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Face Alignment on Local-Shape-Based Combined Model

WAN Jun LI Jing CHANG Jun WU Yu-Jia XIAO Ya-Fu
(School of Computer Science » Wuhan University , Wuhan 430072)

Abstract In recent years, large quantities of effective and accurate algorithms on face alignment
have been proposed, among which many of them use the mean shape as their initialized shapes
and then further predict the final shapes of test images with different methods. These algorithms,
however, are in lack of great robustness if there are big differences in facial expressions, head
poses and illumination. This paper presents a Local-Shape-Based Combined (LLSBC) model to
creating a new face shape which is more accurate than the mean shape and named as combined
shape. The LSBC model firstly divides a face shape into 5 parts according to the distribution
discipline of landmarks, namely face contour area, eyebrow area, eye area, nose area and mouth
area. And then with the mean shape being the initialized shape, different local shapes on training
images will be categorized by their features extracted from local region around landmarks in each
local shape to establish a random forest for classification. The leaf node is responsible for storing
the corresponding local shapes in this category and the rest of nodes keep the classification rules.

The LSBC model will build five random forests corresponding to five local shapes totally. As for

Wk H 1 :2016-06-08 5 ZE % i AR H 191 :2017-05-19. A PR AEIAH B [ 58 A SR BFF 5L 42 (41201404) F v g o 4 SE A BL Ik 55 9% 40 10 5k 4 W% By
T 185,198 4Rk M B AR R EHESE 7 i o ARG B A X 5. E-mail: wanjun19880602@163. com. 2= &, 53,1967 4E 4,
Pl o 1 B0, BT O BRI R A R B E L B 1972 AR AR T PRI BT 10 O £ R N 45 3 A RN
M. REE.H 1986 4F4 WA, FEUFF D7 B2 58 AR R, BHER, B, 1988 FA MW AR, EEWF SR Ik
H A B g s 2R ).



91 T AREE . BT RETE AR LA B R X 5 2163

each test image, it will first set the mean shape as the initialized shape and then traverse the
random forest to select the local shapes which are most similar with the test shape. The centers of
all local shapes in the mean shape together with the centers of all local shapes corresponding to
the selected face contour and the selected local shapes will be combined to create a combined
shape. Under most circumstances, the error between the combined shape and the ground-truth
shape is smaller than the error between the mean shape and the ground-truth shape. Consequently, a
decision-making mechanism based on combined binary features is proposed to choose a better
initialized shape for subsequent stages between combined shape and the mean shape. The decision-
making mechanism means estimating the relationship between the predicting results and combined
binary features in training and applying the estimated relationships to predict the choosing result
in testing. The decision-making mechanism is a binary classification problem which can be well
solved by the Support Vector Machine with the combined binary features. Finally, the chosen
initialized shape will be optimized by cascade regression for the purpose of approximating the
ground-truth shapes. On one hand, the LSBC model is useful in preventing the final-predicted
shape from trapping into local minima due to an undesirable initialized shape. On the other hand,
it can enhance the robustness of this algorithm in terms of facial expressions, head poses and
illumination. The alignment errors (inter-pupil distance normalized landmark error) of this

algorithm under the two databases 300-W (68-pts) and Helen (194-pts) are respectively 4.73%

and 4. 68 % , which is more precise than such current algorithms as LBF, ESR and SDM.
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Background

In recent years, face recognition has attracted wide
attention of scholars all over the world. Face alignment or
locating semantic facial landmarks such as eyes, nose, mouth
and chin, are essential for tasks like face recognition, face
tracking, face animation and 3D face modeling. The efficiency
and accuracy of face alignment will cast a direct influence on
the algorithm performance in later phases. Face alignment
has so far remained a great challenge due to the differences in
facial expression, head pose and illumination as well as the
partial occlusion.

There are a lot of classical algorithms such as AAM,
ASM, SDM, ESR, LBF, which achieved good performance
if there were little differences in facial expressions, head
poses and illumination between test faces and training faces.
Under the common subset of 300-W database, the alignment
error can reach 4.95% . but in the challenging subset of the
same database, the alignment error is not good (11. 98%) ,so
how to reduce the alignment error in such cases is the current
research focus of scholars.

In CCFS, it presents a Coarse-to-Fine shape searching
for face alignment which achieved a good performance. It
divides the face alignment into two stages: coarse searching
stage and finer searching stage. In the first stage, a shape
space containing many candidate shapes will be firstly created.
While choosing a subspace for the second stage, those
undesirable shapes will be discarded. In the second stage, the

remaining subspace will be continually converged to a tiny

[30] Calonder M, Lepetit V, Strecha C, Fua P. BRIEF: Binary
robust independent elementary features//Proceedings of the
European Conference on Computer Vision. Crete, Greece,

2010. 778-792

and pattern recognition.
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one, which is capable of identifying face shape.

With the great advantages of feature extracting and data
training, some scholars use deep learning to deal with face
alignment, and they have achieved better performance
because of their first detecting of 5 main landmarks and
enormous

pre-training with quantity of external data

sources. We present a Local-Shape-Based Combination
(LSBC) model to create a combined shape, under most
circumstances, the combined shape is more powerful than the
mean shape in processing capability. And then we present a
decision-making mechanism to choose a better-initialized
shape for subsequent phases between combined shape and
mean shape. The LSBC model based on local shape is, on
one hand, useful in preventing the final-predicted face from
trapping into local optima due to an undesirable initialized
face and, on the other hand, capable of enhancing the
robustness of this algorithm in terms of facial expressions.
head poses and illumination. The inter-pupil distance normalized
landmark errors of this algorithm under the two databases
300-W(68-pts) and Helen(194-pts) are respectively 4. 73%
and 4.68%, which is more precise than such current
algorithms as LBF, ESR and SDM.
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