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Abstract. Several implementations of Artificial Neural Networks have been 
reported in scientific papers. Nevertheless, these implementations do not allow 
the direct use of off-line trained networks because of the much lower precision 
when compared with the software solutions where they are prepared or 
modifications in the activation function. In the present work a hardware 
solution called Artificial Neural Network Processor, using a FPGA, fits the 
requirements for a direct implementation of Feedforward Neural Networks, 
because of the high resolution and accurate activation function that were 
obtained. The resulting hardware solution is tested with data from a real system 
to confirm that it can correctly implement the models prepared off-line with 
MATLAB.  

1   Introduction 

Artificial Neural Networks (ANN) became a common solution for a wide variety of 
problems in many fields, such as control and pattern recognition to name but a few. It 
is therefore not surprising that some of the solutions have reached an implementation 
stage where specific hardware is considered to be a better solution than the most 
common implementation within a personal computer (PC) or workstation. 
A number of reasons can be pointed out as the motivation for this: need for higher 
processing speed, reduced cost for each implementation and reliability.  
Considering the possible solutions for a digital implementation the FPGA solution is 
the most interesting taking into account the balance performance/price.  
In the literature it is possible to verify that several solutions have already been tested 
in the FPGA context. Nevertheless, the solutions that were found do not allow the 
direct use of the neural models that are prepared frequently with software (like 
MATLAB or specific software for ANN) within PCs or workstations.  
All the solutions that the authors were able to verify present either a much lower 
precision when compared with these software solutions [1],  [3] or modifications in 
the activation function that make them unacceptable to use directly the weights 
previously prepared [6], [7]. 
In the present work a hardware solution called Artificial Neural Network Processor 
(ANNP), using a FPGA, designed to fit the above requirements for a specific 
application is presented.  



2   Hardware Implementation  

The notation chosen was 32 bits floating point according to the IEEE 754-1985 
standard. Although it has been stated in [2] that “A few attempts have been made to 
implement ANNs in FPGA hardware with floating point weights. However, no 
successful implementation has been reported to date.”, and [5] have concluded that 
“floating point precision is still not feasible in FPGA based ANNs”, there were at 
least two applications reported: [3] which used floating point notation of 17 bits and 
[4], which used 24 bits. 
In the present work, the activation function used was the hyperbolic tangent. 
As implementing the full functions is too expensive, the implementation was done 
using piece-wise linear approximation according to the following steps: Choose the 
first linear section; Compare this linear approximation with the hyperbolic tangent 
implemented in MATLAB in order to verify when the maximum allowed error is met; 
Start a new linear section; Repeat the operation until the region needed was fully 
represented. 
This algorithm led to the representation of the hyperbolic tangent with 256 linear 
sections and provides a maximum error of 0,0000218 in values that are in the range 
of [-1,1] (function output). This can be compared with other solutions like the one 
using the Taylor series used in [3], which obtained an error of 0,51% and piecewise-
linear approximation used in [4], which obtained 0,0254 of “standard deviation with 
respect to the analytic form”. 
It is worth to verify that to obtain this error with the classical LUT approach 18110 
samples of the function were needed. These samples represented in the 32 bits 
notation used would require more than a single FPGA of the type used, just to 
represent the activation function. 
The hardware platform used is the Cyclone EP1C20F324C7 FPGA from ALTERA, 
in the kit Cyclone SmartPack from Parallax.  
The ANNP was developed using the VHDL language and implements the following 
components: 32 bits multiplier in floating point notation, 32 bits adder in floating 
point notation, activation function, memory blocks, 3 finite state machines, serial 
communication using RS-232 protocol. 
The implementation of the activation function uses 3 ROMs of 256x32 bits, that is 
24.576 bits, which are implemented in 6 blocks of 256x16 bits. 
The complete implementation uses 235.008 bits, which are in fact 285.696 bits if the 
parity bits (and others that are used for special functions) are taken into account, of a 
total amount of 294.912 bits available, that means that 96,9% of the bits were used. 

3   Test System and Results  

The hardware implementation of the ANN was tested using several models of a 
system, which were previously prepared in MATLAB. This system is a reduced scale 
prototype kiln, which was working under measurement noise. For further details 
please see [8]. The comparison of the accuracy obtained in control simulations 
against the MATLAB software is summarized in table 1. 



Table 1. Mean Square Error comparison between the MATLAB and FPGA results 
MATLAB Simulation FPGA Results 

Model Ramp Square Random Ramp Square Random 
M-1 1,2146e-4 0,0146 1,3343e-4 1,2151e-4 0,0146 1,3345e-4 

M-2 7,8682e-5 0,0040 1,3445e-4 7,8666e-5 0,0040 1,3440e-4 

M-3 8,1468e-6 0,0069 1,5426e-5 8,1456e-6 0,0069 1,5426e-5 

4   Conclusions  

This work proposes a hardware implementation of an ANN using a FPGA. The 
FPGA was chosen because of the lower prices for a single implementation.  
The goal that was searched was to obtain a hardware solution that allowed the direct 
use of the weights, usually prepared in a software environment with a much higher 
resolution than the ones usually obtained in FPGAs implementation.  
This objective was successfully accomplished as was shown by the control tests done 
with models of a real system, where the maximum error obtained between the 
MATLAB and the hardware solution, using the MSE as a measure was of 5e-8. 
A new algorithm to apply with piece-wise linear approximation was also presented 
that allowed high resolution in the implementation of the hyperbolic tangent. This 
algorithm allows the definition of the maximum error that is acceptable and supplies 
the number and equations of the corresponding linear sections. 
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