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A Fast Nonlinear Optimization Algorithm for
3D Shape and Motion Recovery

TSUYOSHI MIGITA,t® AKIRA AMANOtt and NAOKI ASADAT

Simultaneous recovery of shape and motion from image sequences is formulated as a nonlin-
ear optimization problem. This paper proposes a fast algorithm named “block diagonal matrix
preconditioned conjugate gradient method” characterized by block diagnalized approximation
of Hessian. Experimental results using real and synthetic image data have shown that our al-
gorithm reduces the calculation time by 80% to 95% compared with the Levenberg-Marquardt
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and conjugate gradient methods.
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Fig.1 Projection model.
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Table 1 Search direction of non-linear least squares
method.
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Fig.3 Spherical object for simulation study.
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Table 2 Number of unknown variables.

Frames\Points 60 120 240

25 355 535 895
50 530 710 1070
100 880 1060 1420

03 0000OO0DOO0DoOooo 1073 od
Table 3 Comparison of calculation time.

Frames\Points 60 120 240
LM 67.7 122.5 278.4
25 CG 27.3 49.3 146.6
BDCG 9.0 17.2 34.8
LM 132.1 491.2 877.1
50 CG 55.3 101.6 242.3
BDCG 18.6 35.1 69.1
LM 270.9 860.8  7533.9
100 CG 138.2  208.8 499.4
BDCG 38.8 72.0 141.5
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Fig.4 Comparison of calculation time between LM, CG
and BDCG methods.
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Table 4 Comparison of iteration.

Frames\Points 60 120 240
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Image sequence 1 Image sequence 2 Image sequence 3
05 000 102030010000
Fig.5 The first frames of sequence 1, 2 and 3.
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Table 5 Characteristic parameters of image sequences.
ooo1 ooo2 0003
0ooo xOooo 90x 81 187x19  269x16
oooooo 837 694 919
000000000 mm0O 1,100 300 150
000000000 pixeld 1,800 870 870
gooooooooo 33 24 20
gooooooooboooog 8 25 40
06 00000000 3000000O0(OOOODODD 1073D)
Table 6 Comparison of calculation time, number of iteration and RMS errors
between LM, CG and BDCG methods initilized by general value.
ooo1 ooo 2 ooo 3
oooo oooo oo oooo oooo oo oooo oooo 0o
LM 915 9 1.132 209 7 1.190 394 11 1.336
CG 378 157  1.132 193 159  1.190 318 226  1.336
BDCG 104 45  1.132 53 45 1.190 81 58  1.336
07 0O0O0O00O0O0O0O0OO0OOD30000000(0OODOOOOO 1073D)
Table 7 Comparison of calculation time, number of iteration and RMS errors
between LM, CG and BDCG methods initialized by factorization.
ooo1 ooo 2 ooo s
gooo oooo oo oooo gooo oo gooo gooo oo
goooo 1.9 — 2.36 0.95 — 6.90 1.2 — 22.7
LM 1028 6 1.132 531 10 1.190 326 5 1.336
CG 129 48  1.132 195 140  1.191 444 263 1.337
BDCG 56 18 1.132 37 26 1.190 48 27 1.336
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