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Introduction

e Image Deformation

—Given a set of observed input-output pairs, image defoonatims to render new visual
effects via geometric transformation and pixel interpgolat

—The deformation is typically controlled by the user-sededbandles, the image deforms

In an intuitive fashion as the user modifies the position esthhandles.
¢ Rigid Image Deformation

—Deals with the situation when deformation have the propefrgiecewise rigid.
e Construction

—We propose a novel closed-form transformation estimati@hod based on moving

regularized least squares optimization with thin-platensp(MRLS-TPS) for non-rigid
Image deformation.

— Firstly, we introduce the TPS function and regularizatiechinology to the deformation
problem, which can help to get more realistic deformation.

—Secondly, we provide a fast implementation, which enableswethod to handle large-
scale datasets.

Problem Formulation

e The mathematical formulation is based on Moving Least SsgI@vILS). For any poinp

in the image, MLS solves for a rigid-body transformatfiiiix) that minimizes a weighted
least squares error functional

"y wi(p)Ifp(x;) — yill %, (1)

wherew;(p) IS a non-negative weight function defined as

wi(p) = ||p — x;]| (2)

with o controlling the weight of each control point and || being the Euclidean distance
metric.

e Given an arbitrary poinp in the image, we solve for the optimal transformation fumct
that minimizes a weighted reqularized least squares anrmtional

> wi(p)|[fp(x) — yill* + Ao(fp). (3)
The functionalp has the form
o(fp) = lIfpll3, (4)

e The TPS model can be decomposed into a global affine tranafmmand a local bending
function, being controlled by affine matrix and bending fuume respectively:

f(p) = AP + gp(P), (5)
gp(p) = > _K(p, pi)Ci, (6)
i=1

e The radial basis functioK is TPS kernel.

K(p,p;) = ||lp — pil* log(||p — pil)). (7)

e The weightsw; are dependent on the evaluation pgmtand the regularization technique
with TPS kernel is used to impose smoothness.
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A Closed-form Solution

e By substituting Eg. (5) and Eqg. (6) into Eqg. (1), selectingularization parametex , the
non-linear mappindi can be obtained by minimizing the following TPS energy fumtt

E(A,C) = [W2(Y — XAT — KC)||2 + Mr(CTKC), (8)

e First of all, we us&) R decomposition on matriX to compute the TPS parameteXsand
C:

X - (il [ 9)

e Substitutingl) R decomposition into equation (8), we can obtain

B(A,C) = | QI(Y - W/?KQyC) ||
+] QY —RA" — Q[ W'”KQ,C || (10)
+Mr(CTQIKQ,0),
e By minimizing the energy equation (10) abdDtand A, we could get

C=QyC=QS's+AaT+I)!'s’Qly, (11)

A=Y -W/"kKO)TqRT, (12)

e Substituting Eg. (11) and Eqg. (12) into Eqg. (5) and Eq. (6) geethe closed-form solution
of f:

f(p) = Ap + (KpC)! (13)

Fast Implementation Computational Complexity

e X Is generally fixed for th&) R decomposition of the point set. Therefore, a lot of stefis
can be calculated in advance in formula (11), ma@iand A can be rewritten as

fip) = (Y - TTHWY)Bp + YT M. (14)

C=QC=QuS'S+ T+l !'s'QlY (15)

e The most time consuming step of our proposed algorithm islieeshe transformatiofi,

using linear system (11), which requir€$1/3) time complexity and may pose a serious
problem for large values af/.

o SettingE = Qo(STS + AT +I)~! — Q?', combining solution (11) with formula (12), we
cangeB = QR !/, H=EK, M = E(Kp)’.

Parameter Setting

e There are mainly two parameters in our methadnd .

— Parametet controls the weight of each control point.

—Parametei controls the complexity of the transformation.
—We seto = 2 and\ = 8.

Experimental Results

e Experimental Setup

—The experiments have been conducted on a laptop with 2.5i@EIFzCore CPU, 8-GB
memory, and MATLAB code.

— Some state-of-the art deformation methods such as MLS anddimmercial software
Adobe PhotoShop CS 6 are well-established for comparision.

— All parameters are fixed in the experiments.
e Results on wide baseline images

original image

MRLS-TPS
andblue points = initial control pointsied circles = deformed control points.

e Efficiency test

Table 1: Runtime of MLS and MRLS-TPS.
Wolf Flag Face Leaf

#ctrl pt 8 8 8 15
grid 30 x 20 30 x 48 30 x 33 30 x 30
MLS (s) 0.7864 0.5832 0.5745 0.5624

MRLS-TPS (s) 0.4821 0.3351 0.3449 0.3458

e Conclusion

—MRLS-TPS is very fast and can be performed in real-time.

—The bending energy minimized by TPS has a specific physigaheation, being bene-
ficial in the case of image deformation with non-rigid mogon




