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Abstract: Lip-Reading is the process of interpreting spoken 

word by observing lip movement, without or with audio 

(Noisy). The input for the application will be frames from an 

entire video. The application needs to detect the face (lips) from 

the entire frame also, trace and understand the feature 

patterns of the lip moments over the parameter of time. This 

can be done using Computer Vision (feature extraction) and 

Deep Convolutional Neural Network (CNN) Model Lip-

reading system is difficult to implement due to complex image 

processing, hard-to-train classifiers and long-term recognition 

processes. Automatic lip-reading technology is a very 

important component of human–computer interaction 

technology. It is very important for human language 

communication and visual perception. Traditional lip-reading 

systems usually consist of two stages: feature extraction and 

classification. For the first stage, a lot of methods use pixel 

values extracted from the mouth region of interest (ROI) 

represented as visual information. At present, deep learning 

has made significant progress in the field of computer vision 

(image representation, target detection, human behaviour 

recognition and video recognition). Therefore, automatic lip-

reading technology has shifted from the traditional manual 

feature extraction classification methods to end-to-end deep 

learning architecture models. 
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1. INTRODUCTION 

With the increase in technological advancements, lip-

reading systems have gained major attention. These systems 

are a great help to the hearing impaired as they convert audio 

into text that is easily readable. These systems have also 

proved to be extremely helpful in government operations as 

a spy camera. 

The first step of a lip-reading system is to track facial points. 

The system must be able to highlight the lips from the entire 

face. The advantage of this method is that lips of different 

shapes and sizes can be tracked, allowing the system to get 

an exact set of points for the lips. 

Once the lips have been tracked, the major challenge is to 

recognize the lip movement. Every person will have a 

different lip movement due to the many possible lip shapes 

and sizes. The similarity between these movements is that 

for a specific phoneme, the distance between the two lips is 

pre-defined. Phoneme is the sound created while 

pronouncing any syllable in any language. The distance that 

is measured is measured in terms of the Euclidean distance 

and this distance is specific to a syllable. 

Hence, the classification of the lip movements will be done 

on the basis of this distance. 

This classification is a media-based classification hence, a 

3D Convolutional Neural Network (CNN) Model is best 

suitable for this project.  

 

2. THE CNN MODEL 

This project uses the Three-Dimensional Convolutional 

Neural Network model for testing and training data and also 

predicting results. CNN is the go-to model for an image-

based problem. It gives the most accuracy for multi-media 

problems. CNN is an unsupervised model and does not 

require human supervision to detect important features.  

CNN is also computationally efficient. It uses operations like 

convolution and pooling and also performs parameter 

sharing. A CNN model can run on any device, making them 

universally usefully. 

2.1 Architecture 
Convolution- 

Convolutional layer is the main building block of CNN 

model. Convolution is a mathematical operation that merges 

two sets of information together. A convolutional filter is 

applied to the input data and a feature map is produced. This 

process is performed by sliding the filter over the input. At 

every location, an element-wise matrix multiplication is done 

and the result is summed. This sum goes into the feature map. 

 
Fig. Convolution of multiple layers 

 

Pooling- 

After a convolution operation, a pooling operation is 

performed, mainly to reduce the dimensionality of the layers. 

This enables us to reduce the number of parameters, which 

both shortens the training time and combats overfitting. 

Pooling layers reduce the height and width of each feature 

map independently but keep the depth intact. 

Pooling has no parameters, contrary to the convolution 

operation. It slides a window over its input, and simply takes 

the max value in the window, if it is max pooling. Here too, 

we specify the size and stride of the window. 
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Fig. Max Pooling 

 

Architecture of model in this Application- 

 
Fig. CNN Architecture 

 

4. SYSTEM ARCHITECTURE 

4.1 Video Input 

The Lip-Reading Application will function on the basis of 

the input received from motion pictures or videos. These 

inputs will be in the form of vectors that have traced the lips 

and face structures in the input frame.  

4.2 Tracking 

The very first step is detecting the 62 facial points of the 

subject. According to these points the distance between the 

lips and the shape created by the lips can be calculated and 

therefore, each word can be predicted as spoken. This 

detection takes in place of vectors and the distances are 

measured and stored. It includes detection of lips, eyes, nose, 

eyebrows.  

4.3 Data Pre-processing 

In real-time face tracking and lip-reading systems, head 

pose, head movements, camera-to-head distance and head 

direction of the speaker are important parameters and these 

parameters affect lip reading performance and robustness of 

the system. 

It is necessary because of the following three main problems 

that may occur while collecting data:  

 People have different sizes of lip, different contour shape 

and different mouth height/width ratios, and these 

differences may cause different classifications.  

 The distance between the camera and the speaker affects 

pixel distances between lip points on the image and the 

classification algorithms based on the distances may suffer 

from those differences.  

 If a speaker turns his/her head to left or right slightly, the 

height/width ratio of the mouth may change and it may lead 

to incorrect classifications. 

Therefore, data cleaning and preprocessing is very important 

before classification. Classification of data is done on the 

basis of lip distance for every phoneme. The aim here is to 

identify a sequence for every phoneme. This sequence refers 

to the exact movement made by the lips to produce that 

particular phoneme. Once this sequence has been identified 

for every phoneme in the English language, using a multi-

dimensional array, every sequence will be added to its 

respective class. 

4.4 Word Segmentation 

In lip-reading systems, the first step is to determine the 

starting and ending points of a word in a speech video. 

Detecting where a word starts and ends is called word 

segmentation. Word segmentation takes place after lip 

activation has been detected. 

A computer program is developed which displays a word to 

the speaker and the speaker reads that word while the camera 

records the data. Assume 10 frames are classified as active 

(1) or passive (0) in the order [0 0 0 0 0 1 1 1 1 1], thus 5 

frames are passive followed by 5 active frames. The frame 

where 1 first occurs, i.e. the 6th frame, is assumed as the 

starting frame of the word. If the frame sequence is as such 

[1 1 1 1 1 0 0 0 0 0], i.e. 5 active frames followed by 5 passive 

frames, then the first occurrence of zero is assumed as the 

ending frame of the word. By using these starting and ending 

frames, the words can be segmented from the input video. 

 

4.5 Classification 

Classification of data is done on the basis of lip distance for 

every phoneme. The aim here is to identify a sequence for 

every phoneme. This sequence refers to the exact movement 

made by the lips to produce that particular phoneme. Once 

this sequence has been identified for every phoneme in the 

English language, using a multi-dimensional array, every 

sequence will be added to its respective class. 

4.6 Interpreting Dataset 

According to the values received, we interpret a dataset. The 

dataset will include various words and the approximate 

distance of lips for pronouncing each word. This in turn will 

predict the word spoken. The dataset will work on word 

segmentation. Word segmentation is the parting distance 

between the lips required for pronouncing a specific 

alphabet in a word. On relating the values received by 

tracking to the dataset, we will get the spoken word which 

can be further built onto making a phrase. 

According to the word segmentation, the words will be 

classified in the dataset. Depending upon the distance of the 

tracked lips, they will be classified into the specific group. 
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4.7 Prediction 

The final step is a prediction of words or phrases. These 

predicted words will be displayed as captions under the 

video to enable reading simultaneously while watching. 

 
Figure 3.1 Flow Chart of Proposed System 

 

5. DATASET 

The dataset used in this project has been downloaded from 

GRID. GRID is a large multitasker audiovisual sentence 

corpus to support joint computational-behavioral studies in 

speech perception. In brief, the corpus consists of high-

quality audio and video (facial) recordings of 1000 

sentences spoken by each of 34 talkers (18 males, 16 

female). Sentences are of the form “put red at G9 now”.   

In each category of speaker i.e. male and female 4 types of 

file formats are available. The files include: 

• Audio only 

• Video (normal quality) 

• Video (high quality) 

• Transcript 

Audio files were scaled on collection to have an absolute 

maximum amplitude value of 1 and down sampled to 25 

kHz. These signals have been end pointed. In addition, the 

raw original 50 kHz signals are included below. Video files 

are provided in two formats: normal quality (360x288; 

~1kbit/s) and high quality (720x576; ~6kbit/s).  

5.1 A sample of dataset 

bin green with y eight 

please 

set white by f eight please 

lay red in c four now place blue at I five please 

place blue at I one soon set blue with l eight now 

bin white by f six soon place red by u one soon 

set green with c zero again lay white with d six soon 

Table 4.1 Dataset Sample 

 

 

6. DATA FLOW DIAGRAM OF SYSTEM 

 
Fig. Data Flow Diagram 

 

As depicted in the diagram, the User provides a video input 

with or without audio. The dlib library is used to extract 

features from the face. Features like lips, nose, eyes are 

extracted and facial coordinates are produced. These facial 

coordinates are passed through the Model that is stored in 

.json file along with weights stored in .h5 file. These weights 

are previously saved during the construction of the model. 

The final output of the model is an Output String that has the 

spoken sentence as text. 
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