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Abstract. In order to improve the accuracy of the Shape Model Active method,
we propose a new method to improve the accuracy of ASM (ASM) algorithm in
face detection, and propose a new method to construct the local template. In the
process of local localization, the paper uses form Closed-algorithm to segment
the texture segmentation. Information is effectively improved the performance
of the ASM method. The results show that the proposed algorithm can extract
the feature points of most forward faces correctly. The proposed algorithm has a
wide range of applications in image understanding of face tracking, recognition
and facial expression analysis.
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The active shape model (active shape model, ASM) algorithm [1] is one of the active
vision algorithms. Because of its flexible adaptation to target contour, and to some
extent, it can be used to detect the flexible object. It is the main face feature detection
algorithm. The ASM algorithm [2] is based on the original ASM algorithm, and then
uses the local template to achieve global and local optimization. The point Prof (ILE) is
used to match the pixel value gradient information and training template. Therefore, it
is difficult to make accurate segmentation of the region of the edge of the feature, such
as the fuzzy edge region of the jaw and neck region or other features. For this problem,
the Liuaiping et al. [3] uses the discrete cosine transform to model the feature points of
the training image, and makes full use of the 2D texture information near the feature
points; Yuhua et al. [4] use Gabor transform to model the local texture around the
feature points and improve the robustness of the algorithm to illumination and noise; Li
[5] et al. In the training process of multi template ASM algorithm, the Gabor feature
information is used in the same direction as the feature edge, and the different states of
the eye and mouth are set up respectively; Cristinacce et al. [6] The improved ASM
algorithm is used to improve the search efficiency of the model. The improved model
can improve the accuracy of the feature point location and reduce the influence of
illumination and noise. However, the texture feature information is not rich, so they
have little effect on the detection accuracy. Toth et al. [7] is used to implement the
segmentation of magnetic resonance image(magnetic resonance image, MRI) first, and
then use the ASM algorithm to extract the feature contour, which is suitable for the
segmentation of the texture features of the smooth region, but only for the segmentation
of MRIL
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In this paper, we improve the traditional ASM algorithm for locating face image
texture smoothing region. The 1 global templates and 7 local templates are established.
The feature points are located near the feature region. Then, the -form Closed algorithm
is used to segment the Profile vertices. Matching Because the -form Closed algorithm
has the characteristics of smooth region segmentation, the feature edge of the smooth
region is highlighted, which can improve the efficiency and accuracy of the algorithm.

1 Closed-Form Algorithm Analysis

Closed-form algorithm proposed by [8] and other Levin can be used to solve the
problem of image segmentation. The algorithm is described as the I of any image, the Ii
of any of its pixels are composed of foreground and background, and the proportion of
the foreground pixels is o;, that is [ = o;F;+ (1 —o;)B;. Thus available
o; = o;l; + b;, Vi € W; Among them o; = 1/(F; — B;),b; = —B;/(F; — B;), W for the
image window. By minimizing

J(a,a,b) :Z (Z (oci—ajli—bj)2+8a]-2> (1)

jel \iew;

Can be obtained from the ratio of the foreground pixels A, Wj for the first j pixels
of the image window.

By the segmentation results and the analysis of the [8], the Closed-form algorithm
can be seen in the segmentation of the image smooth part. By the segmentation results
and the analysis of the [8], the Closed-form algorithm can be seen in the segmentation
of the image smooth part, (1) before the segmentation, the user interaction is needed to
draw the background and foreground of the graph Fig. 1b (white as the foreground,
black background), and the automation can not be completed; (2) Because of each pixel
are required in to the center of the image window W formula (1), so the computing
complexity is high, the high resolution image computation for a long time; (3) the
sensitivity of the foreground and background edge noise is high, except for the special
setting parameters, it is easy to produce burr or hole in the edge.

a Original b User mark c Segmentation result

Fig. 1. Form-closed algorithm partition diagram
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To solve the first problems, this paper applies the ASM feature extraction to find the
2 point (Profile) as the initial marker, which is not required to be used as a result of the
second questions, which have little effect on the computation time. Because the ASM
can maintain a certain topology, it can better resist the segmentation edge. Based on the
above 3 points, we can effectively integrate the -form Closed algorithm into ASM.

2 The Establishment of Multi-template ASM

In this paper, a multi-template is made up of 1 global templates and 7 local templates.
The global template is used to locate all the feature points of the face image, and the
local template is used to locate the local features after global positioning.

2.1 Selection of Feature Points of Multi-template ASM

The feature points are selected from the-3 CANDIDE model [9], which is used to
establish the global template, which is based on the global template, which is based on
the global template, which is based on the global template, which can be used to
establish the local template, which is based on Fig. 2b. A feature point is formed
between the 2 feature points on the line, and the local template is formed by 100 C,
which can maintain the information of the feature points between the global template
and the local template, and enhance the prior information of the feature points.

a CANDIDE Model and b Global template ¢ Local template
feature selection

Fig. 2. ASM template

2.2 Feature Points of the ASM Feature Points

According to Fig. 2b, the template of the Fig. 2c¢ to the corresponding position of the
training image is manual calibration, and the training image after the following stan-
dard processing: (1) Eliminate the bad quality of the image; (2) Select the face relative
to the lens deflection is not more than 10b of the image; (3) Select the face image
without wearing glasses, earrings and other accessories; (4) segmentation process,
using the image of the training only to retain the face, neck and other background are
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set to 0, so as to better achieve the model and narrow band segmentation area on the
Profile pixel matching.

After manual calibration of the image as shown in Fig. 3c, d, the global template
feature points are obtained S; = (x;1, Vi1, X2, Vi2s - * *  XiN, y,-N)T and local template fea-
ture points SLOCAL,- = (xil,yi17xi27yi2, s ,xizN,leN)T, = 1, 2, s ,M. Among them M,
where I represents the first I image, N indicates the number of feature points. N indi-
cates the number of feature points. Divide the feature points of the 7 into 7 regions
S1,82,++,87 according to the feature points of the face in Spocar,,i=1,2,---,M
regions. Respectively represent the left and right eyebrow, right and left eyes, nose, lips
and facial contour. Through principal component analysis, to obtain the shape of the
global template and seven local template description (feature sub space). Unified mind
M = S+ Pb, among them, S is the average shape of the template, P = (py,pa,- -+ ,p;)
is a set of template shape feature subspace, b = (b1, bz, -, b,) is a shape parameter,
different B corresponding to different shapes.

a Original image b Training image ¢ Global template ¢ Localtemplate
feature point feature point

Fig. 3. Original images and training images

Because the shape description is not always consistent with the true shape, it is
required to obtain the local gray level information near the training process in order to
adjust the shape during the matching process. Take the 2K 41 gray level sample
G = [gijo,g,-jl, e 7gij(2,()} on the j Profile of the image i. The number of pixels
selected from the K (K = 3) to the normal or outward direction of the normal, G;; for
differential, dg; = (gijz — &ij1, &ij4 — &ij3r """ &ij2K +1) — gij(QK))T, and its standardiza-

2K
tiOIl yij = dgl]/ (IZI ’dg,]l|> .

Calculate the gray difference mean and covariance matrix of the j feature points

N N

_ _ T _ : .

& =n2Vin 2 = x> (i —¥) (v — ), the mean g; and covariance matrix ) are
i=1 i=1

preserved as the training results of this point.
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3 Improved Multi-template ASM Algorithm

Specific steps of the algorithm as shown in Fig. 4. First of all to face feature using global
template gives an overall positioning, again on the feature regions using template partial
local location. In the process of localization, first find out where the profile vertex of the
template feature points of a narrow zone; then will all feature points according to the
order of the head and tail connected form a polygon, point to the inside the polygon
normal to normal with profile, the profile vertex as a seed point initialization position;
then with profile pointing outside the polygon normal to normal, the p As the initial
position of the background seed point, the Closed-form algorithm is used to segment the
foreground pixels in the narrow strip region and the background pixels are 0. Finally, the
training template and the segmented images are matched. If the convergence condition is
satisfied, the narrow strip is constructed by the new feature points Profile.

ASM Local positioning

' '
. Closed-form Local Feat int
ASM 0P Narrow band H Division m'i:[on yosi.t.iouu". ju:nen! }_'

ther to mest the
matching accuracy

Featu

pos t{gn¥glnt

Fig. 4. Algorithm implementation block diagram

3.1 Overall Positioning

First overall positioning, so that local positioning stage of regional features of fore-
ground and background markers initialization is more accurate and rational. First the
ASM to initialize the location, according to the center of the left eye, right eye and lip
center 3 respectively form model of triangle positioning and image positioning trian-
gles, as shown in Fig. 5. The triangles of the model and the target image of the triangle,
using triangular geometric features will align the model triangle and the triangle image,
model is placed in the most close to the position of the target image to complete the
initialization steps, then ASM overall positioning.

ASM overall positioning process is shown in Fig. 6. In Fig. 6, square as feature
points, dots to the midpoint of the characteristic line, dotted lines feature points on the
line for the profile of the i feature points on the 2K +1 gray sampling
G, = [g,-jo, gijly g,-j@,()}. K is the number of pixels selected from the normal or the
outward direction of the normal. The 3—4 is usually the one that affects the topological
properties of the model. The triangle at the top of the dotted line is a Profile vertex,
which is used to construct the narrow band and is used as a marker of the foreground
and background. The I of the Profile of the feature points on the gray level sampling
Gy = [gijo. 81, » Gijax) | for differential and normalized by ¢; = [cio, cit, -+, Ciax) | »
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By minimizing the objective function f(c;) = (¢; — &) — > '(ci — &), the best
matching points are obtained by minimizing the feature points on the Profile. In Fig. 6,
the cross point is searched to the best matching point, where Z:l is the inverse of the
gray covariance matrix of the I feature points obtained from the training set, and GI is
the I of the Profile feature points.

a Image locating b Model localization
triangle triangle

Fig. 5. Triangle registration

Fig. 6. Positioning process map

3.2 Local Positioning

Overall positioning is a global optimization, when the facial images in the presence of
multiple feature details, some local characteristics of regional feature points may due to
the role of global optimization and to the lack of accurate positioning, so after a global
template search and location can be localized on the basis of global localization,
localization process such as dashed lines in Fig. 4 of the box part.

3.2.1 Narrow Band Structure and -Form Closed Segmentation

For Fig. 4 in the narrow strip belt construction such as shown in Fig. 7. Figure 7 cloud
form graphics image into foreground, dot in the foreground edge feature points dotted
lines for feature points of attachment, and dotted vertical arrow said ASM feature points
in the midpoint method to that profile. Profile (figure of hexagon and hexagon) vertex as
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a narrow strip of edge point, is connected to all the edge points, get surrounded by two
solid narrow band region. In addition, in the foreground and background markers,
because there have been overall positioning as a basis, feature point basic positioning in
The assumption is that all normal directions point to feature points (Closed) in the -form
Profile algorithm, which is based on the assumption that the foreground markers are in
the foreground. Even though the above assumption is based on the feature points
matching and adjustment, the Profile is not only good. With the target model matching,
the narrow band will continue to be iterative tending to the hypothesis.

Fig. 7. The composition of the narrow strip

Then the -form Closed segmentation is done for the narrow strip region, pass type
(1) solving

J(o) = Vian(ot,a,b) (2)

a

By type (2), the A, rewrite formula (1) is obtained for the least squares form of a, b
that is

J(a,b) =119 [Zj] — a4 (3)

One of the first j pixels of the image window W, there is

L L - L - &'
G; =
1 1 -+ 1 -~ 0

a=log o - o - O]T,iEWj

By minimizing (3)a, b. See literature [8].
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3.2.2 Local Matching Search
Local positioning algorithm using the local template serial introduction, and through
the local matching search, adjust the overall positioning results, steps are as follows:

Step 1. For j = 1, the initial shape description of a local template is introduced into
the J.

Step 2. Adjust the position, size and angle of the local template, so that it is
consistent with the global template corresponding to the global template.

Step 3. The feature points are constructed from the local feature points, and the
Closed-form algorithm is used to segment the feature region.

Step 4. Local matching of all the features of a local template for the first j, that is,
the first j feature points of the template I, read into the training data (mean g; and
covariance matrix Zij). Get the feature points corresponding to the Profile of the image

gray level sampling, and then the difference is obtained cj; = [cﬁo, Cjity " Cji(ZK)]' By

minimizing the objective function f(c;i) = (cji — gﬁ)T— Z]TI (cji — 8ji). Get the best
matching point on the image, and then adjust the feature points to the best matching
point.

Step 5. If the convergence condition is satisfied, the positioning result of the feature
region is adjusted to the best matching point, and the next step is to the Step 3. If the
convergence condition is satisfied, the positioning result of the feature region is
adjusted to the best matching point, and the next step is to the Step 3.

Step 6. Checks if all local templates have been introduced, and if, in the next step,
the initial shape of the j+ 1 local template is introduced, otherwise, the Step 2.

Step 7. Will get the results in the overall positioning of the global template shape
feature subspace M to find the optimal shape.

Step 8. Output of the new positioning results.

4 Experiment and Result Analysis

In this paper, the training images are derived from the ORL database. We select 200
face images as the training sample set, which is used to detect the remaining images
and some standard video sequences from the ORL database. The size of the unified
100 x 100 experiments are carried out on the Matlab platform, Some simulation results
and experimental data analysis are as follows.

4.1 Simulation Result Analysis

Figure 8 shows the algorithm simulation results, Fig. 8a shows the results of the overall
positioning, can be seen, the point of the chin is not convergence in place; Fig. 8b, c is
shown as a partial localization process results from Fig. 8c can be seen that the chin
point has been converging to the edge of the face. Figure 8 shows the algorithm
simulation results, Fig. 8a shows the results of the overall positioning, can be seen, the
point of the chin is not convergence in place; Fig. 8b, c¢ is shown as a partial local-
ization process results from Fig. 8c can be seen that the chin point has been converging
to the edge of the face.
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a Overall positioning b Feature points e itioni
¢ Final sitionin
results location after resul tpo =
narrow strip
segmentation

Fig. 8. Simulation results

¢ Contrast results 3 d Contrast results 4

e Contrast results 5 f Contrast results 6

Fig. 9. Simulation results comparison chart



An Improved Algorithm for Facial Feature Location 229

Figure 9 shows for the comparison of the results of this algorithm with the tradi-
tional ASM algorithm detection map. In the comparison results, first for the results of
this algorithm and the second for traditional ASM algorithm results, in obvious error
detection area are painted lines highlighted. By Fig. 9 shows that traditional ASM
algorithm of feature point location in the image smooth regions (such as frowning face,
chin) exist certain errors, and feature point location algorithm in this paper is the
positioning of the closer to real characteristics of the region.

4.2 Comparison of Positioning Accuracy

This paper presents the algorithm to improve the accuracy of the positioning accuracy
of the data, the accuracy of the measurement of the accuracy of the Euclidean distance

N n 2 2
of the average error E =+ (i > (x,j - x:]> + (y,-j - yﬁj) ) ; Among them, N is
=1\ j=1

the total number of test images, n is the number of feature points in a face image,
(x,-j, y,-j) said that the coordinates of the j manual calibration points in the first I test

image, (xgj, y;j) said that after the convergence of the algorithm.

In order to have a more direct comparison of the 2 algorithms, we further calculate
the overall improvement of the algorithm in this paper with respect to the traditional
Exsu—E,

ASM algorithm [ = X 100%. Among them, E,sy, represents the average error

of the traditional ASM algorithm, and the average error of the E/,, represents the
algorithm.

Table 1 shows that the results of this paper are compared with the traditional ASM
algorithm for the remaining 200 images of the ORL database. The average detection
error of the traditional ASM algorithm is 15.12 pixels, and the average error of this
algorithm is only 7.08 pixels, the improvement of the positioning accuracy is 53.17%.

Table 1. Accuracy comparison based on multi template localization algorithm

Mean error/Pixel Improvement degree/%

The algorithm of this paper | Traditional ASM algorithm
7.08 15.12 53.17

5 Concluding Remarks

This paper presents a face feature point localization algorithm based on narrow band
Closed-form. The advantages of this algorithm are: (1) Closed-form algorithm is more
accurate, so it can be used to segment the training image and to detect the smooth
region, while the background pixels are 0, which is advantageous for matching cal-
culation; (2) local template is built on the basis of global template. The construction of
the narrow strip can reduce the computation time of the Closed-form algorithm. The
experimental results show that the convergence accuracy and the feature points of the
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image smoothing region can be improved by incorporating the Closed-form algorithm
into the algorithm.

However, there are still some shortcomings in this paper. Firstly, if the overall
positioning error is relatively large, it may lead to a narrow strip of Profile vertices,
which can converge to the local optimal “false edge”. Secondly, the initial position of
the foreground and background marker is not reasonable, and it is easy to lead to
segmentation.

In addition, how to apply this algorithm to 3D specific human face model, and
improve the similarity between the 3D model and the real human face, is also the
subject of further research.
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