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Claim

A positioning device, comprising: i

a linear scanning device for scanning in a single linear scanning direction;

at least one support having:

(1 at least one contrasting code line provided thereon including a useful part
directed at an angle other than 0° and 90° with respect. to the scanning direction,
and

(2) at least one extra line forming a reference line and forming an angle other
than 0° and 90° with the code line; and

wherein the scanning device outputs a signal representative ot the relative position

of the code line and the reference line.
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Invention Title: Positioning device

The folleowing statement is a full description of this invention, including the
best method of performing it known to me:-
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Positioning device

The invention concerns a positioning device.

Identification devices are known having a scanning device
and supports with a so-called barcode consisting of a
number of parallel, contrasting lines of various
thicknesses and/or placed at various distances from one
another. These code lines are all at right angles to the

normal scanning direction of the scanning device.

Such identification devices are quite sufficient when the
only purpose is to obtain information regarding the
price, the nature or manufacturing data of a product or

object the code line or lines are related to.

However, when 1t comes to determining a position, in
other words when the support with the code line or lines
and the scanning device must be positioned in relation to
one another, the above-mentioned known barcode with code
lines directed at right angles to the scanning direction

will not do.

This is for example the case when guiding automatically
controlled vehicles in warehouses or workshops and such,
which are guided for example over guides mounted in the
floor and have to leave their normal course at certain
positions and have to stop at a cgrtain position to be
identified. This is for example also the case with
automatically controlled 1lifts, amdng others in automatic
warehouses, which have to pick up an object from or place
it in a certain position to be identified in a stacking

rack.

Until now, use 1is made in such cases for the exact

positioning of a double system per positioning device,
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whereby the target position is closely approached at high
speed by means of a conventional positioning system on
the one hand, after which the target position is exactly

detected at low speed by means of another system.

Especially in systems with large variations in load
and/or systems whereby under the influence of variable
loads or other external influences relative shifts in
place or mechanical distortions oc¢cur, this working
method is relatively slow. In many cases, a system will
have to wait for the positioning in one direction until
another system has completed the positioning in another,
usually perpendicular direction, which also reduces the

speed.

If moreover every position has to be unambiguously
identified, an extra identification system will have to
be added.

The invention aims to remedy these disadvantages and to
provide a positioning device having a simple construction
and allowing for a fast relative positioning according to
one, two or three axes with on top of that the
possibility to identify the position unambigquously, and
this by means of one single system having a very simple

construction and at least one code line on a support.

To this aim the positioning device 1is equipped with a
linear scanning device and at least one support with at
least cae contrasting code line provided on it of which
a useful part is directed at an angle other than zero and
90 degrees with regard to the scanning device and with at
least one extra line forming a line of reference and
forming an angle other than zero and 90 degrees with the
code line, whereby the relative position of the above-

mentioned lines can be read by the scanning device.
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The support can be a label, a packaging or an object or

product itself.

The useful part, being the part which is scanned by the
scanning device, of the code line and the line »f
reference can both be bent or straight, but in the most
simple embodiment the useful part of these lines is

straight.

According to a special embodiment of the positioning
device, the line of reference is formed by an edge of the

support itself.

This embodiment is especially suitable if the support is
a label which i1s provided on a base, for example a part
of a stacking rack in a colour centrasting with that of
the label or having a reflection degree which strongly

deviates from the label.

According to another special embodiment of the
positioning device the line of reference is an extra line

provided on the support.

Of course the coding possibilities increase if more than
one code line and/or more than one line of reference is

provided on the support.

Hereby; these code lines can both be parallel to one
another and for example form a barcode, or form an angle
together whereby this mutual angle can also determine the
code. Apart from information related to the relative
position of the code line combination, this combination
can also contain other information allowing to identify
the line combination itself. Also lines of reference can
form a barcode and contain information for

identification.
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In order to better explain the characteristics according
to the invention, by way of example only and without
being limitative in any way, the following preferred
embodiments of a positioning device according to the
invention are described with reference to the

accompanying drawings, in which:

figure 1 shows a positioning device according to the

invention in a schematic manner;

figure 2 shows a front view of a label from the

positioning device in figure 1;

figures 3 to 7 show front views analogous to that in
figure 2, but related to other embodiments of the
label;

figure 8 is a schematic representation of a stacking
rack on which labels of a positioning device

according to the invention are provided;

figure 9 is a schematic representation of code lines
and lines of reference, directly provided on an
object, froem a positioning device according to the

invention;

figure 10 1is a schematic representation of a
positioning device according to the invention during

the scanning of a label by the scanning device;

figure 11 represents the image seen by the sc¢anning
device in figure 10 during the scanning;

figure 12 represents the electric signal as a
function of time generated by the scanning device in

figure 10;

b D - S o A bme e e
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figure 13 represents the time required by the
scanning device to complete the field of view;

figure 14 shows a front view of the label in figure
10 indicating the different values.

The positioning device according to figure 1 contains a
label 1 applied on a substrate 2 and provided with a
contrasting code line 3 and a linear reading or scanning
device 5 mounted on a unit 4, whereby the substrate 2
with the label 1 and/or the unit 4 can be mobile.

The scanning device 5 has a known construction and thus
is not further described here. Suitable scanning devices
are the known barcode readers, for example equipped with

laser scanner or with linear CCD array.

Essential for the invention is that, as shown in detail
in figure 2, the part of the code line 3 which is useful
for the scanning device 5, according to figure 2 the
entire code line 3, is pointed at an angle other than 0
and 90 degrees to the scanning direction; whereby this
scanning direction is horizontal and thus forms 90
degrees with the standing edges 7 of the label 1 and is
represented in figure 1 by the arrows 8 and in figure 2
by the dashed line 8. This code line 3 is also directed
to the two lines of reference 7 at an angle other than 0
and 90 degrees which, in the embodiment represented in

figure 1, is formed by the standing edges of the label 1.

The known distances between said lines 3 and 7, non-
parallel to the code line 3 with regard to the lines of
reference 7 and detected by the scanning device 5, not
only make it possible to identify the label 1 with the
lines 3 and 7, but alsoe to determine the relative
position of the line combination and the label 1 with
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regard to the scanning device 5 one-, two- or three-
dimensionally. The positioning device can also be used
to for example guide a mobile unit 4 to the position of
the label 1 which was first identified through comparison
with information stored in a memory built-in or connected

to the scanning device 5.

In the embodiment of the label 1 shown in figure 3,
several code lines 3 have been provided on the label 1.
All code lines 3 form an angle other than 0 and 90
degrees both with the scanning direction of the scanning
device 5 and with each other. The standing edges of the
label 1 form the lines of reference 7, although it 1is
possible in this case to use the code lines themselves as
lines of reference, which implies, however, that only two
dimensions can be méasured, so that the third dimension

must be invariable and known.

The relation between the inclinations of the code lines
3 1is known and the mutual distances between the code
lines 3 and the lines of reference 7 and/or the code
lines 3 among themselves are determined by the scanning
device 5. This makes it possible to identify the code
line combination on the one hand and to determine the
relative position of said code line combination with
regard to the scanning device 5 one-, two- or three-

dimensionally.

The embodiments of the label 1 shown in figures 4 and 5
correspond to those represented in figures 2 and 3
respectively, with this difference that the lines of
reference 7 are not formed by standing edges of the label
but by material, for example printed lines provided on
the label which are at an angle of 90 degrees with regard

to the scanning device.
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The embodiment according to figure 6 differs from the
embodiment according to figure 5 in that the different
code lines 3 do not point away from one another or
towards one another, but are parallel to one another as
in a barcode. The inclination of the code lines 3 and
their distance to the 1lines of reference 7 pointed
crosswise to the scanning direction 8 form coding
elements to determine the relative position, whereas, as
in a barcode, the number, the relative position and
possibly the thickness of the code lines 3 allow for an
identification of the label 1.

The embodiment of the label 1 represented in figure 7
differs from the embodiment represented in figure 4 in
that, instead of one line of reference 7 on each side of
the code line 3, a series of parallel lines of reference
7 are now provided on one and the same side of the code
line 3. These lines of reference 7 can form & barcode

which allows for the identification of the label 1.

Hence, an interesting application o6f the positioning
device is the automatic control of trolleys being guided
over a guide network in the ground or the automatic
control of lifts with regard to stacking racks. Figure
8 shows a part of such a stacking rack 9 whereby on the
foremost edge 6 of the horizontal leaves labels 1 with
different code lines 3 are provided. The scanning device
S of the lift identifies the correct label 1 according to
an inserted program and through interaction of the lines
3 and 7 of the label 1 with the control mechanism, the
lift is very quickly put in the right position to remove
or place the required pallet 10 from the stacking rack 9.

The support doeés not necessarily have to be a label. The
code lines and the line of reference may for example be
provided directly onto objects such as the stacking rack
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or the pallets or also on the stacked products

themselves, as represented in figure 9.

The invention will be further illustrated by means of the

following example:

We start from the situation represented in figure 10,
whereby the central axis Z of the scanning device 5 is
situated on top of (at a distance Y1) and to the right of
(at a distance X1) the centre point of the label 1 and
whereby the entire label 1 falls in the field of view of

the scanning device 5 according to the axis X.

The scanning device 5, which for example may be a simple
laser beam scanner or a simple linear CCD array then

"sees" an ilmage as represented in figure 11.

In both cases the scanning device 5 will generate an
electric signal which as a function of time may look as

represented in figure 12.

In both cases the time required to complete the entire
field of view of the scanning device as represented in

figure 13 is known.

Also the total geometry of the label as represented in
figure 14 is known in the device, as well as the optic
angle a of the scanning device 5 as represented in figure

10.

a. Determination of the distance Z, of the label 1 in

relation to the scanning device 5.
Known and indicated in figures 12 and 13 are:

- the label size 1, according to the axis X.
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- the time t_required to scan the label (between two
standing edges serving as lines of reference 7)

t, =ts - t, (whereby t, and t; are the starting
and end time respectively of the scanning of the
label).

- the total time required for one single scanning:
ts
and end time respectively of the entire scanning).

= t, - t, (whereby t, and t; are the starting

Thus, the length of the entire scanning line of the

scanning device S = L (ty/t)).

Since the optic angle a (see figure 10) of this scanning
device 5 is known and starting from the assumption that
this angle is small enough, Z, can be determined as 2, =
S/tg a.

b. Determination of the distance Xqr i.e. the distance
according to the axis X between the axis 2 of the

-

scanning device and the centre P of the label 1:

The position of the centre line of the scanning device on
the axis X is in units of time: t, = t, + 0.5 (t;, - t,.
The position t, of the centre P of the label according to
the axis X is thus in units of time:

t, = 0.5 (t, + t5) - t, (positive or negative depending on
the position with regard to the axis Z).

In distance X, to the centre line Z of the scanning device
this gives:

X, = L (t,/t))

c. Determination of the distance Y,, i.e. the distance
according to the axis Y between the axis 2 of the

scanning device and the target position, being the centre
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Along the axis X the position Y in units of time is:

tY, =t - t; (whereby t, is the time in which the code
line 3 1s reached).

Expressed in distance according to the axis X:

Y, =L (t, - ty) / (t - t,) = L (Y /t),

and according to the axis Y: Y, = Y tg b, whereby b is
the known angle of the code line 3 with the scanning

direction 8.

In the above the label size L was used, i.e. the total
length of the label according to the axis X. In case
separate lines of reference 7 are printed on the label as
shown in figure 4, and subseqguently the standing edges of
the label are not used, this label size should be
replaced by the distance between the lines of reference

7 pointed crosswise to the axis X.

In the case where the standing edges of the label 1 are
not used as lines of reference 7, one known line of
reference 7 will in fact do for positioning according to
the axes X and Y. However, the distance Z, cannot be
determined in this case and the distance of the scanning
device to the label i should be invariable a&nd known.
The value L in the above-mentioned formulas to calculate

X, and Y, is in this case also known in the system.

The positioning device described above has a very simple
construction and allows for a quick identification and

positioning by means of a simple linear scanning device.

The deviation from the target position P, being the
centre of label 1, is determined quickly beth according
to the axis X and the axis Y and can possibly be reduced
by means of a controlled shift of the urit 4 with the



Mm

10

15

20

11

scanning device 5 with regard to the label 1 to the
desired'value, for example zero. In most cases also the
distaﬁée to the label 1 can be simultaneously determined
and can be reduced if required to the desired value by

shifting the unit 4 with regard to the label 1.

The present invention 1is in no way limited to the
embodiments described by way of example and shown in the
accompanying drawings; on the ‘contrary, such a
positioning device can be made 1in various forms and
dimensions while still remalning within the scope of the

invention.

In particular the target position P must not necessarily

be positioned in the centre of the label.

Moreover, an advantage of the positioning system consists
in that with one particular label scanning device
combination and depending on the target position
requirements different target positions P can be selected

at a gilven moment.
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The claims defining the present invention are as follows:
l. A positioning device, comprising:

(A)
(B)

a linear scanning device for scanning in a single linear scanning direction;
at least one support having:

)

directed at an angle other than 0° and 90° with respect to the scanning direction,

at least one contrasting code line provided thereon including a useful part

and

()

than 0° and 90° with the code line; and

at least one extra line forming a reference line and forming an angle other

wherein the scanning device outputs a signal representative of the relative position

©)

of the code line and the reference line.

2. A positioning device according to claim 1, characterised in that the useful part,
being the part which is scanned by the scanning device. of the code line and the line
reference is straight.

3. A positioning device according to claim 1 or 2. characterised in that the line of

reference is formed by an edge of the support itself.

4. A positioning device according to cldim 1 or 2, charactérised in that the line of

reference is an extra line provided on the support.

5. A positionirg device according to any of claims | to 4, characterised in that it has

several code lines on the support.

6. A positioning device according to claim 5, characterised in that the code lines are

parallel to one another.

7. A positioning. device according to claim 5, characterised in that the code lines

together form an angle othier than 0° and 90°.

p:\wpdocs\amd\454872 cle\aje
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8. A positioning device according to any of claims | to 7, characterised in that the

support is a label.

9. A positioning device according to any of claims 1 to 8, characterised in that the

support has at least two lines of reference.

10. A positioning device according to claim 9, characterised in that several parallel

lines of reference have been provided on the support.

11. A positioning device according to claims 9 and 10, characterised in that it contains

means to, starting from the entire scanning range of the scanning device determined by
the known optical angle (a) of this scanning device and its relation to the known distance
between two lines of reference as perceived by the scanning device, determine the

distance between the scanning device and the support.

12. A positioning device according to any of claims 1 to 11, characterised in that at

least one line of reference is at right angles with regard to the scanning direction.

13. A positioning device according to any of claims 1 to 12, charactedised in that it
contains means to, starting from the relative positien of the code line with regard to at
least one line of reference perceived in the scanning direction by the scanning device,
determine the deviation in this scanning direction of the position of this scanning device

with regard to a point (P) situated with regard to the line of reference on the support.

14. A positioning device according to any of claims 1 to I3, characterised in that it
contains means to, starting from the relative position of the code line with regard to at
least one line of reference perceived in the scanning ditection by the scanhing device and
with regard to the known angle (b) which forms the useful part of the code line with the
scantiing device, determine the deviation in a direction pointed crosswise to this scanning
direction of the position of this scanning device with regard to a point (P) situated with

regard to the line of reference on the support.

p:\wpdocs\amd\454872 ele\aje
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15. A positioning device according to any one of claims 1 to 4, characterised in that
it contains means to, starting from one single code line and one single line of reference
but with a known and invariable distance (Z,) to the support starting from the relative
position of these lines and the known angle between the useful part of the code line and
the scanning direction, determine the deviation from the axis (Z) of the scanning device
with regard to a point (P) of the support both in the scanning direction and in the

direction pointed crosswise towards it.

16. A positioning device according to any one of claims 9 and 13 to 15, characterised
in that the point (P) on the support in relation to which the deviation is determined is the

centre of the label.

17. A positioning device, substantially as herein described with reference to the

accompanying drawings.

DATED this 29th day of December, 1994

ELEKTRICITEIT VOOR GOEDERENBEHANDELING MARINE
EN INDUSTRIE, "EGEMIN" NAAMLOZE VENNOOTSCHAP

By Its Patent Attorneys
DAVIES COLLISON CAVE
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ABSTRACT

Positioning device characterized in that it is equipped
with a linear scanning device (5) and at least one
support (1) with at least one contrasting code line (3)
provided on it of which a useful part is directed at an
angle other than zero and 90 degrees with regard to the
scanning device (5) and with at least one extra line
forming a line of reference (7) and forming an angle
other than zero and 90 degrees with the code line (3),
whereby the relative position of the above-mentioned

lines (3 and 7) can be read by the scanning device (5).

Figure 10.



P —

oooooo

1/4




2/4

)/

1))

V27

Zig. 6

Lo

19

Kig. &

it S e s

B e e s



34
£70. O
7
=]
7
3
| :
| Ligh 17
~~~~~~ 7 o VIS 51 | VI YIS //i LLLL Ll //1\

‘!

‘ . .

7 7

i 10

¥ IRETTTRS & & Lt, ts |te ty
|
I ] I ; L
| f TR |
J—— | } I —
...... h L -
¢y ¢ tz &y ts ] te 1ty
¢ I
ty
i.



4/4

3/90 ,2/93

.



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

