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Fig. 7 Performance of PSE and WPSE is compared. a represents a tar-
get expression and its vertex level editing. When a new input face has a
globally similar expression to the target expression (b), both PSE and

WPSE work properly. However, if the input face has a different local
expression from the target expression (c), PSE is no longer activated.
In contrast, WPSE still generates the desired corrections

Table 1 Performance of WPSE
with and without GPU
implementation. “# Moved
vertices” represents the number
of vertices actually displaced by
edits

# Edits # Moved vertices CPU GPU

Training phase Run-time Training phase Run-time

Face 1 10 1,427 0.1 s 8.5 ms 0.06 s 0.07 ms

(3k vertices) 50 2,040 3.34 s 25.4 ms 2.27 s 0.65 ms

Face 2 10 32,343 3.06 s 0.23 s 1s 2.3 ms

(40k vertices) 50 35,740 108.57 s 1.26 s 49.6 s 14 ms

WPSE allows an efficient parallel GPU implementation.
During the training phase, the basis matrix computation and
matrix inversion for all edited vertices were parallelized by
the GPU and CPU, respectively. At run-time, both basis ma-
trix computation and RBF interpolation were computed by
GPU. Table 1 reports the performance of WPSE tested with
and without GPU parallelization. When the test model has
a relatively small number of vertices (V = 3k), WPSE of-
fered real-time performance with only CPU implementation.
When the production model (V = 40k) was used, the CPU
implementation failed to provide real-time interaction, how-
ever, WPSE could still achieve an interactive frame rate of
14 ms/frame with P = 50 training expressions by the GPU
parallelization. The test was carried out on a standard PC
with 8-core Intel Xeon 2.8 GHz, NVIDIA GeForce GTX
580, and 8GByte of memory. This experiment verifies that
WPSE can be effectively employed in a practical situation.

5.1 Comparison with the fix shape method

The FSM is the commonly used production solution for fa-
cial animation editing. The WPSE and FSM have the same
input and output: in both methods, existing blendshapes’
weights drive additional vertex displacements. In the FSM,
these vertex displacements are represented in the form of a
new blendshape, which is a “fix shape”. Figure 8 shows the
example of rigging network of fix shapes commonly prac-
ticed by artists [19].

Each fix shape is triggered by two or more blendshapes.
The weight value of a fix shape is obtained by multiplying

the weight values of each trigger blendshape,

fixShape.weight =
∏

k

triggerShapek.weight (8)

One of the difficulties of using the FSM is choosing appro-
priate trigger shapes out of many blendshapes, as a facial
pose that requires correction is almost always the combina-
tion of many shapes. It is relatively easy to select proper trig-
ger shapes when the model has fewer than 20 blendshapes.
However, if the number of blendshape becomes hundreds,
designing an appropriate rigging network of fix shapes is ba-
sically an iterative trial and error process that requires much
insight and patience. Note that the number of possible trig-
ger combinations to consider is (of course) combinatorial.
In contrast, WPSE intelligently builds an adequate trigger
structure, so artist do not need to iteratively search for a suit-
able combination of triggers.

In addition, because the FSM is based on simple multi-
plication, a new fix shape can be sculpted only for an ex-
pression which has only 0 or 1 as its blendshapes’ weight.
(i.e. fix shapes are always situated at corners of the weight
hypercube). This is a big disadvantage of the FSM because
problematic frames rarely have such weight combination.
As a result, direct sculpting on problematic expressions is
not possible and an artist has to infer appropriate trigger
shapes and vertex level editing through an intensive trial and
error process. Lastly, the onset of a fix shape is quadratic
when two triggers are active, cubic when three triggers are
used, etc. When three or more weights are active, this re-
sults in very little effect when the weights are low, fol-
lowed by an overly rapid rise. In all cases, if the weights








