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Figure 1: Anna Galvin as Draka inWarcraft and Noel Fisher as Mikey in Teenage Mutant Ninja Turtles: Out of the Shadows.

Abstract

Industrial Light & Magic utilized facial capture technology on a
massive scale to bring more than two dozen computer-generated
characters to life in the new Warcraft, Teenage Mutant Ninja Tur-
tles, and Star Wars films. Here we present our flexible proprietary
facial capture system which was used to faithfully translate all the
subtle nuances, lip movements, and saccades of over 1200 facial
performances onto editable, artist-friendly animation rigs, and ulti-
mately the big screen.
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1 Facial Rigging

Everything starts with the facial rigs. The actor’s facial rig provides
a series of controls to animate a digital version of a specific actor’s
face. This rig will be solved to match the actor’s captured facial
performance. When the solve is complete, the actor rig animation
will be copied to the character rig.

We start with a facial scanning session with the actor, leveraging
Disney Research Zurich’s MEDUSA system [Beeler et al. 2011]
to capture the actor’s face through a wide range of facial expres-
sions. Scans processed from each expression are used to create a
blendshape-based facial animation rig. These blendshape controls
are passed into our facial solving setup later in the process. Using
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deformation transfer, the actor blendshape rig is transferred to ini-
tialize the character facial rig. Subsequently, these shapes are fur-
ther sculpted and refined to create the final character blendshapes
that are used for both facial capture and keyframe animation. Cor-
respondence between actor rig and character rig is very important
as this directly affects the results of our facial retargets. A smile on
one rig should look like a smile on the other, jaw motion should be
proportional, and lip motion must match.

2 Capturing

The actor’s face is marked with a set of carefully placed dots. The
actor’s performance is then captured with a head mounted cam-
era (HMC) rig that uses either 2 or 4 cameras depending upon the
project. The use of multiple cameras provides us with the neces-
sary information to generate an accurate 3d reconstruction of the
actor’s performance. After the shoot is complete, the selected takes
go through a 2d tracking process of all of the dots, as well as addi-
tional features such as the irises and teeth. Additionally, roto spline
contours are created to follow the inner lip lines and eye lids. The
2d tracks and splines are passed as input into our facial solving sys-
tem [Bhat et al. 2013].

3 Solving

The core of our solving system is a flexible, multi-scale spatio-
temporal framework that uses the tracked dots and roto spline con-
tours to solve for 3d reconstruction, rigid registration to the actor
model, and the controls on our actor rig. We also leverage our
proprietary SnapSolver [Bhat et al. 2013], a per-vertex/per-frame
mesh deformer capable of capturing temporal high frequency out-
of-model deformations. Using the same 2d tracks and roto spline
contours, the SnapSolver’s per-frame deformation captures tiny
twitches, sticky lips, and the secondary dynamics on the face caused
by body movement such as the bounce and jiggle from walking and
running, or the sagging due to gravity when lying down.

4 Editing

Depending upon the situation, an actor’s performance may need to
be enhanced with secondary animation, retimed or blended between
multiple takes. It also may need to transition into and out of purely
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keyframed moments. While much of the retargetted performance
may be on animation curves on the rig, the per-frame deformations
are edited using an additional layer of filters and deformers on the
rig, similar to those used during the retarget.
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