DESCRIPTICN Met hod of recognizing a position of a screw hole Techni cal
Field The present invention relates to a nmethod of recognizing position of
a visual recognition device for screw ng, robot, and nore particularly to a
nmet hod of recognizing a position of a s¢rew hol e by det ecting each position
froma contrast inmage of plural holes taken by inmage pickup neans.

Background Asgjodémaeat!y, the position recogni zi ng nmet hod forpoivpesiieoag t he
position of an object froma contrast inmage taken by an inage pickup :
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device is wdely used in visual recognition device of robots in various

producti on
facilities,

facilities. O the position recognizing nmethod used in such
a prior art of recognizing the position of a screw hole is

described below. Fig. 5 is a block diagramshowi ng a constitution of a

position recogni zing apparatus utilizing a conventional position
recogni zi ng webésdsy i N Which the central position of a cir

det.ect ed.

pi cki ng up an object not shown and issuing a video signal,

In Fig. 5, reference nuneral 20 is image pickup neans for

I mage nmenory nmeans for storing the video signa
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obt-ai ned by taking by the inmage pickup means 20 as contrast image data, 22
is contrast immge scanni ng neans_for scanning the contrast inmage data by a
contour scanning wi ndow A described later, thereby obtaining scanni ng dat a.
Ref erence numeral 23 is position calculating means for calculating the
position of the object by using the scanning data. Fig. 6 shows a

constituti oRyg contour scanning w ndow A used in Fi g. roT/96otosy Fig. ©
reference nunmeral 24 is a contour
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scanni ng equal to the contour of the circular object, and 25 is a
~concentration correlation line for. measuring the image_congentration inside
and outside of the contour scanning 24, orthogonal to the contour scanning
24, and the contour scanning window A is a wi ndow conprising a plurality of
concentration correlation lines 25. The position recognizing operation in
t he positi onwoagatasz- i ng apparatus in Fig. 5 is explai nedpSpimgnets an
application in the contour scanning window A in Fig. 6. The video signa
(i mage data) taken by the imge pickup neans 20 is stored in the contrast

I mage nmenory neans 21. This is the image data of the circul ar object, and
It.-is scanned by the :
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contrast inmage scanning nmeans 22 in the contour scanning line A shown in
Fig. 6, and_is_calculated by the_position calculating neans 23 _in _every
concentration correlation line 25, and the position of the contour scanning
wi ndow A where the nunber of concentration correlation |lines 25 of which
value is greater than the threshold is maxinumis detected as the position

of the circwlodgnasdes ect. -2- In this case, the position paishdslidodd Means
23 is to ' .
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cal'cul ate the absolute value of the difference between the neasured
concentration value of an insjide point fromthe contour_of the object on
the concentration correlation |ine 25, and the nmeasured concentration val ue
of an outside point fromthe contour of the object. In the conventional

met hod of recogni zing the position, however, when tightening plural screws

fromthe conigdghzpgvge data shown in Fig. 2, if-the devi at pefyymeogepecr and
| ower hol es was | arge, screws were not tightened, and while recogni zi ng

each screw hole, the screws were tightened, and hence it took a | ong
processing time in position recognition.
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The invention is intended to solve the problens of the prior art, and it is
hence an object thereof to present _a nethod of recognizing a screw hole for
detecting the deviation of upper hole and | ower hole of plural holes,
tightening the screws sequentially fromthe one of snaller deviation, and
tightening all screws, or detecting the deviation angle of the object of

ti ghtening % Lo dgt ecting two points, calculating the devpefienfies Ot her
hol es, and tTiI'ght€ni ng at high speed. Disclosure of the Invention To

achi eve the object, the invention is characterized by taking plural screw
hol e obj ects by image pickup neans to obtain a
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contrast inmage, scanning the contrast image by the contrast imge - 3-
scanni ng—neans hy a contrast scanning w ndow conprising a contour_scanni ng
equal to the circular contour of the upper hole object on the contrast

i mmge and plural concentration correlation |lines orthogonal to the contour
scanning for nmeasuring the imge concentration inside and outside of the
Cﬁntour scawoisergezzxal cul ati ng the absol ute value of the di jd@imRbsRed et WEEN
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neasured concentration value of the inside concentration correlation |ine
composed—of—a—specific nunher _of inside i mage concentration neasuring

poi nts, and the neasured concentration value of the outside concentration
correlation |ine conposed of a specific nunber of outside inmage
concentration neasuring points, in every concentra- tion correlation |ine,
by positi onwoalsgithsit i Ng means, detecting the position of tpherso6bioed
scanni ng wi ndow where the nunmber of conggptration correlation |lines of

whi ch absol Fige V&l ue is greater than the specified concentration threshold
value is maximum as the position of the upper hole object, setting the
scanni ng range of the | ower hole and the contour scanning w ndow equal to

the contour of WEvEHET4VF A |
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the | ower hole object fromthat position, calculating the distance

deviati on_amount between the_| ower_hole central position detected in the
above nmethod, and the upper hole central position, by the deviation

cal cul ati ng neans, determ ning the deviation anmounts in all plural holes,
tightening the screws fromthe one of the mnimum deviation, and m nim zing

t he devi at iwgegi2asde ot her upper and | ower holes. Alter nat%ﬂmﬁ& pl ural
screw hol e ?pjects, two points are -4gz/s
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taken by i mage pi ckup neans to obtain contrast inmage, the rotation angle of
the_object_of tightening is calculated fromthe position detected in the
above nmethod by rotation angle cal cul ati ng neans, and devi ati ons of ot her
hol es are sinultaneously cal cul ated by hole position correction cal cul ating
means. According to the invention, relating to the image data of the

obj ects obtgighganly the inage pickup nmeans, the inege is SEER gmm‘the
cont our scanning w ndow conprising a plurality of concentra-"tion
cotrelation lines orthogonal to the ciggglar contour of the objects, and
the position of the scanning w ndow where the nunber of
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cdhcentratlon correlation Ilnes whlc bsolute val ue of the difference
2

shet waen AR
the circul ar

pl ural . hol es.

asured concentratl vat d

f “fHhe inside measuri ng point. from

contour and the neasured concen- tration value of the outside
neasuri ng point fromthe circular contour is larger than the threshold is
maxi mum.is detected as the position of the object, and thereby the

devi ati on anount of upper and lower holes is detected, and the screws are
ti ghtened sequen- tially fromthe one of the smallest deviation of ‘the

O,

after detecting the positions of two points out of -plural-

hol es in the above nmethod, the rotatiDBSCRIRIIEN of the two points are

. cal cul at ed,

t he deviation of other holes is calcul ated, thereby

Method of recognizing a position of a screw hole

" Technical Field

- The present invention relates to a method of recognizing

position of .a visual recognition device for screwing robot, and more

particﬂlarly.to a method of recognizing a position of a screw hole .

- by detecting each position from a contrast image of plural holes

takén.by image pickup means,

Background Art

Recently, the p081t10n recogn1z1ng method for detectlng the

position of ‘an object from a contrast image taken by an image pickup

device iS'widely-used in visual recognition device of robots in

. various production fac111t1es

Of . the position recogn1z1ng method used in such fac111tles,

‘a prior art of recqgn1z1ng the position of a screw hole 1s described

below, .

-Fig.i5¢is-a blbck diagram showing a constitution of a

position recognizing apparatﬂs utilizing a conventional position

‘recognizing method, in which the central position of a circular

object is detected. In Fig._S; reference numeral 20 is image pickup

means for picking up'an objéct not shown and issuing a video signal,

21 is contrast image memory means for storing the video signal -



plural ‘screws may be tightened at high speed. Brief Description of. the
iDrawi.=ngs Fig. 1 is a block diagram showing a constitution of - position
cal cul ating nmeans 4. Fromthe position of upper hole and position of |ower
hol e obtained by the nmeans 1 to 4, -the deviation of upper and |ower holes
is calculated in deviation calculatlng means 5. Alternatively, fromthe

positions of two points obtalned by the ‘means 1 to 4, the rotation angle is
cal cul ated by rotation,

obta1ned by taklng by the 1mage pickup means 20 as contrast image
.data, 22 .is contrast 1mage scann1ng means for scanning the contrast
'_;'1mage data by a contour’ scann1ng w1ndow A descrlbed later, thereby
- obtaining scanning data ‘Reference numeral 23 is pos1t10n |
calculat1ng means for calculat1ng the pos1t10n of the object by
_us1ng the scannlng data |
Fig. 6 shows a const1tut10n of the contour scanning w1ndow A
-used 1n Fig. 5, and 1n Flg. 6 reference numeral 24 is a contour
: scann1ng equal to the contour of the c1rcular object, and 25 is a
| concentrat1on correlatlon ltne for measur1ng the image concentration
inside.and outside of the contour scanning'24,'orthogonalito the
contour scanning 24, and the contour scanning window A is a window
l comprising a'plurality'of concentration correlation lines 25,
- The poSition recognizingioperatlon’in the position recogniz-
: ing‘apparatus in Fig. 5 is ekplained below as an appllcation in the
. contour scann1ng wlndow A in F1g. 6. |
. The v1deo s1gna1 (1mage data) taken by the image plckup
neans 20 is stored in the contrast image memory means 21, This is
the image data.of.the'clrcularlobject;_and it is scanned by the
cOntrast'image“scanning'means 22 in the contour scanning line A
shown in Fig.EG, and is calculated by the position calculating means
23 in every concentration correlationlllne 25, and the positlon of
: the contour scann1ng window ‘A where the number of concentratron
correlatlon lines 25 of wh1ch value is greater than the threshold is

maximum is detected as the pos1t10n of the c1rcular obJect.



: angle calculatlng neans 6, and the deV|at|on of other hole positions is

" cal cul.ated .in hole p05|t|on correction calculatlng means 7. Fig. 2 shows an
exanpl e of the contrast inaege data in 'Fig. 1, in which reference nuneral 8
is an upper hole object and 9 is a lower hole object. Wien using above
mentioned two points nethod, by making the upper hole object 8 as one point
~and di agonal |y existing upper hole 10 as the other point, the detecting
precision usually becones higher. Fig. 3 shows a conflguratlon of contour
scanni ng wi ndow-A. used in this enbodinent (Fig. 1), in which reference
nuneral 11 denot es a coh whnsmeplﬁge basrlmgnacadcaMGg mqmalza ast tee

- dlaneter ' calculate the absolute value of the d1fference between the measured
. concehtration velue of an-insiee point from the contour of the
.obJect on the concentratlon correlatlon line 25, and the measured
concentrat1on value of an outside po1nt from. the contour of the
| 'obJect. _
In the conventional nethod of fecoénizihg the position,
howe#er,.when tightening plural screws from the contrast image data
- shown in Fig, 2, if the deviation of upper and lower holes was large,
screws were hot tightened,-end while recognizing each screw hole,
'the'screwe were tightened, and hence it took a long processing.time
ie position recognitien. | .

The invention is 1ntended to soIve the problems of the prlor
art, and it is hence an obJect thereof to present a method of
recognizing a screw hole for detectlng the dev1at1on of upper hole ~ -
endllower hole 6: plural holes, tiéhtening the ecrews sequentially
from the one of smaller'deviatien,.and'tightening alllscrews, or
detectihg the deviation.angle df the object ef'tiéhtening after

| detectlng two p01nts, calculatlng the deviation of other holes, and

tlghtenlng at high speed

Disclosure: of the Invention
-To achieve the object, the invention is characterized by
. ‘taking plural screw hole objects by image pickup means to obtain a

contrast image, scanhing'the contrast image by the contrast image



of ‘the iage of. the upper'hole'oﬁject‘B,'and 12a to 12h are a plurality of
~eoncentration correlation |lines orthogonal” to the contour scanning. 11, for
measuring the inmage concentration inside and outside of the contour .
" scanni ng. circle 11. Fig. 4 shows the detail of 12c as a representative
exanpl e of the. concentration correlation lines 12a to 12h of the contour
scanni ng mAndom/A used i n.the enbodi ment, in which reference nunmeral 13c
represents the contour scanning position of the concentration correlatlon-
~line 12c, 14c 15c, 16c are a specific nunher of neasur- -7 -
- -scanning means by a-contrast scanning window comprising a contour :
scanning equal to the circular contour of the upper hole object on
" the contrast image and plural concentration correlation Iines
orthogonal to the contour scannlng ‘for measur1ng the image -
concentration 1ns1de and outs1de of the contour scanning,
calculat1ng the absolute value of the dlfference between the
-measured concentratlon value of the inside concentration correlation
l1ne composed of a specific number of 1ns1de image concentratlon
measuring points, and the measured concentration value of the
outside concentration correlation line composed of a specific numberd
of outside image concentration measuring points, in every concentra-
. tion correlation line, by position calculating means, detecting
the pos1t10n of the contour scanning window where the number of .
concentration correlation llnes of which absolute value is greater
_than'the_specifled concentration threshold value is maximim, as the o
position of the upper hole object, setting the scanning range of the
‘lower Hole and the contourhscanning_window equal to the contour of
- the lower hole object from that position, calculating the distance
deviation amount between the lower hole central position detected in
.the-above method and-the upper hole central position, by the
~ deviation calculatlng means, determ1n1ng the deviation amounts in
all plural holes, tlghtenlng the screws from the one of the
- minimum dev1ation, and minimizing the_dev1at10n of the other upper

‘and lower holes._“"

Alternatively, of plural screw hole obJects, two points are



essentiral parts of a position rebogniélng‘apparatus used in a nethod of :
screwing in plural holes in an enbodi nent of the invention; Fig. 2 shows an
-exanpl e of contrast inmage data used in the nmethod of screwing in plural
hotes in the enbodinment of the invention; Fig. 3 is a-diagramshow ng a
constitution of contour scann- ing unndou/A used in the enbodi nent of the

I nvention; Flg 4is a detalled drauﬁng of a part of the contour scannlng
window in Fig. 3

taken by image piCkup means to obtain contrast image, the rotation
angle of the object of tightening_is calculated from the position
';f“detected in the above method by rotation angle calculating means,
and deviations_of:other.holes are'simultaneOUSly calculated by hole
,'position correction calculating means.
According to the inventidn, relating to the'image data of
'_the objects obtained'by the image plckup means,uthe imaée.is scanned
by the contour scanning windoW'comprising a plurality of concentra-
| t1on correlation lines orthogonal to ‘the 01rcular contour of the
objects, and the p031t1on of the scann1ng w1ndow where the number of
_concentratlon correlation lines of whtch_absolute value of the
difference between the measured concentration'value of the inside
_measuring point fron the'Circular contour and the measured concen-
tration value of the outside measuring point fron the circular
'contour is larger than the threshold is maximum is detected as the |
_ pos1t1on of the obJect, and thereby the dev1at10n amount of upper
and lower holes is detected,'and the screws are tightened sequen-
tially from the one'of"the smallest deviation of the'plural holes.'
Or, after detecting-the positions of two points out of plural holes
: 1n the above method the rotatlon angles of the two points are
calculated the dev1at1on of other holes is calculated thereby

_ plural screws may be t1ghtened at high speed

Brief Descr1pt1on of the Draw1ngs

F1g. 1 is a block dlagram show1ng a const1tut1on of



ﬁig 5-i's a bl ock dlagran1sh0mﬁng a constitution of position recogni zi ng :
apparatus using a met-hod of recognizing position in a prior art; and Fig..6"
Js'a diagram-showi ng a constitution of the contour scanni ng mnndou/used in
the prior art in Fig. 5. Description of ‘the Preferred Enbodinment Fig. 1lis
a bl ock di agram showi ng a constitution of -essential parts of a position
recogni zi ng ‘apparatus used in a nmethod of screwing in plural holes in an
enbodi nent of the invention. In Fig. 1, inmage pickup neans 1 takes an
obj ect not shomn and i'ssues a video signal, and the video signal is stored
-in _ position calculatlng means 4, From the pos1t1on of upper hole and
' "pos1t1on of lower hole obta1ned by ‘the means 1 to 4, the deviation
‘flof upper and lower holes is calculated in dev1at10n calculating
. means. 5. Alternatlvely, from the pos1t1ons of two points obta1ned
by ‘the means 1 to 4, the rotatlon angle is calculated by.rotatlon
angle calculating means 6, and the deviation of other hole positions
is calculated in hole position correction calculating means 7.
- Fig. 2 shows an,ekample of the contrast image data in Fig. 1, .
in which reference numeral 8 is an upper hole object and 9 is a
lower hole object, When using above mentioned two points method,'by_‘ '
.making the upper hole object 8 as one-point and diagonellyjexisting'
upper hole 10 as the other point, the detecting precision usually
.becomes higher,
F1g. 3 shows a conf1gurat10n of contour scanning window A .
used in th1s embod1ment (F1g; 1), in whlch reference numeral 11
denotes a contour. scann1ng hav1ng a dlameter equal to the diameter
of the image of the upper hole obJect 8, and lZa to 12h are a
plura11ty of concentratlon correlat1on 11nes orthogonal to the
contour scann1ng 11, for_measurlng the image concentration 1ns1de
- and outside of the contour scanning circle 11,
F1g. 4 shows the deta1l of 12c as a representative example
.of the concentratlon correlat1on llnes 12a to 12h of the coritour
:scann1ng w1ndow A used in. the embod1ment, in which reference numeral

13c represents the contour scannlng pos1t1on of the concentratlon

correlation line 120, 14c, 15¢c, '16¢ are a specific number of measur-



cbnttastdinage nenbry means 2 as”contfast i mmge data. Contrast inage’
scanning neans 3 .scans the contrast inage data by the contour scanning
wi ndow A (see Fig. 3) to obtain scanning-data, and the position of the
obj ect .is calculated by using the scanning data by -6 - i ng points of
I nside i mage concentrati on conpostng -the inside-concentration correlation
line B, and 17c, 18c, 19c are a speci-fic nunber of neasurlng poi nts of
out5|de i mage concentratlon conp05|ng
essent1a1 parts of a pos1t10n recognizing apparatus used in a method
of screwing in plural holes in an embodiment of the 1nvent10n;
. Fig. 2 shows an example of contrast image data used in the
" method of screwing in plural holes in the embodiment of the
.~ invention;
~ Fig. 3 is a diagram.showing a constitution of contour scann-
ing window A used in the embodiment of the invention;
- Fig. 4 is a detalled draw1ng of -a part of the contour
_scannlng window in F1g. 3;
Flg. 5 1s a block dlagram show1ng a const1tut1on of position
recogn1z1ng apparatus us1ng a method of recogn1z1ng position in a
- prlor art; and

. Fig, 6 is a dlagram show1ng a constltutlon of the contour

scannlng.w1ndow used in.the prior art in Fig, 5.

Description of the Preferred Embodiment
F1g. 1lisa block d1agram show1ng a const1tut1on of
o essent1a1 parts of a p031t10n recogn1z1ng apparatus used in a method.'
of'screwlng in plural,holes in an embodlment of the invention,
| 'In.Fig. 1, image pickup means | takes an object not shown
and 1ssues a v1deo s1gna1 and the video signal is stored in -
contrast image memory means 2 as contrast image data. Contrast
.:1mage scannlng means 3 scans the contrast image data by the contour
_ scanning window A (see Fig.vS).to obtain scanning data, and the |

‘position of the object is calcnlated by using the scanning data by



the outside concentration correlation Iine C. The image recogni zing

oper atd on ‘i n thIS enbodi ment is descri bed bel ow by reference to Fig. 1 to
- Fig. 4, First, the object not shown is taken by the i mge pi ckup neans 1
shcmn_in'Fig. 1 to obtain a contrast inage, and it is stored in the

- contrast inmmge nenory-nmeans 2. The contrast.- i.mage shows the upper hole
obj ect 8 and | ower hol'e object 9 as indicated in Fig. 2. And this will do-
in the case of only one hole. In thls case, the operation of the

enbodi ment for detecting the upper “and |ower hole p ositions .or only one

hol e..posi tion - |smses@mt5evzf Hostie. image comeras'atmmgenps:samw&ig insdde 3 shown
in Flg 1 begins
concentratlon correlatlon 11ne B, and 17c, 18c, 19¢ are a specific

.- number of measuring po1nts of outs1de image concentrat1on composing
the outs1de concentrat1on'correlat1on line C.
~ The image recogaizing operation in this embodiment is
described below_by-refefence to:Flg. 1 to Fig. 4,
| First, the objeC£ nct showu ls.taken by the iuage pickup
means 1 shown in Fig, 1 to obtain a contrast image, and.itlis stored
in the contrast image memory:means 2. The contrast lmage shows . the
upper hole object. 8 and lower hole object 9 as indicated in Fig, 2,
And this_wlll do in the case of:only one hole. In this case, the
- operation of the embodiment fcr detecting'the upper and lower hole p
ositions or only cne hcle pcsltion_is described below. | |
Theeccntrast image‘scanning;means 3 shown in Fig. 1 begins
-to scan the concpast-imaée.stered in the contrast image memory means
'2 in the‘rightldirectlca from upper left position, by using the
* contour scanning wiadbw A shown in Fig, 3, and the pcsition |
calculating means 4 calculates every'time one image'moves. That is,
at every concentratlon correlatlon B, C, the absolute value of the
: .d1fference of the . measured concentration values 14c + 15¢ + 16c of
;_-the 1ns1de concentrat1on correlation line B compr1s1ng a specific -
number of measurlng po1nts of inside image concentrat1on, and the '
: measured concentrat1on values 17c + 18c + 19¢c of the outside )
'concentratlon correlat1on 11ne C comprls1ng a spe01f1c number of

: measurlng points of outs1de image concentratlon, and the position of



. to scan“hhe"cdntrast.inage stored in fhe. contrast | mage nenory means 2 in
the right direction fromupper-|left position, by using the contour scanning
wi.ndow ‘A :shown in Fig. 3, and the.position-calculating nmeans.4 cal cul ates
~ every tine one inmage noves. That is, at every concentration correlation B,
- C,- the absol-ute val ue of the di fference of. t he measured concentration.
val ues 14c + 15c + 16¢ of the inside concentrati-on correlation line B
conprising a speC|f|c nunber of neasuring points of inside inmge
concentration, -and-the neasured concentration values 17c + 18c + 19c of the
out si de "concent réhe eentoyr: scaanieg windew & whene: the mymbers o€ ceancentatien of
neasurlng poi nts of outside inmage concentration, and the position_of
correlation lines of whlch absolute value is greater than the
+ specified concentratlon threshold is maximum is detected as the
position of the'upper hole, lower hole or only one hole.
After detectlng the pos1t10ns of the upper and lower holes,
each dev1at10n is determlned in the deviation calculatlng means 5,
" and the screws are tlghtened sequentially from the one of the
'_'smallest dev1at1on
In the case of two-point detection and correction, supposing
the positions of the two points detected by the means 1 to 4 to be
x1’, y1’), (x2’;‘&2'),'the.corfection_amounts from a(x1’, y1’),
B (x2', y2') given preliminarily'es reference position are
respectively as follows,
ax =x1-x1’," ay =yl-yl’
'Bx -x2-x2 , BY: -yZ-yZ

On the basis of cx, when the distance of two points is

;(xQ, y0), the_reference angle ie

: y0
- 60 =tan™’
x0
and hence the measured angle is
: yO—d¥+ﬂy
61 =tan™* —
L x0-axtfx

Accordlngly, by the rotatlon angle calculatlng means 6, the rotation.

t

angle is calculated as follows:

0 =61-60



-8- °  the contour scanning w ndow A wher e. 't he nunber of concentration
correl.ati.on-1ines of which absolute value is greater than the specified
concentration threshold is maxi mumis detected as the position of the upper
hol e, | ower hole or only one hole. After detecting the positions of the
uppef and lower hol es, each deviation is determned in the deviation

cal cul ati ng- means 5, and the screws are tlghtened sequentlally fronlthe one’
of the : : _ _

'.'Supposing the actual serewing position to be (x, y) on the
basislof'a,_the_cbordinates are converted by the'rotatlon angle as
;. follows:’ o _
X* excos 6 -ysin® +ax
Y% -xsm e +ysm6 tay -
and hence the correction amounts zx, A of the screwing position can
.be calculated_as follows by the hqle position correction amount
" calculating meahs'7_of the position correcﬁion amount :
ZX =X%-X o |
zy =ys-y
SSimilarly, by registering.plﬁral screwing positioas, the deviation
of other pos1t1on can be calculated from the detection of positions
of two p01nts | |
| Ihus,'plﬁral screws can be tightened efficiently and at high.
speed, o | | _ |
As explalned herein, aecording.te the method of recognizing
screw holes of the invention, by detectlng the positions-of upper
~and lower holes of the plural obJects to be tlghtened and t1ghten—
ing sequent1ally from the screw of the smallest deviation, the
deviation can be corrected, Besides, after detectlng two holes, by
calculating the deviation of other holes from phe rotation angle,

- the screws:eah be ﬁighteeed efficiently and at high speed,

- -10-



enalle§t deviation In the case of two- poi-nt detection and- correction,
suppasi ng the positions of the two points detected by the neans 1 to.4 to
be (x1', y1'), (x2', y2_) the correction amounts froma (x1', yl1'), [err] -
(x2', y2')-g|ven preI|n1narin as reference position are respectlvely as
follows. ax =x1-x1', ay =yl-yl' [err] x = x2-x2', [err] y =y2-y2' On the
basis of. [err], when the distance of two points is (x0, y0), the reference
angle'is YO : : - : : :
__Claims |
"l; A method of recogn1z1ng a screw hole, characterized by
' ;'taklng plural screw hole objects by image pickup means to obtain a
'contrast image, scann1ng the contrast image by the contrast image
scannlng means by a contrast soannlng window comprising a contour
soanning equallto the oircular_COntour of the upper hole_ object on
the contrast image and plural ooncentration correlation lines
orthOgonal ;c the contour scanning for measuring the image
- concentration inslde and outside of the'oontour'scanning,
jcalculati_ng the absolute value of'the difference between the
_ neasured concentration valueeof,the inside ooncentration correlation |
" line composed of a speoific number'Of inside image concentration
_Fmeasuring points,-and"the measured coﬁcentration value of the-
outside concentratlon correlation line_composed of a speciflc number
of outside image conoenrration.measuring points, in-every'concentra—
tion'correlation line, by position calculating“means, detecting the
posltion of-the contour scanning.window where the.number of concen-
tration correlation lines of.which abeolute value is greater than
the spec1f1ed concentrat1on threshold value is max1mum, as the
pos1t1on of the upper hole obJect, setting the scanning range of the
glower'hole and the'contour;soann1ng window equal to the contour of
,tﬁe lower hole objecl froﬁ_;hat positlon; calculating the deviation
| amount'beiweeﬂ the lower hole'central'positlon detected as the above
nethod and the upper hole central position by the deviation

calculating means, and said deviation amount is calculated for all

* [ L L] S *
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[err}_dﬁifaﬁ[efr] xO. and hence the neasured ‘angle is y0-ay+[err]y [err]1
‘=tan[err]. xO ax+ X Accordingly;, by the rotation angle calcul ating neans
6, the rotation angle is calculated as follows: [err] =[er]l - [err]0 -9-

' -blural_holes-and'tﬁé sCréﬁs are tighténed sequentially from a screw
hole of the smallest deviation. '. -
| 2. lA nethod of rééogﬁiZing a screw hole of claim I, wherein
: _thé rotation.angle of workpiece is calculated by rotation angle
calculating meéns from the contrést image of -the two points taken:by
~the @mage pickqp means of:plural screw hole objects and two
positions detected by said method; the deviation amount iﬁ othér
hole.poéitiqn.is calcuiate&lby hole poSitiqh correction calculating

" means,’

LT
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' Supp05|ng t he actual screw ng p05|t|on to be (x, y) on the -basis of a, the

coordi nates are converted by the fptation argle as foll ows: x* =xcos [err]
-ysin[err] + a x y* =xsin [err]" +yS|n[err] + a.y and hence the correction
anounts zx, zy of the screwi'ng position can be calculated as follows by the

" hol e position correction anount calculatlng means 7 of the p05|t|on '
correction amunt: zx =x*-x

Abstract of the Disclosure'
In plural screw holes; by detecting screw hole positions by
K mak1ng use of c1rcu1ar form of the objects, screws are tightened
‘efficiently and at hlgh speed Circular screw hole ObJeCtS are
”taken by Image pickup means 1 to obtain a Contrast image, the
eontrast image_is'scanned by SCanning neans 3 by a contour scanning
"wlndow comprising a contour scanning'circle_equal to the circular
~ contour on-the'contrast image and plural concentration correlation
lines orthogonal to the contour scann1ng cirecle for measuring the
image concentration 1ns1de and outs1de the contour scanning circle,
the absolute value of the difference of the measured concentration
value of the 1ns1de conoentrat1on correlation line composed of a
spec1f1c ‘number of 1n81de concentratlon measurlng points and the
.measured concentrat1on'va1ue-of.the outside concentration correla~
tion line eomposed of a'speclfic_number of'outside concentration
‘measuring points in each'concentration'correlation line-by means of
Ipos1t10n calculatlng means 4, the pos1t1on of the contour scannlng
window where the number of concentrat1on correlatlon l1nes of wh1ch
absolute value is greater than the threshold is maximum 1s detected
as the pos1t1on of,the obJect, the deviation of upper and-lower
holes is calculated.by the deviatlon calculating means 5, and the
SCrews are tlghtened sequentlally from the. one of the smallest
dev1at1on of upper - and lower holes, thereby correcting the dev1atlon
= of other holes. Moreover, by detecting the position as the above_'

method by paying attention to two points of the plural holes, the

-13 -



zy =y*-y Sinilarly, by registerihg pl'ural screw ng positions, the deviation
of other. position can-be calculated fromthe detection of positions of two.
‘poi nts. Thus, plural screws can be tightened efficiently and at high speed.
As expl ai ned herein, according to the nmethod of recognizing screw hol es of
. theé invention, by detecting t he positions of upper and | ower holes of the
-ptural-objects to be tightened, - and tighten- ing sequentially fromthe
screw of the smallest deviation, the deviation can be corrected. Besides,
after detectlng two hol es, by . .. i od by the '
: rotation angle of the obJect of tightening is determined Dy

-rotation angle calculating.means 6, and from this rotation angle,
R the dev1at10n of other holes is calculated by the hole position

correct1on calculatlng means 7.

-14 -



calcul ating the deviation of other héles fromthe rotation angle, -the
scres can be- tlghtened ef fi crently -and--at ‘high speed. - 10 - Cainms 1.
A net hod. of recogni zing a screw hol e, characterized by taking plural screw
ol e obj ects by image pickup neans to ?Qhal n a contrast inmge, scanning the
contrast inmage by the contrast image g ning neans by a contrast scanning
w ndow conpri sing a contour '

Fig. 1
| 1 lnage bidkuﬁ means
1 74 S ) /2.
. ‘Contrast image
i S ‘memory means l 4.
Contrast image
scanning means'
| (A
Position N
- . '} calculating means 5
Rotation angle /6 Deviation
calculating means calculating medns
Plural hole position i 7
correction calculating means
- Fig. 2

8 Upper hole object

r‘ﬂ

Lower hole object 9

@’ ol
o o™




scanhi,ng equal to the circular contour of the upper hole object on the
gontrast image and plural concentration correlation |ines orthogonal to the
contour scanning for neasuring the inmage concentration inside and outside
of the contour scanning, calculating t gbsol ute value of the difference
bet ween t he measured concentration val ué of the inside concentration '
correlation line conposed of a specific nunber of inside inmage '

- concentration neasuring points, and the neasured concentration value of the
outside ¢ ncegtration correlation line conposed of a specific nunber of

out si de iﬁﬁbe concentration nmeasuring points, in every concentra- tion
correlation line, by position cal cul ati ng neans, detecting the

Contour scanning window A

12e

12&a ~ 12h ... Concentration correlation lines

Fig. 4

\\‘ Contour scanning position

&y '- -12¢
14c|i5c]i6¢i3c|17ci8c|i9¢c]
[N e L\ ~ -t
Inside concentration/ Outside concentration
correlation line B ¢ correlation line C




p0$|t|on of t he cont our scannlng mnndOM/mhere the nunber of concen- tration
correlation lines of which absolute value is greater than the specified
concentration.threshold value i s maxi mum as the position-of the upper hole
obj ect, setting the scanning range of gﬁa l-ower hol e and the contour
scanni ng wi ndow equal to the contour o he | ower hol e object fromthat
position, calculating the deviation anount between the | ower hole central
position detected as the above nethod and the upper hole central position
by the deviation cal cul ati ng means, and sai d deviation ampunt -i s cal cul at ed

for all :
Fig. §

I ZOImage plckup
/_ means . . . ; 2]

Contrast image .- [~

nemory means

22

Contrast image
scanning means . "
[ 23
‘Position L/
calculating means

Fig. &

Contour scanning window A

25 Concentration correlation line

24 Contour scanning circle
25
25

25-

25



, pﬁural fiol es and t he screws are tfgﬁfeﬁed sequentially froma screw hol e of

the spguml |l est deviation. 2. A nethod of recognizing a screw hole of claim
1, wherein the rotation angle of workpiece is calculated by rotation angle
cal cul ati ng neans fromthe contrast iq%ge'of the two points taken by the
i mge pickup neans of plural screw hol"e"objects and two positions detected
by .sai d nethod, the deviation anpount ‘in other hole p05|t|on i's cal cul ated
by hole position correction calculating nmeans. -12 - :

* Reference Numerals
1 Image pickup means

Contrast image memory means -
Contrast image-scanning means
P051t10n calculatlng means
Dev1at10n calculat1ng means

' Rotation angle calculatlng means'

N OO s W N

~ Plural hoie_position correcﬁion caiculatingimeans
12a-12h, 25 'Cpncentration_cdrrélation lines
13¢c  Contour scanning position
14c, 150, 16c Meaéuring points of'inside image concéntration '
17c, 180 18c Measurlng p01nts of outs1de image concentration
.A- ‘ .'Contour scanning window :
B - Inside concentration correlation line

C . Outside concentration correlation line
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