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Lip Feature Extraction And Movement
Recognition Methods: A Review
Priyanka P. Kapkar, S.D.Bharkad
Abstract: Research on methods of biometric has gained attention in recent year’s and brought an increase in security concepts. In the day-to-day
developed world attitude towards terrorism has influenced people and their government bodies to take action and more alertness in the security issues.
For this purpose, many biometric techniques are developed and been improved with the most successful security applications. Lip reading is one of the
biometric like fingerprint, iris etc. Lip feature extraction and lip movement recognition are the challenging task. Many researchers proposed methods for
feature extraction and lip movement recognition. In this paper a detail survey of existing feature extraction and feature classification algorithms are
presented. Lip reading is basically converting the lip movement into some information. This can be used as text or unique feature for biometrics. It is still
under developing the technology of lip reading. Researchers are still finding the new methods to increase the efficiency of the lip reading systems.
Index Terms: Lipreading, preprocessing, features extraction, database, Classifiers
————————————————————

1 INTRODUCTION
Now a day’s lip-reading research area is getting more
prominent, due to it has more unique features and wide use.
The lip-reading basically deals with the lip detection and the
changes in the lip position in the way the words are spoken.
The various applications are there of lip-reading, which are
basically used for advancement of the day-to-day system. The
lip-reading is used as security systems, for people those who
can’t hear or having hearing problems. The lip-reading is also
used for the identification of keywords from video in the
forensic investigations and also for retrieving the person’s
spoken words from its visual appearance. It also has much
application for the human robot interaction so that the system
is able to communication with non-technical person more
easily. The lip-reading can also be used as the subtitles in the
video more accurately then just adding the voice files to it. In
vehicle automation also lipreading technique is used. In more
advanced vehicles, where vehicles are driven accordingly by
detection of persons face and lipreading. The lip-reading can
also be used for the purpose of security system in banks,
colleges, museums, and highly restricted areas. The motion of
lips for every individual is different. The opening of mouth area
is also different for every individual. When any letter is spoken
the area of mouth gets elongated or contracted depending on
the letter spoken. The visual appearance is only used to
recognise the lips movements. The lip movement texture
cannot be mimicries by any person, since every person has
special character tics of it. Even the twins which are identical
cannot mimicries the lip moment of the each other [12].
Recently much of the work is done on the lip-reading and its
applications by using most advanced tools in image
processing, signal processing and machine learning tools. The
researchers are also taking interest in lip-reading processes,
which works automatically.

Basically the lip-reading work is done with lip detection in the
2D images. The tongue, teeth’s are also considered as one of
the feature while lip-reading. Rest of the paper is organized as
follows. Section 2 gives the details of general flow graph of lip
reading system. Pre-processing techniques are discussed in
Section 3. Feature extraction methods are presented in
Section 4. Section 5 and Section 6 summarize the classifiers
and database for lip reading. Conclusion and future scope
works are presented in Section 7.

2 GENERAL FLOWCHART FOR LIP READING
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Fig.1. Block diagram of lip recognition.
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Fig.1. above shows the general block diagram of lip
recognition. It has mainly four parts, which are database,
preprocessing, feature extraction and classification. The
database used may be a 2D image or video in standard
format. The process of preprocessing consisted of localization
and normalization of lips. Preprocessing is applied before the
feature extractions actually take place. This step plays a
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important role in feature extraction. Localization mean finding
the region of interest, from which the features are to be
extracted. Normalization is required to normalise the pixels
intensities after the localization so that the features can be
properly extracted. After the preprocessing, features of the lips
are extracted. These features are used to create feature
database and further used in the classification process.
Classifier gives the output as visually recognised lip position or
may be the words/letters recognised.

3 PREPROCESSING METHODS
Before actual feature extraction some preprocessing need to
done on image so that more appropriate features can be
extracted. This preprocessing method consists of two parts.
The first one is the localization and the second one many vary
like normalisation, lip segmentation and many other. Alizadeh
et al. [5] used local Successive Mean Quantization Transform
(SMQT) features for localization of face’s lower part. From the
illumination of color of lip and face normalization of color
image had taken place. Chen et al. [8] used the Haar
transform for the lip localization which took place
automatically. This transformed mouth region in to YCrCb
colour for separating luminance from the chrominance. That
will help to extract and track the contour for lips. Rathee et al.
[21] had showed various preprocessing techniques. Lip
segmentation was one of the technique while preprocessing,
that had lip localization and normalization according to the
luminance of colors and used haar transform, thresholding. In
the normalization process the lip pixel intensities were
normalized. Also the alignment checking is also one technique
during the normalization. Worbel et al. [29] used the Euclidean
distance to locate the mouth of a person from its face. For the
normalization, pixel intensities were normalised and then the
HOG was applied to it.

4 METHODS USED FOR FEATURE EXTRACTION
Various feature extraction methods are likely based on
geometrical features of lips, appearance of the lips, texture of
the lips and hybrid features of the lips. Basically the hybrid
based features are more extensively used for extraction.
4.1 Lip Geometry based features
In the lip geometry based feature extraction the region of
interest is the lips. Accordingly the mouth region’s area is
calculated. The height and width ratios of the mouth is used as
features [19][6][5]. These features are more applicable where
the surrounding is more crowded area and contains lot of
noise. Hence, in it only visual features are required.
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normalization of all images height and width of the mouth’s
region of interest and then concatenated all the height and
width of the images as the features for lip reading.
Mathulaprangsan et al. [19] had shown the physical geometric
features like the area of mouth, its height and width as
features. Alizadeh et al. [5] proposed the six features for lip
reading. From the contour of lip, he has taken the height, width
and the four of the distances from the upper as well lower
curve of the lips and selected as features. Wu et al. [22]
discussed about the key words that where recognised from the
visual system. In this, for feature extraction the shape of lips
where cropped. The simple parameters like width, height,
centroid of mouth are considered using the Active Appearance
Model. The Table 1 shows the overview of the lip geometry
based feature extraction techniques.
TABLE 1
LIP GEOMETRY BASED FEATURES
Author and Year
Alizadeh et al. [5],
2008
Sahu et al. [13],
2013
Mathulaprangsan
et al. [19], 2015
Wu et al. [22],
2016

Geometrical features of lips
Taken height, width from the contour method.
Also shown the upper and lower lip curves.
Taken the ratio of lips height and width.
With lips height and width, also measured the
area of mouth.
Calculated the height and width of the lips
using the Active Appearance Model.

4.2 Appearance based features
In appearance based features the tongue, teeth’s are
considered for lip movement detection. Since the geometry
based features where having the drawbacks like detecting the
mouth feature reliably, lighting conditions and many more, to
overcome this appearance based features are considered. It
was an alternate way for the extraction of features using the
pixel data as features [15]. Improved Local Binary Pattern
(ILBP) from the three of the orthogonal planes was considered
for change in the time and the space of mouth’s region. The
binary image of lip is also taken as the feature [1]. Leung et al.
[3] taken the mouth opening which consisted of tongue and
teeth’s as a feature. In which the teeth area was taken as the
ROI and the contour of it was taken as the feature for further
processes.
Area with
teeth and
tongue

Width
Fig 3: Appearance based lip feature referred from [3].

Height

Fig. 2. Lip Geometry features [13].
Sahu and Sharma [13] has used the lips height and width
ratios, as shown in Fig 2. They had taken the Bivariated
distribution of the filtered image, after the extraction of Region
Of Interest (ROI). The mean of that distribution used to find out
the centre of mouth as feature. Thabet et al. [26] had taken the

Mathulaprangsan et al. [19] had taken the non front views of
images than the front views of images, for the compensation
of angle variation of the mouth appearance from images as
features. By using the technique of lip segmentation with weak
level color contrast of a image was very difficult to detect, so
the Active Shape Model (ASM) model was used for the
contour detection of the lips and as features [4]. The table 2
shows the overview of the appearance based feature
extraction techniques for the feature extraction used in various
papers.
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TABLE 2
APPEARANCE BASED FEATURES
Author and Year

Appearance Based features

Leung et al. [3], 2006

With the help of contour area of teeth’s is
considered as feature.

Matthews et al. [7],
2002

Active shape model (ASM) was used for
contour lip tracking

Chen et al. [8], 2008

Used contour for tracking lips for the tongue
as features

Liu et al. [15], 2014

Extracted pixel data that changed with time
and the space of mouth’s region.

4.3 Texture based feature extraction
In this various transforms are used for feature extraction. First
region of interest(ROI) is computed then DCT is applied on
ROI to extract pixel based features [9]. The transformations
used are generally the Discrete Cosine Transform (DCT),
Discrete Fourier Transform (DFT) and Discrete Wavelet
Transform (DWT) [10]. The coefficients of transform is used as
the feature to detect and recognise the visual features in DCT
as well as in the DWT. Based on DWT of image, its histogram
is also used as the feature. The mostly used is the DCT
transform. Wang [9], has used the mouth’s centre while
moving and the morphological processes is done on it. After
the application of morphological process is applied the image
of mouth region of interest gets normalised. Then the
2Dimensional-DCT is applied and the DCT coefficients where
taken as features. Rathee and Ganotra [21] because of
capabilities of the energy compaction DCT transform is widely
used. He also explored the DCT for the extraction of the pose
invariant of the features. DCT coefficient of the two different
moving mouth positions in dataset was considered and the
difference with minimum value was taken as features.
Decomposing the signal into approximate coarse and for
information in detail, for it DWT was used. Liu and Cheung [18]
proposed that ROI extracts features by using the image
transforms like Principal Component Analysis (PCA), DCT and
DWT. After the transformation is applied the contour of lips
was take as features. Mathulaprangsan et al. [19] used linear
discriminant method to extract the features which made use of
DWT and 2Dimensional-DCT transforms coefficients only. The
table 3 shows the overview of the techniques for the feature
extraction used in various papers.
TABLE 3
TEXTURE BASED FEATURES
Author and year

Texture based features

Wang [9], 2011

Used normalised DCT coefficients as features

Liu and Cheung
[18], 2014

Used PCA image transform

Mathulaprangsan
et al. [19], 2015

Used DWT and 2D-DCT as features

Sunil Sangve et al.
[27], 2018

Mouth ROI’s histogram of gradient (HOG)
was taken as features.
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4.4 Hybrid features extraction techniques
In the hybrid feature technique for feature extraction, the
various methods combination is used for the feature
extraction. Talea and Yaghmaie [11] has used the red
exclusion algorithm for taking the transformation of image’s
ROI, which recognised the centre of the mouth from the
vertical positions. Then the boundaries of lips thresholding
were done. The gray scale value of the threshold was used as
features. Leung et al. [3] used the geometry feature for finding
the mouth ROI. The active shape model (ASM) use to find out
the contour point and these contour point coordinates are
used as features. Ahmad [17] first took the geometric feature
of height and width. on which he did the DWT transform
processing and of which the mutual information probability is
taken as the feature for the classification. Aleksic et al. [2] had
used the Jumping Snake model to find the lip contour. Then
gray scale of pixel values was used as features. The Table III.
shows the overview of the texture based feature extraction
methods for lip reading. Using the geometry of lips for feature
extraction was used by [9]. It first detects the area of interest,
which is the mouth region then applied the DCT on it and
coefficients of it was used as features. The comparative study
of binary particle swarm optimization (BPSO) and support
vector machine (SVM) is done with the speech visual
database in Chinese. The table 4 shows the overview of the
techniques for the feature extraction used in various papers.
TABLE 4
HYBRID FEATURES
Author and Year

Hybrid features

Aleksic et al. [2], 2006

Used PCA in combination with the Jumping
Snake model.

Leung et al. [3], 2006

Used geometric feature for ROI then
applied DCT to it.

Alizadeh
2008

[5],

Used LDA with combination of the contour
of lips.

Stillittano et al. [14],
2013

Lip contour used to detect and Jumping
Snake model to find key points.

et

al.

5 CLASSIFIERS
Classifiaction is applied for the identifcation, recognition and
verfication of systems. Clasification reqiures stataic as well as
dynamic data. Dynamic data contains the sptiatial and
temporal time varations which is more challenging for
classification. In lips feature classification commonly used
classifiers are Hidden Markov Model (HMM), Gaussian mixture
model (GMM), arifical neural netework (ANN), linear
discriminant analysis (LDA) and many more. There are various
kinds of classifiers used in the different systems. Support
vector machine (SVM) is the classifier which is most widely
used [10]. GMM (Gaussian mixture model) which is used [16],
which is having more approxmation of the features. HMM is
used as the unsupervised classifier in many systems [1]. The
neural network is also widely used for the classification and
recogniton of the lip movements. The simplest one classifier
used for classification is the k-nearest neighbour (KNN) [17].
While also classifying the LDA is also used [26]. The
convolutional neural network is used, which works as
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2Dimensinal-Convolutional neural network (2D CNN) for the
classification of features taken from HOG [27]. Thabet et al.
[26], used various classifiers for the comparative study of
classification with its best results. He used Naïve Bayes
classifier, Quadratic discriminant analysis (QDA), multi layer
perceptron (MLP), LDA,SVM, Gradient boosting classifier and
among which Gradient boosting one showed the largest
accuracy. Wang et al. [4], with the HMM classifier and EM
algorithm. Wang [9], used BPSO and SVM that provided more
optimal lip feature. HMM was used for the small database in
the experimentation. Similarly the HMM classifiers are used in
[5][22][15][18]. Ding et al. [27] used the multi dimensional
convolutional neural network for the classification.
Mathulaprangsan et al. [19], used HMM and GMM classifier
and among which GMM was having more accuracy. Daehyun
Lee and Kyungsik Myung [25], proposed the lipreding system
which used the long short term memory (LTMS) classifier of
the neural network architecture. Sunil Sangve et al. [16], used
the Principal Component Analysis (PCA) matching template
with the GMM model for classification. E. Gomez et al. [1],
used the mutli neural network which is the old one classifier.
Hassanat [17], used KNN with various hiden layer for the
feature classification. Rathee et al. [21], showed varoius
techquies of classification like HMM, GMM, ANN, LDA, SVM.
Among which the HMM model used was more popularly used.
Leung et al. [3], used the HMM and regularised discrimanant
analysis for the speakers classification of features. Among
which the HMM was more better than the regularised
discrimanant analysis.
TABLE 5
TABLE OF CLASSIFIERS USED
Author and year

Classifiers Used

Gomez et al. [1], 2002

Used multi neural network model and HMM
combination. Got 0.015 equal error rate (EER).

Leung et al. [3], 2006

Compared the HMM and regularized
discriminant analysis. HMM was better with
limited database.

Alizadeh et al. [5],
2008

By using reducing the dimensions of the data
using D-LDA provided more improved efficient
way for classification.

Wang et al. [9], 2011

Use of BPSO and SVM provided more optimal
lip features.

Sangve et al. [16],
2014

Used GMM classifier for feature classification.

Ahmad Hassanat [17],
2014

Used KNN because it is more efficient with the
small database.

Liu et al. [18], 2014

Used HMM with the two different visual
discriminative features.

Mathulaprangsan
al. [19], 2015

et

Compared HMM and GMM. GMM was more
better in classification of features than HMM.

Rathee et al. [21],
2015

Showed the use of various classifiers like
HMM, GMM, ANN, LDA, SVM.

Wu et al. [22], 2016

Used HMM for audio as well as visual
features, combination of which found out the
keywords.
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Lee et al. [25], 2017

Machine learning technique LSTM was used
for lip reading.

Thabet
2018

Used variety of classifiers and among which
gradient boosting classifier showed the highest
accuracy.

et

al. [26],

Ding et al. [27], 2018

Used multidimensional neural network for
classification.

Alizadeh et al. [5] similarly showed the face detection first with
localization of lips and using the contour for feature extraction.
The features dimensions are reduced using the direct linear
discriminant analysis (D-LDA) system and used the HMM
classifier before the D-LDA. By reduction, the D-LDA provided
more improved classification of features. Daehyun Lee and
Kyungsik Myung [25] showed the system that consisted of
lipreading as for the password purpose. The classifier used
was long short term memory (LSTM). The lip area region was
used for the password purpose in the visual system. For the
feature extraction the histogram of gradient (HOG) was also
been used in [27]. In this the classifier used was the
convolutional neural network. Since, HOG has been used for
feature extraction from the gray scale image. This system can
also be used for the key word spotting purpose, which has
many of its application in medical as well as in the forensic
field. While the classification is done, the outcomes are
considered as very important part. Li et al. [6] showed the
outcome of the system was 72% based on the testing
approach. Lesani et al. [20] had the mobile based lip-reading
which is having the 70% accuracy of the recognition. From
Zhang et al. [28], the lip-reading was recognised up to 71% by
making the use of OuluVS database. The database used for
the classification was having the only one letter or the one
word for the recognition. The output of classification with no
moment mouth is not having accuracy. But the classification of
the video database has more accuracy than the image
database. HMM based system is more approximate than the
supervised classifier like the SVM and LDA. The GMM is more
approximate than HMM as [19].

6 DATABASE
Evaluation of the classifiers is very necessary part of the any
developed system. So for the evaluation, the database is used
based on the evaluated results of old research paper’s. The
various database are available which are based on the
conditions required by the system as per the applications. Lip
recognition system has to face various problems like its
robustness during the testing process. Large number of
peoples samples are required. Background or the
environmental condition of the surrounding so that it may
extract features more appropriately. M2VTS database is
containing audio as well as video signals. In which the French
digits are pronounced from zero to the nine digits and contains
185 recording’s of the 37 people [5]. Mathulaprangsan et al.
[19] has used the XM2VTS database. He focused on the
reducing the dimensionality using LDA and also focused on
the front view and non front view while taking the features as
shown in the fig.4. There are different fame rate in the various
video based databases. The 20 frames per second is the
video rate is used in [22]. But some of the standard database
is also used which are the AVletters database, PKU-AV
database [22][27] and the XM2VTS Database [19]. AVletters
database is most widely used. Wu et al. [22] used the OuluVS
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database Which consisted of 20 people’s uttering the 10
phrases five times. Only the visual part was used. Further he
used the PKU-AV database consisting of 20 people with 300
utterances of words for human robot interaction.

Fig.4. Referred XM2VTS database mouth image samples from
[19].

7 CONCLUSION AND FUTURE SCOPE
This paper has surveyed various methods for lip feature
extraction and recognition and tried to clear the consensus as
visual based features are representing the lips information.
That can be used for the speech recognition, speech
synthesis, identifying gender, language and as passwords in
biometrics. Large number of preprocessing methods for the
lips feature extraction where adopted by the researchers.
Features where extracted were having different methods
based on geometry, appearance, colour and textures. But by
using the hybrid based feature extraction methods more good
results are reported in the literature. Similarly, various classifier
where used for classification by researchers. Among which the
HMM had more advantages, because it do not get affected by
the addition of a class into it. SVM was a good classifier. ANN
was less sensitive that the HMM. Performance of the
lipreading system can be increased, by using the combination
of different techniques of feature extraction in hybrid based
methods. Using the more appropriate classifier with the
features extracted using the hybrid based methods can
increase the efficiency of the system. More robustness can be
obtained for the applications of lip reading. Increase in the
research of lipreading methods can boost up the newly rising
technologies. This could be more easily utilized and available
for every individual.
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