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[57] ABSTRACT

An identification or data tag composed of a central set
of data cells surrounded by border cells which cooper-
ate with their adjacent data cells by contrasting there-
with to form a reference perimeter defined by the inter-
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1
DATA WITH PERIMETER IDENTIFICATION TAG

FIELD OF THE INVENTION

The present invention relates to an array tag. More 5
particularly the present invention relates to a tag having
a reference perimeter defined by contrasting data and
border cells.

BACKGROUND OF THE INVENTION

The use of printed identification tags to code informa-
tion that can be sensed by optic sensors is well known.
Numerous tags have been designed for a number of
different applications. Probably the most common of

which is the bar code as used, for example, in grocery 15

stores to identify packaged items.

It is also known to apply tags with specific coded
information thereon and to use this coded information
to control the movements of the coded article in accor-
dance with the information coded on the tags, for exam-
ple, this process is used to identify railway cars and sort
them and is also ysed at some airports, for example, to
direct luggage to-its correct destination.

The tags may take any suitable form but it is essential
that the tag reader be able to a) locate the tag in the
image b) orient the tag in the image (assuming that it is
randomly applied) and c) decode the tage which obvi-
ously requires a) and b) be performed. This process is
made considerably more reliable when the perimeter or
a reference perimeter of the tag is easily identified.

It is also important to permit as much information as
possible to be coded into the space available on the tag.

One of the more common forms of the tag utilizes an
array of cells set up in mutually perpendicular rows and
columns and wherein the information is coded in each
cell by one of a selected pair of contrasting colours, for
example, black and white, so that the tag reader can
then easily discriminate one type of cell from another
and by using the binary system clearly identify what is
coded therein.

U.S. Pat. No. 4,924,078 issued May 8, 1990 to An-
selmo et al discloses a matrix type arrangement having
internal data field surrounded by a border and an exter-
nal data field around the border (the external data field
may be eliminated if desired), while U.S. Pat. No.
4,939,354 issued Jul. 3, 1990 to Priddy discloses another
machine readable binary coded tag format.

BRIEF DESCRIPTION OF THE PRESENT
INVENTION

It is an object of the present invention to provide a
tag containing coded data and complimentary border
cells that define a reference perimeter.

The reference perimeter is an outstanding feature (i.e.
easily identified) that facilitates locating a tag image.

Moreover, the tag of the present invention makes
effective use of the tag area enabling more information
to be encoded on a tag of given area or allows lower
resolution (less expensive) tag readers for a given area
tag or alternatively allows a given resolution reader to
decode smaller tags with the same amount of informa-
tion.

Broadly the present invention relates to a tag com-
prising a central set of data cells surrounded by a plural-

ity of border cells which cooperate with adjoining of 65

said data cells to define a reference perimeter for said
tag, each of said data cells being one of a first set of cells
each of which has a first identifying feature or one of a
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second set of cells each having a second identifying
feature, each of said border cells being selected from the
opposite set of said first and second sets of cells to that
from which its respective said adjoining data cells was
selected thereby to define a reference perimeter by the
junction of said border cells and their respective adjoin-
ing data cells.

If desired, additional data may be encoded in cells on
the side of said border cells remote from said central set
of data cells.

The present invention also relates to a method of
detecting the “perimeter” of a tag having cells contain-
ing a selected one of at least two different discriminat-
ing features to identify one cell from another compris-
ing providing a video image of said tag formed by scan
lines of pixels, processing pixels along said scan lines in
said image to determine a gradient at the pixels delimit-
ing one feature from another and defining a boarder
between adjacent cells, determining if a line defined by
adjacent boarders conforms with a preselected criteria
and if so continue to process along said scan lines to find
other sections of said preselected. criteria and discover
said perimeter of said tag, when an acceptable match is
found between lines defined by said boarders of adja-
cent of said cells and said criteria said perimeter is estab-
lished and said tag position and orientation is defined
permitting decoding of a message coded on said tag.

Preferably said criteria will comprise a plurality of
straight lines and preferably said straight lines will inter-
sect to define corner of said perimeter.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features, objects and advantages will be evi-
dent from the following detailed description of the
preferred embodiments of the present invention taken in
conjunction with the accompanying drawings in which.

FIG. 1is a plan view of a tag constructed in accor-
dance with the present invention and containing border
cells and central data cells.

FIG. 2 is a view similar to FIG. 1 showing a tag with
further data cells outside of the border cells.

FIG. 3 illustrates a octagon shaped tag incorporating
the present invention.

FIG. 4 is a schematic illustration of a reader for use
with the tag of the present invention.

FIG. § is a flow diagram illustrating the operation of
the computer of the tag reader reading a tag as illus-
trated in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The tag 10 of FIG. 1is composed of mutually perpen-
dicular rows 1, 2, 3, 4, 5, 6 and 7 and columns A, B, C,
D, E, F, and G which define individual cells 1A, 1B,
1C, 2A, 2B, 2C, etc., that may be coded with one of at
least two different distinguishable features. In the illus-
trated arrangement the distinguishing features are the
colours white or black. The row 1 and 7 contain only
border cells as do the columns A and G so that a central
set 11 of coded data cells is defined by the cells con-
tained within the corners 2B, 2F, 6B, and 6F.

A reference ‘perimeter’ 12 is indicated by hash lines
extending therefrom on the white cells defining one side
of the reference perimeter. The reference perimeter in
the example is square and completely encircles the set of
data cells 11. However the reference perimeter need
only extend for a distance around the data cells suffi-
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cient to identify and orient the tag 10. For example, the
reference perimeter may extend along two or more
sides of the set of data cells 11 and need not extend the
full length of these sides. In all cases there must be a
sufficient length of the perimeter to identify and orient
the tag. In most cases it is likely to include the set of
data cells 11.

To define the reference perimeter 12 border cells in
rows 1 and 7 and columns A and G are made to contrast
with their respective adjoining data cell, for example,
cell 2A is white since cell 2B is black and similarly cell
1B is white because cell 2B is black so that all the border
cells around the reference perimeter 12 having a differ-
ent designating feature to that of its respective adjoining
data cell contained within the central set 11.

" A tag reader 100 schematically illustrated in FIG. 5
can reliably distinguish the reference perimeter 12 by
analyzing a video image of the tag 10 using well known
edge detection techniques adapted to detect the lines of
the reference perimeter 12. Once the reference perime-
ter has been determined, it is relatively straight forward
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to locate and to decode the data cells and/or border

cells. . . :

The array tag reader 100 generally consists of a 2D
video camera 110 with a lens 120 interfaced through
interface 130 with an image processing micro computer
140 as shown in FIG. 4. The image processing algo-
rithm executed by the micro computer would generally
follow the sequence of operation shown in FIG. 5.

As illustrated in FIG. § an image is provided as indi-
cated at 50 by a video camera or the like. The computer
analyzes the video image and processes all pixels in a
sequence of pixels along selected scan lines covering the
image as indicated at 52. If all pixels have been pro-
cessed and no tag has been found this fact is returned as
indicated at 54 to the main program. If more pixels
remain to be processed the gradient is calculated at the
current pixel as indicated at 56 and if the gradient in any
direction exceeds a certain threshold as indicated at 58
then a straight line fit to the contrast edge defined by
the gradient is determined as indicated at 60. The
straight line is then compared to see if it meets the con-
straints previously programmed into the system as indi-
cated at 62 and the straight line fit to the next contrast
edge is then determined as indicated at 64 if constraints
as viewed at 62 are met. Once a complete set of straight
lines is obtained as indicated at 66, the corners of the set
of straight lines determined at 66 are determined as
indicated at 68 and compared with the preprogrammed
constraints for the tag. If the corners are properly iden-
tified they define the perimeter of the tag and the tag
cells are probed to determine the coded message as
indicated at 72 and assuming an error detection method
is programmed, it is applied to the detected message as
indicated at 74. If no error is detected the information
on the tag is delivered the mainline program as indi-
cated at 76.

The algorithm searches along scan lines until a suffi-
ciently large gradient (in any direction) defines an edge
in the image. The algorithm then steps along the edge to
fine the longest straight line that fits the edge to within
a specified tolerance. The algorithm continues to step
around the edge to determine a set of straight lines that
approximate a fit to the edge. If the set of straight lines
meet the constraints of the tag perimeter the inter-
sections of the straight lines are determined and used to
define the corners of the perimeter and thereby the
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4
location and orientation of the tag so the tag may be
analyzed and decoded.

The term gradient means a mathematical vector that
gives the magnitude and direction of a surface as is
normally used to determine edges in an image and the
contrast ring referred to in the above program is the
reference perimeter 12.

It is also possible, if desired, to provide further data
cells on the outside of the border cells as shown for
example in FIG. 2 where row 0 and 8 and columns X
and Y are outside of the border cells and may be used to
contain further data. In this case it is important that
there not be confusion between the reference perimeter
12 and the periphery formed by the border cells and
their adjacent outside data cells, i.e. the cells contained
in rows 0 and 8 and columns X and Y should not be
arranged in the same manner, i.e. to contrast with the
border cells around the periphery and define a second
reference periphery which would impede identification
of the proper reference perimeter.

The reference perimeter 12 in FIG. 2 also only ex-
tends around three sides of the set of data cells 11. The

“cell 7D in the-illustration does not ‘contrast with the

adjoining data cell 6D to define the perimeter but in-
stead is used to code data, i.e. the whole row 7 may be
used solely to code data if desired with the perimeter 12
being defined by an inverted U-shape.

Various constants such as length and shape of the
image reference perimeter 12 and the use of special
codes such as cyclic redundancy check codes (CRC)
may be used to differentiate the reference perimeter or
coded data from false information.

Only one row and column of data cells has been
shown surrounding the border cells in FIG. 2, however
further rows and columns may also be provided if de-
sired but it is generally preferred to maintain the refer-
ence perimeter 12 close to the actual outer periphery of
the data contained within the tag.

In the illustrated arrangement the cells are all rectan-
gular (square) and are either completely white or com-
pletely black so that the edges of adjoining border and
data cells define straight edges with a large contrast on
opposite sides of the edges. Other shapes such as octag-
onal tag 10A with the reference perimeter 12A defined
in the same manner as the perimeter 12 (i.e. junction of
contrasting boarder edges) are practical, similarly the
tag itself or the reference perimeter 12 may be a shape
other than rectangle. The use of a tag with an octagonal
perimeter has an advantage where the tag is to be ap-
plied to the end of a cylindrical object such as a log as
it increases the size or area of the tag that may be used
for a give diameter object.

Having described the invention, modifications will be
evident to those skilled in the art without departing
from the spirit of the invention as defined in the ap-
pended claims.

We claim:

1. A data tag comprising means defining a tag struc-
ture including a body means having machine readable
indicia providing a plurality of data cells and a plurality
of border cells defining a cell arrangement, said border
cells being on the side of said data cells remote from a
central portion of said cell arrangement and cooperat-
ing with adjoining of said data cells to define a reference
perimeter for said tag, said perimeter extending along at
least 2 abutting sides of said data cells, each of said data
cells being one of a first set of cells each of which has a
first identifying feature or one of a second set of cells
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each having a second identifying feature clearly distin-
guishable from the first identifying feature, each of said
border cells being selected from the opposite set of said
first and second sets of cells to that from which its re-
spective said adjoining data cell was selected thereby to
define said reference perimeter by the junction of said
border cells and their respective adjoining data celis.

2. A data tag as defined in claim 1 wherein said first
distinguishing feature or said second distinguishing fea-
ture covers substantially the complete area of each cell
bearing that respective distinguishing feature.

3. A data tag as defined in claim 1 further comprising
additional data cells on the side of said border cells
remote from said central portion.

4. A data tag as defined in claim 3 wherein said first
distinguishing feature or said second distinguishing fea-
ture covers substantially the complete area of each cell
bearing that respective distinguishing feature.

5. A data tag as defined in claim 1 wherein said perim-
eter encircles said portion.

6. A data tag as defined in claim 5 wherein said first
_ distinguishing feature or said second distinguishing fea-
ture covers substantially the complete area of each cell
bearing that respective distinguishing feature.

7. A data tag as defined in claim 5 wherein said data
and border cells are substantially rectangular.

8. A data tag as defined in claim 7 wherein said first
distinguishing feature or said second distinguishing fea-
ture covers substantially the complete area of each cell
bearing that respective distinguishing feature.

9. A data tag as defined in claim 5 further comprising
additional data cells on the side of said border cells
remote from said central set of data cells.

10. A data tag as defined in claim 9 wherein said first
distinguishing feature or said second distinguishing fea-
ture covers substantially the complete area of each cell
bearing that respective distinguishing feature.

11. A data tag as defined in claim 5 wherein said
perimeter is substantially polygonal.
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12. A data tag as defined in claim 11 wherein said
perimeter is substantially rectangular.

13. A data tag as defined in claim 11 wherein said
perimeter is substantially octagonal.

14. A data tag as defined in claim 1 wherein said data
and border cells are substantially rectangular.

15. A data tag as defined in claim 14 wherein said first
distinguishing feature or said second distinguishing fea-
ture covers substantially the complete area of each cell
bearing the respective distinguishing feature.

16. A data tag as defined in claim 14 wherein said data
and border cells are essentially square.

17. A method of detecting a reference perimeter of a
data containing tag having data and border cells each
identified by a selected one of at least two different
discriminating features, each said border cell having a
distinguishing feature selected from said at least two
different discriminating features different from the dis-
criminating feature of its adjoining data cell to form said
reference periphery of said data containing tag along
the junctions of said border cells with their respective
adjoining data cells comprising providing a video image
of said tag formed by scan lines of pixels, processing

" pixels along said scan lines in said image to find a gradi-

25

30

35

45

55

65

ent at a pixel delimiting one from another of said dis-
criminating features and defining a cell border between
adjacent of said cells, determining if a line defined by
cell borders conforms with a preselected criteria and if
not continue to process along said scan lines to find
further said gradient, if so continue to process to find
other sections of said preselected criteria and find said
perimeter of said tag, when an acceptable match is
found between lines defined by said cell borders and
said criteria said perimeter is established and said tag
position and orientation is defined, and then decoding a
message coded on said tag.

18. A method as defined in claim 1 wherein said crite-
ria comprises at least two straight lines intersecting at a

corner.
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