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Abstract— The formal neuron is equivalent to a simple processor 

that performs a series of mathematical operations more or less 

complex on real data. The chosen representation to encode these 

data is the 32 bits floating point representation; this makes 

possible to achieve satisfactory precision in calculation. This 

paper presents a hardware comparison between two formal 

neurons, one is associated with the sigmoid activation function 

and the other to the gaussian activation function. This comparison 

is designed firstly to compare the hardware results obtained 

respectively from these two implementations with software results, 

and secondly, to make comparison between the two hardware 

implementations in terms of the consumed material resources and 

execution time. These neurons are implemented by using a 

number of specific blocks called megafunction, on an FPGA 

platform of Altera DE2-70 which offers several advantages, 

including flexibility, efficiency and speed. 

Index Terms—formal neuron, FPGA, hardware resources, 

execution time, mega function. 

I. INTRODUCTION 

The formal neuron is the basic element for the construction of 

all artificial neuron networks; the use of these networks gives 

satisfactory solutions in wide applications of image 

processing, robotics and pattern recognition. The formal 

neuron function is to simulate a few tasks of biological 

neuron in the human brain, such as memorization, learning 

and parallel functioning. But these features are still far from 

the human neuron performances, like synapse sharing and 

membrane activation [1]. The formal neuron implementation 

requires a platform which is capable of implementing the 

performances of this calculation unit (formal neuron), the 

most used platform is “Field Programmable Gate Array 

(FPGA)” which has demonstrated its capabilities in its 

hardware implementation. These capabilities are seen in 

several applications in the real world, like implementation of 

complex control algorithms of the high speed robot 

movements [2], the efficient production of multipoint 

random distributed variable [3], the development of hardware 

platforms and software dedicated to the car industry [4] or in 

the energy field [5].   
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The major problem frequently encountered in the hardware 

implementation of a formal neuron is the use of activation 

functions with approximations, which has a great impact on 

the precision of calculations made by the neuron [6]. First, as 

a solution to this problem, this paper proposes the use of 

megafunctions provided by the FPGA platform constructors 

which make it possible to implement complex operations to 

handle real format data coded in 32 bits floating point without 

making calculating approximations.  Secondly, this paper 

presents a comparative study between two formal neurons, 

one of them with a sigmoid activation function and the other 

with the gaussian function.  The paper is organized as 

follows: The second section examines the background 

documents of different hardware architectures. The third 

section presents a theoretical study of formal neuron with 

different activation functions as well as the existing data 

formats. The fourth section is dedicated to the Hardware 

implementation details of our two formal neurons. The fifth 

section presents the tests and comparisons between the two 

implementations in terms of speed and capacity, and the last 

section is dedicated to the conclusions. 

II. RELATED WORKS 

Several approaches of implementation of formal neuron in 

the FPGA platform were made. However, huge challenges 

were encountered during these implementations among 

which the problem of using approximations in the 

implementation. As it is shown in Fig 1, in 2014 (SAMY 

ELMOUKHLISS) has implemented, in his paper [7], a 

neuron architecture using the sigmoid activation function. 

The challenge of this architecture is the use of approximation 

for the implementation of the transfer function. 

 
Fig.1: Neuron Structure 

In 2001 (DENIS F. WOLF) has designed an architecture that 

brings together blocks and a Softcore NIOS microprocessor. 

This implementation has as a challenge the conversion of 

floating point numbers into integers and replacing the 

sigmoid by a linear approximation [8].  
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In 2007, Antony W. Savich has done a detailed study on FXP 

and FLP representations in comparison to the effect of the 

accuracy on the implementation of the multilayer perceptron. 

The obstacle found in this study was associated with the 

implementation of formal neuron with the sigmoid activation 

function (fig 2), which requires complex operations such as 

the exponential and division [6]. 

 

Fig. 2: Architecture for Neuron 

III. THEORY OF FORMAL NEURON AND MEGAFUNCTIONS 

A. Formal Neuron 

The formal neuron is a model that simulates the biological 

neuron functioning. This neuron can perform a mathematical 

operations series more or less complex as the summation and 

multiplication. The first formal neuron model proposed by 

McCulloch and Pitts in 1949 describes in detail the 

operations fulfilled. The artificial neuron consists of several 

inputs which receive two vectors; a parameter vector of the 

object studied and another vector of connection weights 

called synaptic weights, and a single output. The values of 

these synaptic weights are already set during the learning 

phase. The formal neuron performs a weighted summation 

generally between the two input vectors, and the result of this 

operation is transferred to the output through an activation 

function. 

 
Fig.3: Schema of a Formal Neuron 

 

With: 

X1……Xn: the neuron object vector. 

W1……Wn: synaptic weights contained in the 

neuron. 

∑: a function which calculates the sum of the 

multiplication between the object vector and the synaptic 

weights according to equation (1). 

B: the bias of the summation function. 

F (V): the neuron activation function. 

Y: the formal neuron output.   

First the neuron calculates the internal activation value in 

accordance with the input vector and the vector of synaptic 

weights according to equation (1) and secondly the output 

value according to a transfer function which limits the neuron 

output in the range [0, 1]. 

                       (1) 

The sigmoid and gaussian functions are the two most 

commonly used activations functions in formal neurons, the 

first (figure 4) is defined by: 

Y(X) = f(V(X)) =          (2) 

The sigmoid is a function with values in the range [0,1], 

which allows to interpret the output of the neuron as a 

probability. Moreover, it is not polynomial and is infinitely 

continuous and differentiable; the second (fig 4) is defined 

by: 

Y(X) = f(V(X) ) =             (3) 

The gaussian is a function that depends on the point’s center 

of the input space and width, besides, it is a continuous and 

differentiable function. 

 

Fig.4: Activation Functions 

B. Megafunction 

 
Fig.5: Block MegaFunction 
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A megafunction is a specific block that includes a set of 

components (memory, registry, multiplier...). This block is 

described in hardware description language (VHDL) and it 

has as an objective the realization of a transaction or a series 

of more complex arithmetic operations. These blocks have 

become effective methods of designs to make complex 

applications in various fields such as robotics and image 

processing. These blocks are IP (Intellectual Properties) 

proposed by the simulation software Quartus II 9.1, which is 

optimized for Altera circuits. The IPs are collected in 

libraries, including « Library of Parameterized Modules » 

(LPM), containing the most complex functions that will be 

useful in the design of formal neuron. These megafunctions 

have helped to save valuable time during the design, by 

avoiding coding a new logical block. As a structure, these 

blocks offer the opportunity to adjust their size by adjusting 

some parameters and the access to specific features of the 

architecture in the memory; DSP blocks, shift registers, and 

other simple and complex functions. Among these 

megafunctions, multiplication block of two floating point 

numbers (Fig 5d), the addition of two floating point numbers 

(Fig 5b), inversion a floating point number (Fig 5c), 

exponential (Fig 5a) ... etc... 

IV. PROPOSED DESIGN 

The design of a formal neuron is divided into two parts; the 

first part consists in calculating the weighted sum of the input 

vector and the synaptic weight vector (1), it represents the 

internal activation of the neuron. The second part calculates 

the output of the neuron through an  activation or transfer 

function, this paper deals with the case of two formal 

neurons; the first  with the sigmoid activation function and 

the second with the Gaussian function. 

 

Fig.6: Design of the two Formal Neuron 

A. Implementation Detail of the Internal Activation 

For the two neurons; the sigmoid and the gaussian neurons, 

the implementation of the internal activation part is the same. 

It consists of a set of interconnected megafunction blocks in 

order to calculate the weighted sum (1) of the two vectors 

(input vector and synaptic weight vector). For example in the 

case of a neuron with four inputs, the calculation of the 

internal activation requires 4 multiplication blocks 

megafunctions, that allow to multiply the elements of each 

vector (input vector and synapse weight vector), and then 

adding 3 megafunction blocks that calculate the sum of these 

multiplications to generate an output V, entitled internal 

activation formal neuron (Fig 7). 

 

Fig.7: Design of Internal Activation 

B. Implementation Detail of the two Functions of 

Activations 

This implementation consists in transferring the output of the 

internal activation V to the output neuron, using an activation 

function. The chosen activations functions in this paper are 

the sigmoid and gaussian activations that are both continuous 

and differentiable. The sigmoid function implementation 

requires a set of megafunction blocks like the multiplication, 

addition, the exponential and the division. The internal 

activation propagates through this activation function via a 

series of cascaded blocks in the following order: 

multiplication, exponential, addition and division (Fig 8). 

 

Fig.8: Design of Sigmoid Function 

The implementation of the gaussian activation function 

consists in using a series of cascaded megafunction blocks in 

the following order: multiplication, multiplication and 

exponential illustrated in Fig 9. 

 
Fig. 9: Design of Gaussian Function 

C. Complete implementation 

In order to fully implement the formal neuron with the 

sigmoid activation function (Fig 8) and the gaussian 

activation function (Fig 9), there should be a regrouping of, 

on the one hand, the internal activation and the sigmoid 

function to construct the first neuron (Fig 10) and, on the 

other hand, the internal activation and the gaussian activation 

function to have the second neuron (Fig 11). 
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Fig.10: Design of Sigmoid Neuron 

 

Fig.11: Design of Gaussian Neuron 

V. TESTS AND RESULTS 

This section aims at two objectives; the first is to test the 

performance of the two proposed formal neurons in terms of 

calculation precision, and the second is to compare the two 

designs that are implemented without approximation in 

capacity and time of execution. The chosen platform to 

perform these two tests is the Altera FPGA CYCLONE II 

EP2C70F896C6. 

A. The First Test 

In this test, the formal neuron with sigmoid activation 

function or the gaussian activation function receives in its 

input two vectors (input vector and synaptic weight vector) 

which have random values, to generate an output; this output 

will be compared with the results of a software calculation in 

developed language C + +. Tables (I and II) show that the 

calculation obtained with the two neurons is efficient; this 

stems from the use of megafunction blocks which give the 

possibility to implement complex functions without making 

approximation and also to the floating point representation of 

the data. 

 

Table I 

Hardware and Software Result (Sigmoid) 

 

Table II 

Hardware and Software Result (Gaussian) 

B. The Second Test 

The second test aims at comparing the two architectures of 

two neurons in terms of capacity (material resources in the 

FPGA Embedded Platform) and calculation time by varying 

the number of elements of the input vector and the number of 

elements of the synaptic weights (4, 8,16). 

Table III shows that the formal neuron architecture with 

sigmoid activation function occupies more resources and 

requires more time (Fig12) than the formal neuron 

architecture with gaussian function. These results are related 

to the number of Megafunction blocks forming each 

architecture and the execution time and material resources 

used by each Megafunction block as shown in table IV. 

Table III 

Comparison of Resources and Time Execution 
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Table IV 

Resources and Time Execution of Mega Function 

 

 

Fig.12: Comparison of the Sigmoid and the Gaussian 

(Execution Time) 

VI. CONCLUSION 

This paper aimed at implementing two different architectures 

of formal neuron, using both the sigmoid and gaussian 

activation function without making calculation 

approximations .The objective behind this is better precision 

and minimal use of material resources of the FPGA board and 

this is thanks to the calculation performances provided by 

megafunction blocks. The obtained results from the 

comparison between the formal neurons on the basis of the 

sigmoid and Gaussian activation functions pave the way for 

the implementation on a FPGA platform of complete and 

powerful network of artificial neuron in terms of 

performances and used resources. 
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