A image, and thereafter moving said image so that the centroid of

5 the window coincides with the center of the display screen.
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setting a wi ndow encl osing said image, rotating said 4 | recgre;arrd

thereafter noving said image so that the centroid of 5 { ' EHT

coincides with the center of the display screen. W?WW
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MODEL IMAGE REGISTRATION METHOD AND APPARAPUES~THEREFOR
ABSTRACT OF THE DISCLOSURE

In the present invention, an image is registered as a
model image by setting a window after calculating a main axis
angle of the model image stored in an image memory, the main

5 axis angle being defined on a display screen, and then rotating
the model image so that the main axis anéle becomes a
predetermined angle.

No figure suggested.



