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ABSTRACT: This article aims to implement a facial expressions recognition system based on the feedforward 
neural networks. The neural network utilised is trained using a supervised method called backpropagation of 
cunjugate scaled gradient type (trainscg). It performs well in a short time, requiring reduced memory and can 
recognize different states of emotion. The topological structure of feedforward network comprises: the entry 
level, the hidden and output level. For a higher rate of recognition we will make changes to the neurons number 
from the hidden layer, as well as the number of hidden levels (from one layer pass to 2 layers). The output of the 
system allows the recognizing of emotional states (6 basic states and the neutral state), including one neuron for 
each emotional state. 
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1. INTRODUCTION 

 
The first theories about emotions have 
appeared as early as of the nineteenth 
century. In his book [1], Darwin argues 
that the emotions have appeared in order to 
help humans to develop. Neural networks 
(NN) were used in the computers domain 
for the first time in 1980 [2]. They were 
often called artificial neural networks 
(ANN) [3] to distinguish them from 
biological neural networks, after whose 
model they were built using the working 
model of the human mind. Today they 
represent an information processing system 
represented by a graph, as well as a series 
of algorithms that access that graph. Like 
the human mind, neural networks consist 
of multiple interconnected processing 
elements. Thus, a neural network is a graph 
with multiple nodes (processing elements) 
and arcs (interconnections) between them. 
The nodes of the graph are like individual 
neurons, while the arcs are the 
interconnections between them. Neural 

networks represent some of the most 
complex algorithms of classification and 
regression and are often considered true 
black boxes [4]. Although a neural network 
has a lot of data for training, consuming 
time, it can make predictions for new cases 
very quickly, even in real time. Moreover, 
a neural network can provide multiple 
outputs representing multiple simultaneous 
predictions. A key feature of neural 
networks is that they operate directly only 
on numbers. Thus, any date located in 
independent or dependent columns 
(outputs) which is not numeric must be 
converted into numbers (for example, 
values of "yes / no", "high / low" of a 
variable must be replaced with "0 / 1 ").  
 

2. THEORETICAL 
BACKGROUND 
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The most common neural network 
architectures contain three levels: the input 
units level (sources), the hidden units level 
(internal) and the output units level 
(results). A neural network (NN) is a 
directed graph  AVF , , which has the 

set of nodes  nV ,...2,1 and the set of arcs  ,nji,1|,  jiA  with the following 
restrictions [5]: 

1. The set V is divided into the 
subsets VI (input nodes), VH 
(hidden nodes), and VO (output 
nodes); 

2. The set of arcs {1,2,…k} is divided 
in levels: 

a) The input nodes on the first 
level; 

b) The hidden nodes on the 
2,...,k-1 levels; 

c) The output nodes on the k 
level. 

3. Any arc  ji,  must have the i 
node on the h-1 level and j node on 
the h level; 

4. The arc  ji,  is labeled – the 
numerical value wij; 

5. The i node is labeled – the function 
f i. 

An example of neural network is shown in 
figure 1, where it is observed that the input 
nodes level (I1, I2, I3) is connected to the 
hidden nodes level (H1, H2), the latter 
being connected to the output nodes level 
(O1).  
 

 
Figure 1. Neural network with 6 nodes 

 

The arcs that connect the nodes (w1, ..., 
w8) determine the weight (level of 
importance) of that node. 
Input nodes take over the input information 
and introduce it in the network. Enabling 
each unit of the hidden layer is determined 
by the activation of the input nodes and of 
the weights of links between input nodes 
and hidden nodes. The output of a i node 
from a neural network is the activation 
function of that node his associated, F(I).  
The activation function of a node in a 
network is calculated as follows: 
 

kk wxwxwxIF  ...)( 2211          (1) 
 
A neural network executes a linear 
transformation of inputs. The transfer 
function is nonlinear transformed of the 
activation function F(I) and noted with 
F'(I). In figure 2 we can see what is 
happening inside each node in the network. 
 

 
Figure 2. Node of the neural network 

 
The behavior of the output units depends 
on the activation of the hidden units and of 
the weights of links between the hidden 
units and output units. The hidden layer 
makes the network recognize more 
patterns, in a way that the number of 
hidden nodes often increases with the 
number of inputs and with the complexity 
of the issue.  
Using too many hidden nodes can lead to 
excessive matching (overfitting) and using 
a few nodes can lead to models with 
accuracy (precision) low. Finding a 
adequate number of hidden nodes is an 
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important part of any data mining 
techniques that use neural networks [6]. 
Many products that use neural networks 
include search algorithms for finding the 
optimal number of hidden nodes (genetic 
algorithms). The weights of the input units 
and hidden units determine if a node is 
active, and thus by changing these weights, 
a hidden node can choose what it will be.  
 

3. BACKPROPAGATION 
TRAINING ALGORITHM 

 
The proposed algorithm consists of the 
following steps: 

1. Determination of the architecture: 
a) How many input neurons and 

output neurons; what encoding 
we have at the output; 

b) How many hidden neurons we 
have and how many layers. 

2. It initializes all weights to small 
random values, typical [-1,1]; 

3. Repeat until the termination 
criterion is satisfied: 
a) The presentation of a training 

example and spread it through 
the network (forward); 

b) It calculates the current output; 
c) It adjusts the weights starting 

from the output layer and going 
to the input. (backward): 
 

pqpqpq wtwtw  )()1(                        (2) 

 
, where pqw  is the weight from node p to 

q in time t. 
 

pqpq ow                                         (3) 

 
, representing the changing of the weight. 
    iiiii oood  1                           (4) 
 
, the calculation of the error at the output 
layer level. 
 

 
i

ijijjj woo  )1(                        (5) 

 
, the calculation of the error at the hidden 
layer level. 
 

4. EXPERIMENTAL 
RESULTS 
 

We used in the experiment a PC system 
with Intel Core i3-2100 processor and 4GB 
memory. The structure of the feedforward 
network is shown in figure 3 and is 
composed as follows:the input level, 
consists of three input vectors, 
intermediate level (hidden), it contains five 
neurons and the output level, it contains 
seven neurons, one for each emotional 
state.  
 

 
Figure 3. The structure of the feedforward 

network 
 

The used neural network is built using the 
backpropagation algorithm of the function 
cunjugate scaled gradient type (trainscg).  
The three input vectors, each have fourty- 
one different values being appointed 
feature vectors of the form 3x41, resulting 
in 123 elements) being associated with 123 
neurons.  
The output vector is of the form 7x1, 
resulting seven elements corresponding to 
the seven classes: happiness, sadness, fear, 
anger, surprise, disgust and neutral. 
In Figure 4 the graph of the mean squared 
error is showen. From that we can 
conclude that the system has a small error, 
that is near to zero. 
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Figure 4. The graph of the Mean Squared Error 

 
In figure 5 the confusion matrix for the 
following processes is shown: training, 
validation, testing, and all mixed together. 
For the training process, it is observed 
from the first array that the network has 
very good results for the emotions: 
sadness, fear, anger and neutral. Worse 
results are for the emotions: happiness, 
surprise and disgust, the worst being for 
hapiness  

class that has a percentage of 6.9% 
confused with the second class (sadness). 
For the validation and testing processes 
there aren’t confusions and for the mixed 
process, the confusion is kept whole for the 
3 classes listed, but now the biggest 
confusion is for the surprise class (7.3%), 
where this class is confused with the fear 
class. 
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Figure 5. The confusion matrices 

 

In figure 6 the receiver operating 
characteristic is showen. From the mixed 
characteristic, it is observed that six classes  

have true positive rates only the neutral 
class has a majority of false positive rate. 
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Figure 6. The ROC Characteristic 
 

In figure 7 the histogram of the error is 
shown. For most instances, the error is 
almost zero, only in a few instances it is 

higher, resulting that the system is good in 
the classification of emotions. 
 
 

Figure 7. Error Histogram 
 

5. CONCLUSIONS 
 
This paper presents a human emotions 
recognition system based on neural 
networks feedforward trained with a 
backpropagation algorithm of the 
cunjugate scaled gradient type (trainscg). 
The network structure consists of three 
levels: input level with 123 neurons, the 
hidden layer with 5 neurons and the output 
layer with 7 neurons.  
For the input level, the network uses data 
for three vectors corresponding to facial 
features that change quickly for each state, 
namely: eyebrow, eyelid and mouth, and 
for the output level we have the moods: 
happiness, sadness, fear, anger, surprise, 
disgust and neutral. 
The system can recognize without 
problems four emotions classes without  
confunding them with other classes 
(sadness , fear, anger and neutral),  and for 
classes: happiness, surprise and disgust 
there was some confusion, but it was 
acceptable. 
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