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Abstract

This paper proposes a new method to speed up the
Resolution-Aware Fitting (RAF) algorithm. An interpo-
lation operator is used instead of a blur operator in the
RAF algorithm. The RAF algorithm with the interpo-
lation operator is twice as fast as the RAF algorithm
with the blur operator without losing fitting accuracy.
It concluded that the RAF algorithm with the interpola-
tion operator is superior to the RAF algorithm with the
blur operator.

1. Introduction

The feature extraction is to extract the important
components from images for further analysis. Active
Appearance Model (AAM) [1] is widely used in feature
extraction. AAM is a generative model that describes
variations in shape and appearance of objects. For
AAM, several fitting algorithms have been proposed
such as the Simultaneous algorithm [3] and the Project
Out algorithm [4]. These are iterative algorithms based
on the gradient-descent method. The goal of these al-
gorithms is to find the shape and the appearance param-
eters which minimize the difference between the model
instance and the input image. The Simultaneous algo-
rithm updates the shape and appearance parameters si-
multaneously in each iteration. The Project Out algo-
rithm updates the shape parameter in each iteration, and
computes the appearance parameter by projection. Of
these algorithms, the Simultaneous algorithm is more
accurate, but the Project Out algorithm is faster. This
comparison is based on the assumption that the reso-
Iution of the input image and the model are similar.
When the object’s size in the input image is similar to
the AAM model, conventional AAM algorithms like the
Simultaneous algorithm and the Project Out algorithm
work well. But if the object’s size in the input image is
much smaller than that of the AAM model of that ob-
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ject, they work poorly because they don’t consider the
resolution of the input image.

The Resolution-Aware Fitting (RAF) algorithm [2]
has been proposed to improve AAM'’s performance
when the input image has lower resolution than the
model. Unlike the conventional AAM algorithm, the
difference between the model instance and the input im-
age is computed in the coordinates of the input image
using the blur operator [2]. Because the RAF algorithm
considers the resolution of the input image, the RAF al-
gorithm works better than the conventional AAM algo-
rithm. In the conventional AAM algorithm, the jacobian
and the gradients of the input image are precomputed,
but in the RAF algorithm, the jacobian and the gradi-
ents are computed using blur operator in each iteration.
The RAF algorithm takes about 10 times longer than
the Simultaneous algorithm because the RAF algorithm
doesn’t have the benefit of the precomputations.

We propose an RAF algorithm with interpolation to
speed up the RAF algorithm and show similar results.
The interpolation operator is simpler than the blur oper-
ator, and operates similarly to the blur operator.

Section 2 describes the theoretical background, Sec-
tion 3 describes the experiments, and Section 4 con-
cludes this paper.

2. Theoretical Background
2.1 Active Appearance Model

AAM consists of two models, the shape and the ap-
pearance of an object like the face. The shape model
is the combination of the basis shapes with the mean
shape.

s(p) =so+ Y _pisi (1)
=1

where sg is the mean shape, s; is the basis shapes, and
p; is the parameter of the each basis shape. The shape s
is defined by the shape parameter p = (p1, p2, - .-, Pn)-



The appearance model also consists of the mean ap-
pearance and the basis appearances. The appearance
model is built on the coordinates of the mean shape sg.

A(X; )\) = A() + Z )\ZA,L Vx € So (2)

=1

where Ajg is the mean appearance, A; is the basis ap-
pearances, and \; is the parameter of the each basis ap-
pearance. The appearance is defined by the appearance
parameter A = (A1, Aa, ..., A\p).

2.2 Conventional AAM equation

The model instance is generated by the shape and the
appearance parameter. When the input image I is given,
the shape and the appearance parameters are computed
by equation (3):
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where p is the shape parameter, A is the appearance
parameter, x is a pixel of the sy, and W (x;p) is the
warping function. We use the similarity transform as
the warping function. The similarity transform consists
of the scale, the rotation, and two translations :

W(x;p>:s[fb ZH;%[;}] 4)

where s is the scale, a, b are the rotation, t,. is the trans-
lation of the z axis, and t, is the translation of the y
axis.

Equation (3) describes the difference between the ap-
pearance instance A(x; \) and the warped input image
I(W(x;p)) by the parameter p. The input image is
warped to the coordinates of the model sg. The shape
and the appearance parameters can’t be computed di-
rectly because equation (3) is highly nonlinear. The it-
erative method is used to update the parameters. At each
iteration, Ap and A\ are updated to the current p and
A

2.3 Blur operator equation

The conventional AAM algorithm shows lower fit-
ting accuracy when the resolution of the input image is
lower than the resolution of the model. We know the
input image is warped into the coordinates of model sg
during fitting. If the size of the face is smaller than that
of the model, the interpolation is needed to enlarge the
face of the input image to the coordinates of the model.
This makes the error increase.

To solve this low resolution problem, Resolution-
Aware Fitting (RAF) algorithm is proposed [2]. The
fitting criterion of RAF algorithm is
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where p is the shape parameter, \ is the appearance pa-
rameter, B is the blur operator, u is a pixel in the shape
area of the input image, and x is a pixel of the model.
Summation of equation (5) is computed for the coordi-
nates of the input image. This is the main difference
between the conventional AAM algorithm and the RAF
algorithm. The blur operator transforms the model in-
stance into the coordinates of the input image [ :

B(W(A(x;\);p);u) =

1
area(u) Z

x € sg st
e[ ] Swem <] 2]

(6)
Each pixel (x) of the model instance is transformed
to sub-pixel location within the coordinates of the in-
put image using W (x;p). The transformed location
is around u and is not integer . Our goal is to esti-
mate the intensity of the each pixel (u) of the model
instance on the coordinates of the input image. To es-
timate the intensity of the each pixel (u), we need to
determine which pixels of the model instance are trans-
formed around each pixel of the transformed model in-
stance:

u—[:g]<W(x;p)<u+{:g]. )

After that, we compute the weighted mean of intensities
of selected pixels. This result is the estimated intensity
of u. The steepest descent images by (5) are not only
re-computed using blur operator in each iteration, and
also Hessian is. The detail derivation is in [2].

2.4 Interpolation operator equation

The RAF algorithm computes the error term in the
coordinates of the input image. To transform the model
instance into the coordinates of the input image, the
RAF algorithm uses the blur operator. We propose to
use interpolation to transform the model instance into
the coordinates of input image to reduce the fitting time.
The fitting criterion of the RAF algorithm with interpo-
lation is
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Equation (8) is made by removing the blur operator
from equation (5). The other difference between the
equation (5) and the equation (8) is the direction of
the warping function. The model instance A is warped
back into the coordinates of the input image I using
A(W (u;p); A). If each transformed location W (u; p)
is not an integer, interpolation is needed to estimate the
intensity at that location. If we use a bilinear interpola-
tion, four corners around the transformed sub-pixel lo-
cation are used. Because the interpolation operator is
simpler than the blur operator, the execution time of the
interpolation operator is shorter than that of the blur op-
erator. To minimize the fitting criterion (8) with respect
to p and A, we use gauss-newton gradient-descent al-
gorithm. The appearance model A is represented as a
weighted sum of appearance bases:
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The fitting criterion with first order Taylor expansion is
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Minimum is given by

A _
( A‘; > ="'y spT {I(u)—
uel
AW (uip) ~ 3 AV (i) |
, where H is Hessian matrix:
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3 Experiments
3.1 Experimental Conditions

3.1.1 Training images

We photographed four subjects, each under three kinds
of illumination from nine directions(face-on, from di-
rectly above, below, right, and left, and from 15° above
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Figure 1. The example of training images
: nine directions of pose of the subject.

and below horizontal from the right and left)(Fig 1).
The total number of photographs was 108. All were
taken at a distance of 0.7m and were 640%480 pixels
in size. All 108 face images are used to construct the
face model. To test various sizes of face model, we
constructed several models with different size. Models’
widths are 100, 120, 140, 160, 180, and 200 pixels.

3.1.2 Test images

Tests were performed on 27 images, photographed at a
distance of 0.7 m. All the images were 640%480 pixel in
size. All test images are different from images used to
build the AAM model. To reduce the resolution of the
input images, all the test images were reduced to % of
their original size. Other resize factors should be tested
in the future.

3.1.3 Metrics of Fitting Results

We compared the fitting accuracy and the speed of the
conventional AAM algorithm, the original RAF algo-
rithm that uses the blur operator, and the RAF algorithm
the uses the interpolation operator. The fitting accuracy
was measured by the tracking error and the speed was
measured by the execution time.

e Tracking error : All the test images have 70
ground truth points on the face. The ground truth
points are inserted by hand. After fitting the model
on the low resolution test image, the shape is esti-
mated using equation (1) with the the shape param-
eter p. Because the estimated shape is on the coor-
dinates of the input image which is resized by % of



their original size, and the ground truth points are
on the coordinates of the original input image, the
estimated shape should be enlarged by a factor of
15. The RMS error between the estimated shape
and the ground truth points is computed. Lower
RMS error corresponds to better fitting accuracy.

e Execution time : Execution time is the time re-
quired 40 iterations. It is measured five times for
each image using each model, and averaged.

3.2 Experimental Result

The average RMS error of RAF algorithm with inter-
polation is less clearly than the conventional algorithm
and the RAF algorithm (Fig 2). The RAF algorithm
with interpolation has smaller RMS error than the RAF
algorithm regardless of the model width.

The RAF algorithm with interpolation has faster av-
erage execution time than the conventional algorithm
and the RAF algorithm (Table 1).
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Figure 2. Average RMS error over the
model width among the three algorithms
: the conventional AAM algorithm(H), the
RAF algorithm(e), and the RAF algorithm
with interpolation (a)

Table 1. The average+s.d. execution time
(n=10) for the three algorithms. Com-
puter: Pentium D 3.2GHZ with 2GB mem-
ory. The number of iterations : 40.

Algorithm Average
+s.d. execution time (sec)
AAM 4.549+0.214
RAF 53.80758+11.111
RAF with interpolation 21.540+0.598

4 Conclusion

In this study, we improved the performance of
the RAF algorithm by using an interpolation operator.
When images have low resolutions, the RAF algorithm
with interpolation is faster than the RAF algorithm and
the conventional AAM algorithm (Table 1). The aver-
age RMS error of the RAF algorithm with interpolation
is less than those of the conventional AAM algorithm
and the RAF algorithm (Fig 2). This result indicates
that the RAF algorithm with interpolation is more able
to process low resolution images than the conventional
algorithm and the RAF algorithm. The reason for this
result is that in low resolution images, the RAF algo-
rithm with interpolation creates better model instances
than the RAF algorithm. Because the test images are
some of the training images, experiments using other
test images are required. The experiments in this paper
are performed at downsampling factor 15 to simulate
low resolution images. Experiments which compare the
performance of the algorithms under conditions of : 1)
the various downsampling factors; and 2) the various
distances in the real situation are required.
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