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ABSTRACT 
 
In this paper, the performance of neural network for isolated 
word recognition based on the movement of the mouth is 
investigated. Ten isolated words "zero" to "nine" form the 
vocabulary. The three parameters: height between the upper 
and lower lips, width of the mouth from left edge to right 
edge and the specific angle of the upper lip, are selected as 
representative features of the shape of the mouth. A one-
against-the-rest neural network is used for classification. The 
architecture of the neural network consists of ten sub-units. 
Each sub-unit distinguishes 1 word from the other 9 and has 
50 input vectors, 10 hidden nodes and 1 output neuron. By 
suitably combining the outcomes from the 3 features 
individually, 92.5% accuracy of recognition may be attained. 
 

1. Introduction 
 
OST approaches to speech recognition that consider 
solely acoustic information are very sensitive to 

background noise or fail totally when two or more voices are 
presented simultaneously [1,2]. This brings motivation to 
explore speech recognition using visual features, in 
particular, the movement of the mouth. Several approaches to 
classify the movement of the mouth can be used. In this 
paper, we explore the use of a one-against-the-rest neural 
network [3-6] to recognize the ten isolated words "zero" to 
"nine" [7, 8] based on the movement of the mouth.   
 

2. Preprocessing of Data 

2.1 Visual Features 
Visual features can be classified into 2 groups [8]: one group 
consists of expression parameters that control the articulation 
and expression of the face such as jaw rotation, eyebrow 
shape and various mouth parameter. Another group 
comprises conformance parameters that control static features 
of the face such as nose length and jaw width. 
 
In this paper, the focus is put on expression parameters 
including the height, the width and the specified angle,θ of 
the lip [9] as shown in Fig. 1. Circular markers are pasted on 
the speakers to facilitate automatic computation of the 
parameters from the visual images. 

Fig. 1.  Visual features extracted 

 
These 3 parameters are normalized with the distance between 
the nose and the chin, which remains approximately constant 
during speech. The normalization is necessary to reduce the 
effects of change in the distance between the camera and the 
speaker. 

2.2 Processing of Video Files 
The movement of the mouth of the speaker is recorded using 
a digital camera and saved in the audio-visual interface (avi) 
format at a rate of 25 frames/sec. The image files are then 
processed to obtain the contours of the 3 parameters: height, 
width and angle. The contours of the 3 parameters for the 
utterance of the word "zero" are given in Fig. 2. 

  
Fig. 2.  Variation of parameter values for 'zero' 
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It can be seen that the contour of Height is similar to that of 
Angle but is approximately in inverse relation to the contour 
of width. 

 
2.3 Normalization of Data Size 
As the number of input neurons is fixed, it is necessary to 
normalize utterances of different lengths before they are 
presented to the neural networks.  For all the utterances 
recorded for the experiments conducted, it is found that the 
utterance with the longest duration comes form one of the 
utterance of the word "zero" with 44 time frames. While the 
utterance with the shortest duration is one of the utterances of 
the word "eight" with 21 time frames.  It is decided that a 
common denomination of 50 be used so that all data have the 
same length of 50 time frames. To make up for "missing 
frames", one way is to use linear interpolation to obtain 
intermediate values. Another way is to fill up the "missing 
frames" with 0. 

 

 
Fig. 3.  Data normalization. 

 
3. Proposed System and its Performance 
 
For the proposed system, a complex network architecture as 
shown in Fig. 4 is explored. It consists of 10 sub-units. Each 
sub-unit has an input of size 50 and 10 hidden nodes in its 
hidden layer. There is only 1 output neuron in the sub-unit. 
 

3.1 Training of Network 
The 10 sub-units are trained separately; with each sub-unit 
trained for a particular word. For example, the first sub-unit 
is trained for the word “zero”. The desired output = 1 is 
shown to the sub-unit if the word uttered is “zero”. An output 
of 0 is shown to this sub-unit for all other uttered words. 

Hence, each sub-unit is trained to recognize the chosen word 
against all the other 9 words. Again, the network is trained 
using the back-propagation algorithm with the learning rate 
set to 0.01 and the permissible error to 1x10-5. 

Fig. 4.  Network architecture of the proposed system  

 
3.2 Experimental Results 
The data recorded are divided into two sets: the set of training 
data and the set of test data. In each set of data, the movement 
of the mouth are characterized by three parameters: the 
height between the upper and lower lips, the width of the 
mouth from left edge to right edge and the specific angle of 
the upper lip.  
 
The system is trained first with each of the 3 parameters 
individually using the set of training data. It is then tested 
separately with the set of test data. The results are 
summarized in Table I. 

 
TABLE I 

RECOGNITION RATE OF SYSTEM 2 
 

 Features used 
 Height Width Angle 

Test Data 87.5% 67.5% 87.5% 

 
It is observed that 87.5% accuracy of recognition can be 
achieved using height or angle as representative feature of the 
mouth. The accuracy of recognition is much less at 67.5% 
using width of mouth as representative feature. This is 
possibly due to the fact that the change in the width of the 
mouth is of lesser magnitude. 

Height Height 

Height Height 

Time/frames Time/frames 

Time/frames Time/frames 

Before 
normalization 

After 
normalization 

“Eight”-Shortest 
Time Duration 

“Zero”-Longest 
Time Duration 

 
 
 
 
Input 
Data 

of 
Size 
50 

10 sub-units 



 3

The confusion matrix is given in Table II with height as the 
input. 
 

TABLE II 
THE CONFUSION MATRIX (TEST DATA)  

 
 
It can be seen that the errors of classification are mainly due 
to the Words “seven” and “eight” and partly due to the Words 
“one” and “three”. 

 
3.3 Combination of Network Classifications 

As sigmoid function is used at the output of the classifiers, 
the output takes on values on a continuous scale in the 
interval (0,1) and not just a hard binary decision. In addition 
to providing information of the recognition decision, the score 
also provides an indication of the level of confidence of the 
decision made by the classifiers.  

 
A classification rule is proposed to combine the decisions 
from outcomes based on 3 features individually. As an 
illustration of the rule, if the words that are classified by the 3 
networks are Word “X”, “Y” and “Z” as shown in Fig. 5 with 
confidence levels x, y and z respectively (0≤x,y,z≤1). If at 
least two of “X”, “Y” and “Z” are the same, then the output 
will be classified using the majority decision. If all three of  
“X”, “Y” and “Z” are different, classification will be based on 
the decision that gives the highest score, i.e., the 
corresponding word to the highest value of x, y and z.  

 
Results of the tests using the classification rule are presented 
in Table III. An overall accuracy of 92.5% is achieved with 
the test data. Thus, by combining the outputs of classifiers 
with different parameters as input, the overall accuracy can be 
increased. This shows that the three parameters, the height, 
the width and the angle are not perfectly correlated and 
additional information can be gained through combination of 
individual outcomes. 

 
Note that the error of classifications of the Words "seven" and 
"eight" remain.  

 
 

 
Fig. 5.  Combination of classification outputs 

 
 
 

TABLE III 
CONFUSION MATRIX FOR TEST DATA USING THE 

CLASSIFICATION RULE 

 

 
4. Recognition using Acoustic Input 

 
It would be foolhardy to depend on information of the 
movement of the mouth alone for speech recognition. The 
purpose of our investigation is to ascertain the feasibility of 
recognition using the visual image of the mouth. As it turns 
out, movement of the mouth does provide features 
characterizing the different spoken words and lip reading is 
able to provide useful information.   
 
The next question is whether such recognition approach will 
be able to complement the acoustic approach. In particular, in 
cases of misclassifications, will the errors be on the same 
speech items. 

 
For this purpose, a speech recognition shareware VoiceMate 
[10], which uses acoustic input, is used to assess the 
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performance of the acoustic approach to the recognition of the 
same ten words. The same set of training data, in acoustic 
form, is used for training and the test data are used for 
testing. The results are presented in the confusion matrix in 
Table IV.  

 
 

TABLE IV 
CONFUSION MATRIX FOR TEST DATA USING VOICEMATE 

 
 

The results show that all samples of Words “seven” and 
“eight”, which cannot be fully recognized by the visual 
system, are classified correctly using acoustic classifier.  
However, the acoustic classifier is not able to recognize 
Words  “zero” and “five” with high accuracy.  
 
This suggests that overall accuracy of speech recognition can 
be enhanced by combining the outcomes of both visual and 
acoustic classifiers.    
 
 

5. Conclusion 
 
A neural network approach to visual word recognition is 
proposed. Results show that by combining the different 
features of the movement of the mouth, 92.5% accuracy of 
recognition of a vocabulary of ten words can be achieved. 
Thus the neural network is a good classifier as far as "lip 
reading" is concerned.   
 
A separate experiment carried out using acoustic classifier on 
the same vocabulary reveals that the errors made by the 
acoustic classifier are not identical to those made by the 
visual classifier. This is enlightening. It implies that 
additional information may be gained by combining the 
visual approach with the acoustic approach to speech 
recognition.  
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