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. DESCRIPTION

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 pesition recogniZing method for detecting 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 facilities.

Of . the position recogniZing method used in such facilities,

‘a prior art of recognizing the position of a screw hole is described

below, .

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

position recognizing apparatus utilizing a conventional position

_recqgnizing 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 -



obtained.by takingiby-the image pickup means 20 as contrast image
.data, 22 is COntrast image scanning means for scanning the contrast
g'1mage data by a contour’ scann1ng w1ndow A descrlbed later, thereby
;.obta1n1ng scanning data ‘Reference numeral 23 is pos1t10n
calculating means for calculat1ng the position 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 correlat1on llne for measur1ng the image concentration
ineide.and outside of the contour scanning'24,'orthogonalito the
contour scanning 24, and the contour ecanning 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 erplained 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'clrcularhobject;_and lt is scanned by the
cOntrast'image“SCanning'means 22 in the contour scanning line A
shown in Fig.EG, and ie 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 concentratlon
correlatlon lines 25 of wh1ch value is greater than the threshold is

maximum is detected as the pos1t10n of the c1rcular obJect.



In this case, thelpositien calcﬁlating means 23 is to
' ceiculate the absolutehvelue of the difference between the meaeured
K concehtration qelue of an-insiee point from the contour of the
.objeetron the concentratien_correlation line 25, and the measured
qencentration value of:eﬂ_outside hoiﬁt.from-the centour 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
in pos1t10n recogn1t10n.-' |

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 detect1ng the dev1at1on of upper hole -
and lower hole of plural holes, t1ghten1ng the screws sequentlally
from the one of smaller dev1at10n, and t1ghten1ng all screws, or
detectlng the deviation angle of the object of t1ghten1ng 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



~ fscanning means by a-contrast scanning window comprising a contour :
scanning equal to the circular contour'of the unper_hole object on
‘};the contrast inage and plural concentration correlation Iines
orthogonal to the contour scannlng ‘for measurlng the image -
concentratlon 1ns1de and outslde of the contour scanning,
calculatlng the absolute value of the difference between the
:measured concentration.value of the inside concentration correlation
1ine-c0mpoSed of a specific numher of inside image concentration. l
measuring points, and the measured concentration value of the
outside concentration correlation line composed of a specific number 
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 .
concentratlon correlat1on 11nes of which absolute value is greater
_than the sp301f1ed concentrat1on threshold value is maxlmum, as the - -
lpos1t10n of the upper hole obJect, sett1ng the scanning range of the
-1ower hole and the contour scannlng w1ndow equal to the contour of
;.the lower hole obJect from that,pos1t10n, calculating the distance
deviation amount between the lower hole central position detected in
.the-aboue method and-the upper.hole central position, by the.
~ deviation calculatlng means, determlnlng the deviation amounts in
a11 plural holes, tlghtenlng the screws from the one of the
- minimum dev1at1on, and m1n1m1a1ng the_dev1at10n of the other upper
‘and lower holes._“': o |

Alternat1vely, of plural screw hole obJects, two points are



taken by image pickup means to obtain contrast image, the rotation

angle of the obJect of tightening is calculated from the pos1tion

';7“detected in the above method by rotation angle calculating means,

and dev1at10ns_of,other.holes are simultaneously calculated by hole
,'position correction calculating means.

According to the inventiOn, relating to the'image data of
'_the objects obtained'by the image piokup means,uthe imaée.is scanned
by the contour scanning W1ndow comprising a plurality of concentra-
| tion correlation lines orthogonal to ‘the 01rcular contour of the
objects, and the pos1t10n of the scannlng w1ndow where the number of
_concentration correlation lines of which_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 dev1ation 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 rotation angles of the two points are
calculated the dev1at10n of other holes is calculated thereby

_ plural screws may be t1ghtened at high speed

Brief Description of the Drawings

- Fig. 1 is a block diagram showing a constitution of



position calculating means 4. From the position of upper hole and
:'pos1t1on of. lower hole obta1ned by ‘the means 1 to 4, the deviation
;ﬁlof 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.devlation'of other hole positions
is calculated in hole positlon correction calculating means 7.
- Fig, 2 shows an,enample 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 diagonallyjexisting'
upper hole 10 as the other point;_theldetecting 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 outs1de of the contour scanning c1rcle 11,
F1g. 4 shows the deta1l of 12c as a representative example
.of the concentratlon correlat1on 11nes 12a to 12h of the coritour
:scann1ng w1ndow A used in. the embod1ment, in which reference numeral
.130 represents the contour scannlng pos1t1on of the concentratlon

correlation line 12c, l4c, 15¢c, '16¢ are a specific number of measur-



essential parts of a position recognizing apparatus used in a method

of screwing in plural holes in an embodiment of the invention;

. Fig. 2 shows an example of contrast image data used in the

"-method of screwing in plural holes in the embodinent 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 detaiied drawing of a part of the contour

_scannlng window in F1g. 3;

Flg. 5 1s a block dlagram show1ng a const1tut1on of position

recogn1z1ng apparatus u31ng a method of recogn1z1ng position in a

'_ prlor art; and

Flg. 6 is a dlagram show1ng a constltutlon of the contour

scanning w1ndow used in. the prior art in Flg. 5.

Description of the Preferfed Embodiment

F1g. 1lisa block d1agram show1ng a const1tut1on of

o essent1a1 parts of a p031t10n recogn1z1ng apparatus used in a method

of'screW1ng 1n 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 Flg.vS)_to obtain scanning data, and the

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



'ing points.oflinside'imaée cohcentration composing thé-inside
concentrat1on correlatlon 11ne B, and 17c, 18c, 19¢ are a specific
ﬁ’number of measuring po1nts of outs1de image concentrat1on composing
the outside concentrat1on'correlat1on line C.

~ The image ré_cogﬁi_zing operation in this embodiment is
described below_by-reféfence to:Fig. 1 to Fig. 4,

| First, the objédf ndt showﬁ is.taken by the ihage pickup

means 1 shown in Fig, 1 to obtain a contrast image, and.itlis stored
in the contrast image mémory:méans 2. The contrast image shows . the
ﬁpber.hole object. 8 and 1ower hole objedt 9 as indicated in Fig, 2.

And th1s w111 do in the case of. only one hole. In this case, the

. operatlon of the embodlment for detectlng the upper and lower hole p

ositions or only one hole pos;t1on_1s described below.

Thexcqntrést imagé‘scanning.means 3 shown in Fig. 1 begins
-to scan the contpast-imdée.stdred in the contrast image mémory means
'2 in the‘rightldirectibn from upper left position, by using the
* contour scanning wiﬁdbw A shown in Fig, 3, and the pqsition
calculat;ng means 4 calculates every'time one image'moveé. That is,
at every conbéﬁtratibn cérfelaﬁion_B,ZC, the absolute value of the
: differénce of the - measured concentration values 14c .+ 15¢ + 16¢ of
-the'inside COnCentratién'corfelation line B_éompbising a specific -
number 6f measurihg_pbints qf'inside image concentratiqn, and the.'
. measured cOncehtfation vélues 176 + i8¢ + 19c of the outside )
"concentratlon correlat1on 11ne C comprlslng a sp901f1c number of

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



a the contour scann1ng window A where the number of concentratmn

'correlatmn lines of whlch absolute value is greater than the

K spec1f1ed concentratmn threshold 1s maximum is detected as the

position of the upper hole, lower hole or only one hole.
After detectmg the pos1t1ons of the upper and lower holes, -
each dev1at10n is determmed in the deviation calculatmg means 5,
" and the screws are t1ghtened sequentially from the one of the |
smallest dev1at1on
| In the case of 'tWo-;pOint detecticn and correction, supposing
the positions of the two points detected by the_neans 1 to 4 to be
1", y1’), 2 , y2'), the correction amounts from a(x1’, yl’),
B (x2', y2') given preliminari'ly:' as reference position are
respecti_vely as follons. - |
ax =x1-x1’, ay 1yl
'Bx -x2-x2 , BY: -yZ-yZ _ |
On the basis of a, when the distance of two points is

- (x(_), y0), the reference _an‘gl'e i_s

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

Accordmgly, by the rotat1on angle calculatmg means 6, the rotation.
angle is calculated as follows

0 =61-60



'.'Supposing the actual screwing oosition to be (x, ¥) on the
basislof'a,_the_cbordinates are converted by the'rotatlon angle as
. follows:’ |
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 hole position correction amount
" calculating meahs'7_of the position correction amount :
ZX =X%-X o |
zy =ys-y
SSimilarly, by registering.plhral screwing positiohs, the deviation
of other pos1t1on can be calculated from the detection of positions
of two p01nts | |
| Ihus,'plaral screws can be tightened efficiently and at high.
speed. | | | |
As explalned hereln, accordlng to the method of recogn1z1ng
screw holes of the invention, by detectlng the pos1t1ons .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
calculat1ng the deviation of other holes from the rotation angle,

- the screws can be t1ghtened efficiently and at h1gh speed,

-0



~ Claims

1. 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
scanning equallto the circular_COntour of the upper hole_ object on
the contrast image and plural concentration correlation lines
orthOgonal to the contour scanning for measuring the image

- concentration inslde and outside of the'contour'scanning,
jcalculati_ng the absolute value of'the difference between the

_ neasured concentration valuedof,the inside concentration correlation |
" line composed of a specific number'of inside image concentration
_Fmeasur1ng po1nts, and the measured concentrat1on value of the
outside concentrat1on correlat1on line composed of a spec1flc number
of outside 1mage concentrat1on.measur1ng points, 1n-every concentra—
t1on correlatlon 11ne, by pos1t10n calculat1ng Teans, detectlng the
position of the contour scann1ng w1ndow where the number of concen-
trat1on correlat1on l1nes of whlch absolute 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;scann1ng window equal to the contour of
,the lower hole object from_that positlon; calculating the deviation
| amount'between 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 M H *
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' -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,’
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