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Abstract. Face aging simulation is a very complex and challenging task and interests many researchers in the ﬁelds of psychology, computer graphics and computer vision due to its widely applications. In this paper, we propose a multi-layer coarse-to-ﬁne face representation and aging simulation and animation algorithm. In the coarse layer, we build a global statistical appearance model for representation and faces are aged based on the learned age trajectory in the appearance space. In the mid layer, we learned a set of age speciﬁc coupled dictionaries and the faces are represented and aged via the sparse representation on the learned dictionary. At the ﬁne layer, we sample a lot of patches of facial components and skin zones from images of each age group and use them as the dictionaries to simulate the aging eﬀects of the facial components and wrinkles. We collect a database of 10, 050 Chinese passport-type images with diﬀerent ages for the learning and aging simulation. Experimental results demonstrate the eﬀectiveness of the proposed method. Keywords: Aging simulation, Statistical appearance model, Age speciﬁc coupled dictionaries, Sparse representation.
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Introduction



Aging is an inevitable process of human and it often causes the signiﬁcant deformations in the appearance of a subject shown in a facial image. The capability to predict or synthesize an ”aged” face image is an interesting task which may ﬁnd many applications in our real life. Such applications include the development of age-invariant face recognition systems, prediction of the current appearance of missing persons, updating of passport/visa photographs, digital entertainment cosmetic surgery planning, age-adaptive human computer interaction, etc. Traditionally age progressed images are produced by forensic artists [5]. Recently, computer-based age-progression has attracted growing research interest from psychology [21], computer graphics [28,8,11,26], and lately computer vision [15,14,29,25,27,18,17,6,23,30,31]. Diﬀerent from the appearance variations due to expression, pose, and illumination, it’s very hard to build a geometric or statistical model to deal with the aging related facial variations due to its unique characteristics. First is that aging variations are un-controllable. It cannot be eliminated by the cooperation Z. Pan et al. (Eds.): Transactions on Edutainment VI, LNCS 6758, pp. 182–192, 2011. c Springer-Verlag Berlin Heidelberg 2011 
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of subject and it is also often mixed with other variations (i.e. illumination, expression, etc.) during the process of imaging. In fact, collecting all facial images of diﬀerent persons over a long time period is very diﬃcult or even impossible. Second is that aging changes are complex. It occurs slowly over long period with both complex shape and texture variations. In diﬀerent stages, the variations are manifested in diﬀerent forms. From infancy to teen years, changes due to the aging eﬀect are manifested in the form of nonlinear shape variations involving the changes in the underlying skeletal features toward the formation of the adult skull and face. While during the adulthood, the age-related changes involve the minor skeletal variations and large textural variations such as muscle relaxation, wrinkles growing and other skin artifacts emerging [27,5,14]. Third, the age progression is diverse and is speciﬁc to a given individual. It is eﬀected by both innate factors and environmental factors such as heredity, gender, health, and lifestyle, and so on, which make the changes are seriously uncertain. These unique characteristics make the task of modeling age-related variations very challenging. 1.1



Previous Work



In the past several decades, there are many works aiming to simulate the aging eﬀects on human faces. Here we only give a brief review on these techniques and see [27,6,14] and the reference therein for more details. Early attempts mainly concerned on using coordinate transformations to model craniofacial growth [24,33]. Hutton et al. [12] constructed a shape model based on 3D facial meshes and deﬁned age trajectories in the shape model space, which are used to simulate the aged images. Wang et al. [34] trained a set of support vector machines (SVMs) to predict the shape in the future. In a more recent approach, Ramanathan et al. [25] proposed a craniofacial growth model, in which psychophysical and anthropometric evidences on facial growth are considered. These methods mentioned above only consider the shape changes, and thus lack the validness of modeling texture variations. In order to capture the shape and texture changes at the same time, O’Toole et al. [22,21] proposed a caricature algorithm and applied it into 3D face model. Burt et al. [3] created facial prototypes for diﬀerent age groups in both shape and texture and deﬁned the diﬀerences between prototypes as aging transformations. Wang et al. [34] and Liang et al. [17] applied this prototype approach in shape subspace and texture subspace instead of the original image space, and Park et al. [23] further applied it to 3D face aging. The prototype-based methods often lack the capture of details such as wrinkles. Tidderman et al. [32] extended the prototype method by using the wavelet-based method to improve the texture of the facial prototypes. Attempts were also made for capturing typical aging details by anatomy skin model [35], wrinkle prototypes [2],details transferring [16] and merging [7]. Lanitis et al. [15] ﬁrst attempted to build rigorous statistical approaches to age progression. They generated an active appearance model (AAM) [4] for parametric representation of faces and investigated aging functions which determine the relationship between the age and the model parameters. Scandrett et al. [9] deﬁned both a person-speciﬁc and a global aging axis in the shape and texture
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subspace. In [14], the idea of reinforcing both person speciﬁc and global aging trends are further extended and the aging simulation is formulated as an similarity optimization problem. The methods based on parametric representation and age function are further applied to 3D face aging [28]. All these methods use parametric representation of the faces which discard high-frequency information and thus are only appropriate for modeling distinct age-related facial variations and major texture variations. In order to capture more texture variations, Jiang et al. [13] proposed a framework to simulate the aging process by means of super-resolution in tensor space. But their simulation results are not realistic enough. Suo et al. [31] presented a novel machine learning-based compositional and dynamic model for face aging, in which facial aging was modeled by means of a dynamic Markov process on the And-Or graph representation of faces. 1.2



Overview of Our Algorithm



In this paper, we adopt the coarse-to-ﬁne strategy and propose a three-level model for facial representation and aging. A face image at age t can be written as: (1) It = (Il,t , Im,t , Ih,t ), where the ﬁrst layer Il,t is the low-resolution image in age group t, Im,t is the high-resolution one resulting from face hallucination [19] based on sparse representation [36] and Ih,t is the facial components (eyebrows, eyes, mouths etc.) and wrinkles in diﬀerent zones of the face. Based on this representation, we build a multi-layer aging model. For the ﬁrst layer, the aging process is modeled by the learned age trajectories gs (t) and gt (t) in shape and texture space, respectively. For the second layer aging, we learned a set of coupled over-completed dictionaries of diﬀerent age using K-SVD [1] and the aged face in this layer can be reconstructed by the sparse representation on the high-resolution dictionary of the corresponding age. In the last layer, we create a dictionary of diﬀerent face components and wrinkles across diﬀerent ages. The atoms of components and wrinkles dictionary are selected by shape and texture matching and then merged into the face image to simulate the aged one. Our mainly contributions include: 1) A novel coarse-to-ﬁne face representation, 2) a multi-layer aging model, especially the sparse representation based face hallucination aging model, and 3) a collection of 10, 050 Chinese passport-type images with diﬀerent ages on which the learning and simulating experiments are performed.
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The Algorithm Details



In this section, we formulate the details of our algorithms about the coarse-to-ﬁne representation and aging. 2.1



Layer 1: Global Appearance Representation and Aging



In the ﬁrst layer, the global appearance is represented by two elementary components, namely shape and texture, as illustrated in Fig.1. The shape vector
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s is represented by the coordinates of facial landmarks and then is aligned to the mean face shape through an iterative Procrustes Analysis [4]. The shapeindependent texture vectors t can be captured by warping the face images to the mean shape using linear warping over the landmarks Delaunay triangulation. The s and t are further encoded in PCA which provides a highly eﬀective means for modeling and transforming. Another merit of PCA encoding is that there are less parameters making the estimation of the global aging trajectory more feasible. An arbitrary face s, t is thus represented as: s = s + Vs θs ,



t = t + Vt θt ,



(2)



where s, t be the mean vectors, Vs , Vt  be two sets of q eigenvectors for shape and texture and θs , θt  be the corresponding compact representation parameters.



Fig. 1. The shape and shapeless-texture representation



Given a set of n examples, si , ti , (i = 1, · · · , n), with their known age labels agei , we can obtain their parameter representation θsi , θti  and then construct the age trajectory in shape and texture space as the aging model. Since there is a diﬀerence in the timing and types of facial growth between men and women [15,12,9,17], we treat them respectively. Hence, in each model space, two age trajectories are deﬁned, one for each gender. The path of the average age trajectory in the shape and texture space is estimated by using the kernel smoothing method: n i=1 w(agei , t)θsi gs (t) =  , n i=1 w(agei , t) (3) n i=1 w(agei , t)θti gt (t) =  , n i=1 w(agei , t) where t is the target age, w(agei , t) is the weighted function which stands for the contributions to target age from each age group. Here we choose Gaussian Kernel function x − t2 w(x, t) = exp{− }, (4) 2σ 2
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(a) 30-40



(b) 40-50



(c) 50-60



(d) 60-70



Fig. 2. Some atoms of the age speciﬁc coupled dictionary



where σ is the width parameter of kernel which controls the radial scope of the function. In our experiments, the parameter σ is the standard deviation of the input data. Once the age trajectories have been established, for an arbitrary image s, t  with age t, the aged shape and texture vectors at age t can be generated by: 







s = s + Vs (θs + γs (gs (t ) − gs (t))), 







t = t + Vt (θt + γt (gt (t ) − gt (t))),



(5)



where γs , γt are the parameters to control the variations. 2.2



Layer 2: Sparse Representation and Face Hallucination Aging



As mentioned before, the above parametric representation and aging discards high-frequency information thus fails to capture the detailed variations due to aging. In the mid level of our model, we extend the sparse representation and face hallucination technique [36] to capture this variations as possible. Sparse Representation. Considering an over-completed dictionary D ∈ Rd×K that contains K(K > d) atoms and suppose a signal x ∈ Rd can be represented as a sparse linear combination of these atoms. Then the signal x can be written as x ≈ Dα, where α ∈ RK is a vector with very few nonzero entries, which is regarded as the sparse coeﬃcients of signal x. Finding the sparest representation leads to the following optimization problem min α0 ,



s.t. x − Dα2 < ,



(6)



where  · 0 is the l0 quasi-norm which counts the nonzero entries of a vector. It’s a combinational optimization problem and thus it is a complicated NP-hard problem in general. Many numerical algorithms such as orthogonal matching pursuit (OMP) have been proposed to deal with this problem.
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Sparse Representation-Based Face Hallucination. We assume that the low-resolution image is viewed as downsampled version of a high-resolution image. Given N low-resolution image patch vectors {Il }i and the corresponding high-resolution ones {Ih }i , we obtain a new training set X = [x1 , · · · , xN ] where xi are obtained by concatenating the low-resolution and high-resolution vectors, namely xi = [Ili ; Ihi ]. We train a coupled over-completed dictionary D = [Dl ; Dh ] on X by solve the following optimization problem min



D,αi



N 



xi − Dαi 22 + λαi 0 ,



(7)



i=1



which can be solved by the K-SVD method [1], where λ is the regularization coeﬃcient. Given a new low-resolution patch Il , we can ﬁnd a sparse representation with respect to Dl by using OMP such that Il ≈ Dl α0 ,



(8)



and then the corresponding high-resolution patch can be reconstructed by Ih ≈ Dh α0 .



(9)



Face Hallucination Aging. For each age group, we train a coupled dictionary to encode the detailed information of this age. Given a set of training images within each age range, we down-sample the images with factor 2 to obtain the low-resolution training set. Randomly sampling the original images and corresponding down-sampled images, we get more than 500, 00 patches respectively for each age range which are used to train the coupled dictionary. These age speciﬁc coupled dictionaries are deemed as the aging model. Some elements of the age speciﬁc coupled dictionaries are illustrated in Fig.2. Given an arbitrary image or the aged result from layer 1, we ﬁrst downsample it and then ﬁnd its sparse representation over the low-resolution dictionary of the target age using Eq. (8). Finally the corresponding aged image can be reconstructed by Eq. (9) using the same sparse representation coeﬃcients on the corresponding highresolution dictionary. The rational behind this is that the downsampling keep the identity while the hallucination with the age speciﬁc dictionary adding rich age-related (especially texture) information. 2.3



Layer 3: Facial Component and Wrinkles Aging



Although the proposed face hallucination aging can really capture some agerelated details, we empirically observed that there are still some important information being ignored. Therefore we add the component and wrinkles aging layer to produce photorealistic aged faces. We divide the face skin into 6 zones (pouch L, pouch R, laugh L, laugh R, forehead, glabella) according to facial components (eyes, eyebrows, nose, mouth) [31]. Then for each age group, we also create a dictionary consisting of facial components and zone patches sampled from the training age speciﬁc images, as shown in Fig.3. The aging in this
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(a) 0-20



(b) 20-30



(c) 30-40



(d) 40-50



(e) 50-60



(f) 60-70



Fig. 3. Parts of the age speciﬁc components and zones dictionary



layer can be performed by merging or blending the appropriate element of the dictionary with the current component or zone. As the aging variations of components include both geometry and photometry in general, we take advantage of both shape and texture information to ﬁnd the most appropriate element. Local binary pattern (LBP) feature [20] and Hu moment invariants [10] are adopted to characterize the photometry and geometry information. We adopt the nearest neighbor search with the combination of histogram intersection distance and Euclidean distance of seven Hu moment invariants to ﬁnd the most appropriate component element. For zone aging we only use the LBP feature for searching the most appropriate elements in the dictionary for blending. 2.4



Aging Animation



It’s straightforward to scale our face aging method up to animation by interpolating and warping. Given a young face, we synthesize aged faces of diﬀerent ages based on the proposed aging model. These aged faces are deemed as key frames, based on which we can generate a series of intermediate shapes and textures by both linear or nonlinear interpolating. The non-key frames are then obtained by warping the intermediate textures to the corresponding shapes.
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Experiments: Aging Simulation and Evaluation



We collect a face database including 10, 050 Chinese passport-type photos with diﬀerent age range from 0 to 70 for our experiments. As the diﬀerence between actual age and appearance age is often about 3-5 years and there are less young people take part in the data collection, we divide the age range into six age groups: [0,20), [20,30), [30,40), [40,50), [50,60) and [60,70]. The shape information are represented by 61 landmarks which are annotated by hand or by AAM ﬁtting [4]. We learned representation and aging models at each layer and performed face aging simulation using a number of young faces in the [0,20) age range. Some simulation results are shown in Fig.4. The basic criterion to evaluate the aging synthesis lies in two aspects: identity invariant and the aging details. From Fig.4 one can see that our methods do produce realistic aged details. In order to evaluate the identity preservation,
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60–70



Fig. 4. The ﬁnal aging simulation results



we conduct a face recognition experiment using the LBP feature and nearest neighbor classiﬁer. The gallery set contains 25 young faces in [0, 20) and the probe set consists of 125 aged faces. Each faces is divided into 12×12 patches and a 256-bins histogram is extracted from each patch. A face is ﬁnally represented by a 36, 864-bins histogram and matched by the nearest neighbor classiﬁer using histogram intersection distance. The recognition results are listed in Table.1. For the ﬁrst three age ranges, all the aged images can be corrected matched
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Y. Liang et al. Table 1. The recognition results Age Groups Recognition Rate (%) 20–30 100.00 30–40 100.00 40–50 100.00 50–60 92.00 60–70 92.00



to the corresponding young faces while for the latter two age ranges, two faces are mismatched to their young faces. This is reasonable since with increasing of the age, age progression method will make the appearance deformations more signiﬁcant and thus increase dissimilarity. In a word, our proposed method can not only produce realistic aged details but also retain the identity of the subject well.
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Conclusions and Future Work



We have presented a coarse-to-ﬁne multi-layer face representation and aging model for age progression. The face images are ﬁrst represented and aged in the statistical appearance space via age trajectory. The age-related subtle artifacts are further captured by the sparse representation-based face hallucination aging and components and wrinkles aging. Thus our method can capture both lowfrequency shape and texture variations and high-frequency texture variations due to the aging. The experimental results demonstrate the eﬀectiveness of the proposed method. In our ongoing research, we are working on the automatic person speciﬁc age estimation and trying to add richer features into the aging model such as the variant of hair, the person speciﬁc factors, etc. Acknowledgements. This research is partially supported by National Natural Science Funds of China (No.60803024, No.60970098 and 60903136), Specialized Research Fund for the Doctoral Program of Higher Education (No.200805331107 and No.20090162110055), Fundamental Research Funds for the Central Universities (No.201021200062), Open Project Program of the State Key Lab of CAD&CG, Zhejiang University (No.A0911 and No.A1011).
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