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A Convergence Analysis of a Differential Method for
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ABSTRACT

In this paper, we investigate convergence behaviors of a differential method for 2-D motion parameter estimat-
ion. While the differential method is widely studied for motion compensated prediction in video coding, little at-
tention has been paid to its convergence properties. Based on the nonseparable exponential covariance image model,
we derive the estimates of update terms for the 2- and 6-parameter motion models. And, the effects of noise, spatial
correlation, choice of spatial gradient measures, and the size of a region, are quantitatively analyzed in relation to

the convergence speed. Some empirical results are presented to verify the analysis,
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Table 1. Comparison of experimental and theoretical estima-
tes of 6-parameter motion ecstimation. MSAM ima-
ge. (a) Translation (b) Zooming (c) Rotation (5°)

gradient | @, ap as ay as ag | AME
hg (actual) 0000 0.000 3.000 0000 0.000 -2.000| 3.62
theoretical| previous| 0.000 0.000 0.771 0.000 0.000 -0.571| 2.65

b g| empirical | previous|-0.001 0.008 0.989 -0.002 -0.008 -0.678] 2.43
average [-0.009 0015 1990 0011 -0.010 -1.445| 1.27

(a)

gradient| @y ay a3 a3 as ag |AME
hg (actual) 0.200 0.000 0.000 0000 0200 0.000| 6.61
theotetical | previous | 0.026 0.000 0000 0.000 0028 0000| 5.72
h | empirical | previous | 0054 0.013 -0.019 0.003 0034 0036 | 5.18
average [ 0.101 0.026 -0.072 0.007 0084 0002 3.62
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gradient| @, a; a3 a; as ag |[AME
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previous| 0.001 0026 0.000 0028 0001 0.000| 1.9
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Table 2. Comparison of experimental and theoretical estima-
tes of 6-parameter motion estimation. PIPO image.
(a) Translation (b) Zooming (c) Rotation (5°)

gradient| a@; a, a3 a4 as ag [AME
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h | empirical | previous | 0.007 -0.012 0404 0.003 0010 -0.329] 3.14
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