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Abstract. In recent years considerable effort has been carried out to advance the hardware Artificial Neural Networks 

where in most cases, many neurons are placed on a VLSI chip. This research attempts to build individual neurons and 

connect them to build a hybrid of analog and digital neural network. In fact, every neuron is an AVR microcontroller which 

has a number of inputs and outputs. The data transfer between neurons is done by UARTs.  
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1  Introduction  

Nowadays there are wide varieties of Microcontrollers with different functions which are used for different industrial 

purposes. The AVR was one of the first microcontroller families to use on-chip flash memory for program storage. 

References [1] to [6] contain necessary information on the subject. One of the Microcontroller applications is in 

building Artificial Neural Networks. In most studies in the field of hardware Artificial Neural Networks, the hardware 

has been built as a single VLSI (Very Large Scale Integration) chip where the whole neural network has been designed 

as a unit [6]. The architectures of hardware neural networks allow for fast parallel processing [1]. This research is trying 

to use a number of AVR microcontrollers to build discrete hardware Artificial Neural Networks. The most important 

benefit of such hardware is its flexibility to represent any desired 

Artificial Neural Networks architecture. The AVRs constitute the 

neurons of the hardware. Such neurons need power supply and are 

connected to one another using wire like connections.  

The following sections contain some details about the different parts 

of the hardware and its characteristics. An example problem has 

been placed for better explanation of the capabilities of the hardware. 

2  Neurons description 

To create hardware neurons, two types of AVR microcontrollers 

have been used in this research: AT-Mega 8 and AT-Mega32 as 

shown in figures 1 and 2 respectively. The only difference between 

these two types of neurons is in their number of input ports. Mega32 

series has 32 I/O input or output ports. 15 pins of these ports are used for input. 8 channels of these inputs have an 

analog to digital Convertor ”ADC” and software Input of UART and 7 of the remaining pins have software UART only. 

Mega 8 series has 21 free pins for I/O therefore there are only 6 

inputs for this type of neuron where all the pins support ADC and 

RS-232 inputs. The neurons shown in Figures1 and 2 have some 

common units. All neurons have a programmer port, a reset key, a 

LCD port, 2 outputs, some inputs, a RS-232 connection port and a 

LCD contrast adjustment potentiometer. These units are separately 

marked on the board in black.    

 

 UART (Universal asynchronous receiver/ transmitter) is a type of 

communication method which is commonly used in combination 

with other communication standards such as EIA-RS-232 

(Electronic Industries Association- Recommend standard). Usually a 

UART is a specific (or part of an) integrated circuit used for serial 

communications over a computer and RS-232 is a standard for serial 

Fig. 1. AT-Mega8 Neuron  

Fig. 2. AT-Mega32 Neuron 
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binary single-ended data [7, 8]. It is a two wire asynchrony connection to send and receive data from Micro to Micro, 

PC to Micro or PC to PC [7]. Each neuron has one line of hardware UART and several software UARTs which are 

well-defined in the program of neurons [2]. Another converter is needed to convert the input/output voltage of RS-232 

to PC voltage. By means of this converter all neurons are connected to USB (universal serial bus) or COM port of a 

computer. Although RS-232 and USB are both serial communication standards to connect devices to computers, they 

are totally different in design. There are converter modules that can be successfully used to connect RS-232 devices to 

computers via a USB port. 

 There are two types of neurons since the input neurons are different than the other neurons. An input neuron is 8 

channels (ports) Analog to Digital converter which can convert a DC voltage to a digital value. In fact for these ports 

the input is a variable voltage created by a variable power 

supply. An input neuron has also 7 more channels for digital 

data input using UART software [4].  

All neurons require a +5V power supply and an 8 MHZ internal 

resonator. The activation function defined for the neurons is 

''TANH'' however this function can easily be changeable where 

any arbitrary function can be defined once the Microcontroller 

has been programmed by the user [9, 10].  

3  Starting to Work with a Neuron 

 First a 2*16 LCD character text display should be attached to 

the special port and connected to a +5V power supply with 2 pin 

special communication jack. The first message shown in the 

display is as illustrated in Figure 3. The user must then set the weights which can be done in either of the following two 

ways: 

3.1 Using Computer Key-board 

By pressing the UP Key the neuron becomes connected to the 

PC to set the weights. Figure 4 shows how the Hyper-Terminal 

of Microsoft-Windows XP [10] can easily be used to input the 

value of the weights in several successive steps using the 

computer keyboard. Baud rate of connection in these steps is 

about 9600 bit per second with 8 bit data and 2 stop bit in 

normal mode [7]. 

3.2 Using Keypad 

By pressing the DOWN key it is possible to use the keypad to set the weights of the neuron as shown in Figure 5. Since 

the weight value can be changed in increments, the value of this increment of change should be defined by the user in 

the INCR menu as shown in Figure 6. It should be noticed that the default value of change is 1 but it can be modified to 

either 0.1 or 0.01. Hence by pressing the UP key micro one unit 

of change will be added to the weight and by pressing the 

DOWN key micro one unit will be subtracted from it. Using the 

setting key the weight will be applied to the respective input and 

the weight will be stored in a specific location of an array. 

 

After the weights of a neuron has been specified, the neuron 

reads data from each line of input and stores them as individual 

variables; afterwards it multiplies each input data by its 

corresponding weight and sums them up. Next the activation 

function is applied to obtain the output value which is then 

written to the RS-232 output line and displayed on the LCD in 

two separate lines as shown in Figure 7. This procedure can be 

Fig. 3 The first menu 

Fig. 4 Inputting of weights in Hyper-Terminal of 

Microsoft Windows-XP using Computer Keyboard 

Fig. 5 Input weights using keypad 
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repeated again and again as many times as the user would like to. By pressing the setting keys this procedure stops and 

it will be automatically redirected to the change weight menu. 

4  Network of Neurons 

Figure 8 shows a simple single layer Artificial Neural Network. This is a feed forward network with one hidden layer, 

one linear input and one sigmoid output neuron. All neurons in the hidden layer are of sigmoid type [3]. As mentioned 

before, the only input to this network is a variable voltage which is converted to digital values. Also the connection 

from the output of a neuron to the input of another neuron is applied through the software UART. The properties of 

connections between two microcontrollers (neurons) are similar to the  connections between a micro and a PC where 

the baud rate is 9600 bit per second and so on. Also the weights of the neurons can be modified in a neural network.  

 

 

 

5  Example 

To test the precision of the hardware neural network, an example 

has been designed. To this end, the neural network of Figure 8 has been built and the weights in Table 1 have been 

assigned to the connections. A simple computer program has been written to simulate the neural network numerically. 

Input values between -1.00 to 1.00 and in increments of 0.1 have been fed to the simulated neural network where exact 

output values have been obtained as reported in Table 2 and plotted in Figure 9. The hardware output corresponding to 

each input value and corresponding error have been reported in the table too. The maximum error has been 0.002. A 

plot of the hardware outputs are shown in Figure 9 too for better visualization of precision of the hardware as compared 

to the numerical neural network.  

 

 

Table. 1. Weight of inputs 

Weight 

Number 

Value Weight 

Number 

Value 

w1-1 0.2 w2-1 2 

w1-2 -0.5 w2-2 -2.8 

w1-3 -0.83 w2-3 3.4 

Fig. 6 Weight changing increment menu Fig. 7 Presentation of results on LCD 

Fig. 8 Discrete hardware Neural Network 
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6  Conclusion 

An artificial neural network hardware designed has been designed and 

tested for its feed forward capabilities. It has shown suitable precision 

and capabilities for engineering purposes at this stage of its 

development. The next step would be to develop a suitable analog 

learning procedure for the network.  
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