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Abstract
This paper describes a new technique for implementing an Artificial Neural Network (ANN) using Field Programmable
Gate Array (FPGA). The goal is design the Low Drop Output (LDO) voltage-regulator circuit with the desired features
depending on the application. (The first novelty is designing an LDO with variable features). Voltage regulators bring
voltage changes to a stable and acceptable level, especially for products using portable devices. The fragmentary neural
network algorithm is modeled using the Xilinx generator system and it can be implemented in Xilinx FPGA (the second
novelty is implanting fragmentary ANN in FPGA for parallel computations and real time design). The neural network is
trained using the levenberg-Marquardt algorithm which is the data collected from HSPICE software. In Matlab, the
tangent-sigmoid function is used as a neuron activation function, but the block set provided by the Xilinx generator
system does not have a tangent-sigmoid operator, so the tan-sigmoid operator is modeled on the Maclaurin expansion
(the third novelty is using Maclaurin series for approximation function along with the reduction of connections in the
neural network to reduce many blocks in FPGA). In this paper, the similarity of the tangent-sigmoid function produced
using Matlab and the approximation of the performance of this function using the Maclaurin series are shown. When
the inputs are between -0.5 to +0.5, the simulated results show that the absolute error between the values of tan-sigmoid
function based on Matlab and Xilinx System Generator using Maclaurin power series are not more than 0.17%. The
performance modeling of the system generator with 0.996515% accuracy of Matlab modeling.
Keywords: Neural network, System generator, LDO voltage regulator, Field programmable gate array, Multilayer
perceptron.
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Voltage regulators are widely used in integrated circuits. Voltage regulators bring voltage changes to
a stable and acceptable level, especially for products using portable batteries such as laptops, mobiles,
and cameras. Voltage regulators have some features that, depending on the type of application, have
some advantages over others, such as power Consumption, transient time, Power Supply Rejection
Ratio (PSRR), output voltage ripple, line adjustment and load adjustment, but the relationship
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between these features is nonlinear. Designers of analog circuits face many difficulties and challenges in
realizing non-linear problems in [1] and [2]. They usually take a long time to try and find the best option.
The difficulties of nonlinearity analogue circuit design and the ability of neural network to modeling,
categorizing and predicting nonlinear systems with the help of parallel computing, made a large number
of literature that use artificial neural network to design analogue circuit, but there have poor
generalization ability [3] and [4]. Field Programmable Gate Arrays (FPGAs) due to features such as
extensive parallelization, high retuning, high efficiency, and low power consumption are nowadays one
of the best options for implementing artificial neural networks in [5]-[7].
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The novation in this paper over several experiments is using the macloran series to approximate the
activation function of the sigmoid tangent in the hidden layer of the neural network. In fact, this
approximation increases the speed and reduce the computational time of the neural network as well as
reducing the FPGA computing blocks. The former attempts to avoid being trapped in the local optima
and the later can rapidly find the accurate solution to accelerate its evolving speed.
In this paper, a sufficient sample space for the neural network was provided by using various simulations
in Hspice software. FPGA implementation has been used to speed up operations to find the best
solution. In the following Part 2, the LDO voltage regulator and specifications for the specific
applications are presented. In Part 3, the details of the neural network used are discussed. Part 4 is about
the implementation on the FPGA and comparison of the results will be concluded in Part 5.

2 | LDO Voltage Regulator
Today's battery-powered portable devices have a power management system. The task of this power
management system is to provide a constant voltage ideal for high-frequency analog and high-voltage
noise-sensing blocks [11]-[14]. Parameters such as small output capacitor, low power supply, low output
voltage drop and low output ripple voltage are monitored for this task [15]-[19]. There are several
parameters to consider when optimizing. In this paper, an LDO with a small output capacitor and a low
output ripple is used for optimization for on-chip applications in [20]. The LDO circuit used in Fig. 1 is
illustrated. Using, Monte Carlo simulation in Hspice for non-linear properties of Wm11, Cb, Cout, IB
elements including power consumption, transient time, ripple feed ratio and line adjustment were
measured, and a good sample space was ready for use on the neural network in [21] and [22].

Fig. 1 . LDO circuit used for optimization in [17].
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In recent years, the use of evolutionary algorithms to optimize electronic circuits has increased.
Electronic circuits are optimized with different features. In [8] reference conductors and in reference in
[8]-[10]. LDO voltage regulators used evolutionary algorithms to design, but in all of them only a few
blocks of the system such as error amplifiers were optimized in this way. There are also challenges; the
search space should be large enough to include a large set of feasible and optimal solutions.

3 | Neural Network

Designing novel LDO voltage regulator implementation on FPGA using neural network

207

There are several training algorithm. Lately, the Unscented Kalman Filter (UKF) in [23] has gained a lot of
popularity with Extended Kalman Filter (EKF) because of it’s the neural network is consisted of a large
number of neurons, as processing elements that are connected in parallel in [24]. Each of the fittings has a
weighting factor. These weights are adjusted during the training process. The most usual training algorithm
is Levenberg-Marquardt in [25]. Many operations can usually be performed on a PC with an available
solution. Whenever backpropagation in [26], EKF in [27], and [28] are used the solution required moderate.
Number of math operations and suitability for performing on hardware. A contrast between EKF and
backpropagation is presented in [29], where EKF effectiveness in learning is higher due to its high
convergence speed and this is presented in stability and performance to estimate nonlinear systems, but its
computational burden is much greater than EKF. Sliding Mode Control Theory (SMCT) in [30]. SVSF is
powerful for modeling uncertainties, ensures high convergence rate and ensures convergence of estimation
error inside a border layer. In addition, this is an attractive way to train ANN because of its ability to
converge Minimum number of epochs in [31]. For an estimation example of a nonlinear system, the reader
can see [32]. LMA interpolates between the Gauss-Newton Algorithm (GNA) and the descending gradient
method. It makes the LMA more robust than the GNA, which means; in many cases find an answer, even
if it starts far beyond the final minimum. This method used to minimize the sum of the squares of error
over a training period to find the minimum of a multivariable nonlinear function.
p
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In “Eq. (1)”the objective value (d) of i is the actual output (y) of the training pattern of (S), the weight
vector (w) generated by all the weight coefficients and bias of the network, and the number of outputs. In
this method, the initial weight coefficients vector is corrected according to “Eq. (2)”to reach the optimum
value of the learning rate (µ) and is always positive, the input matrix, and the Jacobian error matrix (J) [33].

w k 1  w k  ( JKT Jk  μI)1 Jk eK .

(2)

The artificial neural network implemented by Matlab software is shown in Fig. 2. After trying different
architectures for the neural network in question, the neural network with a hidden layer with the tangent
sigmoid activation function is selected. Three Hspice outputs including PSRR, transient time and ripple
output voltage considered as three input neurons and outputs to be optimized by the neural network.
Includes Wout, Cb, Cout, IB, so the numbers of neurons of the neural network output are four.

Fig. 2. a) neural network architecture, b) first layer architecture, c) second layer architecture.

After completing the training phase and determining the weights and bias values for the layers obtained
in the next step, a neural network model is generated using Simulink Matlab as shown in Fig. 2.a, Fig. 2.b
and Fig. 2.c illustrates the architecture of the first layer and the output of the neural network. The
connection between the input layer and hidden layer is not fully connected meaning, instead of
connecting each neuron of hidden layer to three neurons of the input layer, it only connects to two input
layer neurons, also connections of output layer to hidden layer is not in complete form. Finally,
connections are in a form that can use all of the input layer information. After the simulation, the number
of using data and the output regression are shown in Table 1.
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Table 1. The output regression.
Number of
data
Regression

Training
3600
0.99766

Validation
1200
0.99776

Test
1200
0.98498

Xilinx system generator is a high level, powerful tool for converting Matlab models to FPGA hardware.
To implement a neural network with a system generator, some blocks such as a tangent sigmoid is not
present in this tool, so for activation function approximation Macloran series is used. “Eq. (3)”
represents the tangent function of sigmoid and “Eq. (4)”provides the Maclaurin expansion.
f(x) 

(e x  e  x )
.
(e x  e  x )

f(x)  f(0)  f (0)x 
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x 
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In this case the approximation of the tangent sigmoid function using the Maclaurin series can be as “Eq.
(5)”.

f (x)  x  0.33x3  0.133x5 .

(5)

Fig. 3 shows the real tangent sigmoid function and its polynomial approximation in range of -5 to +5.

Fig. 3. Comparison between the real sigmoid tangent function and its approximation tables.
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4 | Implementation on FPGA and Compare Results.

As mentioned above, optimization with macloran series and implementation on FPGA becomes the best
choice to solve the designing problems so the basic idea is simple, using macloran series to reach the
optimal approximation of activation functions, and then using BP algorithm to find the accurate value of
each parameter. The detailed of proposed scheme is shown as Fig. 4.
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Fig. 4. Detail diagram of proposed method.

Fig. 5 illustrates the schemes related to the implementation of the entire neural network, single neuron, and
activation function. Instead of using a neural network with full connections, a fragmentary neural network
with broken connections is used. Advantages of using fragmentary neural network in FPGA is due to the
fact that in FPGA each adder gate can only have two inputs, in addition to reducing number of gates at
the surface and in depth, the speed of circuit and operation frequency increase without reducing the input
information to the box. Fig. 5.c View of the neural network with fragmentary connections.
ISE software has been used for FPGA planning. ISE creates a bit file that can be uploaded to FPGA. The
simulated results of the FPGA implementation of the tangent sigmoidal approximation function using the
Maclaurin series Xilinx System Generator is shown in Table 2. The performance for the neural network to
the model implemented on the generator system is shown in Table 3.

a
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c
Fig. 5. a) activation function b) single neuron c) whole network.

Table 2. Simulation results of the sigmoid tangent function.
X
+5
-0.5
-0.3
-0.1
0
0.2
0.4
0.5
-5

Tan-sig
approximation
+1
-0.4629
-0.2914
-0.0997
0
0.1974
0.3802
0.4629
-1

Theoretical
tan-sig
+1
-0.4621
-0.2913
-0.0997
0
0.1974
0.3799
0.4621
-0.9908

Error
%
0
0.17
0.034
0
0
0
0.078
0.17
0.0092

Table 3. Compares the performance for the neural network to the model implemented on the
generator system.
Predicting
Circuit
Parameter
Values

Neural
Network in
Simulink
Matlab
0.99776

Neural network
in Xilinx
Generator
System with
Approximation
of Macloran
0.996515
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b

5 | Conclusion
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In this paper, the neural network method is used to design LDO voltage regulator with arbitrary features.
The results show that the approximation used in the activation function along with the reduction of
connections in the neural network are used to minimize the logical adjustments and improve the proposed
neural network computation time. It is very useful to use top-level tools such as the system generator to
validate and design any set of pattern recognition and time series forecasting algorithms. The innovation
of the paper is multifaceted; one is that approximation is reduced as the volume of computation reaches
the answer; second, this implementation on FPGA is a real-time design of a LDO circuit with the desired
features, which is very significant in military power management applications.
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