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Synchronization of Video Sequences Through 3D Trajectory Reconstruction
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Abstract
dently moving in a dynamic 3D scene. Assuming the 3D spatial poses of the cameras are known for each frame, we first

We present an algorithm for synchronization of an arbitrary number of videos captured by cameras indepen-

reconstruct the 3D trajectory of a moving point using the trajectory basis-based method. The trajectory coefficients are
computed for each sequence separately. Point correspondences across sequences are not required, or even it is possible to
track different points in different sequences, only if every 3D point tracked in the second sequence is a linear combination
of subsets of the 3D points tracked in the first sequence. Then we propose use a robust rank constraint of the coefficient
matrices to measure the spatio-temporal alignment quality for every feasible pair of video fragments. Finally, the optimal
temporal mapping is found using a graph-based approach. Our algorithm can use both short and long feature trajectories,
and it is robust to mild outliers. We verify the robustness and performance of the proposed approach on synthetic data
as well as on challenging real video sequences.

Key words Video synchronization, independently-moving cameras, non-rigid structure from motion, trajectory basis,

rank constraint
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Fig.8 The 3D reconstruction results (From left to right: block building, exercise mat,
basketball (#1), basketball (#2) and toy train.)
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Table 1  Quantitative comparisons of alignment error on real scenes (frame)

BUK #1 BUK #2 LB #1 ST EE 2 Rk #1 Wk #2 B

BPM (Fahbric sifik) 39.61 9.16 12.05 15.63 16.81 12.42 56.80
ECM (Fahtpic kL) 25.15 32.37 57.48 62.60 50.44 29.83 24.86
MFM ([E 3l R ER L) 11.81 21.70 22.17 9.44 17.68 22.78 70.04
SMM (SIFT) 155.75 196.56 132.08 202.50 9.71 31.74 130.83

PDM (Falifric A HLE) 0.85 2.53 2.96 4.60 4.29 1.49 1.28
A (TR s L) 0.45 1.27 2.52 2.76 3.07 1.12 1.33
AR (B 3R S 06E) 0.52 1.74 1.35 1.48 2.84 1.54 3.18
A (FERC A E B IR ER) 0.56 1.40 2.07 1.99 3.75 0.92 2.01

1K H: S5 e8| i ML A SCHYE . PDM,
BPM. ECM. MFM F1 SMM $FI 155 AT 5 Byt Rt () 58 =580 it it (7))
Fig.9 Synchronization results on the blocks scene (From left to right: sample frames from the reference sequence,
corresponding frames from the second sequence (top) and the third sequence (bottom) by our method,

B9 BURI SR A SRR ISR ELE R . (S

PDM, BPM, ECM, MFM and SMM, respectively.)
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Fig.10 Synchronization results on the exercise mat scene idem as Fig.9

P

BLL GERR A1 S50 A AR IO HEZS R0 HE (BRI 22575 i BRI A SRk
PDM. BPM, ECM., MFM Fl SMM | (#5547 51 w1 1y e I )
Fig.11 Synchronization results on the basketball scene (#1) (From left to right: sample frames from

the reference sequence, corresponding frames from the second sequence by our method,
PDM, BPM, ECM, MFM and SMM, respectively.)
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Fig.12 Synchronization results on the basketball scene (#2) idem as Fig. 11
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Fig.13 Synchronization results on the toy train scene idem as Fig. 11
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Fig. 15 Comparisons of alignment accuracy with different frame rate ratios and cost matrices computed when

the frame rate of the observed sequence is 46, 40 and 24, respectively
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