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MULTICOLOUR RECTANGULAR PHOTO
MARKERS AND METHODS OF USING
THEREQOFK

FIELD OF THE INVENTION

[0001] The present invention relates to tags, systems and
methods for digital image frame uniquely tagging individu-
als or objects (“objects™) that are 1maged and more particu-
larly, the present invention relates to multicolor tags, a
computerized system and methods for matching one or more
stationary or moving objects, which objects participate 1n an
event with mass participation or gathered together such that
they appear 1in one or more digital image frames and wherein
each object carries a visible rectangular photo 1d marker.

BACKGROUND OF THE INVENTION

[0002] Large events such as sports events, business or fun
gatherings, amusement parks and the like, are often filmed
in order to be documented and replayed. As technology
develops, users or participants such as runners are searching
for an easy and automatic way to receive their photos and
videos. Existing systems often demand a great deal of effort
from the photographers capturing/filming the event, the user
who wishes to receive his photos/video clips often depends
on expensive and cumbersome equipment such as personal
timing chips and heavy cumbersome chip detectors.

[0003] In another application, supermarket shops stock
millions of 1tems that needs to be tracked 1n order to identify
stock quantities, warehouse material movements, product
expiration, etc. This 1s done today with older type barcodes
and RF equipment. It would be advantageous to be able to
image a bulk of objects 1n a single or more photographs and
extract the information off the respective photo ID marker by
analysing one or more acquired image frames. Current
existing art can be found, for example, 1n https:// www.
youtube.com/watch?v=vorkmWa7He8, products carry a
label containing information related to the coupled product
item, such as shelf location, price, expiration date, and so

forth.

[0004] An event can be a sports event such as a running
race, triathlon, bicycle race etc., or a social event such as a
wedding, a festival, a conference, etc. The organizers of such
events typically have many photographs taken of the event,
and wish to provide the photographs within a limited period
of time.

[0005] One way known 1n the art to identify a participant
in a digital photo 1s by assigning each participant a uniquely
visible event 1dentification (EID), also referred to as “bib”,
that 1s worn or carried by the participant, wherein the EID
includes a machine readable, square photo marker that 1s
associated with that participant. An 1mage processing mod-
ule analyzes a digital photograph of an event where one
more participant appear and identifies one or more photo
markers worn by the participants. Fach photo marker
includes a square binary matrix with a unique value asso-
ciated with an FID. A matrix analysis module reads the
identified matrix, calculates its value and matches the par-
ticipant with the digital photograph 1n which the participant
appears 1n.

[0006] WIPO Patent Application WO/2017/089968 dis-

closes A method of analyzing and presenting at least one
video of a user 1n a comprehensive personal clip of the user’s
participation 1n an event, the method includes providing

Apr. 30, 2020

users of the event with an identification sign, the i1dentifi-
cation sign includes at least one unique two-dimensional
(2D) photo marker pattern and at least one predesigned
common pattern; creating a lookup table of users’ IDs, each
user’s ID being associated with the user’s unique 2D photo
marker pattern; receiving at least one video of the event;
extracting sample frames from the at least one video of the
event 1n an 1nitial predetermined rate; detecting and 1denti-
ftying at least one unique 2D photo marker pattern in the
sample frames and creating a time appearance index repre-
senting at least one user’s at least one video segment,
according to the at least one identified unique 2D photo
marker pattern; editing at least one of the at least one video
segment that features at least one of the users based on the
time appearance index; and integrating the at least one video
segment 1nto a comprehensive personal clip.

[0007] One problem associated with this system is the
limited space of the bib, whereas the square matrix occupies
a large space of the bib. It should be noted that the images
ol a participant are taken from a distance that 1s typically
over one meter and may reach 25 meters or more, the pixels
of the unique matrix must be large enough to be i1dentified
in the 1image. This forces a minimal size of each pixel of the
matrix of pixels. It should be noted that the printed pixel size
also depends on the resolution of the image acquisition
device, which may enable to acquire images of a participant
from a distance that may reach 100 meters or more.

[0008] Another 1ssue with decoding the photo markers on
photos acquired from a distance 1s that often there exists a
side angle, which causes deformation of the otherwise
square or rectangular photo marker. Having more sideways
stretching of the otherwise square or rectangular pixels of
the photo marker, makes the side taken, deformed photo
marker decodable from greater angles.

[0009] Another 1ssue 1s the number of unique codes that a
traditional black and white 2D barcode can provide unique
codes may be suflicient for some applications but limited for
others. Another 1ssue associated with the limited space of the
bib 1s the occlusion problem. For example, the hands of a
runner are moving opaque objects that often occlude at least
a portion of the barcode matrix and interfere with the
detection process of the participant’s ID. This also applies to
bag straps, long hair, shirts, shorts, sloppy cloths, external
objects, etc. One method to overcome the occlusion problem
1s to use two 1dentical barcodes that are spaced apart.

[0010] Retference 1s now made to the drawings, FIG. 1la
illustrates a prior art EID bib or plate 20 that includes a
unique participant EID number 40, and two identical photo
markers 30 that are spaced apart, one at each side of the
participant EID number 40. Optionally, the bib 20 may
further include the participant’s name 42 and promotional
data.

[0011] Each photo marker 30 includes the same 6x6
unique matrix 50 of pixels 52 that i1s associated with the
unique participant EID number 40, wherein the pixels 52
unique layout represents the participant’s EID number 40.
Reference 1s also made to FIG. 15, illustrating a prior art 6x6
matrix 30 of pixels 52 that 1s framed by a matrix locator
having an 1nner frame 60, followed outwardly by a contrast-
ing outer frame 62. The frames (60, 62) help detect the
location of matrix 50, when decoding it 1n the decoding
process.

[0012] Another 1ssue that 1s indirectly associated with the
limited space of the bib 20 1s the fact that a number
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associated with the participant include multiple digits and 1t
1s often desirable for this number to be wvisible from a
distance. The use of one or two barcodes further limits the
available space of bib 20.

[0013] There 1s therefore a need and 1t would be advan-
tageous to provide a solution to the limited space problem of
the bib 20, which solution enables the use of one or two
barcodes, wherein the digits of the participant EID number
40 can be enlarged, without compromising the number
decoding capabilities.

SUMMARY OF THE INVENTION

[0014] The principal intentions of the present invention
include providing a multiple color 2D photo marker facili-
tating a photo marker decoding system to 1dentify an object/
participant of an event that appears, at least partially, 1n one
or more digital image frames contaiming a rectangular
matrix, to locate the matrix of pixels in a photo marker
displayed on a bib 20. The multiple colour photo marker
includes a 2D matrix of pixels, wherein each of the metrices
of pixels 1s framed by a matrix locator such as an inner
frame, adjacently followed outwardly by a contrasting outer
frame.

[0015] It should be noted that the present invention will be
described hereon in terms of the photo-marker the present
invention 1s not limited to being disposed on a bib 20, and
may by place of any other object, moving or stationary, for
example 1n the form of a sticker. In one non-limiting
example, the photo marker sticker may be placed on a
product sold 1n a store. A user may, for example, acquire an
image of the group of products using his/her smartphone
camera, whereas a suitable software application running on
the smartphone processor decodes the matrix arrangement to
provide information related to the coupled product item,
such as shelf location, price, expiration date, and so forth.
The extracted information may further be used with a digital
wallet of the user to pay for the product.

[0016] Optionally, the pixels, which are typically square,
are stretched either in the width dimension or the height
dimension by a preconfigured amount and the expected
photo acquisition angle.

[0017] According to the teachings of the present invention
there 1s provided a multicolor 2D-photo-marker including a
rectangular matrix of data pixels, framed by a contrasting
matrix locator, wherein the rectangular matrix of data pixels
includes at least one orientation data pixel that carry photo-
marker orientation information and 1s located at a pre-
selected location, and wherein a unique color and location
combination of the multiple data pixels encodes identifica-
tion information of the object with which the multicolor
2D-photo-marker 1s coupled with.

[0018] Preterably, the data pixels are stretched sideways 1n
order to compensate for at least some of the narrowing down
effect of the data pixels horizontal dimension, caused by a
horizontal angle formed between the optical axis of the
camera and the surface plane of the 2D-photo-marker.

[0019] Optionally, the data pixels have two colors.
[0020] Optionally, the colors are black and white.
[0021] Optionally, the data pixels have three colors and

where the colors include a first color, a second color and a
third color composed of dithering of the first color and the
second color.
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[0022] Preferably, the pre-selected location of the at least
one orientation data pixel i1s at a corner of the rectangular
matrix of data pixels.

[0023] Preferably, the rectangular matrix of data pixels
includes two orientation pixels having contrasting colors.
[0024] Preferably, the rectangular matrix of data pixels
includes color reference pixels, each located at a pre-
selected location, designated to serve as dictionary hue
pixels. Preferably, the pre-selected location of each color
reference pixels 1s at a corner of the rectangular matrix of
data pixels. An orientation data pixel may also serve as a
color reference pixel.

[0025] Optionally, the contrasting matrix locator includes
two adjacent frames having contrasting colors.

[0026] Optionally, the 2D-photo-marker 1s preconfigured
to be displayed on the respective object either in standing
position or in lying position.

[0027] It 1s an aspect of the present invention to provide a
system for identifying the person/object, whose identity 1s
umquely encoded a multicolor rectangular data matrix of
pixels of a 2D-photo-marker, as described above. The sys-
tem including a camera and a processing unit, wherein the
processing unit 1s configured to analyze an image frame
containing a reflection of the 2D-photo-marker. The 1image
frame 1s acquired such that the optical axis of the camera
was not normal to the plane of the 2D-photo-marker and
distal therefrom.

[0028] The processing unit 1s configured to correct the
orientation of the reflection of the 2D-photo-marker. The
processing unit 1s configured to determine the colored data
pixels of the rectangular data matrix of pixels and the
respective pixels locations within the rectangular data
matrix. The processing unit 1s further configured to then
extract the identity information identifying the person/ob-
ject.

[0029] Optionally, the 2D-photo-marker 1s coupled with a
participant of an event with mass participation.

[0030] Optionally, the camera 1s a still camera or a video
camera.
[0031] According to further teachings of the present

invention, there 1s provided an object identification method
for 1dentitying the person/object, whose identity 1s uniquely
encoded 1n a multicolor rectangular data matrix of pixels of
a 2D-photo-marker, as described above, the method includ-
ing the steps of:
[0032] a) acquiring an 1image frame containing a retlec-
tion of at least one 2D-photo-marker;
[0033] b) locating the multicolor rectangular data
matrix of pixels using the matrix locator;
[0034] c¢) locating the at least one orientation data pixel;
[0035] d) validating the onentation of the 2D-photo-
marker and correcting as needed;
[0036] e¢) locating the dictionary hue pixels;
[0037] 1) setting data pixels color and location, using
the dictionary hue pixels;
[0038] ¢) providing a list of valid color-pixel and loca-
tion combinations; and
[0039] h)decoding the data matrix to thereby extract the
identity information i1dentifying the person/object.
[0040] Preferably, the at least one orientation data pixel 1s
the darkest corner pixel of the multicolor rectangular data
matrix of pixels. Preferably, the validating of the orientation
of the 2D-photo-marker includes verifying that the darkest
corner pixel 1s at the expected corner of the multicolor
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rectangular data matrix of pixels. Upon determining that the
darkest corner pixel 1s not at the expected corner of the
multicolor rectangular data matrix of pixels, the correcting
of the orientation of the 2D-photo-marker includes rotating
the 2D-photo-marker until the darkest corner pixel 1s located
at the expected corner of the multicolor rectangular data
matrix of pixels.

[0041] Optionally, the method further includes a step of
sanity check, after the setting of the data pixels color and
location. Optionally, the sanity check includes validating
that the lightest corner pixel 1s located at the expected corner
of multicolor rectangular data matrix of pixels. Optionally,
the sanity check includes validating that the shade difference
between the lightest pixel and the darkest pixel 1s larger than
a preconfigured threshold. Optionally, the sanity check
includes validating that the brightness of the brightest pixel
1s higher than a preconfigured threshold. Optionally, the
sanity check includes validating that the darkness of the
darkest pixel 1s higher than a preconfigured threshold.
[0042] 'Typically, the acquiring of the image frame 1is
performed distally from the at least one the 2D-photo-
marker. The distance between the 1image acquisition device
and the at least one 2D-photo-marker may range between
one and a hundred meters and more.

[0043] Typically, the image Irame contains multiple
2D-photo-markers. Preferably, each of the multiple
2D-photo-markers 1s processed individually.

[0044] ‘Typically, image acquisition device 1s pointed
towards multiple objects and wherein at least one object
displays the 2D-photo-marker.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The present mvention will become fully under-
stood from the detailed description given herein below and
the accompanying drawings, which are given by way of
illustration and example only and thus not limitative of the
present invention, and wherein:

[0046] FIGS. 1a and 1a' illustrate an EID having a pair of

identical prior art 2D binary photo markers, each photo
marker having a 6x6 square matrix of pixels.

[0047] FIG. 15 illustrates a prior art 6x6 square photo
marker having a matrix of pixels.

[0048] FIG. 2 illustrates an EID having a pair of identical
2D, binary photo markers, according to embodiments of the
present 1nvention, each photo marker having an example
3x7 narrow rectangular matrix of pixels, wherein the photo
markers are in a standing position.

[0049] FIG. 3a illustrates the 2D, binary rectangular photo
marker with, as shown 1n FIG. 2, that includes a 3x7 matrix
of pixels.

[0050] FIG. 35 illustrates another example 2D, binary
rectangular photo marker, having a 4x7 matrix of pixels,
according to some embodiments of the present invention.

[0051] FIG. 4a illustrates the 3x7 pixels rectangular photo
marker, as shown 1n FIG. 3a, wherein the smaller dimension
of the rectangular photo marker 1s stretched sideways by
20% (as a non-limiting example), according to some
embodiments of the present invention.

[0052] FIG. 4b illustrates the 7x3 pixels rectangular photo
marker, as shown 1n FIG. 3a, wherein the larger dimension
of the rectangular photo marker 1s stretched sideways by
20% (as a non-limiting example), according to some
embodiments of the present inventions.
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[0053] FIG. 5a illustrates an FID having a pair of 1identical
2D, binary photo markers, according to embodiments of the
present invention, each photo marker having an example
7x3 rectangular matrix of pixels that 1s framed by a data
matrix locator, wherein the photo markers are 1 a lying
position.

[0054] FIG. 55 illustrates a cyclist helmet carrying at least
one binary photo marker as 1n FIG. Sa, according to embodi-
ments of the present invention.

[0055] FIG. 6 illustrates a 2D, tri-colored rectangular
photo markers according to some embodiments of the pres-
ent invention, the photo marker including an example 4x5
rectangular matrix of pixels that 1s framed by a data matrix
locator.

[0056] FIGS. 7 and 7' illustrate an example 2D, five-colors
photo marker, according to some embodiments of the pres-
ent invention, the photo marker including an example 3x5
rectangular matrix of pixels.

[0057] FIG. 8 illustrates another example 2D, five-colors
rectangular photo marker, wherein the photo marker
includes an 3x4 rectangular matrix of pixels.

[0058] FIG. 9 depicts an image of a five-colors rectangular
photo marker shown in FIG. 8. FIG. 10 illustrates an EID
having a pair of i1dentical 2D, five-colors photo markers,
according to embodiments of the present invention, each
photo marker having an example 3x5 rectangular matrix of
pixels, wherein the photo markers are 1n a standing position.
[0059] FIGS. 11 and 11' illustrate an example 2D, four-
colors photo marker, according to some embodiments of the
present invention, the photo marker including an example
4x5 rectangular matrix of pixels.

[0060] FIG. 12 depicts an 1image of the photo marker of the
four-colors rectangular photo marker shown in FIG. 11.
[0061] FIG. 13a illustrates an EID having a pair of 1den-
tical 2D, four-colors photo markers, according to embodi-
ments of the present invention, each photo marker having an
example 43 rectangular matrix of pixels, wherein the photo
markers are in a standing position.

[0062] FIG. 135 depicts an example photograph of a group
of runners participating in a race, wherein each participant
wears a bib.

[0063] FIG. 13c¢ 1s an enlargement of a section of the
photograph shown i FIG. 135.

[0064] FIG. 14 shows 1n flow diagram of a participant-
identification method, according to embodiments of the
present 1nvention.

DETAILED DESCRIPTION OF THE
INVENTION

[0065] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied 1n many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided, so that this disclosure will be thorough and
complete, and will fully convey the scope of the mnvention
to those skilled 1n the art.

[0066] An embodiment 1s an example or implementation
of the mnventions. The various appearances of “one embodi-
ment,” “an embodiment” or “some embodiments” do not
necessarily all refer to the same embodiment. Although
various features of the invention may be described in the
context of a single embodiment, the features may also be
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provided separately or 1n any suitable combination. Con-
versely, although the imnvention may be described herein in
the context of separate embodiments for clarity, the imnven-
tion may also be implemented 1n a single embodiment.

[0067] Reference in the specification to “one embodi-
ment”, “an embodiment”, “some embodiments” or “other
embodiments” means that a particular feature, structure, or
characteristic described 1n connection with the embodiments
1s 1ncluded 1n at least one embodiment, but not necessarily
all embodiments, of the inventions. It 1s understood that the
phraseology and terminology employed herein are not to be

construed as limiting and are for descriptive purpose only.

[0068] Meanings of technical and scientific terms used
herein are to be commonly understood as to which the
invention belongs, unless otherwise defined. The present
invention can be implemented 1n the testing or practice with
methods and materials equivalent or similar to those

described herein.
It should be noted that orientation related descrip-

[0069]

tions such as “bottom”, “up”, “upper”’, “down”, “lower”,
“top” and the like, assumes that both the marker and the
associated 1tem 1s operationally situated in its natural stand-
Ing position.

[0070] Reference 1s made back to the drawings. FIG. 2
illustrates an EID 100 having a pair of 1dentical 2D, binary
rectangular photo markers 130, according to embodiments
of the present imvention each photo marker 130a, 1305
having an example 3x7 matrix. 150 of pixels 152. Reference
1s also made to FIGS. 3a and 356 that 1llustrate examples of
photo markers (130, 330), each having an example rectan-
gular matrix (150, 350) of pixels (152, 352), wherein each
of the metrices of pixels 1s framed by a data matrix locator,
and wherein the rectangular photo markers (130, 330) are 1n

a standing position.

[0071] The inner frame (160, 360) and the outer frame
(162, 362) serve as a locator module designed to enable a
system for identifying a participant of an event that appears,
at least partially, in a digital photograph containing a rect-
angular matrix, to locate the matrix of data pixels in a photo
marker displayed on a bib 20.

[0072] The locator module includes two nested frames
having two contrasting colors, typically, with no limitations,
black and white. The high contrast in combination having a
rectangular shape or 1s viewed as a quadrangular shape,
indicates a potential photo marker for the locating algo-

rithms.

[0073] It should be noted that since the rectangular photo
marker has a narrow dimension and a wide dimension.
Typically, when 1n use, the EID 1s situated in a general
vertical orientation. Hence, when the wide dimension of the
photo marker 1s the height of the photo marker, the photo
marker 1s referred to as being in “standing position”. When
the narrow dimension of the photo marker i1s the height of
the photo marker, the photo marker 1s referred to as being in
“lying position”.

[0074] Referring back to FIGS. 2 and 3a, rectangular
photo marker 130 has a 3x7 matrix 150 of pixels 152,
meaning that up to about 2M participants may participate in
the event, and obtain a umique participant EID number 40.
Referring to FIG. 35, another non-limiting example photo
marker 330 has a 4x7 rectangular matrix 150 of pixels 152,
meaning that up to about 256 M participants may participate
in the event, and obtain a unique participant EID number 40.
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The 6x6 pixels photo marker 30, provides up to about 68B
unique participant EID numbers 40.

[0075] It should be noted that when the potential number
of participants that a matrix provides 1s much higher than
required at a particular event, some of the pixels may be used
to determine the orientation of photo marker 130.

[0076] It should be further noted that when the potential
number of participants that a matrix provides 1s much higher
than required at a particular event, some of the pixels may
be used to forward error correction codes, for example, by
using Hamming codes or Reed-Solomon principals.

[0077] Using a rectangular photo marker such as rectan-
gular photo marker 130, enables using a pair of photo
markers 130, on each side of the EID number 40, in order to
overcome the occlusion problem. However, a typical bib 20
offers a limited space therebetween the two photo markers,
in particular, when the EID number 40 contain 3 or more
digits.

[0078] Compared to a 6-pixels width prior art photo
marker or the S-pixels width of a prior art photo marker 30,
the present invention may use a 3-pixels width photo marker,
such as shown 1n the example rectangular photo marker 130,
or a 4-pixels width photo marker, such as shown in the
example rectangular photo marker 330, without compromis-
ing on the maximal number of participants and still showing
the EID number 40 with reasonable dimensions that can be

visible from a distance, as illustrated in the examples shown
in FIGS. 2 and 14"

[0079] Referring now to the minimal size of each pixel of
the matrix required, when acquiring the images of the
matrices from a distance, further improvement 1s provided
by the present invention. Reference 1s now also made to FIG.
da, 1llustrating an example of rectangular photo marker 230
having the same number of pixels and 1n the same layout as
in rectangular photo marker 130, but the entire photo marker
1s stretched sideways by 20% (as a non-limiting example),
including pixels 252, wherein photo markers 230 are 1n a
standing position.

[0080] Hence, when acquiring the images of the matrices
from a distance and with a side angle, the stretching of the
pixels sideways compensates at least some of the narrowing
down eflect of the pixels horizontal dimension, caused by
the horizontal angle between the optical axis of the camera
and the surface plane of the imaged bib 20.

[0081] FIG. 4b 1llustrates rectangular photo marker 730
having the same number of pixels and 1n the same layout as
in rectangular photo marker 130, but the smaller dimension
of each rectangular photo marker 1s stretched by 20%,
including pixels 752, wherein photo markers 730 are 1n a
lying position. FIG. Sa illustrates an EID bib 700, having a
pair of 1dentical 2D, binary photo markers 730, according to
embodiments of the present invention, each photo marker
730 having an example 7x3 rectangular matrix 750 of pixels
752, wherein matrix 750 1s framed by a data matrix locator
(760, 762), and wherein photo markers 730 are in a lying
position. FIG. 55 illustrates another example 1n the form of
a cyclist helmet 80 carrying at least one binary photo marker
730 as 1 FIG. 5a, according to embodiments of the present
invention. The tagged helmet 780 exemplifies objects for
which 1t 1s recommended to use photo marker 730 that are
in a lying position.
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[0082] In this example, the two matrices 750 are spaced
apart vertically, therefor the stretching of the photo markers
730 does not aflect the space designated to accommodate the
EID number 40.

[0083] According to further aspects of the present inven-
tion, 1 order to reduce the number of pixels without
reducing the number of the participants 1n an event with
mass participation, it 1s provided a reliable tri-colored rect-
angular photo marker. FIG. 6 illustrates an example of a 2D,
tri-colored rectangular photo marker 530, according to some
embodiments of the present invention. The example tri-
colored rectangular photo marker 530 includes an example
4x5 rectangular matrix 550 of pixels 552 that 1s framed by
a matrix locator. The third color 1s obtained by using
dithering technology, that 1s using smaller black and white
pixels in a preconfigured density. The tri-colored 4x5 pixels
photo marker 530, provides up to about 3.5G unique par-
ticipant EID numbers 40. Hence, the area occupied by that
tri-colored photo marker can be substantially reduced com-
pared with a binary photo marker.

[0084] In the example shown 1n FIG. 6, a dithered pixel
552D 1s composed of a 4x4 sub-pixels arranged 1n a chess-
board configuration. The optics’ nature causes a “blur” effect
that brings the dithered pixel to a gray level of about 127 (in
an 8-bit depth gray level system). Hence, after processing,
the three colors are as follows: O gray-level 1s black, 255
gray-level 1s white and ~127 gray-level 1s gray. It should be
noted that a gray obtained by dithering, rather than by a
printed gray, 1s better since 1t creates an accurate gray in the
image without suffering from the inaccuracies of a printer’s
gray ink and it 1s suitable for B&W 1nexpensive printers.

[0085] According to further aspects of the present inven-
tion and 1n order to further reduce the number of pixels
required to uniquely represent the number of the participants
in an event with mass participation, more colors may be
used. FIGS. 7 and 7' illustrate an example 2D, five-colors
rectangular photo marker 630, according to some embodi-
ments of the present invention. The example five-colors
rectangular photo marker 630 includes an example 3x35
matrix 650 of pixels 652 that 1s framed by a matrix locator.
The five-colors 3x5 pixels photo marker 630, provides up to
about 30T unique participant EID numbers 40.

[0086] Hence, the area occupied by that five-colors photo
marker can be substantially reduced compared with a binary
photo marker.

[0087] FIG. 8 illustrates another example 2D, five-colors
rectangular photo marker 430, wherein the photo marker
includes an 3x4 rectangular matrix 450 of pixels 452 that 1s
framed by a matrix locator. Having a 3x4 matrix 450, photo
marker 630, provides up to about 244G unique participant

EID numbers 40.

[0088] Inthe examples shown in FIGS. 7 and 8, the colors
used, by way of example only, with no limitation to the
colors selected, the five colors are Black, White, Cyan,
Magenta and Yellow.

[0089] Since the optics may cause chromatic deformations
on each of the colored pixels, there 1s a need to provide
means for determining the color of each pixel. FIG. 9 depicts
a chromatic deformed i1mage of photo marker 430: of the
five-colors rectangular photo marker 430, shown 1n FIG. 8.

To 1dentity each of the colors used, and the orientation of

photo marker 430, a reference set of color pixels 1s created

and 1ncluded on every photo marker. The reference set of

colors, as set and printed on photo marker 430, 1s later used
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as dictionary colors 454i 1n the image of photo marker 430i,
to compare the colors of each data pixel to the dictionary
colors 1 order to overcome potential chromatic errors
caused by print 1ssues or 1mage acquisition conditions. This

1s exemplified, with no limitations, in the following steps,
with reference to FIGS. 8 and 9:

[0090] 1. In a preliminary step, use the corner pixels of
rectangular matrix 450 on photo marker 430 as refer-
ence pixels 454, as follows:

[0091] a. Set, with no limitations, the bottom-right
pixel to be a black reference pixel 454B.

[0092] b. Set, with no limitations, the bottom-left
pixel to be a cyan reference pixel 454C.

[0093] c. Set, with no limitations, the top-right pixel
to be a yellow reference pixel 454Y.

[0094] d. Set, with no limitations, the top-left pixel to
be a magenta reference pixel 454M.

It should be noted that the above corner assignments to
the reference pixels 454 and/or orientation pixels 456
are given by way of example only, with no limitations,
including using non-corner pixels.

[0095] 2. Identify the boundaries of rectangular matrix
450i, using 1nner locator frame 460: and optionally,
also outer locator frame 462i.

[0096] 3. Knowing the pixel layout of rectangular
matrix 4507, a processing unit of the system 1s config-
ured to i1dentify a photo marker that appears, at least
partially, 1n a digital photograph containing quadran-
gular matrix 450;.

[0097] 4. Optionally, sample the outer locator frame
462: 1n the 1image 430i of photo marker 430 to thereby
determine the gray level/color-shade index of the black
color. Optionally, if no orientation problem exists,
average at least a portion of the bottom-right pixel
454B1 of the image frame of photo marker 430i, to
thereby determine the hue index of the black color.

[0098] 5. Optionally, sample the inner frame 460: in the
image frame of photo marker 430: to thereby determine
the gray level/color-shade 1index of the white color.

[0099] 6. Optionally, another non-corner data pixel
452W 1s used as a reference white pixel 454W for a
dictionary pixels 454 Wi.

[0100] 7. Compare the color-shade of the bottom-right
pixel to the color-shade index of the black color, to
thereby determine 1 the bottom-right pixel 1s black.

[0101] 8. If the bottom-right pixel 1s not the darkest of
all corners, rotate the rectangular matrix 450; by 900
until the darkest orientation pixel 456: 1s positioned at
the bottom-right corner of rectangular matrix 450;.

[0102] 9. Average at least a portion of the bottom-left
pixel to thereby determine the hue index of the cyan
color.

[0103] 10. Average at least a portion of the top-right
pixel to thereby determine the hue 1index of the yellow
color.

[0104] 11. Average at least a portion of the top-left pixel
to thereby determine the hue index of the magenta
color.

[0105] Knowing the pixel layout of rectangular matrix
450:, and having determined the unique hue indices of the
five colors (1n this example, with no limitations), the pro-
cessing unit proceeds to determine the colors of each pixel
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452i 1n the data matrix 450i, by matching the color of the
current 452 to the nearest hue 1n the color dictionary 454 of
the five colors.

[0106] It should be noted that having used 4 of the 12
pixels as dictionary pixels, 3x4 matrix 450, photo marker
430 may provide up to about 390K unique participant EID
numbers 40, which 1s still sufficient to cover most events
with mass participation.

[0107] It should be noted that any of the pixels of a data
matrix may be used as dictionary pixels. In the example
shown in FIGS. 10 and 7": FIG. 7' shows a photo marker 630
having an example 3x5 rectangular data matrix 650, wherein
the 5 left-most pixels are used as the 5-colored dictionary
pixels 654. FIG. 10 illustrates an EID 600 having a pair of
identical 2D, five-colors photo markers 630, each photo
marker of pixels, wherein photo markers are in a standing
position. Since 5 of the 15 pixels are used as dictionary
pixels, photo marker 630 may provide more than 9.76 M
unique participant EID numbers 40, which 1s suflicient to
cover most events with mass participation.

[0108] Reference 1s now made to FIG. 11, illustrating
another example of a 2D, four-colors rectangular photo
marker 830, according to some embodiments of the present
invention. The example four-colors rectangular photo
marker 830 includes an example 4x5 matrix 850 of pixels
852 that 1s framed by a matrix locator.

[0109] The four-colors 4x5 pixels photo marker 830
includes 4 color dictionary pixels 854, one at each pre-
selected corner of matrix 850. Hence, the 20 pixels of the
4x5 matrix 850 are preferably subdivided into 16 data pixels
852 and 4 color dictionary pixels 854. In such a configura-
tion, the four-colors 4x35 pixels photo marker 830, provides
up to about 4 T unique IDs for participant EID numbers 40.
For most events/applications this quantity of unique IDs 1s
substantially more than need. Hence, the area occupied by
that four-colors photo marker can be substantially reduced
compared with a binary photo marker.

[0110] FIG. 12 depicts an image of photo marker 830: of
the four-colors rectangular photo marker 830, shown in FIG.
11, wherein the optics cause chromatic deformations on each
of the colored pixels. To identify each of the colors used, and
the orientation of photo marker 830, a dictionary of colors
1s preferably created, as exemplified, with no limitations, 1n
the following steps, being a variant of the steps described
above with reference to FIGS. 8 and 9:

[0111] 1. In a first preliminary step, given the event at
hand the target group of individual objects, a look up
table of valid color-pixel combinations and respective
values, 1s generated. Typically, with no limitations, the
color-pixel combinations generated are random com-
binations.

[0112] 2. In a second preliminary step, use the corner
pixels of rectangular matrix 850 on photo marker 830
as reference pixels 854, as follows:

[0113] a. Set, with no limitations, the bottom-right
pixel to be a black reference pixel 854B.

[0114] b. Set, with no limitations, the top-left pixel to
be a white reference pixel 854W.

[0115] c. Set, with no limitations, the top-right pixel
to be a cyan reference pixel 854C.

[0116] d. Set, with no limitations, the bottom-left
pixel to be a magenta reference pixel 854M.

It should be noted that the above corner assignments to

the reference pixels 854 and/or orientation pixels 856
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are given by way of example only, with no limitations,
including using non-corner pixels.

[0117] 3. Identify the boundaries of rectangular data
matrix 850:, using at least inner locator frame 860; and
optionally, also outer locator frame 862i.

[0118] 4. Knowing the pixel layout of rectangular
matrix 850 and thereby 850:, including the preset
reference pixels 854, 856, a processing umt of the
system 1s configured to identify a photo marker that
appears, at least partially, 1n a digital image frame
containing quadrangular matrix 850;.

[0119] 3. Find the darkest pixel in the color index pixels
854, setting i1t temporarily to represent the black color.

[0120] 6. Find the lightest pixel 1n the color index pixels
854, setting it temporarily to represent the white color.

[0121] 7. If the bottom-right pixel 1s not black, rotate
the photo marker 830: until the darkest corner is at
lower right corner of quadrangular data matrix 850i.

[0122] 8. If top-left pixel 1s white, go to step 11 below.

[0123] 9. If the bottom-right pixel 1s black and the
top-left pixel 1s not white, discard this photo marker.
[0124] 10. If after 3 rotations a match was not found,

discard this photo.

[0125] 11. Sample at least a portion of the top-right
pixel to thereby determine the retlected hue of the cyan
color.

[0126] 12. Sample at least a portion of the bottom-left
pixel to thereby determine the reflected hue index of the
magenta color.

[0127] 13. Compare the colors of each of the pixels 852
in the data matrix 850i. Knowing the pixel layout of
rectangular data matrix 850 and thereby of matrix 850,
and having determined the color dictionary of the four
colors (in this example, with no limitations), the pro-
cessing unit proceeds to determine the colors of each
data pixel 852:, by matching the color of the current
852: to the nearest hue 1n the reflected color dictionary
854,

[0128] 14. Check 1f the detected rectangular matrix 850/
contains a valid combination of colored pixels.

[0129] 15. If not valid—select the nearest valid combi-
nation and correct the result accordingly.

[0130] 16. Determine, using the lookup table, the
unique code coded by the pixels 852 of data matrix 850,
to thereby facilitate the 1dentification of the participant/
object wearing the respective EID number 40.

[0131] FIG. 13a illustrates an EID 800 having a pair of
identical 2D, four-colors photo markers 830, each photo
marker having an example 4x5 rectangular matrix 850 of
pixels, wherein photo markers are 1n a standing position.
FIG. 135 depicts an example photograph 880 of a group of
runners participating in a race, wherein each participant
wears a bib 20. FIG. 13¢ 1s an enlargement of a section (882)
of photograph 880 that shows 1n more details the content of
two bibs 20, each including a unique participant EID num-
bers 40 and a pair of four-colors photo markers 830.
[0132] With reference to FIG. 14, a more general partici-
pant-identification method 900 1s shown in flow diagram
900, the participant-identification method 900 being a varia-
tion of the steps described above with reference to FIGS. 9
and 12, the method including the steps of:

[0133] Instep 902, an 1mage processor 1s provided with an
image frame in which 1image frame at least one unique photo
marker (430, 530, 630, 830) 1s captured as an 1imaged photo
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marker (4307, 5307, 630i, 830i), wherein the 1mage process-
ing unit 1s configured to i1dentily the respective participant/
object, wearing the respective EID numbers 40, by decoding
the captured imaged photo marker (430:, 530, 630:, 830:).
[0134] In step 910, the boundaries of the rectangular data
matrices (450i, 5507, 650i, 850i), each encoded with respec-
tive combination of multi colored pixels, are detected using
contrasting nested frames (460i, 462, 560i, 562i, 660:, 6621,
860:, 862i).

[0135] When an image frame 1s acquired, the photo
marker images (430, 530i, 630i, 830:) are typically acquired
by a camera situated such that the optical axis of the camera
1s not normal to the rectangular data matrices (450, 550, 650,
850) plane and distal therefrom. Therefore, the rectangular
data matrix 1s typically distorted such that 1t 1s represented
by a quadrangular 1n which at least one of the angles 1s not
90°. Hence, 1n optional step 912, the quadrangular repre-
senting the rectangular data matrix is stretched by the image
processor to thereby reconstruct a rectangular image of the
rectangular data matrix (450i, 550:, 650:, 850:).

[0136] In step 920, the boundaries of each rectangular data
matrix (450:, 550i, 650i, 850;), including reference pixels
(454:, 554i, 654i, 854i), 1s i1dentified inside the matrix

locator.

[0137] In step 930, the image processor validates the data
matrix (450, 550, 650, 850) orientation using one or more of
the index pixels (454, 554, 654, 854). In a non-limiting
example (see FIGS. 11 and 12), the black index pixel (854B)
1s place at the bottom-right corner (as viewed by the camera)
of rectangular data matrix (850) and the white index pixel
(854W) 1s place at the top-left corner (as viewed by the
camera) of rectangular data matrix (850). When analyzing
the 1image frame of the respective rectangular data matrix
(850), 1t 1s validated that the darkest imaged index pixel
(854B1) 1s located at the bottom-right corner (as viewed by
the camera) of rectangular data matrix (8507) and/or that the
lightest index pixel (854 W1) 1s located at the top-left corner
(as viewed by the camera) of rectangular data matrix (850i).
If not, the 1image 1s rotated, 1n step 940) by 90° until 1t 1s
determined that the bottom-right index pixel 1s the darkest
orientation pixel 856, and/or the top-left index pixel 1s the
lightest orientation pixel 856. If this process fails, the
imaged rectangular data matrix (850:) 1s discarded.

[0138] In step 950, the dictionary hue pixels (454i, 5541,
654i, 854i), each having a known reference pixel at a pre-set
location, are detected. Each of the dictionary hue pixels
(454, 554i, 654i, 854i) 1s then used as an index for to
identify a particular hue used in the pixel combination in that
rectangular data matrix (450i, 550:, 650:, 850:).

[0139] Optionally, in step 960, a preconfigured sanity test
1s performed. For example, with no limitations, check if one
or more of the index pixels are at their respective precon-
figured location. For example, check if the lightest index
pixel 1s at 1ts preconfigured location.

[0140] If the sanity test fails (step 965), discard the photo
image (step 999).

[0141] In step 970, the color of each data pixel of the data
matrix (4507, 550i, 650i, 850:) 1s determined by comparing

to the detected (in step 930) hue index pixels (454:, 554,
654i, 854i). Then, using a preset lookup table (906), the info
encoded by the combination of the data pixels (452, 552,
652, 852) 1s extracted.

[0142] Optionally, if the detected combination of the data
pixels (452, 552, 652, 852) cannot be found 1n the lookup
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table (906), 1n step 980, correction of the combination of the
data pixels (452, 552, 652, 852) 1s performed. For example,
when the potential number of participants/objects that a
matrix provides 1s much higher than required at a particular
event/application, some of the pixels value may be adjusted,
for example, by using Hamming codes or Reed-Solomon, to
find the valid code that 1s the nearest to the erroneous code.
[0143] It should be noted that the reduction 1n the number
of pixels of a matrix of a photo marker also enables to
enlarge the pixel size of the outer and inner frames, to
thereby enhance the detection quality of the pixels of the
matrix of the photo marker.

[0144] It should be noted that the use of non-binary 2D
photo markers 1s not limited to rectangular matrices and can
be used also with square matrices.

[0145] The invention being thus described in terms of
several embodiments and examples, 1t will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled 1n the art.

1. A multicolor 2D-photo-marker comprising a rectangu-
lar matrix of data pixels, framed by a contrasting matrix
locator comprising two substantially concentric frames hav-
ing contrasting colors, wherein said rectangular matrix of
data pixels further comprises at least one orientation data
pixel having photo-marker orientation information and
located at a pre-selected location, and wherein a unique
color and location combination of said matrix of data pixels
1s configured to encode identification information of an
object with which the multicolor 2D-photo-marker 1is
coupled, said multicolor 2D-photo-marker preconfigured to
be displayed on the object 1n a standing or a lying position.

2. The 2D-photo-marker as in claim 1, wherein said data
pixels are stretched sideways to compensate for at least
some of the narrowing down eflect of said data pixels
horizontal dimension, caused by a horizontal angle formed
between the optical axis of the camera and the surface plane
of the 2D-photo-marker.

3. The 2D-photo-marker as in claim 1, wherein said data
pixels have at least one chosen from the list including: two
colors, three colors, four colors, and black-and-white.

4. (canceled)

5. The 2D-photo-marker as in claim 3, wherein said data
pixels have three colors and where said colors comprise a
first color, a second color and a third color, the third color
composed of dithering of said first color and said second
color.

6. The 2D-photo-marker as in claam 1, wheremn said
pre-selected location of said at least one orientation data
pixel 1s at a corner of said rectangular matrix of data pixels.

7. The 2D-photo-marker as in claam 1, wherein said
rectangular matrix of data pixels comprises two orientation
pixels having contrasting colors.

8. The 2D-photo-marker as in claam 1, wherein said
rectangular matrix of data pixels includes color reference
pixels, each color reference pixel located at a pre-selected
location, designated to serve as dictionary hue pixels.

9. The 2D-photo-marker as in claam 8, wherein said
pre-selected location of each of said color reference pixels 1s
at a corner of said rectangular matrix of data pixels and
wherein said orientation data pixel 1s a color reference pixel.

10. (canceled)
11. (canceled)
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12. (canceled)

13. An 1dentification system for identifying at least one
person or object, the at least person or object having an
identity uniquely encoded in a multicolor rectangular data
matrix of pixels of a 2D-photo-marker as in claim 1, the
system comprising:

a. a camera, being a still cameral or a video camera; and

b. a processing unit,
wherein said i1dentification system 1s configured to analyze
an 1mage frame containing at least one 2D-photo-marker,
said at least one 2D-photo-marker coupled with a participant
of an event with mass participation;
wherein said image frame 1s acquired such that the optical
axis of said camera was not normal to the plane of said
2D-photo-marker and distal therefrom;
wherein said processing unit 1s configured to correct the
orientation of said reflection of said at least one 2D-photo-
marker;
wherein said processing unit 1s configured to determine the
colored data pixels of said rectangular data matrix of pixels
and the respective pixels locations within said rectangular
data matrix; and
wherein said processing unit 1s configured to extract said

identity information i1dentifying the person/object.
14. (canceled)

15. (canceled)

16. A method for i1dentification of an object or a person,
whose 1dentity 1s uniquely encoded 1n a multicolor rectan-
gular data matrix of pixels of a 2D-photo-marker, as 1n claim
1, the method comprising the steps of:

a. acquiring an image frame containing a reflection of at

least one said 2D-photo-marker,

b. locating said multicolor rectangular data matrix of

pixels using said matrix locator;

. locating said at least one orientation data pixel;

d. validating the orientation of said 2D-photo-marker and
correcting as needed;

. locating the dictionary hue pixels;
setting data pixels color and location, using said dic-
tionary hue pixels;

g. providing a list of valid color-pixel and location com-

binations; and

h. decoding said data matrix to thereby extract said

identity information i1dentifying the person/object.

17. The object identification method as 1n claim 16,
wherein said at least one orientation data pixel 1s the darkest
corner pixel of said multicolor rectangular data matrix of
pixels.

@,

= @
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18. The object identification method as i claim 17,
wherein said validating of the orientation of said 2D-photo-
marker includes verifying that said darkest corner pixel 1s at
the expected cormner of said multicolor rectangular data
matrix of pixels.

19. The object identification method as in claim 18,
wherein upon determining that said darkest corner pixel 1s
not at the expected corner of said multicolor rectangular data
matrix of pixels, said correcting the orientation of said
2D-photo-marker includes rotating said 2D-photo-marker
until said darkest corner pixel i1s located at the expected
corner of said multicolor rectangular data matrix of pixels.

20. The object 1dentification method as 1n claim 16 further
including a step of sanity check, after said setting of said
data pixels color and location.

21. The object i1dentification method as 1n claim 20,
wherein said sanity check comprises validating that the
lightest corner pixel 1s located at the expected corner of said
multicolor rectangular data matrix of pixels.

22. The object i1dentification method as in claim 20,
wherein said sanity check comprises validating that the
shade difference between the lightest pixel and the darkest
pixel 1s larger than a preconfigured threshold.

23. The object i1dentification method as in claim 20,
wherein said sanity check comprises validating that the
brightness of the brightest pixel 1s higher than a a precon-

figured threshold.

24. The object i1dentification method as i claim 20,
wherein said sanity check comprises validating that the
darkness of the darkest pixel higher than a preconfigured

threshold.

25. The object identification method as in claim 16,
wherein said acquiring of said image frame 1s performed
distally from said at least one said 2D-photo-marker.

26. (canceled)

27. The object identification method as in claim 16,

wherein said 1image frame contains multiple said 2D-photo-
markers.

28. (canceled)

29. The object identification method as 1n claim 16,
wherein the 1image acquisition device 1s pointed towards
multiple objects and wherein at least one object displays said
2D-photo-marker.
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