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This work demonstrates the great potential of synthetic data in reducing the
various biases impact in real-world datasets. The work explores synthetic face images
complementary and available. (1) How can synthetic data be used to reduce the number
of real-world datasets required to train a face alignment system? Synthetic datasets are
an arbitrary amount of face data synthesized by applying a parametric face image
generator. And it can extend to variations of interest, such as pose, expression. (2) How
to minimize the gap between synthetic and real-world datasets? (3) How to address the
complexity of 3D Morphable Model(3DMM)-based networks and the difficulty of
reach convergence?

This paper makes several contributions:

1. The synthetic face images generated by the FaceGen generator are used, which can
effortlessly adjust the characteristics (pose or expression) of face datasets and thus
study the dataset quantitatively. Here, the datasets include real datasets (R), real
datasets after augmentation (RA), and synthetic datasets (S). The experiments
document the results of various models trained with S/R/RA/R+S/RA+S datasets,
respectively. Experimental results show improvements in the performance of face
alignment systems by using synthetic data combined with real-world data. It
demonstrates that using synthetic face images is beneficial for face alignment under
unconstrained environments. It can explain this observation is that face image
generators can simulate pose variation and the variations of facial expression.
However, it is difficult to cover the full range of these changes in a real-world
dataset.

2. There exist a large gap between real-world and synthetic datasets. Inspired by GAN
ideas, this paper introduced two transformed models (R—S and S—R). (1) An
improved transfer R—S model based on the CycleGAN is proposed. It can convert

the real test dataset to synthetic first and use the face alignment model trained with




RA+S to make predictions. After then correspond the predicted key points to real-
world test images. But for faces in complex backgrounds or large poses and
expressions, the improvement through R—S is limited. (2) Another improved
transfer S—R model based on UGATIT is proposed. It can generate synthetic face
images with realistic appearances and geometry. S—R model can be used as the
augmentation algorithm. The interpretation of the S —R model is that it reduces the
gap between the synthetic datasets and real-world datasets. The generated datasets
(G) by the S»R model combine with RA as the training dataset for the face
alignment model. This approach can alleviate the current challenging issues in
facial image analysis regarding the data collection process.

3D face reconstruction needs more complex images, which is not satisfied for the
FaceGen model. So, synthetic datasets by rotating the real-world datasets in 3D
space with variations in large poses and occlusion are used. An improved
lightweight structure that combines three achievements:3DMM, ShufffleNetV?2
Plus series of units, and Squeeze-and excitation (SE) attention mechanism is
proposed to estimate the intrinsic consistency between the predicted 3DMM
coefficients and the corresponding face images. Face alignment and face
reconstruction results illustrate the proposed algorithm's robustness even under
multiple challenging conditions and lighten the network in size and speed while

maintaining as much accuracy as possible.
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