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Facial Blendshape Generation Method with Virtual Edge Constraints
LiHanchaoShen ChengzeLiu Xinguo

State Key Lab of CAD&CG, Zhejiang University, Hangzhou, 310058

AbstractThere is an increasing need for creating personalized digital avatar as the explosive development of AR
and Metaverse applications. Blendshape based facial animation is a de-fact standard technique for expression
synthesis of the digital avatars. A facial blendshape consists of a set of models corresponding to the typical
semantic expressions. However, the blendshape is traditionally created by experienced artists using professional
animation tools, which is time consuming and cost expensive. In this paper, we proposed an automatic facial
blendshape generation method, which takes as input a set of template blendshapes and transfer the blendshape
template to target subjects. It processes the model in the template blendshape one by one, and takes advantages
of the deformation transfer technique to generate the personalized expression model for the target subject. Model
penetration is a common problem incurred in the blendshape transfer process. To address this problem, we
propose virtual edge constraints to prevent the penetration for the deformation transfer equation. It is noticed that
the penetration is the result of self-intersection and usually occurs in the thin parts with two or more layers of
surfaces, e.g. mouth, eye, and ear. To automatically detect the parts that are prone to penetration, we examine the
geodesic distance and the Euclidean distance between the vertices of the target face model. If a pair of vertices
have long geodesic distance but short Euclidean distance, then the corresponding area has high penetrating
possibility. For such vertex pair, we create a virtual edge, and add a soft length constraint to preserve the length
of the virtual edge with the aim to prevent penetration. The length constraint is implemented as preserving the
transformed edge vector. We use two threshold values to control the distribution of the virtual edges. One
threshold is on the Euclidian distance, by which we excludes the distant vertex pairs. The other threshold is on

the geodesic-Euclidean distance ratio, by which we exclude the vertex pairs that have low geodesic-Euclidean
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distance ratio. For detailed face models with densely sampled vertices, there will be a large number of virtual
edges connecting a given vertex, which maybe redundant for anti-penetration purpose. In this case, we keep 3 - 5
shortest virtual edges but discard the other longer ones. Once a virtual edge is formed, the other vertices near the
edge ends are excluded for later virtual edge selection, in order to further reduce the number of the virtual edges.
The modified optimization energy function for facial blendshape generation consists of two parts, one of which
is the deformation transfer energy, and the other is virtual edge preservation energy. The virtual edge energy is
weighted by a super parameter. In this way, both the inner surface and the outer surface in the multilayer parts are
constrained to deform accordingly to avoid penetrate each other.We conduct a number of experiments to
demonstrate the validity of the proposed virtual edge constraints in our facial blendshape generation methods.
Experiments on different subjects,including scanned and designed models, show that the method can efficiently
detect potential penetration areas and properly constructthe virtual edge constraints. When generating
blendshapes with complex facial expressions, such as cheek contraction and pout, the proposed virtual edge
constraints can effectively maintain the inner structural features and avoid the surface penetration. Compared to
the previous volumetric deformation methods, the proposed method demonstrated advantages in terms of
efficiency and the ability to handle complex meshes.Finally, we show a combination of the virtual edge
constraints with the example based facial rigging method, which demonstrates that the application ability of our
virtual edge constraint method.

Key words Facial Animations; Facial Blendshape Generation; Deformation Transfer; Facial Expression
Transfer
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TN T SR R AT ORI BE SR A (11
B, HgsRwE 13 fos. SRR, A
F 2 17 2 A BT 125 R 8 D9 AN [ AR T 1 A K iR
FERE IR G 2.

BEoxt 3k T AR AR IE AR O ik I T B R Ak A



2 ZERREST Al MR I 2 A T SR A SR OV 9

JE AR LI R R T I SR A 1), AR S
REBEUE RE UL B B % LR R AL 2 R o
HEI NTRART R R R IR P > AR, Mk T
R 5 W R . R UL I AN B3 RE W AR 45 T e 1)
£ 00 . B2 RT3 H T e A A Y
FIERNEAE X, I 5% X 51 M s in i
L. HE BT R S B Ak BEASE TR 75 375 ) R P RV,

AL (7 K AN 7 AR R UL A
AR A T NT R, e 7B

OB INE I RE AL LA HAT LS AN F] R AT
FEMEEGRY B E IR M, R&%EE
TRIGTBHER A R E S A i Bk, $2m T HE

ZROT A [R] AR (R AR BEBE ). ARSI JT VA BE S
NV B AR S T 22 A RS TR I R L3, A
SIS RUIDE 687 5= /Sl 1 B s £ 1Y A B ) 1
BT AR SR BB, RS TR
JEIE 1T PR 22 00 AR HOR S vy S AL B R 2% A%
MIRESD. BLAN, BEARRAEITREHE S o I A% 3%
&5 S B & AR VIR A7 — S & A BIAL Y
g, BIIRERZIR . SR HEE L Jask
XRES B ST P e, DRI
HEZR ) B AR R L.

a. LAMFFO b, FHUEF c. FIBKEE d. B4R e 5T

2% X #k

[1] Sifakis E, Neverov I, Fedkiw R. Automatic determination of
facial muscle activations from sparse motion capture marker
data//ACM SIGGRAPH 2005 Papers.Los Angeles, USA. 2005:
417-425.

[2] Parke F I. Control parameterization for facial
animation//Computer Animation’91.Geneva,Switzerland. 1991:

£, B
K13 ETREEEBHTEEEREA

3-14.

[3] Tickoo S. Autodesk Maya 2019: A Comprehensive Guide.
Cadcim Technologies, 2018.

[4] Bradley D, Heidrich W, Popa T, et al. High resolution passive
facial  performance  capture[G]//ACMSIGGRAPH 2010
papers.Los Angeles, USA. 2010: 1-10.

[5] Fyffe G, Jones A, Alexander O, et al. Driving high-resolution
facial scans with video performance capture. ACM Transactions
on Graphics (TOG), 2014, 34(1): 1-14.

[6] Zhang L, Snavely N, Curless B, et al. Spacetime faces:



10

THHEML AR

F

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

High-resolution capture for~ modeling and
animation//Data-Driven 3D Facial Animation. Springer, 2008:
248-276.

Bickel B, Botsch M, Angst R, et al. Multi-scale capture of facial
geometry and motion. ACM transactions on graphics (TOG),
2007, 26(3): 33-es.

Rhee T, Hwang Y, Kim J D, et al. Real-time facial animation
from live video tracking//Proceedings of the 2011 ACM
SIGGRAPH/Eurographics Symposium on Computer
Animation.Vancouver, Canada, 2011: 215-224.

Kozlov Y, Bradley D, B&her M, et al. Enriching facial
blendshape rigs with physical simulation //Computer Graphics
Forum. 2017,36(2): 75-84.

Ma L, Deng Z. Real-Time Facial Expression Transformation for
Monocular RGB Video//Computer Graphics Forum. 2019,38(1):
470-481.

Lee A W, Dobkin D, Sweldens W, et al. Multiresolution mesh
morphing//Proceedings of the 26™ annual conference on
Computer graphics and interactive techniques. Los Angeles, USA.
1999: 343-350.

Allen B, Curless B, Popovi¢ Z. The space of human body shapes:
reconstruction and parameterization from range scans. ACM
transactions on graphics (TOG), 2003, 22(3): 587-594.

Amberg B, Romdhani S, Vetter T. Optimal step nonrigid ICP
algorithms for surface registration// 2007 IEEE conference on
computer vision and pattern recognition.Minneapolis, Minnesota,
USA, 2007: 1-8.

Besl P J, McKay N D. Method for registration of 3-D
shapes//Sensor fusion IV: control paradigms and data structures:
1992,1611: 586-606.

Yao Y, Deng B, Xu W, et al. Quasi-newton solver for robust
non-rigid registration//Proceedings of the IEEE/CVF conference
on computer vision and pattern recognition.2020: 7600-7609.
Holland P W, Welsch R E. Robust regression using iteratively
reweighted least-squares. Communications in Statistics-theory
and Methods, 1977, 6(9): 813-827.

Ham B, Cho M, Ponce J. Robust image filtering using joint static
and dynamic guidance//Proceedings of the IEEE conference on
computer vision and pattern recognition. Boston, USA,2015:
4823-4831.

Zhang J, Deng B, Hong Y, et al. Static/dynamic filtering for mesh
geometry. IEEE transactions on visualization and computer
graphics, 2018, 25(4): 1774-1787.

Sumner R W, Popovi¢ J. Deformation transfer for triangle
meshes. ACM Transactions on graphics (TOG), 2004, 23(3):
399-405.

Li H, Weise T, Pauly M. Example-based facial rigging. Acm
transactions on graphics (tog), 2010, 29(4): 1-6.

Saito J.  Smooth  contact-aware  facial  blendshapes
transfer//Proceedings of the Symposium on Digital Production.
2013: 7-12.

Zhou K, Huang J, Snyder J, et al. Large mesh deformation using
the volumetric graph laplacian//ACM SIGGRAPH 2005
Papers.Los Angeles, USA 2005: 496-503.

Si H. TetGen, a Delaunay-based quality tetrahedral mesh
generator. ACM Transactions on Mathematical Software (TOMS),
2015, 41(2): 1-36.

Weise T, Bouaziz S, Li H, et al. Realtime performance-based
facial animation. ACM transactions on graphics (TOG), 2011,
30(4): 1-10.

Cao C, Weng Y, Zhou S, et al. Facewarehouse: A 3d facial

expression database for visual computing. IEEE Transactions on
Visualization and Computer Graphics, 2013, 20(3): 413-425.

[26] Sshi F, Wu H T, Tong X, et al. Automatic acquisition of

high-fidelity facial performances using monocular videos. ACM
Transactions on Graphics (TOG), 2014, 33(6): 1-13.

[27] Garrido P, Zollh&er M, Casas D, et al. Reconstruction of
personalized 3D face rigs from monocular video. ACM
Transactions on Graphics (TOG), 2016, 35(3): 1-15.

Li Hanchao, Ph.D.candidate, his major
research interests are computer graphic and

computer vision.

Shen Chengze, master.Hismajor research interests are
computer graphic and computer vision.

Liu Xinguo, Ph.D., professor.His major research interests are
CAD, computer graphics, 3D vision andvirtual reality.



