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Determining Extrinsic Camera Parameters of an Omni-Directional

Multi-Camera System from Multiple Video Streams
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| (A) Marker specification at key frames |

— (B) Initial estimation of camera parameters ——
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I (a) Feature tracking in each camera I
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| (b) Extrinsic camera parameter estimation |
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l (c) Feature tracking between different cameras J
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r(e) Computing confidence of features |
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| (C) Global optimization in video sequencesJ
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Fig.1 Flow diagram of extrinsic camera parameter
estimation by tracking features.
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3D position S, of natural feature p °
estimated at the (f- 1)-th frame )
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Camera unit /

Adjacent camera units at the f-th frame
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Fig.3 Feature tracking between images of adjacent
camera units.
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(a) Appearance
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Fig.4 Omni-directional multi-camera system “Lady-
bug”.

(b) Viewing volume
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Fig.5 Errors in camera block position and angle

(simulation).
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Fig.6 Sampled frames of input image sequences ob-
tained by six cameras (indoor scene).
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Fig.7 Result of extrinsic camera parameter estima-
tion (indoor scene).
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Fig.8 Sampled frames of input image sequences ob-
tained by six cameras (outdoor scene).

(a) Top view (b) Side view
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Fig.9 Result of extrinsic camera parameter estima-
tion (outdoor scene).
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Table 1 Conditions of feature landmarks for gener-

ating ground truth of extrinsic camera pa-
rameters.

indoor | outdoor

average number

of feature landmarks 53 51

average distribution range of

022 | 10061
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Fig. 10 Errors in estimated camera path and posture
(indoor scene).
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Fig.11 Errors in estimated camera path and posture
(outdoor scene).
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Table 2 Estimation errors in position and angle.

(a) Position errors (average/standard deviation) [mm)]

indoor | outdoor
before global optimization 44/23.6 | 230/173.9
after global optimization (pat. 1) | 43/22.2 | 90/34.1
after global optimization (pat. 2) | 41/23.5 | 66/26.9
after global optimization (pat. 3) | 33/24.9 | 47/22.6

(b) Angle errors (average/standard deviation) [degree]

outdoor ‘
0.92/0.44
0.09/0.04
0.08/0.04
0.07/0.04

indoor
0.37/0.25
0.12/0.06
0.09/0.06
0.09/0.05

before global optimization
after global optimization (pat. 1)
after global optimization (pat. 2)
after global optimization (pat. 3)
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