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Abstract

Pose estimation plays an essential role in many com-
puter vision applications, such as human computer in-
teraction (HCI), driver attentiveness monitoring, face
recognition, automatic face model editing, etc. In this
paper, we propose a geometric feature based pose esti-
mation approach based on 3D facial models. By iden-
tifying two clusters of inner eye corners of a 3D facial
model, we find the nose tip with the aid of a facial ref-
erence plane. Then, a symmetry plane is generated and
the pose orientation can be estimated. Our proposed
algorithm is robust with respect to different persons,
large pose variations, different expressions, partial fa-
cial data missing, and non-facial outliers. All compu-
tation is based on the pure 3D mesh model of a face
without texture information. We tested our approach us-
ing 1,200 3D raw facial models and 1,200 correspond-
ing clean facial models, and achieved 92.1% and 96.4%
correct pose estimation rate, respectively.

1. Introduction

Facial pose estimation is the first critical step towards
realizing a real computer vision system for face recogni-
tion, human computer interaction (HCI), facial behavior
analysis, and automatic model editing [8, 13, 11, 3, 14].
Extensive research has been done in the past for head
pose estimation based on 2D images or videos. They ei-
ther tracked the motion of facial feature points through
2D videos [16, 9] or created the relationship between
a synthesized 3D model and its 2D projection [2, 6].
The accuracy of the pose estimation relies on the robust-
ness of the algorithms with respect to various imaging
conditions (e.g., illumination, shadows, and occlusions,
etc.). Some researchers developed 3D face pose estima-
tion approaches based on the detection of pupils under
active IR illumination [7], and achieved robust results.
However, it has a limited working scope since the sys-
tem requires special IR hardware setup .
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With the rapid development of 3D imaging technolo-
gies, 3D facial models generated from 3D scans have
been widely used for many biometrics applications,
such as face recognition, facial expression analysis, and
facial model editing. Some 3D face analysis, such as
ICP based approaches usually require a good initializa-
tion to align facial surfaces [3]. Lu et al [10] generated
nose tip candidates by examining the local maximum in
the z direction and found nose tip from the mid-line pro-
file. Then, other facial features can be extracted. Malas-
siotis et al [12] developed a real-time head tracking and
3D pose estimation method from range data; however,
the system assumed the nose tip is the closest point to
the camera. Therefore, it is difficult to deal with large
pose variations. Breitenstein et al [4] presented a real-
time algorithm to estimate the pose orientation from a
single range image. But the system required a consider-
able number of scans to generate an average face and to
render the average reference facial models with all pos-
sible poses in order to align the best reference model to
the current face model with a minimum error. In this
paper, we propose a geometric feature based 3D facial
pose estimation approach. By identifying two clusters
of inner eye corners of a 3D facial model, we find the
nose tip with the aid of a facial reference plane. Then, a
symmetry plane is generated and the pose orientation is
estimated. Our approach works well with respect to dif-
ferent persons, large pose variations, different facial ex-
pressions, partial facial data missing and non-facial out-
liers. All computation is based on the 3D mesh model
of a face. We tested our algorithm with 1,200 3D raw fa-
cial models and 1,200 corresponding clean facial mod-
els and achieved 92.1% and 96.4% correct pose estima-
tion rate respectively. The rest of this paper is organized
as follows: In Section 2, we describe the proposed auto-
matic geometric feature based 3D facial pose estimation
approach. In Section 3, we briefly introduce the 3D fa-
cial models used in this paper and give the experimental
results. Finally, a concluding remark is given in Section
4.









Figure 3. First row: four persons’ initial poses and detected fea-
tures. Second row: the corresponding estimated frontal view of the
facial models in the first row.

Figure 4, First row: raw face model; Second row: clean face
model. From left to right, they are face model, face model with refer-
ence plane , and face model with symmetry plane respectively.

Figure 5. First row: face model in its original pose and with
located features and reference plane marked; Second row: up-straight
frontal view after pose estimation. From left to right, they are disgust,
fear, neutral, happy, sad, and surprise respectively.

Flgure 6. Extracted inner eye corner clusters and nose tip of a
same subject with different initial poses.

3D facial models. The approach is based on pure 3D
mesh models without using any texture information.
Our approach is demonstrated feasible for 3D model
pose detection under the circumstances of various sub-
jects, large pose variations, different expressions, and
data with noise/ non-facial outliers. Further research
will be explored to test 3D facial models from different
resources and agorithms. A faster algorithm may also
be investigated to speed up the process of 3D pose esti-
mation.
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