Open Science Index, Computer and Information Engineering Vol:15, No:9, 2021 publications.waset.org/10012229.pdf

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering
Vol:15, No:9, 2021

OILU Tag: A Projective Invariant Fiducial System

Youssef Chahir, Messaoud Mostefai, Salah Khodja

Abstract—This paper presents the development of a 2D visual
marker, derived from a recent patented work in the field of numbering
systems. The proposed fiducial uses a group of projective invariant
straight-line patterns, easily detectable and remotely recognizable.
Based on an efficient data coding scheme, the developed marker
enables producing a large panel of unique real time identifiers with
highly distinguishable patterns. The proposed marker Incorporates
simultaneously decimal and binary information, making it readable by
both humans and machines. This important feature opens up new
opportunities for the development of efficient visual human-machine
communication and monitoring protocols. Extensive experiment tests
validate the robustness of the marker against acquisition and geometric
distortions.

Keywords—Visual marker, projective invariants, distance map,
level set.

1. INTRODUCTION

HE technological advances in the field of digital imaging

techniques and systems enabled the development of high-
performing virtual reality [1], [2] and autonomous navigation
applications [3], [4]. These are based on efficient use of fiducial
visual markers placed within their workspaces [5], [6]. There
are many conceptions of visual markers in the literature (Fig.
1). Most of them are part of the square marker family (Fig. 1
(a)), which use 2D binary matrices to represent various patterns
[7]-[9]. Each marker groups together a set of small regions
(pixel or groups of pixels), to which a binary information is
attributed. Since these are dot-matrix markers, any acquisition
(lighting, noise etc.) or geometrical distortions will seriously
diminish the recognition performances, and induce inter-marker
confusion [10], [11]. A second group of circular markers is
developed [12], [13]. The last one (Fig. 1 (b)) allows precise
localization and is less sensitive to noise. Unfortunately, their
performances are achieved at the expense of their computation
complexity and limited information-coding capacity [14].
Another type of doted [15] and line based [16] projective
invariant markers is developed (Figs. 1 (c), (d)). Even if they
allow rapid and accurate detection, the last generate limited the
markers libraries size.

Recently a new numbering system called OILU system has
been developed and a dedicated patent was lately filled [17]. It
associates basic (O, I, L and U) forms to decimal digits and
allows producing various numbers with highly distinguishable
patterns. The objective of this short paper is to show the
effectiveness of such system in the development of efficient
visual markers, less computational and robust to the well-
known distortions.
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The remainder of this paper is structured as follows. Section
IT sets out the OILU system basics. Section III presents the
development of visual OILU markers and shows their
advantages. In Sections IV and V, the localization and the
identification of the developed markers are described and
software validated. Finally, Section VI concludes this paper.

II.PROPOSED SYSTEM BASICS

The proposed system is basically inspired from the human
body anatomy [18], which is structurally composed of a head
represented with "O" symbol, a spinal column represented with
"I" symbol, and both upper and lower limbs represented with
"L" and "U" symbols (Fig. 2 (a)). We all know that human body
biomechanics is more complex than this [19], but in our case,
these basic forms are largely sufficient for the construction of
an efficient decimal numeration system. The latter is composed
of 10 symbols, which are generated as follows: the first four
symbols {O, I, L and U} represent respectively digits zero, one,
two and three. The rest of the symbols are obtained by
successive rotations (quarter counterclockwise) of the two basic
symbols L and U (Fig. 2 (b)). Rotating symbols affectation is
fixed according to their orientation (Fig. 2 (¢)). As can be seen,
the symbol O is represented with four segments, the symbol I
with one segment, the segment L with two segments and finally,
the segment U with three segments.
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Fig. 1 Example of Visual Markers

The main interesting point with this symbolism is that it
allows superimposing symbols in pyramidal form without
losing the value of constructed numbers. Fig. 3 (a) presents a
pyramidal composition of the decimal number 4670. The
lecture sense is from the outside to the inside. Unlike the
classical numeral decimal symbolic, the OILU symbolic allows
to see a number as an object with its four facets. Indeed, we can
extract from each point of view a different number value. Thus,
a group of related numbers is formed: 4670 — 2450 — 8230 —
6890. Note that any facet’s value allows deducing the other
facets values. Multi facets numbers have interesting
applications in the large field of data processing, but in our case,
they are exploited for the design of new efficient square OILU
markers.
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Fig. 2 OILU Symbols Generation

III. SQUARE MARKERS DESIGN

Developed markers are composed of regularly concentric
segments. The paths are orderly disposed from the center to the
outside. Moreover, this topology allows having the same
distance between neighboring segments. The placement of
symbols gives a hierarchy of contours as Parallel-Edges. These
are designed according to the surrounding space characteristics:
black segments on white background or white segments on
black background (Fig. 3 (b)).

Conceptually, proposed OILU markers present several
advantages. Amongst these, we have:

v" OILU markers are composed of a set of projective invariant
line segments [15], [16].

v" OILU markers are highly distinguishable even if they have
a difference of only one segment/bit (Hamming distance
=1). This is the case for example with the two neighboring
markers presented in Fig. 3 (¢). Indeed, according to OILU
symbols’ structure (Fig. 3 (d)) and codification (Fig. 4),
these markers are represented with the following codes: (a)
— (1101 1100 1011 1101) and (b) — (1101 1100 1011
1111).

v Generated OILU Marker library size depends on the
number of embedded symbols. If N is the number of
embedded symbols, the number of unique markers Uy is
equal to 10N/4. For N = 4 for example, the number of
possible markers is equal to 2500, which is largely
sufficient for applications requiring a huge number of
unique markers.

IV. MARKERS DETECTION AND IDENTIFICATION

To ease marker detection, the visual OILU markers are
printed on a white background with a black outline square, or
on a black background with a white outline square. The
captured images are grayscale converted and then binarized. A
cleanup operation is applied to remove all connected
components that have less than a certain number of connected
pixels. The marker boundaries are then detected and the region
ofinterest is cropped. The following step consists on generating
embedded code from groups of parallel-line segments. Such
task can be considered as a geometrical problem, that can be
solved with space filling and distance maps methods [20]. As
can be seen, the proposed markers topology is similar to
Fermat’s spirals [21]. The latter has many interesting properties
that can be exploited to solve difficult geometric problems, such
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as markers identification, which in our case, is a pure
geometrical pattern recognition problem.
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Fig. 4 Symbols Codification

In this paper, we used a variant of Fermat spirals as a 2D
filling model. The idea is to use a double spiral filling curve
where the inside and outside are connected by a straight line.
The placement of OILU symbols (representation of edges by
segments) gives a hierarchy of contours as parallel-edges, see
Figs. 5 (a) and (b). The level-set method [22], [23] offers a more
straightforward solution for offset geometric structures to
generate distance maps. In this method, the quadrilateral border
(Q) is represented by an implicit function @, which has the
following properties: the function has a null value on the
boundaries, negative values in the inner region, and positive
values in the outer regions (as illustrated in Fig. 5 (c)). The
signed function can be defined as:

~d(p) =W ifp €0
®(p) = 0 if p €0Q
dp) = -w ifp ¢Q

where d(.) is a distance function.

From an arbitrary quadrilateral border (Q2), we can localize
and reconstruct others quadrilaterals, because this approach can
smoothly propagate the boundaries inside or outside the square
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for generating constant offset parallel contours patterns [24],
especially when |V® | = 1.
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Fig. 5 Markers Distance Map Generation

Once the marker distance map is generated, an inward
propagation is performed to label the pixels inside the
quadrilateral, according to the level set or turns (see Fig. 6).

To extract the embedded code, we do the following:

1. Divide the main quadrilateral into four triangles, obtained
from the diagonals. The analysis of a triangle allows to
know if the OILU segments are present or not.

2. For each triangle we do the following:

- Check whether a labeled point lies inside a triangle or not.

- Count the labeled points inside a triangle. If the number of
points surpasses a given threshold, a segment is considered
to be present. It will be represented by '1', otherwise '0'.

V.PRELIMINARY EXPERIMENTAL TESTS

Tests were performed on synthetic and real markers. For this
purpose, a synthetic OILU database (composed of 20,000
markers) is generated automatically using a dedicated OILU
markers generator program (Fig. 7 (a)). Real markers (Fig. 7
(b)) are acquired using an ordinary 640x480 video surveillance
camera (TL-SC3230N), presented in Fig. 7 (c). Both types of
markers are freely downloadable at [25].

First tests are carried on synthetic markers which are
gradually degraded using several well-known distortions
(additive noise, blur and radial distortion). Obtained robustness
tests are presented in Fig. 8. As can be seen, the markers
identification scheme demonstrated satisfactory results even
with high levels of distortions. This is mainly due to the fact
that segments labeling is based on a pre-established distance

International Scholarly and Scientific Research & Innovation 15(9) 2021

map.

mage Segmented Image

Inside Spiral Map

Symbol Clustenng

dentification

[]

The second series of tests are performed in a real
environment using two different size markers M1 (12 x 12 cm)
and M2 (6 x 6 cm). Initially, we evaluate the impact of the
marker to camera distance on the performances of marker
detection and recognition. The camera was positioned at
different distances from approximately 0.5 m to 6 m. The
distance range at which the marker was reliably detectable and
identifiable was between 0.5 m and 3 m for the marker M2, and
extended to 5 m for the marker M1(Fig. 9).

The third test concerns the robustness to viewing angle (Fig.
10). OILU markers were acquired with variable angles of view,
ranging from approximately 5° to 30°. Marker identification
was successful only for angles superior than 10°. Below this
angle, the segments are very close, which makes identification
very difficult. We also tested the algorithm in difficult lighting
conditions. As can be seen (Fig. 11), below a certain lighting
level (20 Lux), identification becomes impossible.
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Fig. 6 OILU Marker Identification
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Fig. 7 Synthetic and Real Markers Generation

The last test consists on evaluating the impact of occlusion
by overlapping markers with circles (money pieces). Two
situations of occlusion are presented in Fig. 12. As long as a
segment is not completely covered (Figs. 12 (a) and (b)), the
marker is successfully identified. Otherwise, the identification
fails. Indeed, only parts of a segment need to be visible in order
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to extract its parameters. However, in case of central occlusion
(Fig. 12 (c)), and more particularly, where a complete segment
is occluded, the authentication fails.

The experiments have been performed on a typical Mac
Book, equipped with a 2.9 GHz Intel Core i5 processor and 8
Go of RAM. Detection and identification performances are
evaluated by computing the processing time for marker
detection and identification. The latter is around 40 ms. This
result shows that even if Level Set methods are efficient, they
remain computationally expensive. We are actually working on
a faster method, which allows real-time identification of the
targeted marker. At this stage, we continue to improve the
performances of this method, especially against occlusion. A
demonstration of the initial version is available at [25].
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VI. CONCLUSION

We have presented the development of a visual 2D marker
based on the OILU numbering system. The latter uses simple
patterns and allows generating a rich and highly distinguishable
set of projective invariant markers. Based on Level Set
methods, the developed identification scheme effectively
exploits the spiral topology of OILU markers to perform
accurate marker labeling and recognition, but at the expense of
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computing time.

Presented preliminary tests aim at validating the OILU
marker functionality. However, deep comparative tests are
required to accurately evaluate the OILU marker’s
performances against leading state of the art markers.
Additionally, software improvements are necessary to allow
robust real-time identification and pose estimation.
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Fig. 12 Robustness to Occlusion
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Proposed line-based OILU markers are human-machine
readable fiducials, which combine efficiently the 1D and 2D
barcodes technologies to gain in simplicity and robustness.
These allow the production of a wide range of unique identifiers
with highly differentiable patterns, thus providing new
opportunities for the development of efficient human-machine
visual communication and monitoring protocols. OILU
markers are publicly available for tests via a dedicated web site
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[25], which also provides examples of developed programs.

These are subject to improvements.
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