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Motion Estimation by a Spatiotemporal Energy Minimizing Deformable Model
Using Spatio-Temporal Feature Vectors
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Fig. 1 Classification of (classic) deformable models.
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Table 1 Energies of deformable models.

Total Energy : E
Intraframe Energy : E,, Interframe Energy : E,,
Internal External Internal External
Energy : E,.in Energy : Ey) o Energy : Ew,[ﬂ Energy : Em
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Table 2 Categories and representative forms for interframe energy.

Internal Energy External Energy
Scalar 2 S ? K
Differential [ai ar ] , [ai g_’z] |
Type t|os t|0s T
Vector s 12 P dE
Differential ar 627' —_—
Type Osot 0s 0t dt
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Table 3 Energy forms used in energy-minimizing deformable models.

Reference
E
nergy Type 1D Model 2D Model
Intra- Internal [13], [14]*1, [15], [16] (18], [19]
frame External [13], [14]*1, [15]*2, [16], [17] [18], [19]
Internal Scalar [14]*1, [17] —
Inter- Vector [13], [15], [16], [17] -
frame Scalar [15]*2, [16], [17] [18], [19]
External
Vector —

*1: The energy used for matching between frames is different from the energy for
contour extraction.

*2: Spatiotemporal brightness gradient is used as a part of external energy that
cannot be classified into intraframe nor interframe energies by the way which we
divided them in this paper.
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Table 4 Interframe external energies.

Internal Energy External Energy
Run Scalar Vector Brightness Gradient
(Eq. 5) (Eq. 6) (Eq. 15)
[Ss1] @) [ J
[Vsi] O [ J
[Svi] O O
[Vvi] O O

® K=" |VG3 * I(x, y,t)| is used.
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Fig. 2 Original for making test images.
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Fig. 3 Illustration of rotation.
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Table 5 Parameter values.

a, A, a,, B,
(4p) (ap)* (4p)(4Ar? (4p)*(4ry
0 4 2.5 2
Vsp % ﬁ'(;) Ag o
40 1 200 200 3
At=1,T =1.
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Table 6 Conditions for initial models.

Rectangular Area Coverd by Initial Model Ap=Ag
Top Left Corner Bottom Right Corner r
Expansion (72, 15) (222, 280) 1/32
Rotation (81, 18) (221, 278) 1/30
Number of Sampling Points P
Horizontal Vertical
Expansion 56 33 1.7
Rotation 55 31 1.8

LogaRa s+ *
e Sl . *

- e e

(c) [Sv1] (@ [vvil
4 BEFOHEMR. LB K, TE AR (200). (a) [Ss1l, (b) [Vsi],
(o) [Svil, @ [Vvvil.
Fig. 4 Estimated motions. Upper row: Expansion, Lower row: Rotation.
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Table 7 Average magnitude of error vectors in pixels.

[Ss1] [Vs1] [Svi] [Vvi]
Expansion 3.24 3.35 0.804 0.833
Rotation 2.66 2.64 1.77 1.69
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