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Abstract. Abrupt performance degradation caused by face pose variations has
been one of the bottlenecks for practical face recognition applications. This
paper presents a practical pose normalization technique by using a generic 3D
face model as a priori. The 3D face model greatly facilitates the setup of the
correspondence between non-frontal and frontal face images, which can be
exploited as a priori to transform a non-frontal face image, with known pose but
very sparse correspondence with the generic face model, into a frontal one by
warping techniques. Our experiments have shown that the proposed method can
greatly improve the recognition performance of the current face recognition
methods without pose normalization.

1 Introduction

The face recognition (FR) technique can be applied in many fields including human-
machine interface, commercial and law enforcement, such as face screen saver, access
control, credit card identity and mug-shot database matching, etc. In the past few
years, FR has been developing rapidly, which makes the above applications feasible.
However the pose and illumination are still the bottlenecks in the study and practice
of FR [1]. This paper focuses on the pose problem in FR.

Pose-invariant face recognition is to perform the recognition of the face image,
whose pose is different from the images in gallery. The difference between poses, to a
great extent, will induce the intensity variation even for the same person. The
distinction is often more remarkable than that caused by the difference of persons
under the same pose. So the performance of the conventional appearance-based
method, such as eigenface, will decrease dramatically when the input image is non-
frontal.

Many approaches have been proposed to recognize faces under various poses.
Among them, view-based subspace methods are most famous [2,3,5,6]. These
techniques need lots of face images in all pose classes. And the performance of the
recognition has great relation to the sampling density. Similarly, Murase and Nayar
[4] projected the multiple views of the object into an eigenspace and the projections
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fell on a 2D manifold in that eigenspace. Modeling the manifold makes the
recognition of the faces feasible under arbitrary pose. Neural networks are also
applied to multi-views face recognition. In [9], several neural networks are trained
each for an eigenspace of different poses, and their results are combined with another
neural network so as to perform face recognition. Another approach to tackle the
pose-invariant face recognition is the eigen light-fields proposed by Gross and
Matthews [10,11]. This algorithm operates by estimating the eigen light-fields of the
subject’s head from the input gallery or probe images. Matching between the probe
and gallery is then performed by means of the eigen light-fields. But the precise
computation of the plenoptic function is difficult, and in [8,10], the authors substitute
the plenoptic function approximately by concatenating the normalized images vectors
under many poses.

Another mainstream way is to synthesize the frontal view from the given non-
frontal pose image by using the rendering methods of computer graphics. The view-
based Active Appearance Models proposed by Cootes and Walker [8] and the 3D
Morphable Model technique put forward by V. Blanz and T. Vetter are representative
methods [7,13]. But the good results of these methods depend on the time-consuming
optimization, which is the reason why these algorithms do not fit the real-time tasks.

Our motivation is to find a fast and effective algorithm to do pose-insensitive face
recognition. In this paper, we proposed a novel pose normalization strategy, and the
normalized frontal face images can be used as the input of the frontal face recognition
system to perform the recognizing. First, we investigate the relationship between the
3D face model and the 2D face image. Thus the correspondence of some feature
points locations between the non-frontal face and the frontal face can be obtained
easily. The corresponding feature points share the same semantic meaning. Therefore
the shape vectors used to do warping are formed by concatenating the coordinate
values of the points. After triangulating the feature points, gray texture mapping is
performed from the non-frontal image to fontal one. Finally, for the region, which is
visible in the frontal view but invisible in the non-frontal view, the symmetry of the
face is exploited to make compensation.

The remaining part of the paper is organized as follows: in Section 2, we introduce
the generic 3D face model and the process of labeling the feature points. Section 3
describes the pose normalization algorithm in details. Pose-invariant face recognition
framework and experiments are presented in Section 4, followed by short conclusion
and discussion in the last section.

2 The Generic 3D Model

An intuitional way to do pose normalization is using the affine transformation
between the images under non-frontal and frontal poses recurring to the sparse
correspondence. This can be illustrated in figure 1.
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(a) Frontal pose . (b) Left pose

Fig. 1. Example face images with landmarks under two different poses.

But in fact, the pair of landmarks in (a) and (b) is not corresponding to each other
absolutely in semantic. The head rotation causes the invisibility of some contour
points in frontal pose. In non-frontal image, the corresponding points with the same
semantic meaning cannot be found (take the fig.1. as the example). So the
corresponding relation of landmarks between different poses cannot be established
easily. For example, in the figure 1, we usually think that the red dot in (a) and (b) are
the same point, but in fact they are not. The real corresponding point in (a) to the red
dot in (b) is the blue rectangle point. And actually, most points at left profile contour
in frontal view will disappear when the face rotates to left pose. Therefore the key of
affine transformation based on feature points is to find the proper correspondence
between the feature points under different poses.

To define the corresponding feature points at different poses precisely, we hereby
import the generic 3D face model. The mesh structure is used to construct the 3D face
model [12]. Our 3D model is formed by totally 1143 space vertices and 2109
triangles. Based on this 3D face model, we can rotate the model with any rotation
angle and project it to 2D image. Therefore it is easy to obtain the locations of the
corresponding feature points. First by setting the view point to frontal, we label 60
feature points marking the organs and contour in frontal, then we set the view point to
the specific angle of view and again label the feature points marking the face edges.
When completing the label process, we compute all the feature points coordinate
values under multi-poses. Thus the correspondence of sparse landmarks between
frontal and the appointed rotated pose will be found out. Figure 2 presents the
examples of some face images with feature points labeled on the generic 3D face
model.

Fig. 2. Face samples with feature points marked under 3D condition.
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Consequently the corresponding shape vectors between arbitrary two poses can be
erected according to this method. When computing the affine transformation between
the shape vectors under two poses, we selected proper feature points to compose the
shape vector. We also take the figure 2 (a) and (b) as an example to explain. If we
want to erect the correspondence between the shape vectors of frontal and left 15-
degree pose, the landmarks in (b) are regarded as the shape vector under left pose. We
should find the corresponding landmarks in (a) to the left contour key points. So the
11 red points rather than the blue contour points are selected to represent the shape
vector of the frontal face. The feature points selection strategy can insure the
consistence of these two shape vectors under two poses. Following the affine
transformation between the two vectors, we compensate the region invisible under the
given left pose, but visible under frontal pose. The region is shown in the (d). There
are two connected region in (d), in the case of above, we can obviously know that the
left connected region in (d) is the region need to do compensation.

By rotating the 3D model, 2D model images under any pose can be gotten and the
corresponding landmarks can be pre-determined. For a given face image, whose pose
is determined first, we normalize its size to 92X 112 according to the coordinates of
its two eyes in the facial image and those in the model image under the same pose.
Then a rude alignment between the given image and the model image is realized and
the approximate locations of the landmarks in the given image are gotten to do pose
normalization. Although this alignment is an approximation and may affect the
synthesis, our target is to do recognition with the normalization frontal image rather
than vivid synthesis. The landmarks are hard to be located precisely, and this process
usually takes long time. Based on these considerations, we import this easy-applied
landmarks alignment strategy as mentioned above.

3 The Pose Normalization Algorithm

By labeling the 3D face images manually, we can get some fiducial feature
points (x;,y;) , some of which are selected to compose the shape vector

S=(x,¥1,*»X,,¥,) . In our implementation, n =60 . In addition, another 10 feature

points are concatenated with the corresponding points in the shape vector so as to
compose the region to be compensated. See figure 2 for reference. Through the
generic 3D face model, we can obtain the universal shape vector to carry out the pose
normalization.

The description of this algorithm is as follows. Here we take the transforming from
left pose to frontal pose for example:
1. Triangulate the shape vector of left pose, and then partition the face region into
many triangles. Rationally, we assume that the pixels in one triangle have the similar
transformation trend when the pose changed.
2. The frontal face should do the same triangle partition. The corresponding feature
points to the left pose face constitute the corresponding triangles.
3. For every pixel (x,y) in the triangle in the frontal face, the corresponding

location in the triangle of the left face can be easily computed:
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Let (x;,»;)(i=1,2,3) denote the three vertices of a triangle in the frontal pose,
(warp _x;,warp _y;) (i=123) are the three vertices of the corresponding triangle
in the left pose. First, the 3 parameters « , £, 7 used to do affine transformation can
be calculated as follows:

(2 —yD)xx=x) -y -y )x(x; —x;)

y:(x3—x1)x(y2—yl)—(xz—xl)x(y3—y1) D

If x, = x,, then there are 2 vertices whose x coordinate values are equal.
Under this circumstance:

ﬁ:(y—yl)—y(yg—y.)

2
(y 2 y 1)
x—x)—y(x,—x
Otherwise: p= ( )= 7(n = %) 3)
(xz - x])
The last parameter:x =1—-y — § “4)
Having decided the three parameters, the transformed

value (warp _x,warp _y) in the left pose can be calculated through the
following formula:

warp _x=axwarp _Xx,+ fxwarp _x, +y xwarp _Xx,
©))

warp _y=axwarp _y,+ fBxwarp _y, +yxwarp _y,

4. So the intensity value f(x, y) of the pixel in the virtual frontal face image can be
computed by:

f(Gx,y)= f'(warp _x,warp _y) (6)

Where f'(x, y) is the intensity of point in the given non-frontal face image.
5 Let: {xl =int(warp _x) a {dx =warp _x—xl

) , , then:
yl=int(warp _y) dy=warp _y—yl

[0 p) =(1=d)-[(1=dy)- £ (xL, yD) +dy- £ (e, y1+D)]+
d{(1=dy)- £l +1, y) +dy- £'(xl+1, yl+1)]

6. For the invisible region in the non-frontal face image, we can compensate the
intensity values by using the symmetrical pixels. But this symmetrical compensation
strategy will be seriously affected by the illumination. So we adopt a simple but
effective strategy to approximate the invisible pixel gray value with the intensity of
the nearest pixel horizontal in face region.

(™)
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4 Pose-invariant Face Recognition Framework and Experiments

In this paper, we utilize the pose normalization strategy to tackle the pose problem in
face recognition. For a given non-frontal image, we use the above-mentioned 3D-
model-based pose normalization algorithm to convert it to frontal image. Then take
the normalized frontal image as the input of the general frontal face recognition
system to perform recognizing. Our pose-invariant FR system framework is shown in
figure 3. In this paper, the pose estimation is not our main study content, so we make
the assumption that the poses of the input images are known.

First, we make an experiment on a subset of the Facial Recognition Technology
(FERET) database, including five different poses, with 200 face images for each pose.
In our case, the five basic poses are rotation left for 15 degree and 25 degree, frontal,
rotation right for 15 degree and 25 degree respectively. Prior to obtaining the shape
vectors for triangulation and affine transformation, we have to label the shape feature
points manually in the generic 3D model uppermost to gain the five shape vectors for
the corresponding five poses.

Pose Estimation and
Inage Normlization

Frontal Face Identity
Recognizer Result

Pose Nommlization

Input original image
Fig. 3. The pose-invariant face recognition system framework.

Before performing face pose normalization, input facial image must be normalized
to the same size of 92x112 by the irises locations. And the standard two irises
locations are varied according to the specific pose class.

How can we evaluate the performance of the pose normalization algorithm? One
intuitive way is looking over the frontal face image, converted from the pose image,
and giving evaluation experimentally. To obtain more objective quantitative
evaluation measure, we use the virtual frontal face images, generated by our pose
normalization algorithm, as the input of the general frontal face recognition system.
Then the recognition ratio is compared with that taking the original posed images as
the input.

The recognition strategy used in this experiment is to compute the cosine distance
between the test image vector to be recognized and each normalized image vector in
training set. The nearest neighbor method is used to get the identity class information.
To eliminate the impact of the hair and the background when recognizing, a mask is
added to the input image of the FR system.

Experimental results show that our pose normalization algorithm based on generic
3D face model has a good performance on pose normalization. The performance test
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results are presented in table 1.Some original masked images and the masked frontal
face images after pose normalization used to do face recognition are displayed in
Figure 4. The first row in Fig.4 is the two example persons’ masked original face
images under non-frontal poses. The bottom row is the corrected views after pose
normalization with our algorithm corresponding to the above pose. In table 1, it is
clear that the recognition ratio has increased averagely 24.4%, which is much better
than that only using the non-frontal face image without pose normalization.

Table 1. Evaluate the performance of the pose normalization algorithm in subset of FERET
Database.

Left 25 Left 15 Right 15 Right 25
Recogn%tlon rate 27% 63% 47% 26%
no pose alignment
Recognition rate 55.5% 77.5% 77.5% 50%
after pose alignment
Increased rate 28.5% 14.5% 30.5% 24%

Fig. 4. The masked face images used as the input for the frontal face recognition system.

We take experiments on another large database called CAS-PEAL database to test
the validity of this pose normalization algorithm [14]. We classify the test images into
three sets according to the pitching variation, called PM, PU and PD respectively. PM
is composed by the images which only having the rotation in left or right, but without
pitch rotation, including 4993 test samples. PD is composed by the images that are in
looking down pose combined turning left or right, including 4998 test samples.
Similarly, PU is composed by the images that are in looking up pose combined
turning left or right, including 4998 tests samples. In this experiment, our frontal face
recognition system uses the PCA plus LDA algorithm based on 2D Gabor features.
We also use the virtual frontal face images, which have been done pose normalization
to do face recognition. Comparing the recognition ratio with what is get from using
the masked original images not doing pose normalization to do recognizing, we can
find that there is greater increasing as shown in figure 5. For the PM pose, we achieve
15.8% increasing in right recognition rate. 8.6% and 13.7% increasing are gained for
the PU and PD pose respectively.
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Fig. 5. The performance evaluation of pose normalization for pose-invariant face recognition in
the subsets of CAS_PEAL Database

5 Conclusion

In this paper we discuss the face pose normalization and erect a pose-invariant face
recognition framework. A simple triangulation and affine transformation method is
used to correct the non-frontal face to frontal face image by warping the shape vector
under any appointed pose to frontal. The landmarks under appointed poses are gained
from a generic 3D face model, which makes the correspondence between the different
poses shape vectors found easily. To correct the non-frontal images, if the poses of
images are known, then the shape vectors used to do transformation are definite.
Finally, through shape warping and gray texture mapping, the frontal image is
generated. Our experiments demonstrate the good performance and low complexity of
such a generic 3D face model based method.

Whereas, the face rotation is not the simple linear transformation, affine
transformation cannot model the sophisticated varieties precisely. This causes our
algorithm less effective when the head rotation is greater than 35 degree. So erecting
the elaborate 3D model for the specific person is an orientation in our future work.
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