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Multi-camera visual pose measurement method for large hole-axis assembly

Zhao Peng,Huang Xiang, Ding Liping

( College of Mechanical and Electronic Engineering , Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract : Large-scale hole-axis assembly structures are critical components in helicopter lift systems, and their assembly quality directly
affects overall performance and service safety. During visual pose measurement, monocular vision suffers from a limited field of view,
complicating acquisition of complete end-face images while maintaining high measurement accuracy, and extending the working distance
further degrades local precision. A multi-camera vision-based pose measurement method is proposed. First, a target coplanarity
constraint establishes a unified mapping model from multiple camera image planes to the primary camera image plane, achieving
geometrically consistent multi-source image representation via plane-induced homography. Second, a discrete arc-segment ellipse fitting
method using keypoint search detects arc keypoint pairs through pixel-level jump detection and smooths them with centroid coordinates,
incorporating the hyper least squares method to improve the accuracy and robustness of ellipse parameter estimation under incomplete
edge conditions. Finally, geometric prior constraints of hole-axis assembly eliminate ambiguity in spatial circle pose estimation, while a
weighted optimization method based on forward projection geometric distance iteratively refines the pose parameters. Experiments on a
four-camera industrial vision system demonstrate a circle center accuracy of 0. 037 mm and a normal vector accuracy of 0. 053°, meeting
engineering requirements for high-precision assembly of large-scale hole-axis structures. The proposed method provides an effective
solution for vision measurement of large-scale components, balancing global coverage with local precision.
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Fig. 1 Hole-axis pose vision measurement system
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Table 1 Circle center coordinate measurement data (mm)
21 31 BGRR[0 A A5k B A R PR B 25 Ad

1 (671.706 6, 1 341.218 0, —47.887 6) (671.706 6, 1341.220 6, —47.846 0) 0.041 7

2 (672.520 8, 1342.373 9, —45.827 6) (672.507 2, 1 342.350 0, —45.8129) 0.031 2

3 (671.594 3, 1 340.580 4, -61.7542) (671.559 5, 1 340.558 5, -61.762 1) 0.041 9

4 (668.575 2, 1340.601 3, —59.457 5) (668.594 9, 1 340.569 8, —59.428 2) 0.047 4

5 (668.960 4, 1341.977 1, -51.3256) (668.983 0, 1341.954 2, -51.351 8) 0.0415

6 (670.818 7, 1341.343 9, —50.556 2) (670.804 4, 1341.314 6, —50.559 8) 0.0327

7 (671.707 0, 1 342.615 8, -57.5499) (671.682 5, 1342.632 2, -57.556 6) 0.030 2

8 (670.518 3, 1 343.058 4, —57.843 3) (670.506 4, 1343.032 6, —57.829 8) 0.031 4

9 (671.203 6, 1340.737 1, -52.571 6) (671.185 6, 1340.718 1, —52.580 6) 0.027 7

10 (670.599 2, 1341.902 0, —53.846 0) (670.572 1, 1341.886 4, —53.812 1) 0.046 1

x2 FEEENELHHE
Table 2 Normal vector measurement data

ZH 51 POEBRERAN I M)/ mm ARSI VR W/ mm JefalmzE A0/ (°)

1 (0.354 72, —0.706 94, 0.611 89) (0.355 51, -0.706 73, 0.611 68) 0.048 77

2 (0.366 87, —0.705 19, 0. 606 72) (0.366 84, —0.704 82, 0.607 17) 0.033 78

3 (0.354 77, -0.706 99, 0.611 81) (0.355 81, —-0.706 36, 0.611 93) 0.069 71

4 (0.366 23, —0.705 80, 0. 606 40) (0.365 36, —0.705 63, 0.607 13) 0.065 23

5 (0.36599, -0.696 75, 0. 616 93) (0.366 33, -0.697 28, 0.616 12) 0.058 75

6 (0.363 97, —0.698 44, 0.616 20) (0.364 28, —0.698 98, 0.615 41) 0. 057 54

7 (0.366 86, —0.706 81, 0. 604 84) (0.366 97, —0.705 98, 0. 605 74) 0. 070 68

8 (0.364 62, —0.700 23, 0.613 78) (0.364 76, —0.700 54, 0.613 35) 0.031 48

9 (0.361 94, -0.701 91, 0.613 45) (0.362 51, -0.701 66, 0.613 40) 0.036 15

10 (0.364 66, —0.700 14, 0. 613 87) (0.364 92, -0.700 78, 0.612 98) 0. 064 46
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Fig. 7 Distribution of repeated measurement errors of
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Table 3 Comparison of center distance and normal vector
angle errors of different methods

. &0 FE 25/ mm IS () FHy%E
i Wi k2 W ARfE M/ms
1 0. 054 0.015 0.077 0.019 156
2 0.182 0. 065 0.357 0. 142 52
3 0.039 0. 008 0. 053 0. 007 142
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Fig. 8 Influence of elliptical arc segment integrity

on measurement accuracy
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Fig.9 Influence of calibration error on measurement
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(b) Simulated edge model with grayscale transition
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Fig. 10 Simulation of Elliptic Contour Generation
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Comparison of ellipse fitting results
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Fig. 12 Comparison of effects before and after optimization
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