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Study on Local Feature for Face Recognition

Xie Shufu (Computer Application Technology)
Supervised by Prof. Chen Xilin

Face recognition technology is regarded as one kind of widely accepted
biometric identification technology, and has both significant theoretical values and
wide potential applications. In the past few decades, much progress has been made in
face recognition. Many performance evaluations and academic research results show
that the best face recognition algorithm has achieved the desirable performances
under controlled testing conditions. However, due to the variations arising from
lighting, expression, pose and other factors under uncontrolled conditions, the
intra-personal variations might be even larger than inter-personal variations. This
greatly degrades the performances of most face recognition algorithms.

Face representation is generally regarded as the key to one face recognition
algorithm, and has received much attention. This thesis reviews the widely used face
representation methods for face recognition from both global and local aspects. Local
feature is robust to the variations due to illumination, expression, partial occlusion and
other factors, thus attracts much attention in face recognition. As one kind of effective
local feature, Gabor wavelet representation has achieved good face recognition
performances. To seek the potential of Gabor features for face recognition, this thesis
studies the representation methods using local patterns of Gabor features, and further
investigates their combinations with discrimiantive feature extraction method. The
main contributions of this thesis are as follows:

1. Propose a representation method fusing local patterns of Gabor
magnitude and phase features.

Gabor phase features are very sensitive to the varying image positions, and this
leads to that most face representation methods using phase features generally achieve
the low face recognition accuracies. Aiming to this question, local Gabor XOR
patterns (LGXP) based on phase is proposed. This descriptor quantizes phase into
different ranges, then calculates the pattern of pixels in spatial neighborhood by using
XOR operator and utilizes block-based histogram to represent face images. Its merit
lies in that the quantization strategy makes patterns less affected by the sensitivity of
phase to the varying image positions, and multi-scale and multi-orientation histogram
features have better representation power. To utilize the complementary information
of Gabor magnitude and phase features, the discriminative feature extraction method
is adopted to fuse local patterns of magnitude and phase at the image block level, and



all the block-level similarities are fused together according to the sum rule. The
proposed method derives the low dimensional discriminative features from local
patterns of Gabor features, and it not only reduces the cost of calculating similarity
between images but also improves the face recognition accuracies greatly. In addition,
LGXP descriptor is one effective representation based on Gabor phase features, and
this ensures that its fusion with local patterns of Gabor magnitude features could
achieve the better performances.

2. Propose one representation method based on local patterns of Gabor
“volume” features.

In order to effectively model the patterns of Gabor features, multi-scale and
multi-orientation Gabor features are organized as one three-dimensional “volume”: its
first two dimensions are image spatial domain and the third dimension corresponds to
Gabor filters at different scales and orientations. Then, Local Binary Patterns (LBP)
operator is adopted to calculate the pattern in Gabor magnitude “volume” features and
histogram is utilized to represent face images. This descriptor combines the patterns
in both image spatial domain and different filter responses at the same position, thus
has better representation power. Two extensions of this descriptor are further
presented: weights learning for subblocks using Fisher’s Linear Discriminant analysis
(FLD) criterion and discriminative feature extraction method. The subblock-weights
learning method utilizes FLD criterion to learn the weights of different subblocks
from one training set, and fuses the subblock-level similarities by using the learned
weights. This method adopts the discriminative abilities of different facial regions,
and could improve the face recognition performances when the variations of images
in probe set are basically the same as those in training set. The discriminative feature
extraction method applies FLD to the image block-level representation to derive the
low dimensional features and calculates the block-level similarities, then fuses these
similarities according to the sum rule. This method derives the desirable projections
for classification tasks, and improves the results on the three testing face databases.

3. Propose learned local Gabor patterns for face representation.

According to the image hierarchical structure, one middle level exists between
image pixels and facial components, and is denoted as “pattern”. As one kind of
objects with the similar structures, faces should have the specific pattern elements.
From this viewpoint, for Gabor wavelet at certain scale and orientation, this method
constucts one patch set by sampling patches from Gabor filtered face images, and
learns one corresponding codebook: its each codeword corresponds to one kind of



pattern; then, this method represents each face image based on the learned codebooks.
Considering that different face regions and different patterns have different
discriminative abilities, the weighted method by using the weights of both subblocks
and patterns is further proposed. Additionally, aiming at all the 11 methods using local
patterns of Gabor features in the literatures, this thesis classifies them into
pattern-designed and pattern-learned methods according to their pattern definitions,
and makes a comparison between them from two aspects: pattern-definition
flowcharts and parameters. Due to the high dimensional feature of these descriptors,
this thesis adopts the discriminative feature extraction method to derive the low
dimensional features. Extensive experimental results show: 1) that the representation
method using learned local Gabor patterns is effective for face recognition and, in
particular, it is less affected by the codebooks learned from different training sets; 2)
that the weighted method utilizes the discriminative ability of both subblocks and
patterns, further improves face recognition rates; 3) that the method comibining
learned local Gabor patterns and discriminative feature extraction derives the low
dimensional discriminative features, and performs better than both the baseline
method and the weighted one .

In summary, this thesis studies the face representation methods using local
patterns of Gabor features, and proposes three kinds of methods using local Gabor
patterns. In addition, this thesis investigates the discriminative feature extraction
method and combines it with different local Gabor patterns. The combination method
not only reduces the cost of calculating similarity in the methods using local Gabor
patterns, but also achieves the excellent results on the challenging face databases.
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