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Fig. 1. Our rigid stabilization method produces stable head poses under exaggerated facial expressions. We compare the baseline method without rigid
stabilization (top) to our method (bottom) by applying both to virtual makeup and avatar retargeting on face-squeezing (left panel) and face-enlarging (right
panel) expressions. Notice the abrupt scale changes of the makeup and avatar in the baseline method due to the unstable estimates of head poses in depth. We
also show the rigidity weights from our learned dynamic rigidity prior that provide per-face-region adaptivity in the rigid pose optimization.

Despite the popularity of real-time monocular face tracking systems in many
successful applications, one overlooked problem with these systems is rigid
instability. It occurs when the input facial motion can be explained by either
head pose change or facial expression change, creating ambiguities that often
lead to jittery and unstable rigid head poses under large expressions. Existing
rigid stabilization methods either employ a heavy anatomically-motivated
approach that are unsuitable for real-time applications, or utilize heuristic-
based rules that can be problematic under certain expressions. We propose
the first rigid stabilization method for real-time monocular face tracking
using a dynamic rigidity prior learned from realistic datasets. The prior is
defined on a region-based face model and provides dynamic region-based
adaptivity for rigid pose optimization during real-time performance. We
introduce an effective offline training scheme to learn the dynamic rigidity
prior by optimizing the convergence of the rigid pose optimization to the
ground-truth poses in the training data. Our real-time face tracking system is
an optimization framework that alternates between rigid pose optimization
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and expression optimization. To ensure tracking accuracy, we combine both
robust, drift-free facial landmarks and dense optical flow into the optimiza-
tion objectives. We evaluate our system extensively against state-of-the-art
monocular face tracking systems and achieve significant improvement in
tracking accuracy on the high-quality face tracking benchmark. Our system
can improve facial-performance-based applications such as facial animation
retargeting and virtual face makeup with accurate expression and stable
pose. We further validate the dynamic rigidity prior by comparing it against
other variants on the tracking accuracy.
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1 INTRODUCTION

Recent advances in real-time monocular face tracking have cat-
alyzed a wave of technical and product innovations that empowered
facial-performance-based applications such as Snapchat Lens and
similar products by Facebook, Apple and many others. Although
existing real-time face tracking systems demonstrate impressive

ACM Transactions on Graphics, Vol. 37, No. 6, Article 233. Publication date: November 2018.


https://doi.org/10.1145/3272127.3275093
https://doi.org/10.1145/3272127.3275093

233:2 © Cao, Chai, Woodford, and Luo

Fig. 2. Overview of our system. Our system takes image sequence as input and computes facial landmarks and dense optical flow as input constraints. We
then alternate between rigid pose optimization (Sec. 5.1), expression optimization (Sec. 5.2) and using a learned dynamic rigidity prior to adjust per-region
rigidity weights for pose optimization (Sec. 6). Our system outputs accurate tracked head poses and facial expressions for applications such as virtual makeup.

performance even in resource-constrained scenarios [Apple 2017; expressions (e.g. raising an eyebrow, opening mouth) compared to

Bouaziz et al2013; Cao et aR014a; Tewari et aR017], most of
them nevertheless exhibit problems that are becoming impediments
to further improvement in tracking delity.

Rigid instabilityis a problem rstaddressed in [Beeler and Bradley
2014] that also occurs in most real-time monocular face tracking sys-
tems since they often employ a joint optimization for both rigid head
pose and facial expression parameters. In such joint optimization,
the input facial motion can be explained by either pose or expres-
sion parameters, creating ambiguities that often lead to jittery and
unstable rigid head poses under large expressions (Fig. 1).

Beeler and Bradley [2014] proposed an anatomically-motivated
approach to rigid stabilization by accurately modeling non-rigid
skin deformations actuated by facial expression. Despite the high
accuracy, their method operates on high-quality 3D facial scans
and is therefore di cult to apply to monocular face tracking. Other
existing approaches (e.g. [Weise et2011]) prioritize on the rela-
tively rigid part of the face (e.g. the upper part) in optimizing the

rigid head pose. However, these heuristic-based approaches become

problematic if the expression involves the relatively rigid part of the
face (e.g. frown) or the additional input (e.g. depth) is not provided.

We propose a rigid stabilization method for real-time monocular
face tracking, using alynamic rigidity priorlearned from realistic
datasets. To the best of our knowledge, our rigid stabilization method
is the rst for real-time monocular face tracking applications. We
de ne our dynamic rigidity prior on aregion-based face modl&¢na
et al 2011] to provide dynamic region-based adaptivity for rigid
pose optimization during real-time performance. We introduce an ef-
fective o ine training scheme to learn the hyper-parameters for the
dynamic rigidity prior, by optimizing the convergence of the rigid
pose optimization to the ground-truth poses in the training data.
Our real-time face tracking system is an optimization framework
that alternates between optimizing rigid pose with our dynamic
rigidity prior, and optimizing expression parameters.

To ensure tracking accuracy, we combine both robust, drift-free
facial landmark detection [Kazemi and Sullivan 2014] and dense,
motion-guided correctives from fast optical ow [Kroeger et.al
2016] into the optimization objectives. Our region-based face model
also allows additional expressiveness to faithfully model localized

traditional holistic blendshapes.

We evaluate our system extensively by comparing, both quantita-
tively and qualitatively, to state-of-the-art monocular face tracking
methods. We show that our system can faithfully capture rich expres-
sion while maintaining stable and accurate rigid head motion. This
allows us to improve the quality of facial-performance-based appli-
cations such as facial animation retargeting. We further validate the
dynamic rigidity prior by comparing it against other variants on
the tracking accuracy.

In summary, our main contributions are:

A novel rigid stabilization method using a learned dynamic
rigidity prior to stabilize monocular real-time face tracking;

A realistic facial performance dataset with ground-truth rigid
pose and expression parameters;

A novel scheme to learn the hyper-parameters of our dynamic
rigidity prior from our facial performance dataset;

An accurate monocular real-time face tracking system that
combines an expressive region-based face model and the con-
straints of both sparse landmarks and dense optical ow.

2 RELATED WORK

High-Fidelity Facial Performance Captuapturing facial perfor-
mance in high delity have long been an important research topic
in computer graphics and vision. In this line of work, reconstruc-
tion quality is the primary concern and most practitioners adopt
sophisticated capture setups with multiple cameras, special equip-
ment or well-controlled environments. A number of methods have
been proposed to capture high-quality static expressions [Beeler
et al 2010; Ghosh et aP011; Ma et a007], and soon extended
to capture dynamic facial expressions in live performances [Beeler
et al 2011; Bradley et a2010; Furukawa and Ponce 2009; Garrido
et al. 2016b; Huang et aP011; Klaudiny and Hilton 2012; Zhang
et al 2004]. More recent approaches focus on simplifying capture se-
tups to binocular inputs [Valgaerts et 22012] and even monocular
camera [Garrido et aR013, 2016a; Shi et 2D14a; Suwajanakorn
et al 2014]. However, all these methods leverage substantial amount
of o ine processing to achieve maximum reconstruction quality.
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