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Histogram of the Oriented Gradient for Face Recognition”

Hk

SHU Chang (47 #), DING Xiaoqing (T B¢%)", FANG Chi (7 Zt)

State Key Laboratory of Intelligent Technology and System, Department of Electronic Engineering,
Tsinghua University, Beijing 100084, China

Abstract: The histogram of oriented gradient has been successfully applied in many research fields with

excellent performance especially in pedestrian detection. However, the method has rarely been applied to

face recognition. Aimed to develop a fast and efficient new feature for face recognition, the original HOG

and its variations were applied to evaluate the effects of different factors. An information theory-based crite-

rion was also developed to evaluate the potential classification power of different features. Comparative ex-

periments show that even with a relatively simple feature descriptor, the proposed HOG feature achieves

almost the same recognition rate with much lower computational time than the widely used Gabor feature on

the FRGC and CAS-PEAL databases.
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Introduction

The intensity of an image contains discriminative in-
formation as well as noise, and in most cases, is the
only source that can be used to still object recognition.
However, what really matters is not the absolute value,
but the relative value which reflects the structure in-
formation or texture variation of an object.

Various feature extraction and selection methods
have been widely used™. Besides holistic methods
such as PCA and LDA, local descriptors have been
studied recently. An ideal descriptor for the local facial
regions should have large inter-class variance and
small intra-class variance, which means that the de-
scriptor should be robust with respect to varying illu-
mination, slight deformations, image quality degrada-
tion, and so on. Information theory was used to
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develop a criterion to evaluate the potential classifica-
tion power of different features.

Among the variety of different descriptors for the
appearance of image patches that have been developed
by the texture analysis community, local binary pattern
features yield some of the best results when used to
represent facial images. The idea of using a local bi-
nary pattern for facial descriptions is that faces can be
seen as a composite of micro-patterns which are well
described by this operator®. However, sometimes
there are too many micro patterns so in practice a sys-
tem has to reduce the number of local regions or the
number of possible scales to form a reasonable length
feature vector.

The Gabor waveletm, whose kernels are similar to
the 2-D representative profiles of the mammalian cor-
tical simple cells, was first introduced by Gabor in
1946. The Gabor transformation simultaneously en-
hances facial feature magnitude and orientation and
has been widely used as an effective element in image
processing and pattern recognition tasks. The Gabor
wavelet is the most popular and successful feature ever
used for face recognition. For example, it is used for
face recognition in the dynamic link architecture
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framework by Lades et al.™ and in the elastic bunch
graph matching method developed by Wiskott et al.””
The use of orientation histograms also has many pre-
cursors. Freeman and Roth!'"” used orientation histo-
grams for hand gesture recognition, Dalal and Triggs'"
presented a pedestrian detection algorithm with excel-
lent detection results using a dense grid of HOG. The
HOG provides the underlying image patch descriptor
for matching scale invariant keypoints when combined
with local spatial histogramming and normalization in
Lowe’s scale invariant feature transformation (SIFT)
approach to wide baseline image matching!?!. How-
ever, few publications can be found which show a suc-
cessful application of this feature to face recognition.

1 Histogram of Oriented Gradient
1.1 Basic theory

The basic idea of HOG features is that the local object
appearance and shape can often be characterized rather
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well by the distribution of the local intensity gradients
or edge directions, even without precise knowledge of
the corresponding gradient or edge positions. The ori-
entation analysis is robust to lighting changes since the
histogramming gives translational invariance. The
HOG feature summarizes the distribution of measure-
ments within the image regions and is particularly
useful for recognition of textured objects with de-
formable shapes. The method is also simple and fast so
the histogram can be calculated quickly.

As used in SIFT or the EBGM method, the original
HOG feature is generated for each key point of an im-
age. The neighboring area around each key point is di-
vided into several uniformly spaced cells and for each
cell alocal 1-D histogram of gradient directions or edge
orientations is accumulated over all the pixels of the
cell. The histogram entries of all cells around one key
point form the feature of that key point. The combined
histogram features of all key points form the image
representation. The whole process is shown in Fig. 1.

Gradient vectors in an image patch
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Orientation bins

Orientation bins

Fig. 1 Image window divided into small spatial regions (“cells”). Local 1-D histograms of gradient directions or edge
orientations are accumulated and concatenated to form the final histogram feature.

1.2 Orientation representation

Orientation can be represented as a single angle or as a

double angle!"’). A single angle treats a given edge and
a contrast reversed region as having opposite orienta-
tions. A double angle representation maps these into
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