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Non-cooperative Circle Characteristic Pose Measurement
Using Multiple Cameras without Public Field of View
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(College of Mechanical Engineering, Chongging University, Chongging 400030, China)

Abstract: Based on vision-based pose measurement during the trans-shipment of large optical modules, a
non-public field of view(FOV) pose detection method for multi-cameras based on distance and angle
constraints is proposed in this study. The method is developed by using two circular edges of the same plane
at the bottom of the target of the installation module to eliminate the environmental constraints of
close-range docking of large objects. While docking, the sphere of the transfer vehicle was correctly docked
with the target cone hole. The two cameras were fixed in the hole of the sphere, and the circular features of
the edge of the cone hole were collected. The position relationship between two cameras was obtained by
multi-camera calibration in non-public FOV study on non-cooperative circle characteristic pose
measurement using multiple cameras without public FOV imaging and the position and altitude information
of multiple cameras were confluent. Finally, the false solutions in the pose calculation were eliminated using
the constraints of two coplanar circles and two cameras' position relations. The experimental results show
that the method can accurately calculate the pose. The calculation process is concise, and the results are
reliable and effective. The error of the attitude angle of the circular edge feature is less than 0.5 degrees, and
the calculation error of the center of the circle is less than 1.0 mm at a working distance of 1140 mm. The
proposed method has practical applications in measuring the position and altitude of large targets within
close range.

Key words: machine vision, pose measurement, multi-camera non-public FOV, coplanar circle feature,
distance constraint, close large target
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Fig.1 Schematic diagram of the transfer system
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Table 1 The table of camera parameter
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Table 2 The calculation result of attitude angle

Camera A (o, p)I° Camera B (a, B)/° Real pose/® Mean error
Posel (—21.053,—12.356) (18.417,—0.695) (—5.853,22.207) 0.404
(—5.764,22.539) (—6.548,21.706)
Pose2 (—7.946,25.197) (—19.854, 59.808) (15.416,18.935) 0.451

(15.897,18.425)
Pose3  (—37.934,—8.435)
(—11.806,35.988)

(15.691,18.873)
(—49.417,—19.266)
(—12.735,35.784)

(—12.392,35.576) 0.387

®3 CFEREIESR

Table 3 The calculation result of translation

OA(oxav Oyaw Oza)/mm

OB(OXbr Oyb: ozb)/mm

Lab/mm Real pose/mm Mean error

Posel (17.219, 1025.611, 153.418)

Pose2 (—49.719, 1219.502, 122.301) (—50.854, 80.365, 120.950)
(80.837, 150.729, 100.562)

Pose3 (83.098, 1291.687, 100.936)

(16.407, —115.195, 155.127) (0.812,1140.806, 1.709) (1.853,1140.021, 0.864)  0.890

(1.135,1139.137, 1.351) (1.853,1140.021, 0.864)  0.903
(2.261,1140.958, 0.374) (1.853,1140.021, 0.864)  0.612
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