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Abstract

Studies on statistical face aging modeling and its evaluation

Jinli Suo (Computer Application)
Supervised By Prof. Wen Gao

Aging is an uncontrollable, inevitable and irreversible slow process occurring on all
human faces as time elapses, thus face aging modeling is one of the most important studies on
human faces and attracts research interest from computer vision, graphics and psychology, et al.
The target of aging modeling is to understand the various aging-related variations on face
appearances, discover the intrinsic laws and describe them using mathematical models. On the
one hand, modeling of face aging process can promote the progresses in anthropology, genetics
and other related fields, thus is of great theoretical value; On the other hand, a good face aging
model can predict aging related appearance changes, propose age estimation algorithms and
help develop aging robust face recognition systems, so face aging modeling is a field with wide
application foreground, e.g., looking for missing children and wanted fugitives, generating
special effects in filmmaking, developing age-specific retrieval systems, et al. However, face
aging modeling encounters multiple challenges due to its intrinsic characteristics, e.g., the
aging mechanism is highly complex, collection of aging databases is time consuming and the
collected data are usually affected by non-age related variations, face aging is intrinsically
uncertain and diverse, there lacks of a quantitative evaluation approach for aging models, et al.

This thesis studies both statistical face aging modeling and aging model evaluation, and
the main research achievements are summarized as follows:

1. Proposes a face aging modeling framework based on compositional face
representation: local Markov aging model.

To cope with the multiple challenges of face aging modeling, e.g. various appearance
changes, highly nonlinearity, intrinsic diversity and uncertainty, lacking of sufficient training
data, etc., the proposed framework adopts following strategies: firstly, decompose a face into
sub-regions under specific constraints and simulate the aging process of each region separately;
secondly, discretize the age range into short spans and model the aging process sequentially;
thirdly, adopt probabilistic sampling methods over the Markov process to simulate the
uncertainty. All of these strategies help to reduce the complexity of aging modeling and
alleviate the demands of large training dataset, thus make the framework effective.

2. Proposes an indirect evaluation approach for the goodness of the face aging model.

Considering the intrinsic uncertainty of face aging, the thesis firstly adopts two criteria for
indirect face aging model evaluation: the accuracy of age perception and the preservation of
facial identity. Then, based on these two criteria, the thesis discusses the pros and cons of
subjective and objective evaluations, and designs a series of evaluation experiments. Finally, a
quantitative measurement is proposed to evaluate the validness of aging model. In addition, the
thesis proposes an age estimation algorithm developed on a hierarchical face representation for
objective aging model evaluation in terms of the accuracy of age perception.
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3. Proposes a face aging model based on the And-Or graph representation and Markov
graph chain.

Under the framework of local Markov aging model, this model formulates aging process
as a Markov Chain on a series of hierarchical high resolution face representations (And-Or
graph). Making use of the similarity existing in local appearances and aging patterns of subjects
from a specific group, the algorithm selects “similar patches across adjacent age groups”
instead of the “aging sequences of the same person” to learn the dynamics of the Markov graph
chain. The aging models learned from three datasets of different ethnic groups perform well in
both the aging simulation experiment and quantitative model evaluation.

4. Proposes a modeling approach of learning long term face aging patterns from partially
dense aging databases.

The proposed approach is also built under the framework of local Markov aging model: as
for the compositional face representation, the model proposes an aging-specific compositional
Active Appearance Model(AAM); as for the dynamics of Markov process, this model learns
long term face aging patterns by concatenating similar short term aging patterns sequentially
based on the Markov property and smoothness of aging process. The effectiveness of the face
aging models is validated by both the simulation results and quantitative evaluation
experiments on different groups.

The above studies demonstrate that: local Markov aging model is a feasible modeling
approach and is able to simulate aging process effectively under current evaluation criteria; the
proposed indirect model evaluation approach provides a reasonable quantitative measurement
for the validness of aging model and guides the direction of face aging modeling. The studies in
the thesis promote the aging related studies and provide a basis for further researches.

Keywords: face aging modeling, Markov, And-Or graph, diversity/uncertainty, aging model
evaluation, ANOVA



