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Seeing through Obstacles from Arbitrary Viewpoints by Using Movable RGB-D Sensors

Tatsuya KITTAKA, Hiromitsu FUJII, Atsushi YAMASHITA and Hajime ASAMA

This paper presents a system which generates images of objects behind obstacles as if they are seen through the obstacles.
For remote operation of robots such as disaster response robots, operational efficiency depends heavily on quality of visual
information. Diminished reality, which has been proposed in the field of computer vision, is a technique which generates
images in which as if users saw objects through obstacles. The proposed method uses a robot with an arm and two RGB-D
sensors attached in front of and on the arm of the robot, acquires three-dimensional information of occluded areas and
integrates the images to present see-through image, letting the sensor move along with the arm. In this method, past
information of RGB-D images can easily be used to expand the field of view with low calculation cost, if the environment
is static. The experiments with a manipulator robot show the ability to see through obstacles from arbitrary viewpoints in

real time.
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Fig. 1 The concept of the proposed method
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(b) The output image gemerated from (a) where the virtual sensor is set at
the same position of the front sensor

(c) The output image gemerated from (a) where the virtual sensor is set at
an arbitrary position
Fig. 6 The images acquired by the experiments
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(b) After recording the arm seosor’s RGB-D image in (a) and moving the arm
by assigning the yellow point

(c) After recording the arm sensor’s RGB-D images in (b) and moving the arm
by assigning another point
Fig. 7 Output images with past RGB-D images superimposed

R LSRRz i, y MAMOAEA L 2EKT. ZhidiE
B I»SsRTEFEGRROAVTHD, KT 20mm T
Hotz. HMI121%, B2 SR xo @i, ye BHMOME XL
#HRT. ZTHSEIERY Y25 RTRTEHAOXLD y, il
HRIZEENRTED, WAT3Smm TH-o7=. y2 #lO 35mm
DAVHETHTEHHAO X VICERT 3 E00HE, BT

BENOIAER RGB-D Ty U ZBVZAERRKRD SDERYBIR AT L

Fig. 8 Superimposed image from a different angle
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(a) The marker and the coor-  (b) The marker in the experimental environ-

dinate for position error ment
evaluation
Viewpoint 2
Wall
- —
Y1
Front sensor
Viewpoint 1 I x
Yz
*2
Floor 30°
Marker

(c) The experimental setup and the viewpoint for position error evaluation
Fig. 9 The experimental environment of position error evaluation
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(a) The time series data of X, ¥, Z  (b) The time series data of e, 3, v
Fig. 10 The trajectory of the end effector
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Fig. 11 The position error from viewpoint 1
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Fig. 12 The position error from viewpoint 2

Table 1 Average and standard deviation of internal parameters

‘ Avg. pixel | S.D. pixel

Ix 526 9.4
Iy 527 7.8
Cx 307 3.1
Cy 228 7.1
Table 2 Average and standard deviation of translation vector
Avg. mm | S.D. mm

X component 134 7.1

y component -367 5.0

z component 74.9 2.6
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Fig. 13 Relationship between the number of RGB-D images used, frame rate and
the percentage of the available field of view
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