AprilTag: A robust and flexible visual fiducial system

ZioAk: LiteratureReview
BUEEEFA]:  2020/6/19 10:20 EHBE:  2020/6/29 9:27
= haokun—-wang@outlook. com

AprilTag: A robust and
flexible visual fiducial
system

Edwin Olson
Abstruct

Aritificial feaatures play an important role in systems where
perception is not the central objective.

AprilTag is a new visual fiducial system that uses a 2D bar code
style "tag", allowing full 6 DOF localization of features from a
single image.

This method 1s fully open and the algorithms are documented in
detail.
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Introduction

Although related to other 2D barcode like QR codes, Apriltag
has significantly goals and applications.

QR code usually involved in aligning the camera with the tag,
and photographs it at fairly high resolution obtaining hundreds
of bytes.

Apriltag has a small information payload (perhaps 12 bits), but is
designed to be automatically detected and localized.

Fiducial systems also are designed to detect multiple markers
in a single image.



ARToolkit and ARTag are the best known for the application to
augmented reality.

Designing robust fiducials is a challenging both from a marker
detection standpoint (which pixels in the image correspond to a
tag?) and from a error-tolerrant data coding standpoint
(which tag is it?)

Contributions:

1. Propose a graph-based image segmentation algorithm
based on local gradients that allows lines to be precisely
estimated, and describe a quad extraction method that can
handle significant occlusions.

2. Describe a new coding system that address problems
unique to 2D barcoding systems: robustness to rotation, and
robustness to false positives arising from natural imagery.

3. Provide results on a set of benchmarks.
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Previous Work

ARToolkit was targeted at artificial reality applications. Its tags
contained a square-shaped payload surrounded by a black
border. It was encoded in symbols such as the latin characters.
When decoding a tag, the payload of the tag was correlated
against a database of known tags.

A major disadvantage of this approach is the computational cost
associated with decoding tags, since each template requireda
separate, slow correlation operation. A second disadvantage is
that it is difficult to generate templates that are approximately
orthogonal to each other. And the tag detection scheme is based



on a simple binarization of the input image based on a user-
specified threshold. This scheme can not handle even modest
occlusions of the tag's border.

ARTag provided improved detection and coding schemes. The
detection mechanism was based on the image gradient, making it
robust to changes in lighting. But the details of the detector
algorithm are not public. ARTag provided the first coding system
based on forward error correction, which made tags easier to
generat, faster to correlate, and provided greater orthogonality
between tags.

ARToolkitPlus and Studierstube Tracker are inspired by
ARTag. They introduced digitally-encoded payloads like those
used in ARTag.

In addition to monochrome tags, other coding systems like
encoding color information have been developed. Tags using
retro-reflectors have also been used.

Two-dimensional planar systems, like AprilTag, have two
advantages over LED-based systems: lower cost, and provide 6
DOF position estimtion without the need of multiple objects.
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Detector

The detector attempts to find four-sided regions ("quads") that
have a darker interior than exterior.

The quad detector is designed to have a very low false negative
rate, and consequently has a high false positive rate. We rely



on the coding system to reduce this false positive rate to useful
levels.

il s seit 1) B RS A AR A A (& T tag{H 2 g0A
A& Ttag, BDRESD AJLLGIARHAR, XMEaSBUEREAR
A (& T tag w80 BCAI W R Ttag, RIURAR) A ELH
Thre FATHKA G A 2R GERAME DR A A H AR KA ] 2

Detecting line segments
Our approach compute the gradient direction and magnitude at
every pixel, and agglomeratively clusters the pixels into
components with similar gradient directions and magnitudes.
The clustering algorithm is similar to the graph-based method of
Felzenszwalb: a graph is created in which each node represents
a pixel. Edges are added between adjacent pixels with an edge
weight equal to the pixels’ difference in gradient
direction. Given a component n, we denote the range of gradient
directions as D(n) and the range of magnitudes as M(n). Put
another way, D(n) and M(n) are scalar values representing the
difference between the maximum and minimum values of the
gradient direction and magnitude respectively. Given two
components n and m, we join them together if both of the
conditions below are satisfied:

D(n U m) <min(D(n),D(m)) + KD/ln U m| (1)

M(n U m) < min(M(n),M(m)) + KM/|n U m|

Two clusters are joined together if their union is about as
uniform as the clusters taken individually. A modest increase in
intra-component variation is permitted via the KD and KM
parameters, however this rapidly shrinks as the components
become larger.

This gradient-based clustering method is sensitive to noise in the
image: even modest amounts of noise will cause local gradient
directions to vary, inhibiting the growth of the components. The
solution to this problem is to low-pass filter the image.
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Quad detection

The next task is to find sequences of line segments that form a 4-
sided shape, i.e., a quad. The challenge is to do this while being
as robust as possible to occlusions and noise in the line
segmentations. Robustness to occlusions and segmentation
errors is handled by adjusting the “close enough” threshold: by

making the threshold large, significant gaps around the edges can
be handled.
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Homography and extrinsics estimation
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Payload Decoding
We do this by computing the tag-relative coordinates of each bit
field, transforming them into image coordinates using the
homography, and then thresholding the resulting pixels. In order
to be robust to lighting, we use spatially-varying threshold.
We use the border of the tag, which contains known examples of
both white and black pixels, to learn this model (see Fig. 4). We
use the following intensity model:

I(x, y) = Ax +Bxy +Cy +D
The threshold used when decoding data bits is then just the
average of the predicted intensity values of the black and white
models.
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Coding System

The goals of a coding system are to:

. Maximize the number of distinguishable codes

. Maximize the number of bit errors that can be detected or
corrected

. Minimize the false positive/inter-tag confusion rate

. Minimize the total number of bits per tag (and thus the size
of the tag)

These goals are often in conflict, and so a given code represents
a trade-off. Classical lexicodes are parameterized by two
quantities: the number of bits n in each codeword and the
minimum Hamming distance between any two codewords d.
Lexicodes can correct |(d — 1)/2] bit errors and detect d/2 bit
errors. In the case of visual fiducials, the coding scheme must
be robust to rotation. In other words, it is critical that when a tag
is rotated by 90, 180, or 270 degrees, that it still have a
Hamming distance of d from every other code.
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