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Cluster analysis of complex and various skin flow fields around human lips
for enriching robot facial expressions
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To enrich human-like robot facial expressions, robot designers should know how much and
to which directions each human facial part moves for various facial expressions. However, com-
binations of facial part movements are too complex to determine appropriate design parameters
of robot facial deformation mechanisms such as the number, locations, and orientations of actu-
ators for realizing intended reproducibility of each human facial expression. This paper proposes
an analysis method of various human facial expressions to determine the design parameters for
human-like face robots. The proposed method superimposes several measured human skin flow
fields, and extracts the direction of the first principal component of the motion vectors for each
facial marker. Its contribution rate was 86%, which indicates each facial part moves almost only
in one direction even when a human exhibits several facial expressions. Then, the proposed
method estimates which face area moves similarly through cluster analysis of a vector field of
the first principal component vector of each facial marker.

Key Words: Face robot, Facial expression analysis, Cluster analysis, Flow field analysis

1 0Od

doooooooooboboooooooooboooboooon
goboooooooooobobooobooboooooDbooo
ooooobooooooooooooooooooobooboo
ooooooooooooooo L, 2,3, 4000000000
gooooboooocobooboooooboooboobobooboo
ooooooocooooooooobooobooooooobooo
oooooobooboooooooooboobooooooobooboo
gobooooobob110oboooooooooboobooooDo
oooooobooooooooooooooooooobooboo
oboooobooo 1 socoooooobobooooooooboo
pO00000000D0 13000000000000000O0
goboooooooooooboocooboboobooboooooooaon
uoooobooooooooooooooobooboOooooa
gobooooooooooboooboobooooooDoooon
goboooooooooboooooboooboooobooooooon
ooooobooooobooooooooboooobobooboobOoo
oooooooooooooooooooooooobooooboo
ooooooobooooooooobooooooooooboooboooo
oooood

gboboobOobooboooooboobobOoboobooooon
ooooooooboooooboooooooooboooooo
gooooooooooooooooboooooooooboo
ooooooooooooooobooOoooOooooooboobooo
ooooooboooooboobooboooooooooooboo
ooboooobo0o oooooooooooooobooooon

2 0OOooOoaod

000000000000 FACS(Facial Action Coding Sys-
tem) 000000000 [)00000D0O00OO0OOFACS
0000000000 AU(Action Unit) 00000000000
00000o0o0oooO 1000 AUODOODODOOOooooag

0000000 AUOOOO0OOOAUD0O0O0O0O0OAUI10:
O000000AUIL.DO0000O000AUI2.00000000
000 DAU1:0000000000AU14:000000AU15:
O000O0O0OD0O0AUlDOOO0OOOOAULIT:.0000000O
AU 000000 0OAU20:00000000AU22:.00000
O00000AU23:000000AU24:000000000AU25:
O0000AU2:.000000000000000O0OOODOO
goooooooooooooooboooOoooooobooooo
09 0000000000FACSODODOOOOO0OOOOOOO
0000000000000 0O0OO0O0oO0oOooOoAUI20000
giloobooobooobooobooobooooboobooooooon
goboooobooooooooooooooooooooogoo
(1)bOoo0o00oo0000000000000000 mm]O000
gooooboooboooooooboooooooboobooboooogoo
goboboooooooo

00 [mm] = pizel O x 0.46 (1)

BN\
Fig.1 Example of a measured skin flow field with Lip
Corner Puller action, which is defined as AU12
in FACS.
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Fig.2 Reference points adopted in order to compen-
sate differences of the size, location, and angle
of the head among facial images.
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(a) Without compensation.
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(b) With compensation.
Fig.3 Superposed skin flow vector fields of 16 AUs
with/without the face movement compensa-
tion.
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(b) AU15:Lip Corner Depressor
Example of an estimated clusters of the mea-

sured skin flow field with Lip Corner Puller
action, which is defined as AU12 and Lip Cor-
ner Depressor action, which is defined as AU15
in FACS. Markers represented with the same
color were estimated as members of the same
cluster.

Fig.4
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Fig.5 Vector field of the each marker’s representative
vector whose direction and magnitude are the
direction of the first principal components of
the superposed skin flows and the score vari-
ance of the first principal component scores of
them. The score variance is divided by 2.
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Fig.6 Position correspondence between the vector
field shown in Fig. 5 and facial muscles. The
facial anatomical chart is reprinted from a ref-

erence [5].
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Fig.7 [Initial position setting of the cluster centers for
k-means clustering of the vector field shown in
Fig. 5. The clustering was carried out with
several numbers of clusters and the numbers
in this figure show which positions are adopted
as initial positions in each setting. The facial

anatomical chart is reprinted from a reference

[5]-

Fig.8 Example of an estimated clusters of the vector
field shown in Fig. 5 with 7 clusters. Markers
represented with the same color were estimated
as members of the same cluster. The facial

anatomical chart is reprinted from a reference

[5].
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Fig.9 Averaged standard deviations of the first prin-
cipal component directions in each cluster,
which was estimated with different numbers of
clusters.
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Fig.10 Example of the relationship between the mea-
sured flow vectors and the direction of their
first principal component. Red dots repre-
sent the end point of each flow vector and
foot lengths of a green perpendicular line from
each red dot to the straight line indicate how
much reproduction errors occur when this fa-
cial part is moved only in the direction of the
first principal component.
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Fig.11 Deviation of the first principal component di-
rections and the skin flows of AU12. Maker
colors indicate each marker’s reproduction er-
ror, which is an average of the 2nd principal

component scores in each cluster.
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