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Scale-Reconstructable Structure from Motion Using a Refractive Plate and a Single Camera

Akira SHIBATA, Hiromitsu FUJII, Atsushi YAMASHITA and Hajime ASAMA

Structure from Motion is a popular 3D measurement method. This technique uses images captured by a single camera
with motion. Structure from Motion can calculate the 3D position of objects and the camera motion simultaneously.

Because of its simplicity, Structure from Motion has been implemented in various ways. However, there is an essential

problem that the scale of the objects cannot be calculated by Structure from Motion. In this paper, we propose a method

which solves this problem using refraction. Refraction induced by introducing a different medium results in a change in
the path of a light ray. This method is implemented using only a refractive plate and a single camera. The refractive plate
is placed in front of the camera. We can obtain the refractive images using this system. The results of simulations show

the effectiveness of the proposed method. It is also shown that the precision of reconstruction in the proposed method is

improved when the thicker refractive plate is used.
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Fig. 1 The images captured by camera A and camera B will be equal. Therefore

we cannot which camera position is correct from those images

refractive plate
object >

camera

refractive plate

camera
Fig. 2 Our approach to calculate the scale of the object in Structure from Mo-

tion is using a refraction. A refractive plate is placed in front of a camera
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fracted twice in this system
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and the vector between D point and D’ point are on the same plane
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Table 1 Simulation conditions
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Fig. 5 The 100 points were placed randomly in simulation (red circle). Two

camera positions were set as points can be taken by both cameras
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Fig. 6 The estimated positions using proposed method were shown (blue cir-
cle). The positions of points were calculated with absolute scale
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Fig. 7 The results of proposed method when quantization error exists on the simulation
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Fig. 8 The result of reconstruction with Gaussian noise. Sigma was changed
from 1.0 x 107 to 1.0, and Error was the average of Euclidean distance

between true positions and estimated positions
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Fig. 10 The results of reconstruction of o = 1.0 x 1072
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Fig. 12 The results of reconstruction of w=100 mm (o = 1.0 x 107")
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Fig. 13 The results of reconstruction of w=300 mm (o = 1.0 x 107")
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Fig. 14 The results of reconstruction of w=500 mm (o = 1.0 x 107")
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Fig. 16 The results of proposed method when the resolution of a camera is changed on the simulation (o = 1.0 x 107")
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