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Abstract -The processing capability and efficiency of computers are compared to that of a human brain. This comparison is 
the basis for the Artificial Neural Network (ANN).In this paper, an application of neural network is presented to implement 
digital logic circuits. This approach provides easier method of verifying logic circuits. Various combinational circuits can be 
modelled using ANN. BCD to 7 segment decoder is considered in this paper for digital simulation and analysis using neural 
network. The equivalent neural network model of BCD to 7 segment decoder is modelled using MATLAB/Simulink. It is 
modelled by combining various logic gates and trained for an input-output patterns using neural network toolbox. The 
trained neural network of BCD to 7 segment decoder is also tested and found that the proposed network yield accurate 
response.  
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I. INTRODUCTION 
 
Artificial Neural Network (ANN) is an 
interconnected network of processing units known as 
neurons, where the information is stored in the form 
of weights in the interneuron connection. Knowledge 
is acquired by the network through a learning process. 
They are used when there is a non-linear relationship 
between the input and the output. Even though the 
relationship between input and output is known in 
digital combinational logic circuits, it is sometimes 
very complex and requires a lot of computing. The 
benefit of doing so is that this kind of modeling is 
used in digital circuit verification and testing [1].The 
neural network architecture consists of forward 
cascade of layer of neurons and backward cascade of 
layer of neurons with input and output channel. The 
forward cascade of layer is used for forward 
processing of data packets. The backward cascade of 
layer is used for error learning. Both the layers are 
inter-connected by a inter layer structure [2]. 
The ANN has been applied to various fields such as 
Real time adaptive voltage regulation [3], heating 
controller for solar buildings [4], automatic 
generation control for multi power system [5], speed 
control of brushless DC  motor [6]-[8], modeling and 
simulation of optimization of safety logic[9],space 
vector PWM of a  3 level voltage fed inverter[10], 
ANN analog implementation[11], digital VLSI 
implementations[12], wireless implanted multi-
recordingchannel neural recording system[13], digital 
neuro-processor for spiking neural-networks [14], 
implementation of spiked plasticity in VLSI spiking 
NN[15], multiple fault diagnosis in digital 
circuits[16]. 
In this paper, it is proposed to apply the concept of 
ANN in developing the digital logic circuit and 
realize its response. BCD to 7 segment display circuit 
is considered in this paper for realization. An efficient  

 
and most widely used Back propagation algorithm is 
used in this work for implementing the proposed 
digital circuit. ANN based digital circuit is trained 
and tested using a set of input-output data patterns 
and the response of the same is validated using a user 
defined data patterns. On the whole, this paper has 
emphasized the scope for implementing ANN for the 
digital logic circuit and its applications.  
The chapters in this paper are presented as below. 
Chapter 2 discusses various types of neural networks 
and different types of learning mechanisms. Chapter 
3 briefs an important and most widely used learning 
algorithm called the back propagation algorithm. 
Chapter 4 presents about how the neural network is 
trained and tested for a particular digital logic circuit 
(i.e.) BCD to 7 segment display circuit in this paper. 
The response of ANN based BCD to 7 segment 
display circuit is validated using the user defined data 
patterns and the results are presented in Chapter 5. 
Finally the findings out of the work done in this paper 
are highlighted in Chapter 6. 
 
II. ARTIFICIAL NEURAL-NETWORK 
 
Mc-Culloch and Pitts in 1943 proposed a model of 
computing elements called McCulloch-Pitts neurons. 
They were used to perform logical computations but 
the main drawback was that it could not learn from 
examples. Hebb (1986) showed that it is possible to 
adjust the weight of a multilayer feed forward 
network. This learning law is called generalized delta 
rule or error back propagation[3].The neural network 
consists of three layers as shown in Fig.1, namely 
input layer, hidden layer and output layer. Each layer 
consists of nodes which are represented as small 
circles. The input nodes do not modify the data i.e., 
they are passive. The hidden layer is usually about 10% 
the size of the input layer [17]. Neural network 
approach can be used for fault diagnosis can be used 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-8, Aug.-2015 

Validation Of Digital Simulation Using Artificial Neural Network 
 

114 

for large scale analogue circuits. The time taken for 
computation of fault in the lines is reduced. The fault 
dictionary is created, memorized and verified 
successfully for sub-circuits in the line [18]. Using 
ANN, the channel assignment problems in cellular 
radio networks was solved by a parallel algorithm. 
Solutions were found in constant time. Assigning and 
also frequency constraints of a matrix was met by this 
approach [19]. Another application is Hardware 
implementation of FPGA using pulse density NN by 
simultaneous perturbation scheme. This scheme 
requires only forward operations of network and 
based on digital circuits can handle analog quantities 
[20]. 
 

 
Fig.1. Architecture of ANN 

 
ANN can be trained online for identification of 
inverter fed induction motor and the stator currents 
can also be controlled. It evaluates an algorithm 
which simultaneously searches randomly error 
gradient. This can also be implemented in mixed 
analog/digital hardware [21]. Highly interconnected 
neurons given analog input can be used for finding 
solutions of complex problems. This network of 
neurons is used for computing computational 
problems. Optimization problems like analog to 
digital conversion can be solved by means of 
interconnected network of analog processors [22], 
[23]. 
 
III. BACK-PROPAGATION ALGORITHM 

 
Back propagation algorithm uses the data patterns to 
adjust the network’s weights and threshold values and 
this minimizes the error in its prediction [24]. In this 
paper, A MATLAB/Simulink model is developed to 
generate the data set; and the neural network is 
trained off-line using a back-propagation algorithm. 
The neural network can be trained using back 
propagation algorithm in the following four steps: 

 
Step-1:In the first step, the rate of change of error as 
the activity of an output unit is computed. The error 
derivative is the difference between actual and 
desired activity as shown in Equation (1). 

 

Step-2: The error derivative is multiplied by the rate 
at which the output of a unit changes as its total input 
is changed and compute the quantity (EI) as shown in 
Equation (2). 

 
Step-3: In this step, the values of EI is  multiplied by 
the activity level of the unit from which the 
connection emanates as expressed in Equation (3). 

 
Step-4: The weight of the connection to that output 
unit  is ultiplied by  EW that obtained from Step-3, as 
shown in Equation (4). 

 
The above procedure is used to get the repeated EAs 
for as many previous layers as desired. Once the 
values of EAs are known then the  EWs  can be 
computed  on its incoming connections [25].  By 
using the above algorithm, the neural network of the 
digital circuit trained and validated the response using 
the user defined information.   
 
IV. ANN BASED DIGITAL 
IMPLEMENTATION 

  
In this paper, the  neural network  model is developed  
to verify the BCD to seven segment decoder. This 
circuit consists of combinational logic circuits as 
shown in Fig.2. ANN model for BCD to 7 segment 
decoder is developed by combining different logic 
gate viz., AND, OR, NOT, XOR and XNOR. The 
individual logic gates are trained for its Input-Output 
data patterns using Neural-Network toolbox using 
MATLAB. The training  parameters such as no. of 
epochs (generations or iterations), goal etc. are shown 
in Fig.3. The training is carried out until the desired 
goal or the maximum no. of epochs is reached, 
whichever is first. ANN model of the BCD to 7 
segment decoder developed using 
MATLAB/Simulink is shown in Fig.4. 
 

 
Fig.2. BCD – 7 segment Logic circuit 
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Fig.3. ANN Training Parameters 

 
V. RESULTS AND DISCUSSION 

 
In order to realize the behaviour of BCD to 7 segment 
decoder, ANN model combining all the logic gates 
using neural network toolbox in MATLAB are 
modeled as shown in Fig.4. The logical behaviour 
showing the BCD input and the respective 7 segments 
of the BCD to 7 segment decoder are presented in 
Table-I. ANN model is simulated using MATLAB 
upto 10 seconds and the output responses are 
validated. For the purpose of validating the responses, 
BCD value corresponding to the decimal number 9 
(i.e) 1001 is given as the input to the ANN model and 

the output of the neural network as the output of each 
segment is obtained as shown in Fig.5. 
 

TABLE I 
Truth Table 

 
 
Based on the digital simulation of BCD to 7 segment 
decoder using neural network reveal that the target 
outputs are achieved with highest accuracy. The 
simulation results indicate that any combinational 
logic circuit which are complex to analyse can be 
easily modeled and the response of which can be 
realized using neural network. 

 

 
Fig.4. Neural Network Model of BCD to 7 segment decoder

 

 
Fig.6. Simulation Response of BCD to 7 segment decoder 
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CONCLUSION 
 
This paper presents a methodology for the realization 
of combinational digital logic circuits using the 
Artificial Neural Network (ANN). Various digital 
logic gates are trained for its input-output patterns and 
BCD to 7 segment display has been successfully 
modeled using the neural network toolbox in 
MATLAB. Digital simulation of the trained network 
is carried out and found that the network output 
matches with the desired output. Simulation of BCD 
to seven segment decoder in this paper widens the 
scope of realizingthe digital circuits using artificial 
neural network. 
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