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Indoor Single Camera SLAM using Fiducial Markers
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Abstract : In this paper, a SLAM (Simultaneous Localization and Mapping) method using a single camera and planar fiducial
markers is proposed. Fiducial markers are planar patterns that are mounted on the ceiling or wall. Each fiducial marker has a unique
bi-tonal identification pattern with square outlines. It can be printed on paper to reduce cost or it can be painted using retro-reflective
paint in order to make invisible and prevent undesirable visual effects. Existing localization methods using artificial landmarks have
the disadvantage that landmark locations must be known a priori. In contrast, the proposed method can build a map and estimate
robot location even if landmark locations are not known a priori. Hence, it reduces installation time and setup cost. The proposed
method works good even when only one fiducial marker is seen at a scene. We perform computer simulation to evaluate proposed

method.

Keywords : SLAM, fiducial marker, mobile robot, extended Kalman filter, localization, map building
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() Probabilistic map

(b) Location estimation framework.

a9 1. [2]2] MonoSLAM.
Fig. 1. Figures from MonoSLAM]2].
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Fig. 2. Stargazer of [9]. Location estimation is only available from a
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Fig. 4. (a) Fiducial markers that are printed easily by a laser print. (b)
Invisible markers using a retro-reflector{9] (c) Retro-
reflective fiducial markers with a IR light.
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Fig. 7. The error histogram of the sensor used in this paper.
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Fig. 10. Coordinates of a fiducial marker. Fiducial markers are exact

squares. The vertices of fiducial markers are located on x-y
plane.
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5. Landmark and Map Representation
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6. Motion Model

6.1 Mobile Robot Platform
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Fig. 11 The mobile robot used in this paper(Top: real picture,
Bottom: CAD model).
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6.3 Kinematics Model of a Mobile Robot
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Fig. 13. Concept diagram for applying EKF to the mobile robot.

7. Extended Kalman Filter (EKF) Solution of SLAM Problem
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8. Map Management
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IV. Simulations
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Table 1. Parameter that models mechanical constraint of mobile robot.

Parameter Value Units
A &5 1.1 m/s
Ao zgkzt 120 =
o) =3k =37 60 =
AE AZH 0.025 S
Wheel Base 1.5 m
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2. Simulation results

2.1 Dead Reckoning
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Fig. 15. Estimation results obtained from odometer information.
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2.2 One Fiducial Marker at a Scene
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Fig. 19. Estimation results with more than two fiducial markers in a
frame. As the experiments are repeated, the maximum error
decreases. Likewise as the number of observation increases,
the average of errors goes to 0.

2.3 Two or More Fiducial Marker at a Scene
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