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http://leanmedia.org/why-i-dont-partner-with-other-amazon-sellers/
https://www.carsguide.com.au/car-news/the-qr-code-that-could-save-your-life-28435
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Previous Work

- QR code [Denso
Wave 1994],

- ARToolKit [Kato and
Billinghurst1999],
ARTag [Fiala 20035]

- AprilTag [Olson 2011],
ArUco [Munoz-
Salinas 2012]

— Binary-square -
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Previous Work
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Previous Work
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— Binary-square —

Learning-based
- Learnable visual
markers [Grinchuk
2016]
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— Binary-square —

Learning-based
- Learnable visual
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2016]
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- DRDM [Uchiyama
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Classical Marker Systems

Marker detector

Marker generator

Marker
pred.

Generated
Markers

Corner
pred.
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DeepFormableTag - Overview

(Marker generator | Imaging sim. Marker detector
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Marker Generator

Marker generator

* Rich appearance
« Marker similarity (localization)

 Marker unigueness
(classification/decoding)
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Imaging Simulator

 Differentiable
* High photorealism

Imaging artifacts

Marker generator Imaging simulator
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Imaging Simulator: Rendering (1/5)

» Fast rendering
« Small domain gap with real-world

(a) Random superimposed rendering
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(b) Our photorealistic rendering
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Imaging Simulator: Rendering (2/5)
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Imaging Simulator: Rendering (3/5)

Marker generator

Encoded FC bIOCk
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Imaging Simulator: Rendering (4/5)

Under Lambertian assumption:
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Imaging Simulator: Rendering (5/5)
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Cook-Torrance specular term:

F DG

™ (7 1)1 - 9)

F': Fresnel term

D: Facet distribution function
G: Geometric attenuation factor
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Imaging Simulator: Ablation Study

 Trained with specified rendering method, tested on real-world

Method

AP Score
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Imaging Simulator: Imaging Artifact Augmenter

* Robustness against combination of various edge conditions
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Imaging Simulator: Geometric Distortions

* Modified corners
* Internal sampling points

Dermation ) Radial distortion

S
.
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Training Dataset Rendered with Augmentations
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Marker Detector (1/5)

 Efficiency
Geometric invariance

Marker detector
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Marker Detector: Backbone (2/5)
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Marker Detector: Decoder Head (3/5)
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Marker Detector: Corner Head (4/5)
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Marker detector: Loss terms (5/5)
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Results: Message Decoding Capability

Model | d el\::z:; Standard 0-bit 1-bit
9 deviation error error
accuracy

16 bits  99.998%  0.1143 99.97%

36 bits | 99.921%  0.7605 98.51%

64 bits @ 99.558%  1.0787 80.39%
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Results: Message Decoding Capability

Model | d el\::z:; Standard 0-bit 1-bit
9 deviation error error
accuracy

16 bits  99.998% : 99.97%

36 bits | 99.921% : 98.51%

64 bits  99.558% : 80.39%
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Results: Comparison on Flat Surfaces
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Results: Comparison on Flat Surfaces
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Results: Comparison on Flat Surfaces
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Results: Deformation (1/4)
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Results: Deformation (1/4)

Trained with TPS aug.
Trained without TPS aug.
I Improvement by TPS aug.
[ Jimprovement by our detector

AP Score

O..

Baseline Naive Spatial Our marker
OpenCV detector trans. only detector
(with Aruco markers) (with Aruco markers)
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Results: Deformation (2/4)
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Results: Deformation (3/4)
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Results: Deformation (4/4)
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Results: Deformation (4/4)
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Applications: Structured Light 3D Imaging

Structured light 3D imaging with camera motion

— g il
Input frames with our markers 3D points
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Applications: Motion Capture
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Applications: Augmented Reality
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Smooth camera motion

Marker detection results (AprilTag / ours)
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Limitations and Future Work
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Conclusions

 Deformable fiducial marker system

« End-to-end optimization of the marker generator and detector networks
via photorealistic differentiable rendering

« Deformed fiducial markers with strong motion blur
« Large number of messages can be embedded

» Various applications demonstrated
« Structured light 3D imaging
 Human motion capture
* Augmented reality rendering
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