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Self-calibrating a camera in dynamic environments?

Self-calibration is the problem of estimating camera intrinsic parameters
from multiple uncalibrated images.

Self-calibration methods operate under the static-scene assumption:
» Moving objects are treated as outliers

» But each motion (fundamental matrix) constrains the
intrinsic parameters

Main contributions:

» A new self-calibration approach that capitalizes on rigid motions in a
dynamic scene to better constrain self-calibration

» Sparse motion segmentation is revisited for self-calibration to
compute initial bounds for the camera focal length

Motion segmentation with initial calibration

Motion segmentation revisited for self-calibration

» 6-point algorithm is used to estimate both fundamental matrices
and tentative focal lengths

> Upper and lower limits f,,, and fy,;q, on focal length are derived
using robust statistics

Multi-body Self-Calibration

Andrea Porfiri Dal Cin, Giacomo Boracchi, Luca Magri

Robust focal length initialization

Self-calibration is casted as a non-linear optimization problem
» A good initialization is required

Novel hypothesize-and-verify framework searches in the space
of focal lengths defined by f,,, and fyign

Kernel Density Estimator identifies the optimal initial focal length
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Probability density functions estimated from KDE by searching the focal length space.
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Box plot of relative error w.r.t. ground-truth focal length estimated with the probability density
functions. Vanilla, Vanilla w/ Kernel Voting and Ours.
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Multi-start non-linear optimization of parameters

Internal camera parameters are refined using a muiti-start non-linear

optimization scheme

» At each iteration, the initial point for the optimization is sampled from
the focal length distribution to minimize chances of local minima

Single-body on dynamic datasets Multi-body on dynamic datasets

Ours BnB [25] M&C [23] Ours BnB [25] M&C [23]
Dataset m |I| e ey em emy e emy | em  emy o emy e emMu
carsl 2 4 1741 128 1685 121 6781 7431|1245 121 1648 121 6901 7392
cars2 2 6 3348 303 3428 297 8147 7931|1518 314 1902 291 8813 7116
cars3 3 4 2176 621 2101 649 15687 7401 | 7.82 254 9.0 286 184.09 10242
carsd 2 11 4062 681 3829 702 6201 4899 | 1836 641 2048 7.14 7588 3826
cars$ 307 2349 421 2201 401 7601 5812 | 1178 401 1571 401 7245 6134
carsé 2 6 738 18 738 201 4191 3874 | 530 189 530 191 6730 5934
cars7 2 6 879 192 867 185 3854 4127 | 651 185 846 198 4587 3128
cars8 2 6 1928 287 2101 265 10248 8701 | 9.01 281 1249 298 9806 7961
cars9 312 1599 268 1487 241 2761 1947 | 812 242 934 267 3891 6581
cars10 36 3162 1284 3191 1262 9145 7834 | 1582 742 1653 801 8945 6201
truckl 2 6 1478 684 1398 728 6812 7213 | 487 187 692 232 7258 4561
truck2 2 4 1332 721 1338 658 6858 7120 | 424 231 7.A8 301 7469  89.30
Ml-Amibo 2 10 329 428 321 422 4329 5132 | 127 386 284 404 6288 5014
M2-Amibo 3 4 3928 3671 3985 3721 8941 9201 | 497 371 721 428 9312 9286
M3-Amibo 2 4 320 580 328 571 4128 3962 | 137 396 219 427 5376 46.12

Self-calibration results on real multi-body datasets. Metrics erry and err,,, represent relative
errors in percentage of the focal length and principal point estimation respectively.

Conclusions

» Self-calibration benefits from the additional constraints derived from
the multiple rigid motions in a dynamic scene

» Constraints from rigid motions can be detrimental to the accuracy
of self-calibration if noise and outliers are not accounted for

» The proposed self-calibration exploits the constraints from the
multiple motions and achieves state-of-the-art accuracy



