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Abstract

© 2017 by SCITEPRESS - Science and Technology Publications, Lda. All Rights Reserved. Fiducial
marker  systems consist  of  patterns that  are placed in  environment and are automatically
detected with a camera using appropriate for the marker detection algorithm. Marker systems
are useful for many modern visual applications such as augmented reality, robot navigation and
collaboration,  industrial  and  space  robotics,  and  human-robot  interaction.  A  variety  of
applications demands certain quality assurance for marker properties. Among the most common
criteria  are  resistance  to  partial  occlusion  and  rotation,  sensitivity  to  lightning  conditions,
marker size, false positive and false negative rates. This paper compares three types of markers
for their resistance to partial occlusion in various types of occlusion and resistance to normal,
lateral, and longitudinal rotations. Intensive experimental comparison of tags is presented with
analysis.  Detection of markers was performed with a common Web camera. Based on our
experimental results, we have selected a marker system, which should be preferred for real
world applications when only simple inexpensive hardware is  available and appearance of
rotation and occlusion disturbances are expected in the environment. Our long term goal is to
calibrate  humanoid robot  manipulators  in  real-world  environment  applying a  pre-calibrated
camera of the robot, while the presented in this paper results help selecting a most suitable
marker system for further calibration procedures.

Keywords

AprilTag, ARTag, CALTag, Experimental comparison, Fiducial marker, Occlusion

References

[1] Atcheson, B., Heide, F., and Heidrich, W. (2010). Caltag: High precision fiducial markers for camera calibration.
In VMV, volume 10, pages 41-48.

[2] Bergamasco, F., Albarelli, A., Rodola, E., and Torsello, A. (2011). Rune-tag: A high accuracy fiducial marker with
strong occlusion resilience. In IEEE Conf. on Computer Vision and Pattern Recognition, pages 113- 120.

[3] Buyval, A., Afanasyev, I., and Magid, E. (2017). Comparative analysis of ros-based monocular slam methods for
indoor navigation. In Proc. SPIE 10341, 9th Int. Conf. on Machine Vision, pages 1-6.

[4] Fiala, M. (2004). Artag revision 1, a fiducial marker system using digital techniques. National Research Council
Publication, 47419:1-47.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Kazan Federal University Digital Repository

https://core.ac.uk/display/197460467?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


[5] Fiala, M. (2005a). Artag, a fiducial marker system using digital techniques. In IEEE Conf. on Computer Vision
and Pattern Recognition, 2005, volume 2, pages 590- 596.

[6] Fiala, M. (2005b). Comparing artag and artoolkit plus fiducial marker systems. In IEEE Int. Workshop on Haptic
Audio Visual Environments and their Applications, pages 6.

[7] Garrido-Jurado,  S.,  Munoz-Salinas,  R.,  Madrid-Cuevas,  F.  J.,  and  Marin-Jimenez,  M.  J.  (2014).  Automatic
generation and detection of highly reliable fiducial markers under occlusion. Pattern Recognition, 47(6):2280-
2292.

[8] Higashino, S., Nishi, S., and Sakamoto, R. (2016). Arttag: Aesthetic fiducial markers based on circle pairs. In
ACM SIGGRAPH, page 38. ACM.

[9] Hirzer, M. (2008). Marker detection for augmented reality applications. In Seminar/Project Image Analysis Graz,
pages 1-2.

[10] Kato, H. and Billinghurst, M. (1999). Marker tracking and hmd calibration for a video-based augmented reality
conferencing system. In Proc. 2nd IEEE and ACM Int. Workshop on Augmented Reality, pages 85-94. IEEE.

[11] Khusainov, R., Shimchik, I., Afanasyev, I., and Magid, E. (2015). Toward a human-like locomotion: modelling
dynamically stable locomotion of an anthropomorphic robot in simulink environment. In 12th Int. Conf. on
Informatics in Control, Automation and Robotics, volume 2, pages 141-148.

[12] Klimchik, A., Magid, E., and Pashkevich, A. (2016). Design of experiments for elastostatic calibration of heavy
industrial robots with kinematic parallelogram and gravity compensator. IFAC-Papers Online, 49(12):967-972.

[13] Magid, E. and Tsubouchi, T. (2010). Static balance for rescue robot navigation: Discretizing rotational motion
within random step environment. In Int. Conf. on Simulation, Modeling, and Programming for Autonomous
Robots, pages 423-435. Springer.

[14] Olson, E. (2011). Apriltag: A robust and flexible visual fiducial system. In IEEE Int. Conf. on Robotics and
Automation, pages 3400-3407.

[15] Panov, A. I. and Yakovlev, K. (2017). Behavior and path planning for the coalition of cognitive robots in smart
relocation tasks. In Robot Intelligence Technology and Applications 4: Results from the 4th Int. Conf. on Robot
Intelligence Technology and Applications, pages 3-20. Springer International Publishing.

[16] Pipe,  A.,  Dailami,  F.,  and  Melhuish,  C.  (2014).  Crucial  challenges  and  groundbreaking  opportunities  for
advanced HRI. In IEEE/SICE Int. Symposium on System Integration, pages 12-15.

[17] Reuter,  A.,  Seidel,  H.-P.,  and Ihrke,  I.  (2012).  Blurtags:  spatially  varying psf  estimation with out-of-focus
patterns. In 20th Int. Conf. on Computer Graphics, Visualization and Computer Vision, pages 239-247.

[18] Rice, A. C., Beresford, A. R., and Harle, R. K. (2006). Cantag: An open source software toolkit for designing and
deploying marker-based vision systems. In 4th IEEE Int. Conf. on Pervasive Computing and Communications,
pages 10.

[19] Ronzhin, A., Vatamaniuk, I., and Pavluk, N. (2016). Automatic control of robotic swarm during convex shape
generation. In IEEE Int. Conf. on Electrical and Power Engineering, pages 675-680.

[20] Sattar, J., Bourque, E., Giguere, P., and Dudek, G. (2007). Fourier tags: Smoothly degradable fiducial markers
for use in human-robot interaction. In 4th Canadian Conf. on Computer and Robot Vision, pages 165-174.

[21] Sokolov, M., Lavrenov, R., Gabdullin, A., Afanasyev, I., and Magid, E. (2016). 3d modelling and simulation of a
crawler robot in ros/gazebo. In Proc. 4th Int. Conf. on Control, Mechatronics and Automation, pages 61- 65.
ACM.

[22] Trachtenbert, A. (1996). Computational methods in coding theory. Master's thesis, University of Illinois at
Urbana-Champaign.


