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Equal-scale structure from motion method based
on deep learning

Chen Peng’, Ren Jinjin, Wang Haixia, Tang Yuesheng, Liang Ronghua
College of Information Engineering, Zhejiang University of Technology, Hangzhou, Zhejiang 310023, China

Abstract: Two problems exist in traditional multi-view geometry method to obtain the three-dimensional structure of
the scene. First, the mismatching of the feature points caused by the blurred image and low texture, which reduces
the accuracy of reconstruction; second, as the information obtained by monocular camera is lack of scale, the re-
construction results can only determine the unknown scale factor, and cannot get accurate scene structure. This
paper proposes a method of equal-scale motion restoration structure based on deep learning. First, the convolutional
neural network is used to obtain the depth information of the image; then, to restore the scale information of the
monocular camera, an inertial measurement unit (IMU) is introduced, and the acceleration and angular velocity ac-
quired by the IMU and the camera position acquired by the ORB-SLAM2 are demonstrated. The pose is coordinated
in both time domain and frequency domain, and the scale information from the monocular camera is acquired in the
frequency domain; finally, the depth information of the image and the camera pose with the scale factor are merged
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to reconstruct the three-dimensional structure of the scene. Experiments show that the monocular image depth map
obtained by the Depth CNN network solves the problem that the output image of the multi-level convolution pooling
operation has low resolution and lacks important feature information, and the absolute value error reaches 0.192,
and the accuracy rate is up to 0.959. The multi-sensor fusion method can achieve a scale error of 0.24 m in the
frequency domain, which is more accurate than that of the VIORB method in the frequency domain. The error be-
tween the reconstructed 3D model and the real size is about 0.2 m, which verifies the effectiveness of the proposed
method.
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Table 1 Errors of depth prediction
Method Dataset  Abs_rel  Sq_rel RMS  Log RMS a;<1.25  a,<1.25? a;<1.25°
Depth CNN Kitti 0.208 1.768  6.856 0.283 0.678 0.885 0.975
Godard 2" Kitti 0.148 1.344 5.927 0.247 0.803 0.922 0.964
Depth CNN Ours 0.192 1576  6.857 0.2737 0.737 0.903 0.959
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Table 2 Errors of trajectory

RMSE Maximum Minimum Median Mean
ORB-SLAM2!'2 1.2070 1.8631 0.5493 1.1391 1.6763
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Table 3 Comparison of real size reconstruction

Height/m Width/m
Reconstruction size 2.16 4.38
Real size 1.9 4.5
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Equal-scale structure from motion
method based on deep learning
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College of Information Engineering, Zhejiang University of Technology, Hangzhou, Zhejiang 310023, China
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Overview: With the continuous development of technologies such as computer vision, virtual reality, and multimedia
communication, it is necessary to realize the targets of real-time obstacle avoidance, robot autonomous navigation, and
unmanned driving, so that the equipment can more accurately recognize and understand the surrounding environment.
Obtaining a real-sized 3D model is a tendency in the future. The traditional three-dimensional structure restoration
methods rely too much on geometric calculations in obtaining image information and camera attitude information
from two-dimensional images, which is difficult to play a good role in the absence of little texture, complicated geome-
tric conditions, and monotonous structure. With the development of computer vision, the use of deep learning network
to learn pictures and extract hierarchical features has been successfully applied to depth estimation, camera pose estima-
tion, and three-dimensional structure recovery. Meanwhile, acquiring 3D models of real scale of objects is a problem
that has always been explored in the field of computer vision.

Two problems exist in the traditional multi-view geometry method to obtain the three-dimensional structure of the
scene. First, the mismatching of the feature points caused by the blurred image and low texture, which reduces the ac-
curacy of reconstruction; second, as the information obtained by monocular camera is lack of scale, the reconstruction
results can only determine the unknown scale factor, and cannot get accurate scene structure. This paper proposes a
method of equal-scale motion restoration structure based on deep learning. First, the convolutional neural network is
used to obtain the depth information of the image; then, to restore the scale information of the monocular camera, an
inertial measurement unit (IMU) is introduced, and the acceleration and angular velocity acquired by the IMU and the
camera position acquired by the ORB-SLAM2 are demonstrated. The pose is coordinated in the both time domain and
frequency domain, and the scale information from the monocular camera is acquired in the frequency domain; finally,
the depth information of the image and the camera pose with the scale factor are merged to reconstruct the
three-dimensional structure of the scene. Experiments show that the monocular image depth map obtained by the
Depth CNN network solves the problem that the output image of the multi-level convolution pooling operation has low
resolution and lacks important feature information, and the absolute value error reaches 0.192, and the accuracy rate is
up to 0.959. The multi-sensor fusion method can achieve a scale error of 0.24 m in the frequency domain, which is more
accurate than that of the VIORB method in the frequency domain. The error between the reconstructed 3D model and
the real size is about 0.2 m, which verifies the effectiveness of the proposed method.

Citation: Chen P, Ren J ], Wang H X, et al. Equal-scale structure from motion method based on deep learning[J]. Op-
to-Electronic Engineering, 2019, 46(12): 190006
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