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Age invariant face recognition (AIFR) is an important but challenging 

area of face recognition research. Most existing works focus on age 
estimation [1,2] and aging simulation [3,4]; only a very limited number of 
studies tackle AIFR [5]. A typical AIFR approach is to use face modeling 
to synthesize and render face images to the same age as the gallery image 
prior to recognition [2,4]. However, due to strong parametric assumptions 
and the complexity of the algorithm, these methods are computationally 
expensive and the results are often unstable for real-world face 
recognition. 

In this paper, we propose a new two-step AIFR approach. First, a new 
feature descriptor called the maximum entropy feature descriptor (MEFD) 
is used to extract expressive and informative features. Unlike existing 
feature descriptors, MEFD can maximize the expressive power in terms of 
maximum entropy, which is highly beneficial to classification. Second, a 
factor analysis-based matching framework termed identity factor analysis 
(IFA) is developed to further improve recognition performance. 

Specifically, the proposed encoder is trained using a set of training face 
images such that the frequency of output codes distributes as evenly as 
possible; this maximizes the discriminative ability in terms of maximum 
entropy. As illustrated in Figure 1, the pattern space is quantized using a 
decision tree. For instance, suppose we have a training dataset ܺ ൌሼݔ௜|ݔ௜ א ܴௗൈଵ, ݅ ൌ 1,… , ܰሽ ; the goal of the decision tree is to build a 
partition-based model that assigns each point ݔ௜  with a code 

{ }Kyi ,...,2,1∈ , where the probability mass function over the set of codes 
is as close to a uniform distribution as possible. We grow the decision tree 
in a greedy manner such that, at each split step, it extends the best node to 
maximize the entropy of the code distribution. 

( ) ( ) ( ) ( ) ⎟
⎠

⎞
⎜
⎝

⎛ +++−= ∑∑
+=

−

=

+

2log21log1loglog
1

1

1

)1(

ppppkpkpkpkp

E
K

ik

i

k

K

 ,

    (1) 

where p1 and p2 represent the probabilities of a pattern falling into these 

new partitions. The )1( +KE  can be rewritten as: 

 ( )2log21log1)log()()()1( ppppiipEE kK +−+=+ .   (2) 

In order to optimize (2), we maximize the information gain: 

( )2log21log1)log()()( ppppiipiG +−= .  (3) 

For face matching, we develop an effective matching framework called 
identity factor analysis (IFA) for feature classification. It has been shown 
that the observable face features t  (in the presence of aging variations) 
can be decomposed into the following four terms: the mean component ሺߚԦሻ, the identity-related component (ܷݔԦ), the age-related component (ܸݕԦ), 
and the noise component (ߝԦ). This decomposition model can be formulated 
as: 

t U x V yβ ε= + + + .     (4) 

The model parameters { ,Ԧߚ ܷ, ܸ, Ԧߝ } can be estimated using the EM 
algorithm. 

Denote gt  the gallery sample and pt  the probe sample. If gt  and pt  
are from the same identity, according to (4) we have 
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Figure 1. The decision tree based encoding scheme. The internal nodes are 
decision rules, while the leaf nodes represent code assignment. The 
decision tree is trained in a greedy manner such that each leaf node hosts a 
similar number of training samples, as illustrated on the right. X1 and X2 
represent two different attributes. 
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However, if gt  and pt  are from different identities, then we have 
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The matching score is then calculated as the ratio between the assumption 
that gt  and pt  from the same or different identity, as given by 
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