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> Regenerative Morphing
> Schechtman et al., CVPR 2010

> Automating Image Morphing using Structural
Similarity on a Halfway Domain

> Liao et al., SIGGRAPH 2014



Regenerative Morphing

> Bidirectional similarity

> Does not require manual correspondence
> Different parts of the scene move at different rates



Morphing as an example-based optimization
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Source Similarity
Ervtorpn(Thy ..., Tn—1) =
ESourceSim(Th TN—I) -+ ﬁETempCohe'r (Tl') ) TN—l) 7x7 patch
> Temporal coherence

> Changes should be smooth

> Source similarity

> Every region in every frame should be similar to some region
in either of the sources



Bidirectional similarity
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Relative similarity with multiple sources

a-Blended Completeness
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Alpha-blended bidirectional similarity

doBlendBps (T, S1, 52, ) =
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Alpha-disjoint coherence
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The morphing objective function

EMorph — ETempC’Ohefr =+ BESourceSim
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Results
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Structural Similarity on a Halfway Domain

> Optimization based

> Automatically aligning image structures
> A small number of point correspondences
> Quadratic motion paths
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Examples
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Halfway Parameterization

> Inter-image map

Image I,
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Continuous vector field under simple occlusion
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Correspondence optimization

> Energy function

E=) E(p), with
pel

E(p) = Esiu(p) +A Erps(p) +YEui(p).

T T
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> Similarity, smoothness, user-specified
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Similarity energy

Vv

Modified structural similarity index (SSIM)
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Vv

structure  §(Ng,Np) =

Modified SSIM (no luminance term)

In terms of the means, variances, and covariances of
the pixel values

SIM(Ny,Ny) = ¢(Ny,Ny) - s(Ng,Ny), with
20yn,0N, +Co
oy, + oy +C
| onen, | +C5
ON, ON, —|-C3.

contrast c(No,Ny) = and

allows swapping
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Smoothness energy

> Thin-plate spline (TPS) energy

Erps(p) = TPS(vx(p)) + TPS(vy(p)), where

TPS (vx(p)) = (821;;5 ) )2+2(a;;§,’;) )2+ (a;];;f | )2
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Ul energy

ii; = (u) +ul)/2 vy, = (u} —u?) /2
T

control points in two images
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Optimization

> Multiresolution solver

> Coarse to fine

> Up-sampling the solved vector field v

> |terative optimization at each level

> Finite difference for energy gradient

> Golden-section search
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Quadratic motion paths

> Cf. linear interpolation

q0 = Po(p)

= ¢1(p)

qo = p+ 2a—1)v(p)

T

time interval [0, 1]

> Quadratic motion paths
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Additional vector W(p)

Vv

Control point b1/2 = p—+2w(p) b1/

> Quadratic Bezier curve A
q0 q1i

ga = (1 —0)((1 —a)go+abyjp) +a((1— )by, + agqy)
=p+QRa—1)v(p)+4o(l —a)w(p).

q1/2=p+w(p)
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Computing w(p)

> Pair of neighbors in the halfway domain pi, P;j

® _
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No = lo (o (N[p}) Ny = h(:(N@)))

N\

do(pi,pj) = ¢o(p;) — do(pi)
=pj—pi— (v(pj) —v(pi)).
di(pi,p;j) =pj—pi+ (v(pj) —v(p:))-
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Minimizing E(w) = Ep(w) + BEr(w) for w(p)

rotation and scaling

W dy 2 (pipj) = \/Hdo(Pi,Pj)H |1 (pisp))|| ds(pisp)),

with dy(pi,p;) =do(pi.pj)+di(pi,pj) and d=u/|ul.

> Actually obtained from the quadratic path
dy 2(pispj) = pj— pi+ w(pj) —w(pi)).
> Deformation energy

Ep(w)= ) “dl/Z(Pian) _51/2(1’“’1) H2
PisPj

> Resting energy

Exw)= Y (1= v [wie)]|l.
pi st |v(pi)] <1
small v
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