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Real-Time Cylinder Pose Estimation from a Single Image via

Bilateral Contour-Based Spatial Geometric Relationships

JIA Xinyu, XIA Xiaohua, MIAO Longlong

(Key Laboratory of Road Construction Technology and Equipment of MOE, Chang”’an University,Xi’an 710064, China)

Abstract. Existing cylindrical pose estimation methods predominantly utilize 2D images to iteratively
optimize the pose of a cylinder in 3D space, which fails to fully exploit the linear geometric
relationships among the 2D image plane, projection center, and cylindrical pose in 3D space,
resulting in time-consuming computations. To address this, this paper proposes a real-time cylindrical
pose estimation method using a single image based on the spatial geometric relationships of the two
lateral edge lines. The proposed method first corrected lens distortion for the cylindrical image
and extracted the equations of the two lateral edge lines using the least squares method.
Subsequently, the analytical expressions of these edge lines in the camera coordinate system were
derived through coordinate transformation. Then, based on the camera imaging principle, the
geometric representation of the cylindrical tangent planes was constructed using the optical center
coordinates. Finally, the spatial pose parameters of the cylindrical axis were calculated through

the proposed tangent plane intersection-based pose estimation algorithm. Experimental results
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demonstrated that the proposed method achieved a distance error of less than 0. 41 mm, an

angular error of less than 0. 39°, and a single computation time of less than 2 ms. Compared with

the fastest existing cylindrical pose estimation method, the proposed approach has reduced

computation time by 96% without sacrificing estimation accuracys significantly improving

computational efficiency and enabling real-time cylindrical pose estimation.

Keywords: pose estimation; cylinder; spatial geometric relationships; cylindrical edge; single

image; real time
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Fig. 1 Projection and perspective transformation model

of the cylinder
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Fig. 2 Tangential plane and its translated plane
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Fig. 3 Principle of simulated image generation
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Table 1 Angular and distance errors for cylinders with

different radius

F42/mm R/ () BB iR 22 /mm
12.5 0.006 5~0.049 7 0.036~0.146
22.5 0.005 2~0.045 7 0.033~0.134
30.0 0.003 3~0. 046 3 0.031~0.126
37.5 0.004 1~0.044 9 0.021~0.109
55.0 0.004 9~0.043 9 0.018~0.115
70.0 0.003 2~0.035 8 0.025~0.103
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