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(57) Abstract

At least two cameras (10, 12) view two points (A, B) displaced by a known distance on an article (S). Using a known
relationship between the two points (A, B) and the known position of cameras (10, 12) in space the location of the viewed
points (A, B) in space are determined by calculation. Similarly the co-ordinates of other points on to article (S) are deter-

mined and hence dimensions such as width are determined.
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DETERMINING A DIMENSION OF AN ARTICLE

This invention relates to a method and apparatus for
determining a dimension of an article such as the width or
thickness of a plate or slab produced in a steel mill.

The invention may be said to reside in a method of
determining a dimension of an article, said method comprising
the steps of viewing two points on the article with a sensing
means, said two points being displaced by a known
relationship, using the known relationship and the two viewed

points to determine the location in space of one of said
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points, -and using the absolute locatlon in space of another
point determlnlng the dimension of said article between said
one_p01nt and said another point. )

The invention may also be sald to reside in an
apraratus for determining the dlmenSLOn of an article, said
apparatus comprising two sensing means 2ach sensing one of two
points on said erticle which are displaced by a known
relationship,—proceséing means for'reeolving the location in
space of onerof said two points and for determining the
distance between said one point'and another point to enable a
dimension of an article to be determined.

The said another p01nt could be a known fixed point.
However accordlng to the preferred embodiments of the
invention, the said another point is determined by viewiﬁg a
second pair'of points including said another point the second
pair of'pointe being displaced by a further known relationship
and determiningrthe location in space of said another point
from the v1ewed second pair of 901nts and the further known
relatlonshlp

' Preferably two,sensing meags'view one each of the
first two'points and a further two seesing means view one each
of the second two points. However enly two sensing means
could be used with one sensing means viewing one of the first
two points and one of the second two points and the ether
sensing means viewing'the'other of the first two points and
the other of the secohd:tW6 points. In one embodiment of the
invention the two pair of points which are displaced by a
known distance can comprise pdints'at,the'edges of a generally
ractangular cross-sectioned article and in'e second embodiment

the pairs of points can be points on an arc of a circle of a

curved portion of the article.

35

Preferred embodiment of the invention will be
described with reference to the accompanying drawings in
which: - _ ' _
' Figure 1 is a view of the first embodiment of the

invention;
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Figure 2 is a view of a second embodiment of the
invention;

Figure 3 shows a third embodiment; and

Figure 4 shows one preferred manner of making
calculations according to the preferred embodiment.

With reference to- Figure 1 a system is shown for
determining the width W of a plate or slab of generally
rectangular cross-section. The system comprises a first
sensor means comprising a first linescan camera 10 and a
second linescan camera 12. Located at the other end of the
plate or slab S is a second pair of linescan cameras (which
are not shown). The linescan camera 10 views the point A at
the top edge of the slab S and the linescan camera 12 views
the point B at the bottom edge of the slab S. The slab S
could be hot enough to provide illumination for the cameras 10
and 12 or a back light (not shown) could be utilized.

The points A and B are displaced by the known
thickness T of the slab S and are assumed to be vertically
displaced one above the other. Since the thickness T of the

-

slab S is known and the points A and B are verficaLly

“displaced, a computing agparatus (not shown) coupled to the

linescan cameras 10 and 12 can resolve the location of point A
in space from the images in the cameras. The other pair of
linescan cameras (not shown) at the other end of the slab S
resolve the location of a corresponding point A at the top
edge of the slab in a similar manner. Since the location in
space of two points at the edges of the slab S are known the
distance between the two points can be determined by simple
geometry to enable the width W of the slab to be determined.

A second embodiment of the invention is shown in
Figure 2 in which linescan cameras 20 and 22 view a slab S
which has rounded corners C. As shown the points A and B
viewed by the cameras 20 and 22 are points on the arc of a
circle C where the arc of the circle C meets the substantially
flat top and side surfaces of the slab S. The corner radius
of the curved portion C is a function of rolling practice and

is predictable. Therefore the corner radius of the section C
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is known and the poinﬁs A and B are displaced by a known
distance on the arc of the curved section C. Since the points
A and B are displaced by a known distance, the location in
space of the point A or the point B can be resolved from the
images in the linescan cameras 20 and 22.

Another sensing means which can comprise another
pair of linescan cameras or a further linescan camera in
combination with one of the cameras éO or 22 can inspect
points on another corner radius of the slab S so that another
point at that corner can be resolved in space.to enable a
dimension of the slab S to be determined. That dimension
could be the width W of the slab orrthe_thickness T of the
slab depending on which other corner of the slab is viewed.

The arrangement illustrated in Figure 2 could also
be used to measure an unknown diameter of a round article by
use of the knowledge that two edges seen by each of the
cameras are points on a circle.

In Figure 3 a further embodiment is shown in which
only two cameras are used. One camera 50 views one point A of
a pair of points A and B displaced by a known distance and
also view one’point B' of a second pair of points A' and B'
displaced by a known distance. The éecond camera 52 views the
remaining two points B and A'. The location in space of one
of each pair of points A and B and A' and B' is determined in
the same mannér as described above to enable a dimension of
the article to be obtained.

One manner of ¢alculating the location of points A
and B will be described with reference to Figuré 4. In Figure
4 Xc¢, Yc, A, B, P, K are éalibration constants determined in
the manner set forth in our Australian Patent Application No.
41143/85 which is hereby incorporated by this reference. M is
the image location or camera pixelrnumber corresponding to an
edge seen on.the object. 'Froﬁ the above application we having
the following relationship which locates the position of an
object coordinate in terms of distances xd'and Ys from the

principal point of the lens.
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M

Xy = Kygq (B+AM - P) ceaa (1)

d
using equation (i) the coordinates of an object point (xo, yo)
in a cartesian reference frame as above are related as

5 follows:

-P) e...(11)

10 90 is the angle of a ray drawn from principal point of the
camera lens to the object coordinate with respect to the X
axis. From the diagram above the following relationships for
the object edge coordinates A and B can be derived with

respect to the origin of the cartesian reference frame.

= tan Sl(x - Xcl)+Ycl ce..(111)

15 y
a a
ya-t = tan 62 (xa - Xc2)+Y2 eaea(iV)

Combining (iii) and (iv) to eliminate Ya gives the location Xy
in terms of calibration constants, plate thickness and measure
variables. . "

tanGz-tanel ceee (V)

Since modification within the spirit and scope of
the invention may readily be effected by persons skilled
25 within the art, it is to be understood that this invention is

not limited to the particular embodiment described by way of

example hereinabove.




WO 83/01366 S =6 - - PCT/AU87/00237

THE- CLAIMS DEFINING THE INVENTION ARE AS "FOLLOWS:
1. A method of determining a dimension of an article,
said method comprising the steps of'viewing two points on the
article with a sensing means,'said two points‘being displaced
by a known relationéhip,'charactérized by using the known
relationéhip and. the two viewed points to determine the
location in space of one- of sald points, and using the
absolute location in space of ‘another point determining the
dimension of said article between said one point and said
another point.. ' '
2. . ' The method of Clalm 1, whereln the sald another
p01nt is determined by viewing a second pair of points
lncludlng said another point the second pair of points being
displaced by a further known relationship and determining the
location in space of said another point from the viewed second
pair of pOlntS and the. further known relationship.
3. The method of Claim 2, wherein two sensing means
view onereach of'the first two points and a further two
' sensing means view onereachrdf the second two points.
4, The methodfof Claim 2, wherein two sensing means are
used with one sensing means viewing one of the first two
points and one of the second tWo'points and the other sensing
means viewing the other of the first two points and the other
of the second two 901nts.
5. ' The method of Claim l Whereln the two points
comprise points at the edges of a generally rectangular
cross-sectioned article and the knéwn relationship is the
known thickness of the article.. _ ,
6. " The method of'Claim 1, wherein the two points are on
an arc of a circle of a curved portion of the article and the

known relationship is the arc of the circle.

7. The method of Claim 1, wherein the location of the
said two p01ntsr(xa, Ya)7,(xa"Ya—b) are derived from the
following equations wherein, X Yc,are calibration constants,

9 isrfhe angle of a ray drawn from.principél point of the
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sensing means to the object coordinate with respect to the X

axis, and the subscript 1, 2 denote the respective sensing

means
y, = tan el(xa - X )+ eeea(iid)
y,~t = tan 92 (xa - Xc2)+Y2 oo (iV)
Xy = Xcztanez-Xcltan81+YCl—YCZ—t
tan92-tanel ceea (V)
8. Apparatus for determining the dimension of an

article, said apparatus comprising two sensing means each
sensing one of two points on said article which are displaced

by a known relationship, characterized by processing means for
resolving the location in space of one of said two points and
for determining the distance between said one point and

another point to enable a dimension of an article to be

determined.
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