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Monocular position and pose measurement
method based on surface topography of object
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Abstract: In order to obtain the change of posture of moving objects in wind tunnel experiment, a method of sin-
gle-camera visual pose measurement based on three-dimensional topography model of object surface is proposed.
The method uses the multi-perspective imaging principle to solve the target pose, obtains the feature corner point
on the target as the characteristic point needed for the solution, and proposes to use target's 3D surface topog-
raphy information to obtain the geometric relationships between feature points. In this paper, the accuracy of the
measurement method is verified under the laboratory conditions. The average accuracy of displacement is 0.23 mm
and the mean square error is 0.234 mm. The accuracy of the pitch angle, yaw angle and roll angle are 0.08°, 0.1°and
0.09°, respectively, and the mean square error are 0.485°, 0.312° and 0.442° . The experimental results show that
the method can be used for practical measurement.

Keywords: machine vision; pose measurement; monocular vision; feature match; surface topography; 3D recon-
struction.

Citation: Guan Y, Wang X J, Yin L, et al. Monocular position and pose measurement method based on surface to-
pography of object[J]. Opto-Electronic Engineering, 2018, 45 (1): 170522

WS EES: 2017-09-27; WEMEEFSEER: 2017-11-17
HEETE: (51575388)
EEET: (1996-) E-mail 1904774496@qg.com

170522-1



LR TR

DOI: 10.12086/0ee.2018.170522

1 51 8

w
o

o ’ b

2
o
’ N o
o , el CAD
2° , CAD
o

o ORB(oriented

FAST and rotation BRIEF)™"

) I (robust solution to
the perspective-n-point problem, RPnP)

o

2 NETHRERE

1 ,
R,, t, .
OXYZ 0.X.Y.Z.
R’ Rr t’ tr ’
O0,=RO+t
0.=RO, +1t,
t R'(t-t)]|, (1)
0,=[x, v, z] ,0=[x v 7]

;01:[X1 Y Zl]T

()C (Rrr tr)
b v
A1 E3h ek SAabueg ik &

Fig. 1 The relationship between the target and the camera
before and after movement
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Fig. 2 SFM reconstruction process
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Fig. 3 The target's point cloud using 3D reconstruction
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Table 1 Reconstruction error of feature points
x/mm y/mm z/mm d/mm
mean -0.001 0.002 0.001 0.154
RMSE 0.081 0.110 0.101 0.169
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Fig. 5 Comparison of matching results. (a) GMS matching
results; (b) RANSAC matching results
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The experiment on turntable

Overview: In order to obtain the change of posture of moving objects in wind tunnel experiment, this paper presents
a single camera pose and position measurement method which integrates the three-dimensional topography of object
surface. The traditional monocular visual pose measurement method has to install optical mark points on the object. The
3D coordinate of the mark point has been determined at the time of installation. Then get the image coordinate of the
optical mark point from pictures to calculate the pose change of the object. The disadvantages of the traditional calcu-
lation method are the complicated steps, the number of mark points is too few and they can easily be blocked, and they
will distort the surface structure of the object. The surface of the measured object cannot install optical mark point, so
the method needs to use the object’s own image properties to set feature points.

The measurement method proposed takes multi-point perspective imaging theory as the basis for solving the pose
change of objects, takes the image feature corner of the object as the feature point, and then obtains the three-dimension-
al coordinates of the feature points by using the three-dimensional topography model of the object surface. The three-di-
mensional topography model of an object is obtained using the SFM multi-view 3D reconstruction method. Finally, the
RPnP algorithm is used to calculate the image coordinates and the three-dimensional coordinates of the feature points to
obtain the pose change of the object.

The basic principle of pose solution is introduced. The process of SFM reconstruction, feature point matching and
filtering process based on grid motion estimation are introduced briefly. The method of using 3D surface topography
model to calculate the image feature corner’s 3D coordinates is described in detail. And analyze the characteristics of
three-dimensional coordinates of the extraction accuracy.

The experiment is carried out under laboratory conditions to verify the accuracy of the measurement method. At
the observation distance of 400 mm, the error of the average displacement measurement is 0.03 mm and the root mean
square error is 0.234 mm. The average error of pitch angle, yaw angle and roll angle are 0.08°, 0.1° and 0.09°, RMSE are
0.485°, 0.312° and 0.442°. Experimental results show that the method can be used for practical measurement accuracy.
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