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Abstract – Elastic Bunch Graph Matching (EBGM) based 
localization of a few predefined ficudial points is a popular 
method in face analyses in robot vision due to both its 
automation and relatively less computation expense. In the 
EBGM method, the position is decided by minimizing the 
similarity between the responses of Gabor banks, i.e., a 
Gabor jet, at the current point and a given reference. The 
selection of optimal Gabor parameters plays a key role in 
the extraction of Gabor jets with a high degree of 
discrimination. In the present work, we propose a method 
for the selection of parameters by minimizing the energy 
function consisting of within-class and between-class 
scatters using the gradient descendent method. We 
formulate the learning rule and design the algorithm for the 
learning of parameters. Numerical experiments have been 
performed to investigate the performance of estimated 
parameters in improving the precision of automatic 
localization, which verify the efficiency of the proposed 
approach.  
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1. Introduction 
 

Automatic localization of fiducial points is an important 
preprocessing in many robot vision systems for face 
analyses because of the following reasons: for appearance 
based approaches, it provides a fully automatic prior pose 
normalization; for model based approaches, it works as the 
feature extraction, which reduces the computation burden 
and improves the accuracy by the correct positioning of a 
limited set of points.  Although the fiducial points could be 
automatically selected according to some criterion defined 
on the recognition performance [1], in general a set of facial 
fiducial points is heuristically defined, e.g., the eye, the 
corner of eye and mouth, the tip of nose, etc. The predefined 
fiducial points help include priori knowledge and also help 
understand the behavior of variations between different 
faces or facial expressions. Usually, properly selected 
features with accurate localization improve the accuracy of 
analysis while inaccurate land-marking will deteriorate the 
performance. In general, the performance of facial feature 
localization is evaluated from the following aspects: 
accuracy, robustness against illumination, pose and scale 
variations, and computation expense, etc.  

We adopt the EBGM-based method in Ref.[2] which is 
robust in the variations of brightness by using a bank of 
Gabor responses (Gabor jet)  as a discriminant feature and is 
adaptive to shape variations because of the elastic graph 
model. Statistical approaches, such as SVM, have been 

applied to EBGM to further explore the discrimination of 
extracted graphs.[3] Elastic graph matching with 
morphology features has also been proposed. [4] We still 
adopt the Gabor filters, a biologically relevant model for the 
receptive field, for feature extraction because of their 
robustness against illumination [5,6] The robustness against 
illumination and varying contrast is achieved by making the 
Gabor kernel DC-free and normalizing the Gabor jet. 
However, only limited robustness is available in Gabor 
filters against scaling, distortion and rotation. We consider 
improving the robustness against scaling by extracting and 
scaling the face region to a specified face size. The 
robustness against distortion and rotation is considered to 
be improved by optimizing the Gabor parameters based on 
training samples.  

The accuracy of EGBM in land-marking is increasable 
by improving the discriminant of jets among fiducial points 
nearby, which is implemented by the optimization of Gabor 
parameters in the present work. Various approaches have 
been proposed for the selection of Gabor parameters, e.g., 
post-selection of Gabor response according to the output of 
SVM classifiers [7], Neural Network (NN)-based selection 
of parameters for texture segmentation [8] and information 
diagram based search [9], etc. The selection by NN 
introduces extra hyper-parameters for the network, whose 
convergence is difficult to control when dealing with a large 
number of high-dimensional Gabor responses. Due to the 
large size of the Gabor family used in land-marking, the 
candidate space of parameters might be too large for the 
information diagram-based search.  Therefore, we adopt an 
energy function based optimization of Gabor parameters, 
where the purpose of the energy function is to increase the 
discrimination of Gabor jets. 

In Section 2, we will explain the whole localization 
system, and formulate the energy-minimization based 
approach for the optimization of Gabor parameters. We also 
give the learning algorithm. Numerical experiments have 
been performed in Section 3 to investigate the performance 
under optimized Gabor parameters. Discussions on the 
advantages and shortcomings of the proposed approach will 
also be given. Finally, we conclude the present work and 
explain our future work.  
 
2. Feature Localization by EBGM with Optimized 

Gabor Parameters 
To improve the computational speed, a two-stage 

localization is used in our system, which first locates the 
ROI (Region of Interest) of each feature, and then performs 
a finer localization to improve the accuracy of positioning. 
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