
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 particularly to a
method of recognizing a position of a screw hole by detecting each position
from a contrast image of plural holes taken by image pickup means.
Background Art Recently, the position 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. 5 is a block diagram showing a constitution of a
position recognizing apparatus utilizing a conventional position
recognizing method, in which the central position of a circular object is
detected.  In Fig. 5, reference numeral 20 is image pickup means for
picking up an object not shown and issuing a video signal, 21 is contrast
image memory means for storing the video signal 



obtained by taking by the image pickup means 20 as contrast image data, 22
is contrast image scanning means for scanning the contrast image data by a
contour scanning window A described later, thereby obtaining scanning data.
Reference numeral 23 is position calculating means for calculating the
position of the object by using the scanning data. Fig. 6 shows a
constitution of the contour scanning window A used in Fig. 5, and in Fig. 6
reference numeral 24 is a contour 



scanning equal to the contour of the circular object, and 25 is a
concentration correlation line for measuring the image concentration inside
and outside of the contour scanning 24, orthogonal to the contour scanning
24, and the contour scanning window A is a window comprising a plurality of
concentration correlation lines 25. The position recognizing operation in
the position recogniz- ing apparatus in Fig. 5 is explained below as an
application in the contour scanning window A in Fig. 6. The video signal
(image data) taken by the image pickup means 20 is stored in the contrast
image memory means 21.  This is the image data of the circular object, and
it is scanned by the 



contrast image scanning means 22 in the contour scanning line A shown in
Fig. 6, and is calculated by the position calculating means 23 in every
concentration correlation line 25, and the position of the contour scanning
window A where the number of concentration correlation lines 25 of which
value is greater than the threshold is maximum is detected as the position
of the circular object. -2-    In this case, the position calculating means
23 is to 



calculate the absolute value of the difference between the measured
concentration value of an inside point from the contour of the object on
the concentration correlation line 25, and the measured concentration value
of an outside point from the contour of the object. In the conventional
method of recognizing the position, however, 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 not tightened, and while recognizing
each screw hole, the screws were tightened, and hence it took a long
processing time in position recognition. 



The invention is intended to solve the problems of the prior art, and it is
hence an object thereof to present a method of recognizing a screw hole for
detecting the deviation of upper hole and lower hole of plural holes,
tightening the screws sequentially from the one of smaller deviation, and
tightening all screws, or detecting the deviation angle of the object of
tightening after detecting two points, calculating the deviation of other
holes,  and tightening 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, scanning the contrast image by the contrast image -3-
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 lines orthogonal to the contour
scanning for measuring the image concentration inside and outside of the
contour scanning, calculating the absolute value of the difference between
the 



measured concentration value of the inside concentration correlation line
composed of a specific number of inside image concentration 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 position of the contour
scanning window where the number of concentration correlation lines of
which absolute value is greater than the specified concentration threshold
value is maximum, as the position of the upper hole object, setting the
scanning range of the lower hole and the contour scanning 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
calculating means, determining the deviation amounts in all plural holes,
tightening the screws from the one of the minimum deviation, and minimizing
the deviation of the other upper and lower holes. Alternatively, of plural
screw hole objects, two points are -4 -   



taken by image pickup means to obtain contrast image, the rotation angle of
the object of tightening is calculated from the position 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 invention, relating to the image data of the
objects obtained by the image pickup means, the image is scanned by the
contour scanning window comprising a plurality of concentra- tion
correlation lines orthogonal to the circular contour of the objects, and
the position of the scanning window where the number of 



concentration correlation lines of which absolute value of the difference
between the measured concentration value of the inside measuring point from
the circular contour and the measured concen- tration value of the outside
measuring point from the circular contour is larger than the threshold is
maximum is detected as the position of the object, and thereby the
deviation 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 in the above method, the rotation angles of the two points are
calculated, the deviation of other holes is calculated, thereby 



plural screws may be tightened 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 position of lower
hole obtained by the means 1 to 4, the deviation of upper and lower holes
is calculated in deviation calculating means 5.  Alternatively, from the
positions of two points obtained by the means 1 to 4, the rotation angle is
calculated by rotation 



angle calculating means 6, and the deviation of other hole positions is
calculated in hole position correction calculating means 7. Fig. 2 shows an
example 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 diagonally existing upper hole 10 as the other point, the detecting
precision usually becomes higher. Fig. 3 shows a configuration of contour
scanning window A. used in this embodiment (Fig. 1), in which reference
numeral 11 denotes a contour scanning having a diameter equal to the
diameter 



of the image of the upper hole object 8, and 12a to 12h are a plurality of
concentration correlation lines orthogonal to the contour scanning 11, for
measuring the image concentration inside and outside of the contour
scanning circle 11. Fig. 4 shows the detail of 12c as a representative
example of the concentration correlation lines 12a to 12h of the contour
scanning window A used in.the embodiment, in which reference numeral 13c
represents the contour scanning position of the concentration correlation
line 12c, 14c, 15c, 16c are a specific number of measur- -7 -  



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 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 detailed drawing of a part of the contour scanning
window in Fig. 3; 



Fig. 5 is a block diagram showing a constitution of position recognizing
apparatus using a method of recognizing position in a prior art; and Fig. 6
is a diagram showing a constitution of the contour scanning window used in
the prior art in Fig. 5. Description of the Preferred Embodiment Fig. 1 is
a block diagram showing a constitution of essential parts of a position
recognizing apparatus used in a method of screwing in plural holes in an
embodiment of the invention. In Fig. 1, image pickup means 1 takes an
object not shown and issues a video signal, and the video signal is stored
in 



contrast image memory means 2 as contrast image data.  Contrast image
scanning  means 3 scans the contrast image data by the contour scanning
window A (see Fig. 3) to obtain scanning data, and the position of the
object is calculated by using the scanning data by -6 -    ing points of
inside image concentration composing the inside concentration correlation
line B, and 17c, 18c, 19c are a specific number of measuring points of
outside image concentration composing 



the outside concentration correlation line C. The image recognizing
operation in this embodiment is described below by reference to Fig. 1 to
Fig. 4, First, the object not shown is taken by the image pickup means 1
shown in Fig. 1 to obtain a contrast image, and it is stored in the
contrast image memory means 2.  The contrast image shows the upper hole
object 8 and lower hole object 9 as indicated in Fig. 2. And this will do
in the case of only one hole.  In this case, the operation of the
embodiment for detecting the upper and lower hole p ositions or only one
hole position is described below. The contrast image scanning means 3 shown
in Fig. 1 begins 



to scan the contrast image stored in the contrast image memory means 2 in
the right direction from upper left position, by using the contour scanning
window A shown in Fig. 3, and the position calculating means 4 calculates
every time one image moves.  That is, at every concentration correlation B,
C, the absolute value of the difference of the measured concentration
values 14c + 15c + 16c of the inside concentration correlation line B
comprising a specific number of measuring points of inside image
concentration, and the measured concentration values 17c + 18c + 19c of the
outside concentration correlation line C comprising a specific number of
measuring points of outside image concentration, and the position of 



-8-    the contour scanning window A where the number of concentration
correlation lines of which absolute value is greater than the specified
concentration threshold is maximum is detected as the position of the upper
hole, lower hole or only one hole. After detecting the positions of the
upper and lower holes, each deviation is determined in the deviation
calculating means 5, and the screws are tightened sequentially from the one
of the 



smallest deviation. 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', y2'), the correction amounts from a (x1', y1'), [err]
(x2', y2') given preliminarily as reference position are respectively as
follows. ax =x1-x1', ay =yl-y1' [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 Y0 



[err] 0 =tan[err] xO and hence the measured angle is y0-ay+[err]y [err]1
=tan[err] xO- ax+  x Accordingly, by the rotation angle calculating means
6, the rotation angle is calculated as follows: [err] =[er]1 - [err]0 -9-  



Supposing the actual screwing position to be (x, y) on the basis of a, the
coordinates are converted by the rotation angle as follows: x* =xcos [err]
-ysin[err] + a x y* =xsin [err] +ysin[err] + a y and hence the correction
amounts zx, zy of the screwing position can be calculated as follows by the
hole position correction amount calculating means 7 of the position
correction amount: zx =x*-x 



zy =y*-y Similarly, by registering plural screwing positions, the deviation
of other position can be calculated from the detection of positions of two
points. Thus, plural screws can be tightened efficiently and at high speed.
As explained herein, according to the method of recognizing screw holes of
the invention, by detecting the positions of upper and lower holes of the
plural objects to be tightened, and tighten- ing sequentially from the
screw of the smallest deviation, the deviation can be corrected.  Besides,
after detecting two holes, by 



calculating the deviation of other holes from the rotation angle, the
screws can be tightened efficiently and at high speed. - 10 -    Claims 1.
A method of recognizing a screw hole, characterized by taking plural screw
hole objects by image pickup means to obtain a contrast image, scanning the
contrast image by the contrast image 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 lines orthogonal to the
contour scanning for measuring the image concentration inside and outside
of the contour scanning, calculating the absolute value of the difference
between the measured concentration value of the inside concentration
correlation line composed of a specific number of inside image
concentration 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 



position of the contour scanning window where the number of concen- tration
correlation lines of which absolute value is greater than the specified
concentration threshold value is maximum, as the position of the upper hole
object, setting the scanning range of the lower hole and the contour
scanning window equal to the contour of the lower hole object from that
position, calculating the deviation amount between the lower hole central
position detected as the above method and the upper hole central position
by the deviation calculating means, and said deviation amount is calculated
for all   



plural holes and the screws are tightened sequentially from a screw hole of
the smallest deviation. 2.  A method of recognizing a screw hole of claim
1, wherein the rotation angle of workpiece is calculated by rotation angle
calculating means from the contrast image of the two points taken by the
image pickup means of plural screw hole objects and two positions detected
by said method, the deviation amount in other hole position is calculated
by hole position correction calculating means. -12 - 






