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Occulusion-free Video Superimposing System from Arbitrary Viewpoint
Using a High-speed Blinking LED Markers and Multiple RGB-D Sensors

Mikihiro IKURA, Leo MIYASHITA, Atsushi YAMASHITA, Masatoshi ISHIKAWA and Hajime ASAMA

The demand that a teleoperated robot performs tasks in hazardous area instead of humans has been grown recently. Con-

ventional teleoperated robots are designed for operators to recognize the surrounding environment by presenting images

from multiple cameras. However, a high level of skill is required to accurately grasp the situation by referring to multiple

images simultaneously. To show understandable images to the operator, this paper proposes occulusion-free video super-
imposing system using a high-speed blinking LED markers and multiple RGB-D sensors. For superimposition of multiple
RGB-D data with a small misalignment even from high-speed teleoperated robots, the proposed video superimposing sys-

tem updates the relative pose at high speed by using blinking LED markers. Through the experiment, the blinking LED

markers obtained the position with an accuracy of about 1 cm and the attitude with an accuracy of about 1°, and the update

latency of the pose from the LED markers was 2.06 ms. Moreover, we also superimposed images with an update frequency

of 60 Hz and an accuracy of about 1 cm. The high-speed feedback from LED markers realizes video superimposition with

a small misalignment against high-speed pose fluctuation between RGB-D sensors.
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Fig. 1 Mission Overview with Occulusion-free Video Superimposing System
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Fig. 3 Calibration Procedure for Extrinsic Parameters of Attached Sensors and
LED Markers
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Fig. 4 Flowchart of Pose Calculation from LED Markers
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Fig. 6 Detection of All LED Markers in Fast Loop
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Fig. 7 Geometric Relationship between LED Markers and Omnidirectional
Camera for Pose Calculation
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Fig. 11 Position and Attitude Error between Checkerboard and LED Markers
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Fig. 13 Detection Result of LED Markers in Fast Loop

Table 1 Averages and Standard Deviations of Pose Estimation Error during Suc-

cessful Detection of LED Markers
Position mm

Attitude deg

X Y 7z X Y Z

(1)30 1z average 711 193 088 156 044 102
- standard deviation 13.72 2.30 176 077 045 0.53

. average 023 -050 107 053 012 055
(1) S00 Rz — g T deviation 079 1.95 128 073 035 049

Table 2 Average Processing Time in CalcPose Thread
Slow  5.17 ms
CalcPose  Fast  2.05 ms
Total  2.06 ms
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MTET.

72, #BEP RAF7 4D CalcPose AL v RIZHBIT 2 UHEEER D
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Fig. 14 Time Transition of Video Superimposition

Superimposed image

Fig. 15 Superimposition Error on Checkerboard
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