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Transparent Manipulators Accomplished with RGB-D
Sensor, AR Marker, and Color Correction Algorithm
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Abstract: The purpose of our sensor system is to transparentize the large hydraulic manipulators of a
six-ton dual arm excavator from the operator camera view. Almost 40% of the camera view is blocked
by the manipulators. In other words, the operator loses 40% of visual information which might be
useful for many manipulator control scenarios such as clearing debris on a disaster site. The proposed
method is based on a 3D reconstruction technology. By overlaying the camera image from front top of
the cabin with the point cloud data from RGB-D (red, green, blue and depth) cameras placed at the
outer side of each manipulator, the manipulator-free camera image can be obtained. Two additional
algorithms are proposed to further enhance the productivity of dual arm excavators. First, a color
correction algorithm is proposed to cope with the different color distribution of the RGB and RGB-D
sensors used on the system. Also, the edge overlay algorithm is proposed. Although the manipulators
often limit the operator’s view, the visual feedback of the manipulator’s configurations or states may
be useful to the operator. Thus, the overlay algorithm is proposed to show the edge of the manipulators
on the camera image. The experimental results show that the proposed transparentization algorithm
helps the operator get information about the environment and objects around the excavator.
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[Fig. 1] Our target application system is a 6 ton, dual-armed, and
hydraulic robot system for reacting disaster sites

[Fig. 2] The dual hydraulic manipulators cover almost 40% of
the front view of the operator, and only 60% information from
the front view is provided to the operator
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[Fig. 3] Shock test on 50G peak and 11 msec half-sine wave
acceleration. (a) Vertical shock. (b) Transverse shock. (c)
Longitudinal shock
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[Fig. 4] (a) The RGB camera on front top of the cabin. (b) The
AR marker to estimate the pose of the RGB-D sensor. (c) The
RGB-D sensor to get 3D point cloud from occluded area by the
manipulator

[Fig. 5] (a) Sensing area of the RGB camera. (b) Blocked area
by the manipulator. (c) Supplemented area using point clouds
from the RGB-D sensor
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[Fig. 6] The point cloud data from the RGB-D sensor overlay on the area of the RGB image covered by the manipulator. For more
convenience of the operator, color correction and edge overlay are added
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[Fig. 7] A person walked from right to left in front of the manipulator. (a) In the images of the RGB camera, the person was only
percieved only on right side of the manipulator. (b) On left side of the manipulator, the RGB-D sensor took over perceiving the person.
(c) With the our sensor system, the person was perceived for the entire video stream, and the manipulator could not disturb the

perception anymore

(d)

[Fig. 8] (a) The RGB camera image with the AR marker. Color of th white screen for a beam projector is close to blue. (b) A point cloud
from the RGB-D sensor on the AR marker. (c) The color-corrected point cloud according to the RGB camera. (d) The Canny edge image
from the RGB camera. (¢) The output image without the color correction. The white on the screen and the AR marker is different. (f)

The output image with the color correction
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