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Abstract: Aiming at the problem of high-precision and fast bundle adjustment of multi-camera systems, a multi-
camera fast bundle adjustment algorithm based on normalized matrix dimensionality reduction was proposed.
Considering the fixed pose parameter relationship between the master and slave cameras in a multi-camera
system, the system pose transformation matrix with the dimension of 3N (number of cameras)x4 was used.
According to this matrix, each slave camera parameters could be quickly obtained from the master camera
parameters, and the transformation relationship was taken into the bundle adjustment algorithm to get the posture
of all slave cameras. For external parameters optimization of all cameras, only the external parameter of main
camera need to be updated. So all cameras were bundled as a whole, which made the dimension of the Jacobian
matrix and the normalized matrix relatively reduce. The calculation of multiple camera feature images could be
implemented in one iteration, so the accuracy and speed of the algorithm have been greatly improved. According
to simulation and practical measurement experiments, the optimization accuracy of the proposed algorithm is

15.5% higher than traditional bundle adjustment, and the operation efficiency is improved by 7.8%. These precise
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results can meet the practical engineering application requirements.

Key words: stereo vision;  multi-camera system,;
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Tab.2 Comparison of world coordinate values of partially reconstructed 3D points

Ideal value/mm

Traditional bundle adjustment/mm

Novel bundle adjustment/mm

Code
X Y V4 X Y Error X Y V4 Error
12 25 0 0 252106 —0.2415 —0.1984 0.3769 25.1914 —0.1423 —0.0512 0.2439
13 25 25 0 25.2464 24.8546 —0.1426 03197 25.1559 24.9824 —0.0618 0.1686
14 25 50 0 252186 49.9145 0.0146 0.2352 25.1049 49.9532 0.0778 0.1387
15 25 75 0 25.1954 74.8462 0.2492 0.3520 25.1440 74.906 8 0.1136 0.2057
16 25 100 0 25.1002 99.8164 0.2012 0.2902 25.0229 99.9103 0.0993 0.1358
17 25 125 0 251026  124.8125 0.2179 0.3052 25.0710 1249809 0.1434 0.1612
18 25 150 0 252312 149.8978 0.1002 0.2719 25.1007  149.9481 0.0406 0.1203
19 25 175 0 25.1089  174.8713 —0.1243 0.2095 25.0817 174.9308 —0.0409 0.1146
20 25 200 0 25.1916  199.8846 0.1582 0.2740 25.0656  199.8917 0.1471 0.1941
21 25 225 0 25.0598 2247996 0.1893 0.2821 25.0159 224.8457 0.1125 0.1916
22 25 250 0 25.1649  249.8162 —0.0146 0.2474 25.0433  249.9197 —0.0051 0.0914
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