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Lipreading has become a hot research topic in recent years since the visual in-
formation extracted from the lip movement has been shown to improve the per-
formance of automatic speech recognition (ASR) system especially under noisy
environments [1]-[3], [5]. There are two important issues related to lipreading:
1) how to extract the most efficient features from lip image sequences, 2) how
to build lipreading models. This paper mainly focuses on how to choose more
efficient features for lipreading.

Feature extraction is very important for lipreading. Many feature extraction
methods have been proposed in the literature. In general, variant feature ex-
traction methods can be divided into two kinds: 1) pixel-based features derived
directly from the image transforming such as Discrete Fourier Transform (DFT),
Discrete Cosine Transform (DCT) [2] [6], Principal Component Analysis (PCA)
[3], Linear Discriminant Analysis (LDA) [6], Gabor Wavelets Transform(GWT)
[4], Local Binary Pattern (LBP)and so on. 2) model-based features by tracking
lip contours to describe its movement [5]. Some experiment results show that
pixel-based method is more efficient than model-based method [2] [5].

In those pixel-based feature extraction methods mentioned above, DFT and
DCT extract the global features in the mouth images; GWT and LBP extract
local features. Global features consider the mouth image as a whole and it is easy
to reflect the whole difference of mouth images. Local features, on the other hand,
are computed at multiple points in the mouth images and are more robust to
the variations between the images of the same mouth due to illumination and
viewing direction. Although both global and local features work well to some
extent, each is limited by the fact that it ignores other information that may
also be very important.

Most lipreading systems tent to use either global or local features. Some psy-
chological evidences show that people use both global and local features for
object recognition, in some extent, people use global features before analyzing
the image in detail [7] [8]. Local features could result in much better perfor-
mance than global ones. Motivated by this study, this paper presents a novel
method of combining global and local classifiers to form a more powerful classi-
fier for lipreading. The global classifier uses Discrete Fourier Transform (DFT)
to extract global features. The local classifier uses block-based Gabor Wavelets
Transform (BGWT) to extract local features. Both global and local classifiers
use Hidden Markov Models (HMM) to model. These two classifiers are then
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combined to form the final classifier which not only uses the global information
but also the local information.

We investigate and compare several current popular global and local feature
extraction methods such as Discrete Cosine Transform (DCT), Discrete Fourier
Transform (DFT), block-based Gabor wavelets Transform (BGWT) and Local
Binary Pattern (LBP) as well as several combination methods between them.
The experiment results reveal that the performance of single global or local clas-
sifier is around 77%. Among these classifiers, the one based on LBP performs
worse than others. The reason is that LBP is implemented in spatial domain and
extracted global features are not more efficient than other features which are ex-
tracted in frequency domain. In all of the combinations of global and local clas-
sifiers, the combination of DFT classifier and Gabor classifier (DFT+BGWT)
gained the highest accuracy up to 82.45% which not only surpasses each of the
individual classifiers but also the other combinations, in other words, the global
DFT features can compensate the local Gabor features much better. The com-
bination of DCT classifier and Gabor classifier gains worse recognition rate than
DFT+BGWT. In fact, DCT coefficients can be derived from the real part of
DFT coefficients, and DFT features have more powerful capability to reflect
the intensity variations in an entire image. The performance of combination of
DFT and LBP is better than LBP but worse than DFT. The reason is that
LBP features have worse discriminability than DFT features. When they are
used together, the test samples which will be recognized right by DFT may be
recognized wrong with the influence of weaker LBP classifier.
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