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]Di) Abstract

We present an efficient and robust method of locating a set of feature points in
an object of interest. From a training set we construct a joint model of the
appearance of each feature together with their relative positions. The model is
fitted to an unseen image in an iterative manner by generating templates using
the joint model and the current parameter estimates, correlating the templates
with the target image to generate response images and optimizing the shape
parameters so as to maximize the sum of responses. The appearance model is
similar to that used in the Active Appearance Models (AAM) [T.F. Cootes, G.J.
Edwards, C.J. Taylor, Active appearance models, in: Proceedings of the 5th
Egé%p]ean Conference on Computer Vision 1998, vol. 2, Freiburg, Germany,

However in our approach the appearance model is used to generate likely
feature templates, instead of trying to approximate the image pixels directly. We
show that when applied to a wide range of data sets, our Constrained Local
Model (CLM) algorithm is more robust and more accurate than the AAM search
method, which relies on the image reconstruction error to update the model
parameters. We demonstrate improved localization accuracy on photographs of
human faces, magnetic resonance (MR) images of the brain and a set of dental
panoramic tomograms. We also show improved tracking performance on a
challenging set of in car video sequences.
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e Aligning the Training Set
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e Modeling Shape Variation
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e Choice of Number of Modes (PCA)
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e Choice of Number of Modes (cont’)
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e Examples of Shape Models
o TEIRFHRTHBNINIGE

&\Aﬂ ZLN f\,\jb

W by
Rkt\ \f@

) oﬂ“ 4y

Figure 4.4: Example shapes from training set of hand outlines

2009-5-7 17




]
]D_ ASM: Active Shape Model (10)

o Z1FASM Trainz FEHANBAMEI = EET LR
R

f |
Mode 1 %{U\B \/ﬂ Lﬂ JP l:;\J- U‘H I,U'u

e
foEime

Mode 2 %Uﬂh /; >\f /i b

/ ' \
Mode 3 | P\E PN
(NI

2009-5-7




N\
]D_D ASM: Active Shape Model (11)

] =

Al
i

o TEIZEtREIRY NG ZER RGNS
PSR Dby T

o WMFHREFTIARRBIGINGERK T LLBETASMI
13 EIJEKEI'J'T 1{1‘%‘t

157)

ok

2009-5-7




]Dl_" ASM: Active Shape Model (12)
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e Appearance = Shape + Texture
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]D!’ AAM: Active Appearance Model (2)

e Combined Appearance Models
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D' AAM: Active Appearance Model (3)

o AAM=14
e We used a
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of faces,
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e (i) Input an initial set of feature points.

e (ii) Repeat:

(a) {£45 joint model
Section 3.1).

PLECE| S B IE = &

(b) & B —¢H1%E#R (see Section 3.2).
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e (ii) until converged.
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Fig. 1. PCA modes of combined shape and texture variation for CLM face model (£3std).
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«"/AVG—Average points within the global Viola and Jones face detector[22] (dot—dash

line).

 PSM—Pictorial Structure Matching points found within the Viola and Jones candidate
face region[1] (dashed line).

« AAM—Active Appearance Model algorithm initialized with PSM points[3](dotted line).
« CLM—Constrained Local Model initialized with the PSM points (solid line).
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Fig. 9. Evolution of CLM templates when searching a static image. {a) Start
points, (b} start templates, (c) after iteration 1, (d) after iteration 2, (e} after
iteration 3 and (f) final points.
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