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Abstract

Disentangled representations have been commonly adopted to Age-invariant Face Recognition (AiFR) tasks. However,

these methods have reached some limitations with (1) the requirement of large-scale face recognition (FR) training
data with age labels, which is limited in practice; (2) heavy deep network architectures for high performance; and (3)

their evaluations are usually taken place on age-related face databases while neglecting the standard large-scale FR
databases to guarantee robustness. This work presents a novel Lightweight Attentive Angular Distillation (LIAAD)
approach to Large-scale Lightweight AiFR that overcomes these limitations. Given two high-performance heavy
networks as teachers with different specialized knowledge, LIAAD introduces a learning paradigm to efficiently distill
the age-invariant attentive and angular knowledge from those teachers to a lightweight student network making it
more powerful with higher FR accuracy and robust against age factor. Consequently, LIAAD approach is able to take the
advantages of both FR datasets with and without age labels to train an AiFR model. Far apart from prior distillation
methods mainly focusing on accuracy and compression ratios in closed-set problems, our LIAAD aims to solve the
open-set problem, i.e. large-scale face recognition. Evaluations on LFW, IJB-B and IJB-C Janus, AgeDB and MegaFace-
FGNet with one million distractors have demonstrated the efficiency of the proposed approach on light-weight
structure. This work also presents a new longitudinal face aging (LogiFace) database ! for further studies in age-related
facial problems in future.

Introduction

The research in Age-invariant Face Recognition (AiFR) has gained considerable prominence lately due to the challenges
in the nature of human aging and the demand for consistent face recognition algorithms across ages. Indeed, such AiFR
algorithms [1] are important in practical applications where there is a significant age difference between probe and
gallery facial photos, such as passport verification or missing children identification [2]. However, compared to the
state-of-the-art (SOTA) results of stand-alone Face Recognition (FR) algorithms, the performance of AiFR is still very



limited due to the lack of robustly identifiable features stable across ages [3]. In addition, these AiFR algorithms are
often evaluated separately from stand-alone FR algorithms, although they are used together in practice.

Disentangled learning representations have been widely used in AiFRs [4], [5], [6], [7], [8]. They, however, have reached
some limitations. Firstly, in order to achieve a high accuracy performance, these AiFR methods often adopt heavy deep
network architectures with the support of GPU platforms. Then, they require a large-scale FR training set (i.e., multiple
images per subject) with manual age labels. However, this type of dataset is very limited in the real-world. Indeed,
there are many large-scale training face databases without age labels in practice [9], [10], but unusable for training
these AiFR models. These disentangled learning-based AiFR methods usually assume that the relationship between the
identification and the age attributes can be linearly factorized in a latent or deep feature space. Furthermore, these
prior AiFRs are usually evaluated against age-related face databases, e.g. CACD-VS [11], FG-Net [12], I]B-B [13], I]B-C
[14], AgeDB [15], CA-LFW [16], and have not been compared against other standard large-scale AiFR benchmarks [17] to
guarantee the robustness of the algorithms.

By addressing the aforementioned limitations, this work presents a novel Lightweight Attentive Angular Distillation
(LIAAD) approach to Large-scale Lightweight AiFR. Particularly, in order to alleviate the heaviness of a deep network
structure while maintaining its accuracy, a Knowledge Distillation framework with two teachers, i.e., heavy high-
performance networks, of different specialized knowledge is introduced. One teacher masters the FR task while the
other tackles the age estimation task. Then, the attention knowledge about age-invariant facial regions (as shown in
Fig. 1) and feature discriminative power from these teachers are distilled to the student via the proposed LIAAD.
Consequently, the lightweight student network can naturally and effectively benefit from both teachers’ knowledge
and become more powerful in both tasks. Intuitively, with the knowledge from the age estimation teacher, the student
is guided to focus on the robust facial regions against age changes. At the same time, it is taught by the other teacher to
achieve high accuracy on FR tasks. Then by generalizing this knowledge during the training process, the student can be
further improved for AiFR tasks.

Contributions. This paper introduces a LIAAD framework for AiFR. The contributions of this work are fivefold. (1) We
proposed a novel Age-Invariant Attentive Distillation and Angular Distillation Losses for distilling both age-invariant
attention and feature direction from various teachers to the student. Since the teachers for different tasks are
efficiently trained by the databases of those specific tasks, our LIAAD framework is able to take the advantages of both
face recognition datasets with and without age labels to train the models to generalize million-scale subjects. (2)
Although angular metric has been recently used quite successfully in face recognition, it hasn’t been discovered in
network distillation problems. Our method looks at the Angular under a new point of view when it is used to translate
the learned knowledge. (3) Unlike prior distillation methods that mainly focus on closed-set problems with one or
several teachers of the same task, our proposed distillation solution is proved to be even more robust in the open-set
problems, i.e., large-scale face recognition. (4) The proposed LIAAD approach not only achieves state-of-the-art
performance on AiFR databases but also is highly competitive against state-of-the-art face recognition methods on the
standard large-scale face recognition benchmarks. (5) Finally, this work introduces a new longitudinal face aging
(LogiFace) database that will be made publicly available for further studies in age-related facial problems in the future.
To the best of our knowledge, this is one of the first AiFR approaches that allow the use of training face databases with
and without age labels together. Table 1 summarizes the difference between our proposed approach and the prior
methods.
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Age invariant face recognition



Many previous works [4], [6], [7], [8], [27], [28] explored the face invariant features from hand-craft features designed
by heuristic to deep features learned by deep neural networks. Juefei-Xu et al. [4] presented a framework that utilizes
the periocular region for age-invariant face recognition. Gong et al. [27] introduced a Hidden Factor Analysis (HFA)
approach to decompose the latent face representation into age-invariant and age-sensitive latent factors. The process is
optimized by using...

Learning with knowledge distillation and age-invariant attentive distillation

This section first describes the general form of the knowledge distillation problem. In order to enhance the student
with age-invariant capability while preserving a high accuracy on standard FR, the age-invariant and age-sensitive
knowledge are exploited. This knowledge is then transferred to the student through Age-invariant Attentive
procedures as shown in Fig. 2. In this way, the first component guides the student to pay more attention to facial
regions robust against changes across ages,...

Lightweight attentive angular distillation

In this section, we further analyze the effectiveness of the distillation process. In particular, two important design
aspects for FR are considered including (1) the representation of the distilled knowledge; and (2) how to effectively transfer
them between the teacher and the student. We first revise the standard knowledge distillation loss and the softmax loss
in the classification problem. Then, we further describe our proposed Angular Distillation Loss and the proposed
Lightweight...

Experimental results

This work is evaluated on the standard AiFR datasets and compared against the state-of-the-art methods. Unlike prior
AiFR works, the proposed approach is also evaluated on the standard large-scale FR benchmarks and compared against
recent lightweight FR methods. In addition, we also present a new longitudinal face aging (LogiFace) database for
further studies in face-related problems in the future....

Discussions

Advantages: Our work presents a novel approach to face-invariant face recognition and gains superiority compared to
prior approaches. First, our approach takes advantage of both face recognition datasets with and without age labels.
With our proposed distillation framework, our approach is able to improve the age-invariant property and
performance of the face recognition models. Second, our approach gives flexibility in choosing a network backbone. In
particular, our proposed framework can...

Conclusions

This paper has presented the novel Lightweight Attentive Angular Distillation paradigm for age-invariant open-set face
recognition. Our approach aims to strengthen lightweight student networks as powerful as their teachers. Particularly,
by adopting the proposed Age-invariant Attentive and Angular Distillation Losses for the distillation of the feature
embedding process, the student network can absorb the knowledge of the teacher’s hypersphere and age-invariant
attention in an efficient manner. ...
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