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Coded marker-based high-accuracy motion estimation

CHI Shu-kai, YE Xuan, GAO Xiang , XIE Ze-xiao, TAO Dong-dong

(College of Engineering, Ocean University of China, Qingdao 266100, China)

* Corresponding author, E-mail: xgao@ouc. edu. cn

Abstract: In order to achieve accurate foreground motion estimation, a coded marker-based high-accuracy
motion estimation method is proposed in this paper. First, several circular coded markers are pasted on the
foreground and background of the measurement environment. Then, several images are captured after
each foreground motion. Finally, based on the captured images, all the camera poses and the spatial coor-
dinates of the fixed markers on the background and the moving markers on the foreground are estimated si-
multaneously to obtain the 6 Degrees of Freedom (DoF) parameters (rotation and translation) of fore-
ground motion. To this end, a high-accuracy motion estimation pipeline is proposed in this paper, which
includes RANdom SAmple Consensus (RANSAC )-based coded marker detection and recognition, graph
clustering-based coded marker and camera partitioning, incremental Structure from Motion (SfM) -based
background marker and camera initialization, graph optimization-based foreground marker and foreground
motion initialization, and generalized Bundle Adjustment (BA) -based global optimization. The experi-
mental results show that the accuracy of the proposed foreground motion estimation method is approxi-
mately 0. 3 mm, which is satisfactory for high-accuracy foreground motion estimation.
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Tab.2 Comparative experiment results on optimized intrinsic parameters (mm)

Foreground motion

standard devia-

o Ist 2nd 3rd 4th average .
estimation error tion
Sos Sy Ry oy g 0. 356 0.330 0.461 0. 304 0.363 0. 069
JosSys iy kegs gy wg, 0 0.477 0.501 0.450 0.381 0.452 0.052
JosSys Ris feas ey Py pas uo, g 0. 349 0.336 0.427 0.295 0.352 0.055
Fostos ki ko by po o (ours) 0.287 0.286 0.335 0.231 0.285 0.043
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posed method) 5 (1) J& 4 Jay L Ak B AT 5 iz Bl Al 1
75 % (W /O Global Optimization) , (2) 2 Y §if 5+
iz #1431 77 3 (Naive Method) , (3) VL & 3 T 1
AN B U URRAE 1Y 1 598 3 Ak T 5 5 (Texture-
Based Method) # 17 X} Lt o X F J6 4 sy f fk O
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Fig.5 Dense reconstruction result on the test scene by
COLMAP
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Tab.3 Comparative experiment results on foreground motion estimation accuracy (mm)

Foreground motion

standard de-

T 1st 2nd 3rd 4th average o
estimation error viation
w/o global optimization 0.696 0.702 0.892 0.728 0.755 0.093
Naive method 0. 344 0.419 0.336 0.290 0.347 0.053
Texture-based method 0. 844 0. 850 1.103 0.875 0.918 0.124
Proposed method 0.287 0. 286 0.335 0.231 0. 285 0.043
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