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Abstract— Age-invariant face recognition has attracted some
recent attention. In real applications, the age progression of
those face images, stored in a face database for recognition and
identification purposes, should also be considered, so as to
achieve a higher accuracy level. In this paper, we propose a
method to predict the aging of facial features so as to alleviate
the effect of age progression on face recognition. The original
facial feature and the aged facial feature of a face image should
be correlated, so they are fused by using canonical correlation
analysis to form a coherent feature for face recognition. The
performance of our proposed approach is evaluated based on the
FGNet database, and compared to some existing face recognition
algorithms. Experiment results show that our proposed method
can achieve a superior performance, when the query and probe
face images have a large age difference.

I. INTRODUCTION

A lot of research on human face recognition has been
conducted in the past three decades [1][2]. Various face-
recognition algorithms which can deal with faces under
different facial expressions, lighting conditions, and poses
have been proposed, and can achieve satisfactory
performances. However, the changes in face appearance
caused by age progression have received limited attention to
date; this effect has a significant impact on the face-
recognition algorithms.

There are two different approaches for age-invariant face
recognition. The first is the generative approach [3][4]. In this
approach, face images of other ages will be generated before
face recognition is performed. For this approach, the age of a
face image needs to be estimated, and sufficient training
samples are necessary for learning the relationship between a
face at two different ages. The second approach is based on
discriminative models [5][6], which use facial features that
are insensitive to age progression to achieve age-invariant
face recognition. However, this approach cannot achieve a
significant performance level if the two faces to be compared
have a large age difference.

In this paper, we consider both the forward and backward
prediction of aged features for face recognition. With a live
query input, the age difference between the query face image
and a gallery face in a face database can be computed, if the
time, when the gallery face was captured, is known.
Otherwise, age estimation [7] is needed to find out the age
difference between the query and the gallery face images. For
face recognition, different features can be used, such as Gabor
wavelets [8], local binary pattern (LBP) [9], Locality
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Preserving Projections (LPP) [10], etc. In general, the age of
the query input should be older than that of the gallery face.
In our algorithm, we extract the Gabor features at a number of
landmarks in the face images. Based on the estimated age
difference between the two faces, backward prediction is
performed for the Gabor features of the query face image, so
that the Gabor features at a younger age are generated.
Similarly, the Gabor features of the gallery face image are
forward predicted to generate the corresponding features at an
older age. In other words, to compare the query and gallery
faces, we use both the features at the two different ages. As
the facial features of a person at two different ages should be
correlated with each other, canonical correlation analysis [11]
(CCA) is employed to the two sets of features, at different
ages, to generate more coherent features for face recognition.

The rest of this paper is organized as follows. In Section II,
we will describe the Gabor features and CCA, and then the
details of our proposed algorithm. We will present the
learning of the forward and backward prediction, and the use
of CCA to generate coherent features. In Section III,
experimental setup and results will be described and discussed.
Finally, conclusion and future work will be presented in
Section I'V.

Fig. 1 Faces used for experiments are cropped and aligned with two eyes,
with 53 facial feature points denoted as yellow dots.

II.  DETAILS OF OUR APPROACH

In this section, we will first present the features used in our
algorithm. Then, based on the corresponding features from
two sets of training face images having a similar age, linear
regression is employed to learn the forward prediction and the
backward prediction of the facial features from a younger age
to an older age and from an older age to a younger age,
respectively. For the face images used in our experiments, 68
feature points have been labeled. As those feature points
located on the face contour are not reliable for recognition,
only 53 feature points are used in our algorithm, as shown in
Fig. 1. The forward and backward prediction for each of these
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feature points will be learned. Having predicted the facial
features of a face image at another age, CCA is then
introduced to combine the features, at two different ages, to
produce a coherent feature for face recognition.

A.  Gabor wavelets

Gabor wavelets (GW) have been commonly used as local
features for many pattern recognition and computer vision
applications, such as texture retrieval, object detection,
recognition, etc. It was found in [12, 13] that the Gabor
functions are similar to the response of the two-dimensional
receptive field profiles of the mammalian simple cortical cell.
The Gabor features exhibit the desirable characteristics of
capturing salient visual properties such as spatial localization,
orientation selectivity, and spatial frequency selectivity. In the
spatial domain, a GW is a complex exponential modulated by
a Gaussian function, which is defined as follows [14]:
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where (x, y) represent the pixel position in the spatial domain,
w is the radial center frequency of the complex exponential, 0
is the orientation of the GW, and s is the standard deviation of
the Gaussian function. By using different center frequencies
and orientations, a family of Gabor kernels can be produced,
which can then be used to extract features from an image. In
[15, 16], GWs have been employed for face recognition, and a
promising performance can be achieved.

In the Gabor feature, only the Gabor magnitudes are used
because the Gabor phases change linearly with small
displacements. Gabor filters at five different scales and eight
different orientations are adopted in our algorithm.
Consequently, at each of the 53 facial feature points, its Gabor
feature is formed by concatenating the outputs of the 40 (5x8)
filters.

B.  Forward and Backward Feature-Aging

In our algorithm, we predict the Gabor features of a face
image from one age to another age. In our training set, we
assign training face images into different groups according to
their ages. Consider two different age groups, which are
denoted as AG1 and AG2, respectively. Here, we assume that
images in AGI are younger than those in AG2. The training
samples are denoted as U = [uj ul] and U? =
[u? .., ujy]for AGl and AG2, respectively, where M is
the number of training pairs and uj‘: represents the Gabor
features of the ;™ training sample of the ™ age group at a
particular landmark position in the face image. Linear
regression is employed in the prediction. If the Gabor features
of AG2 are predicted from AGI, “forward prediction” is
performed and the Gabor features are under forward aging.
Similarly, “backward prediction” is performed when we
generate features from AG2 to age AG1.

ey
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For forward prediction, we assume that there is a linear
mapping from the features U’ to U?, as follows:
f:Ut - U2 2)

The mapping function should be complicated and nonlinear.
However, to simplify the learning of the mapping function,
linear mapping is adopted to obtain the approximated aged
features. Therefore, the mapping can be written as follows:
U2 =A,U", 3)

where Ay is the forward mapping matrix, which can be
computed by solving (3) as U' and U? are known. The
dimension of U' and U* are 40xM, while the dimension of A,
is 40x40. Ayis computed as follows:
Ar = U2(UYH*, 4

where (UD)* = (UDT(UL(UY)T)? is the pseudo inverse of
U' and T represents the transpose operation. Having learned
the linear mapping function A,based on the training samples,

a given Gabor feature can be aged from AGI1 to AG2, as
follows:

(6))

Similarly, when Garbor features at AG2 are available, we
can predict the corresponding features at AG1 by learning the
backward mapping function A,, as follows:

Ul =A,U?% (6)

where A, = Ut(U?)T(U2(U?)T)L.

C. Canonical Correlation Analysis

In our algorithm, features of a face subject at two different
ages are available. As the features are extracted from the same
person, it is expected that they are correlated. Canonical
Correlation Analysis (CCA) is used to project the features at
two different ages into a coherent subspace, where the
correlation between the two projected features are maximized.
The projected features are then combined to form a single
coherent feature vector for age-invariant face recognition.

With the pairs of features, U' and Uz, for a particular
position and at two ages, we use CCA to learn pairs of
directions e and S that maximize the correlation between the
projected features v} = o u; and v} = yid u}. The projection
matrices @and f can be derived by maximizing the following
criterion function:

TC ﬂ
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where C;,eR*™ and CpeR*™ denote the covariance

matrices of u} and u]2 (G =1, ..., M), respectively, while
C,e R*"¥ i5 the covariance matrix of u} and u;.

The original CCA does not include any class information
when learning the projections & and f. To improve the
recognition performance, generalized CCA [17], which is an
extension of CCA, is employed. The class information is
incorporated in the covariance matrices, and they are defined
as follows:

Ci1 = 2i=1 P(@) 27i1(u11j —u})(uf; —up)", 3
Cyp = Xioy P(@) 7L, (ufy — w8 (uf; — ud)", ©)

where C1; and Cj; are the within-class scatter matrices of the
training samples u} and u?, respectively; ui-‘]- denotes the /™
training sample in class i at age group k; P(@) is the prior
probability of class #; n; is the number of training samples in
class #; and u¥ represents the mean vector of the training
samples uf‘]- (G =1, ..., n). The between-class covariance
matrix of u} and u} is defined as follows:
Ly, = X, (ui —uh)(ui —u?)", (10)
where M is the total number of training samples, and %! and
u? are the mean vectors of the training samples in U' and U?,
respectively. The pairs of vectors that maximize the
correlation between the project vectors can be learned by

maximizing the following generalized CCA criterion
function:

alLizB

(e Ciab P

D. Age-Invariant Face Recognition

Jg(a p) = (11)

Two face images are matched based on the difference
between their local Gabor features. Assume that p feature
points are located in each face image, where the Gabor
features are extracted. Therefore, p forward and backward
prediction matrices are learned, as described in Section II.B,
to change the ages of the Gabor features, according to the age
difference between the query and gallery faces.

Assume that a gallery face is in AG1, while the query face
is in AG2. Denote the Gabor feature of the gallery face and
query face at the i feature point as uf ! and u?z, respectively.
For the gallery face, its respective Gabor features are subject
to the forward mapping so as to produce corresponding
features of AG2, as follows:

uf? = AL uf’,

(12)

where Aﬁc is the forward mapping function for the i™ feature
point, and uf % is the predicted feature at AG2. Similarly, for
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the Gabor features of the query input, backward mapping is
applied, as follows:

(13)

where A} is the backward mapping function for the i™ feature
point, and u? is the predicted feature at AG1. Finally, these
features at different ages are projected into corresponding
subspaces to form coherent features, as follows:
q1
o u;

Jonawt = (G )

L
where vf and v? are the features for the gallery face and the
query face, respectively. Euclidean distance between the two
feature vectors is computed, and the nearest neighbor rule is
used for face recognition.

gl
a'u;

v! = (ﬂTugz (14)

III. EXPERIMENTS

A.  Experimental setup

To compare our proposed age-invariant face recognition
method with other standard methods, we conducted our
experiment using the FGNet Aging Database [18]. It contains
1,002 face images of 82 people with ages ranging from 0 to
69, which is one of the most widely used datasets having the
largest age range. However, some of the images in the
database are of low quality, and suffer from blurring, camera
artifacts, lighting variations, etc. We have further reduced the
number of images, and have only retained 126 images of 42
people, which have relatively better quality and less variations.
Each person has three images, each at a different age stage.
All of these images are cropped to contain the face region
only, with a size of 240x240, and are aligned based on both
eyes, as shown in Fig. 1.

In order to learn the progression between different ages, we
divide the images into three age groups, namely AG1 for ages
from 0 to 6, AG2 from 7 to 18, and AG3 from 19 to 69. In the
training phase, local Gabor features, at each of the 53 facial
feature points in the training images, are extracted. Then, the
linear mapping function and CCA projection matrices are
learned for each pair of age groups. After training, the
mapping function and the projection matrices are used to
generate Gabor features from one age to another age and to
form a coherent feature for face recognition. In our
experiment, we randomly chose 12 people, with their images
in three different age groups, for training each time, and the
remaining people with different ages are used for testing. The
experiments were repeated five times, so the performance is
measured based on 150 images.

B.  Experimental results and analysis

Firstly, we compare our proposed age-invariant face
recognition method with the Gabor and the local Gabor
methods so as to evaluate the improvement after combining
aged feature prediction by linear mapping (LP) and
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generalized CCA (GCCA). The comparison results, in terms
of recognition rates, are summarized in Table 1, where
AgeInvLPG is our proposed method. We have also examined
the improvement due to the use of aged feature prediction
without performing fusion by GCCA, and the method is
denoted as AgelnvLP. For the local Gabor method, only those
Gabor features at the 53 feature points are considered. For the
Gabor method, the Gabor features of the whole faces are used
for representation. All the methods, compared in the
experiment, have the same experimental setup, as described in
Section III.A. Both the Gabor and local Gabor features are
extracted using Gabor filters of five different scales and eight
orientations.

Table 1 Face recognition rates (%) of the Gabor methods and Age-invariant
methods with face images from different age groups.

Gallery vs. Local

Query Gabor Gabor AgelnvLP AgelnvLPG
AGI1 vs. AG2 4 8.7 10.5 15.3
AG1 vs. AG3 12.7 12 15.2 19.3
AG2 vs. AG1 16 133 333 50.7
AG2 vs. AG3 28.7 34 36.8 58.7
AG3 vs. AG1 12.7 10.7 143 16.7
AG3 vs. AG2 10 6 22.5 32.7

From Table 1, we can observe that the method based on
local Gabor features, which only considers the features at the
facial-feature points, can achieve a similar performance to the
method based on all the Gabor features. The local Gabor
method has a much smaller size than the Gabor method, so it
is much more computationally efficient. However, we can see
that both of these Gabor-based methods cannot recognize
faces accurately due to the fact that the Gabor features have
significant differences when faces have a great age difference.
With our proposed age-invariant Gabor framework, a
significant increase in recognition rates can be achieved,
especially when the gallery and query face images come from
two neighboring age groups. For the AgelnvLP method, i.e.
aged features are predicted but no fusing by GCCA is
performed, the recognition rate is increased by 1.8% to 20%,
depending on the age difference between the face images.
When compared to AgelnvLP, the AgelnvLPG method, i.e.
the two features at different ages are fused by using GCCA,
the improvement in terms of recognition rate is between 2.4%
and 21.9%. This shows that the coherent feature, generated by
projecting two features at different ages, is effective for age-
invariant face recognition.

To give more comprehensive analysis, we have also
compared our proposed age-invariant face recognition method,
i.e. AgelnvLPG, with some conventional face recognition
methods, including eigenface, LBP [9], and LPP [10]. For
eigenface, all the principal components are selected for
recognition, i.e. M—1 principal components. For LPP, the
number of Laplacian faces used is also M—1. We also follow
the same nearest-neighbor classifier approach for recognition,
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and set the number of nearest neighbors at 7. The comparison
results, in terms of recognition rates, are summarized in Table
2.

From the results, we can see that our proposed algorithm
can achieve better performance in terms of recognition rates.
The eigenface and the LPP methods cannot work well when
the face images, to be compared, have a large age difference,
in particular, when either the query or gallery image involved
belongs to the youngest age group, i.e. in the range of 0-6
years old. This may be due to the fact that the appearances of
babies, and young children, change a lot in the first few years
after birth. The LBP method can achieve better recognition
performance than both PCA and LPP because it can capture
more local texture information about faces. However, the
performance of LBP still falls behind our proposed age-
invariant Gabor-based method. When our method is compared
to [6], which uses age-insensitive features for face recognition,
the improvement in terms of the rank-1 recognition rate is
similar. However, our approach can be applied to [6] to
further improve its performance. This means that our
proposed approach is effective and efficient for age-invariant
face recognition.

Table 2 Face recognition rates (%) of different conventional face recognition
methods and our proposed method with face images from different age

groups.
Galleryvs.  poy Lpp LPP AgeInvLPG
Query

AGl1vs.AG2 6 8.5 9.9 153
AGlvs.AG3 8 12.7 8.3 19.3
AG2vs.AGl 18 404 24.6 50.7
AG2vs.AG3 107 49.9 36.3 58.7
AG3vs.AGl 33 11.8 55 16.7
AG3vs.AG2 6.7 28.8 226 32.7

IV. CONCLUSIONS

In this paper, we have proposed a novel approach for age-
invariant face recognition by predicting facial features at
different ages. Since features at different ages should be
correlated to each other, a coherent feature is formed by
fusing the two features at different ages by the generalized
CCA. By comparing it to those existing face recognition
methods on face images with age differences, our algorithm
can improve the recognition rate significantly.

A challenge of the research is that only a limited number of
training samples are available. Therefore, in our experiments,
we simply divide images into three age groups. Nevertheless,
experiment results have proven the effectiveness of our
proposed algorithm. In our future research, more training
samples at different ages will be collected so that the learning
of the mapping functions and the projection matrices can be
more accurate. In addition, non-linear mapping will be
investigated, and other types of features will also be employed.
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