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Lip-Reading Techniques: A Review  
 

Sooraj V, Hardhik M, Nishanth S Murthy, Sandesh C, Shashidhar R 
 
Abstract: Lip reading is a skill of determining a person’s words by watching lip movements without having heard the sound, or in other words it is a 
method of determining speech by looking at the movements of the lips. Audio visual speech recognition (AVSR) is an approach that uses image-
processing abilities in lip-reading to assist speech recognition systems. It is combination of both audio part and visual part, which implies integration of 
both lip-reading and speech recognition processes working separately. In this paper, we go through different methods of lip reading and discuss the 
steps involved in lip reading which includes face detection, lip localization followed by feature extraction and recognition. Audio-visual speech recognition 
is helpful in an area having audio noise. We look out for performance of hybrid models used for AVSR and trace out the limitations of different 
approaches which may be helpful for further research in this field. We compare and analyze with various databases of AVSR and their functions, and 
also discuss the challenges faced, and extend our perceptivity into direction of future research for different types of lip-reading. 
 
Index Terms: Lip-reading, image-processing, face detection, lip localization, feature extraction, audio-visual speech recognition (AVSR), Hybrid Models. 

——————————      —————————— 

 
1 INTRODUCTION             
In recent trends, pattern-recognition has proved to be an 
important topic of discussion which emphasizes on the use of 
computers to mimic people’s ideas regarding different items to 
convey some valuable information. When matched with other 
recognition systems such as fingerprint, gesture or facial 
recognition, audio visual speech recognition is more beneficial 
and robust which makes it important building block of Human 
Computer interface [22,23]. The other important areas of 
research in lip-reading are pattern recognition [24,25], image 
processing and computer-vision [26]. Nowadays, lip reading is 
becoming very important technique implemented in recognition 
systems where several lip-reading techniques may be used to 
improve performance of recognition models. Lip reading finds 
great applications in the field of information security [27,28], 
speech recognition[29,30,31] and driver assistance 
systems[32]. Looking at history of lip reading, we will have to 
go back to 1954 when Sumby[33] proposed his first work 
associated with lip reading. Later Petajan[34]  introduced a 
different lip contour reading system which was popular in 
1980s. After that there has been a number of researches in the 
field of lip- reading. Since audio signal is susceptible to noise 
in the environment, a pixel based method combined with 
artificial neural network (ANN) was proposed in a recognition 
model[35] developed in 1989. In 1993, Goldschen and others 
used Hidden Markov Models (HMMs) in their lip reading 
systems to achieve sentence recognition rate of 25%[36]. 
Chiou[37] gave a lip-reading system which used colour 
motion-video combining snake model, HMM and principal 
component analysis (PCA) to achieve accuracy of about 94% 
for 10 words.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For improving performance of continuous lip-reading, a 
context-based deep neural networks (DNN) system[38] was 
realized with many layers for visual entities to achieve word 
accuracy of about 84.7% with a massive 33% increase when 
compared to baseline HMM. A number of companies and 
institutions are investing on researches in the field of lip 
reading. Haar feature and Adaboost cascade classifiers [39] 
were used to detect the facial gestures and lip movements of 
the speaker in an open source system invented by Intel. This 
system has got the ability to enhance word recognition 
accuracy and processing speed. A kind of computer for lip 
reading was designed to differentiate between various 
languages such as German, Arabic, Italian, Polish etc with 
great accuracy. Google and Oxford universities have 
discovered tremendous lip-reading software based on artificial 
intelligence which may be known to find out the lip movements 
of the speaker on BBC-TV shows. It turned out to be great 
with 46.8% accuracy when compared to trained lip specialist 
which was merely 12.8% in a similar test. The organization of 
the paper is as follows: Section 2-Lip-reading system, Section 
3-Database and Section 4-Conclusion. 

 
2   LIP-READING SYSTEM 
The existing lip-reading system emphasizes on face detection, 
lip localization, followed by feature extraction and recognition 
blocks as shown in Figure 1. After identifying speakers face, lip 
region has to be found and then information has to be 
extracted by analyzing movements of the lips. 
 

 
 

Figure 1: Block diagram of existing lip-reading system 
 
Here, first step is to detect the face of the speaker and identify 
the region of the lips. Next step is to minimize the image data 
and extract the feature related to movements of the lips. The 
last step would be to identify the visual data from the extracted 
lip movement and classify it using a high efficiency classifier. 
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2.1 Face Detection 
Face detection may be visualized as a computer vision issue 
which involves locating faces in images. Face detection is the 
primary step in face-biometrics, and its efficiency  has a great 
impact on the performance of additional operations . It is a 
challenging task for humans to solve, so we have feature-
based techniques such as the cascade classifier to solve it. At 
present deep learning methods have achieved good results on 
standard face detection datasets. Face detection is generally 
considered to be the introductory step towards a number of 
face-oriented technologies like face identification or 
recognition. Face detection has many beneficial applications. 
Face detection may be termed as a particular event of object-
class recognition. In object-class recognition or detection, the 
main job is to determine the positions and sizes of all entities 
in an image that are part of a given class. Face detection 
algorithms concentrate on the discovery of human faces. Face 
detection is similar to image recognition in which the image 
under observation is compared bit by bit. Any face related 
feature changes in the database will not give a valid 
comparison. Face recognition has an important role in any sort 
of face related image-processing applications. Nowadays, a lot 
of works related to face detection or recognition have been 
proposed to make it more progressed and efficient. 

 
2.2 Lip Extraction 
Lip area extraction is the most significant part of the process to 
get good recognition rate. Many innovations have been made 
for extracting facial image from the face. The active 
appearance model (AAM) is a kind of model in which the 
shape as well as grey-level appearance (the one which shows 
only shades of grey colour with no other colours) may be 
determined. It is hard to directly identify or recognize lip 
regions because various other parts like moustache, eyes, 
nose, eyebrows, and body are observed in target image. Face 
detection and lip localization may be seen in Figure 2. 
 
 
 

 
 
 

 
 
 
 

Figure 2: Lip region extraction observed for CUAVE 
database[40] 

 
Takeshi Saitoh and Ryosuke Konishi[12] proposed active-
appearance model (AAM) to extract the area of lips. This 
model gives the idea of how lip extraction is done in order to 
interpret the characters. As said earlier, it is hard to directly 
identify or recognize lip regions because various other parts 
like moustache, eyes, nose, eyebrows and body are observed 
in target image. Therefore, we first extract face region from the 
target image, and then the region of interest is set to identify 
the lip-region after the face-recognition process. Use of AAM is 
considered to extract the face and lip regions. In this work, 
Hidden Markov model along with dynamic programming (DP) 
matching methods are implemented, where both are shown to 

be giving high recognition accuracy. The upgraded analysis of 
lip extraction in real time was proposed by Takeshi Saitoh [14], 
and in this analysis the videos of changing lip movement were 
captured using a camera and database was developed. This 
system is shown to operate in two modes namely the 
registration and recognition modes. Registration mode is used 
when the person records a speech sample before recognizing 
it, and recognition mode is preferred when the person 
communicates. This paper suggests two automatic processes 
namely automatic spoken section extraction while the other 
one being a camera control to decrease the number of steps. 
In Automatic-spoken section extraction, the system 
concentrates on phrase recognition, studies the lip shape 
(closed) that can be seen before and after a letter is spoken. 
Shape can also be seen when a person speaks some 
consonant letter. To distinguish the shapes, the threshold time 
is set. In camera control method they make use of camera in 
order to extract or capture the image. In Initial-mode we see 
that region extraction is not applied, instead the rectangular 
area of 80×80 pixels lying between a 320×240-pixel image is 
considered, and the extracted rectangular region is utilized. A 
Lip-reading study of English alphabets as expressed by 
Filipino Speakers which made use of Image analysis was 
propounded[15], here English letters pronounced consisted of 
letters from A-Z. The data gathered were processed using 
MATLAB in order to convert video into a sequence or 
collection of images. Image sequences were developed using 
pre-recorded video for image analysis. Processing was done 
in MATLAB, where a folder was automatically created to 
convert video into images. Twelve frames were considered for 
image processing. Finally, images were represented in .jpg 
format. Lip detection and extraction was performed using 
Viola-Jones method, and KLT (Kanade Lucas Tomasi) 
algorithm was used for the purpose of point-plotting. A 
procedure for powerful lip-detection and feature extraction 
which used appearance-based models was explained[4]. This 
approach was a combination of visual and acoustic 
information used in the design of an audio-visual speech 
recognition system, which aimed to enhance recognition rates. 
The system was segregated into three parts i.e., an acoustic 
module, a visual module and a sensor-fusion module, and it 
was tested for different noise sources and acoustic levels. 
Results indicated that system decreased the error rate when 
there was noise, and even in the case when powerful noise 
related acoustic features were considered. 
 
2.3 Feature Extraction methods 
Snakes or active-contour models are usually used for shape 
analysis and object detection by making use of deformable 
templates [21]. The extracted target contour is transformed 
into energy minimization to make it optically fit. The 
comparison between pixel based methods and model based 
methods for feature extraction[41] and important feature 
extraction methods are shown in Table 1. Hybrid models are 
the models which are a combination of two or more methods 
in order to interpret and analyze the data. These models give 
more accurate results with high accuracy rate. Hidden Markov 
model (HMM) is an important statistical method for continuous-
sequence categorization like speech recognition, dynamic 
hand-gesture identification and face related data (facial 
expressions) recognition. 

https://www.sciencedirect.com/topics/social-sciences/biometrics
https://en.wikipedia.org/wiki/Object-class_detection
https://en.wikipedia.org/wiki/Object-class_detection
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Table 1: Comparison of different algorithms used for feature 

extraction [41] 
 

Fatemeh Vakshiteh, Farshad Almasganj, Ahmad Nickabadi[16] 
proposed lip-reading via deep neural network using hybrid 
visual features. In this paper they make use of DBN-HMM 
hybrid models for feature extraction. This paper focuses on lip-
reading model having effectively developed processing blocks 
to recognize highly distinct visual features. In this model, use 
of structured Deep Belief Network (DBN) oriented recognizer 
is emphasized. Speaker-independent (SI) and Multi-speaker 
(MS) works were carried out over CUAVE database, to get 
phoneme recognition rates (PRRs) of 73.40% and 77.65% 
respectively. Considering word recognition rates as the point of 
interest, it was shown that the best values obtained for SI and 
MS works were 76.91% and 80.25%. Accuracies that may be 
observed in the results prove that the suggested technique 
overcomes all disadvantages faced by the conventional 
Hidden Markov Model (HMM). The phoneme recognition 
rates(PRR)and word recognition rates(WRR) obtained in this 
work, were similar and the related accuracies were found to be 
high. An appearance based feature extraction process[1] 
which included Deep Belief Network(DBN) supported 
recognizer was introduced. It was known to perform better 
than HMM baseline recognizer. Visual based features were 
extracted in the automatic speech recognition system to give a 
baseline accuracy of 29.8%. Another interesting point of visual 
features is that using them as inputs resulted in best DBN 
architecture achieving an accuracy of 45.63%.The system of 
continuous AVSR built using hybrid ANN-HMM model[2] was 
proposed by Martin Heckmann and others. Audio extraction 
was done using RASTA-PLP and video extraction by a 
chroma-keying process, where the lips were coloured blue so 
that it may be located easily and extracted in real time. 
Continuous word recognition using this hybrid model gave 
good recognition results compared to pure HMM systems. 
AAM is a hybrid method which combines both pixel and 
model-based methods. The advantage of this model is that 
from any position or angle it is able to recognize the words, 
making use of the extracted lip data. It describes the gray level 
change of object with a collection of model variables to detect 
the lips[18]. Active-shape models(ASM) are numerical models 

of the structures of the objects. The set of labelled landmark 
points (reference) are taken as a parameter to define the 
shape of the object. X and Y coordinates are used to locate 
each landmarked point. Principal component analysis is used 
for building statistical shape model by taking a trained set of 
reference objects in images. The shape of an object deviated 
from the mean shape is detected from the eigen values and 
vectors of a covariance matrix. Discrete Cosine Transform 
(DCT) is broadly used in image and signal processing 
because of data-compression property[20]. It uses cosine-
based function to transform the input into low frequency 
component of an image. The pixel colour, intensity, corners, 
edges are the features recognized from the image related 
detection procedure. This is also called as colour-based 
methods because of colour difference between face and lips. 
RGB model consists of red, green and blue components which 
are transformed and filtered using high pass filter (HPF) and 
converted into binary image to recognize the lip[21].The hue 
value difference between lip pixel and face pixel is used as a 
criteria to recognize the lip in HSV (Hue saturation value) 
model. In YCbCr model, the differences in blue and red 
chroma component is used as a fact to locate the lip. As lips 
are usually known to be the reddest (or pink) part of our face 
having Cr value in the range 140 to 165 and Cb value in the 
range 140 to 195[19], it may be used as a colour component in 
the process of identification. The lip reading system using 
HMM where Direct Cosine Transform(DCT) and Discrete 
Wavelet Transform (DWT) related features were extracted [9] 
from the mouth region and compared with DCT plus DWT 
related features which inferred that HMM with DWT related 
features gave good results showing 97% performance when 
compared to HMM with DCT which gave only 91%. The main 
objective of this paper was to improve communication between 
a normal and a hearing-impaired person. DCT plus DWT 
based features were taken from the mouth part. 
 
2.4 Recognition models 
If we consider recent researches in the field, there are different 
methods of lip reading like Dynamic Time Warping (DTW), 
template matching, Hidden Markov model (HMM) and Artificial 
Neural Networks (ANN). The description regarding different 
recognition methods[41] is as shown in Table 2. 
 

 
 

Table 2: Recognition models[41] 
 
HMM is the appropriate model for correctly depicting the 
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information related to movement of the lips. The training and 
testing phases of HMM system includes extraction of features 
using DWT or DCT from mouth part, which may then be given 
as inputs to figure out the variables of the system, after which 
the word may be identified during testing phase. We can look 
out for a two-channel technique built for HMM in Figure 3. 

 
Figure 3: Block diagram of two channel HMM 

 
2.5 Audio visual speech recognition system 
Audio visual speech recognition (AVSR) is an approach using 
image processing techniques in lip reading to assist speech 
recognition systems. Figure 4 illustrates the fundamentals of 
AVSR system which emphasizes on combining audio and 
video processing of speech signal. 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 4: General illustration of an Audio-Visual Speech 
Recognition (AVSR) system 

 
The Audio-Visual Speech Recognition related to multi stream 
DBN Models with articulatory features was initiated [13], and 
this method presents articulatory features being supported for 
a multi stream dynamic Bayesian network for audio-visual 
speech recognition. When compared to state synchronous and 
asynchronous DBN models, this system is found to be more 
efficient with better recognition rates. The performance of the 
system may be good even though there is presence of noises 
introduced by audio. State synchronous and asynchronous 
DBN models had recognition rates of 87.02% and 88.32%, but 
DBN models designed using articulatory features enhanced 
recognition rates to 89.38%.There is another approach which 
emphasizes on discriminative training of HMM stream 
exponents for AVSR[17]. In this paper we can find the use of a 
generalized probabilistic descent (GPD)algorithm in order to 
find out hidden Markov model (HMM) stream exponents 
necessary for AVSR.  By combining two single streams of 
HMM and by adding exponents related to each stream it is 
possible to design a dual stream HMM. The issue with respect 
to multi stream HMM is training the exponent with respect to 
AVSR system. Good performance and gains were obtained in 
bimodal ASR when compared to a single stream HMM. Ara V. 
Nejian[3] and others proposed a unique approach for audio-

visual speech recognition, which used a coupled hidden 
markov model (CHMM). This model is different from HMM in 
the way that video and audio sequences are considered 
distinctly and it is not required to merge both the observations, 
which is a difficult task. CHMM based systems perform better 
than multi-stream HMM based systems by achieving better 
recognition rates. In addition to that, probabilities for visual and 
audio streams can be determined separately, so this model 
can be considered appropriate for machines supporting 
parallel processing. A standard CHMM [3] used in Audio Visual 
Continuous Speech Recognition (AVCSR) may be seen in 
figure 5. Here classical coupled HMM (CHMM)consists of a 
number of HMMs. There are three types of nodes: mixture 
nodes, observation nodes and backbone nodes. Continuous 
observable nodes are shown by observation nodes while the 
hidden discrete nodes are shown by the mixture and 
backbone nodes. Comparing this strategy with ASR and VSR 
systems, it could be seen that in both cases accuracy can be 
increased by 10% and 20% respectively. 

 
 

 Figure 5: Audio visual coupled HMM 
 
The method for Audio-Visual Speech Recognition integrating 
facial depth information captured by the Kinect was given by 
Georgios Galatas[6] and others. It used BAVCD(Bilingual 
Audio Visual Corpus with Depth information) database which 
consisted of spoken words in both English as well as Greek. 
Feature extraction was done by using an appearance-based 
approach, by applying DCT on the mouth image extracted 
from each video and depth frame. Two stage LDA applied to 
visual and depth features gave rise to increase in recognition 
accuracy. The lip reading system that concentrated on well-
known multi-stream HMM was proposed[5]. Lip-reading was 
done using modular BDPCA related feature extraction 
procedure. After this extraction, Visemic LDA was employed to 
form end visual features. The lip-reading system was efficient 
enough at low SNR achieving an accuracy of 68.13%. Both 
lip-reading and audio-only speech recognition processes had 
great word identification rates in clear environment, but 
experimental results showed that lip-reading system 
performed better than audio-only system in a noisy 
environment. Ahmad B. A. Hassanat[7]  described VSR (visual 
speech recognition) as a speaker-dependant problem. This 
inference was drawn by comparing the word error rates (WER) 
of both speaker-dependant as well as speaker-independant 
experiments. It was found to be 76.38% and 33% respectively. 
Speaker dependant experiments gave better results than 
speaker independent experiments. An approach to 

https://en.wikipedia.org/wiki/Image_processing
https://en.wikipedia.org/wiki/Lip_reading
https://en.wikipedia.org/wiki/Speech_recognition
https://en.wikipedia.org/wiki/Speech_recognition
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simultaneous speaker-speech recognition, where it was 
concluded that speaker-dependant audio recognizers 
performed better than the speaker-independent recognizers 
[8]. A unique method for speech-recognition that captures 
audio-visual sensor array was given by Hari Krishna 
Maganti[10] and others. Audio-Visual multiple speaker tracer 
was preferred to differentiate speakers with good accuracy. It 
was taken as input to a super directive beamformer to 
enhance speech signal. Lip motion features may be extracted 
for Speech-Reading and Speaker-Identification[11] using a 
two-stage discriminative feature extraction method. 

 
3   DATABASE COMPARISON 
Database is an important foundation for lip-reading systems 
because it may have a direct impact on the recognition rates of 
the systems. It is very hard to construct a standard and 
practical database. The comparison between different 
databases used for lip reading systems may be seen in Table 
3. 
 

 
 

Table 3: Comparison between existing databases[41] 
 

3.1 CUAVE 
CUAVE(Clemson University Audio-Visual Experiments) 
database was captured by E.K. Patterson,   Department of 
Electrical & Computer Engineering, Clemson University, 
United States. This database was shot with a resolution of 720 
x480 in an isolated sound booth with 1MP-CCD (charged 
coupled device) camera (having 29.97 fps NTSC Standard). It 
had two parts: one of individuals and the other one of speaker 
pairs. Till date, most work carried out using this database is 
known to have low resolution and pre-segmented video 
considered only for lip part. 
 
3.2 TULIPS 

It is a tiny audio-visual database which consists of 12 subjects 
indicating the initial 4 digits of English alphabets. Subjects are 
developed by students pursing undergraduate courses from 
Cognitive Science Program at UCSD. This database is known 
to be gathered at R. Movellan's laboratory, Department of 
Cognitive Science, UCSD. Sunil S. Morade, Suprava 
Patnaik[40] considered CUAVE and TULIPS databases for 
experimentation and comparison of results obtained using 
different methods and concluded that SVM performed better 
than the rest for CUAVE database. 

 
4   CONCLUSION 
This paper explains different methods of lip reading and 
discusses the steps involved in lip reading which includes 
face-detection, lip-localization followed by feature extraction 
and recognition. Performance of hybrid models used for audio-
visual speech recognition (AVSR) has been assessed for 
different approaches so that it may help for further research in 
the field. 
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