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depends on a method of tutoring and data used in tutoring. At last, it is desirable that segmentation 

of medical images and algorithms of classification demanded that they had the following 

characteristics: a) accuracy, b) reliability, c) repeatability, d) reliability and e) the least dependence 

on the operator. 
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Arduino is a complete system that allows you to manage various systems and read data from 

different sources. The main advantage of Arduino is the standardized distribution of the outputs, 

which allows the use of ready-to-use solutions that extend the capabilities of the system. 

Using special cards called Shields, you can expand the capabilities of Arduino by 

connecting, for example, a network card, a driver for controlling a stepper motor or a distance 

sensor. 

Consider the main ways to increase the processing speed of the Arduino board. 

- Mechanical replacement of Quartz, by increasing the frequency of the controller and 

thereby increasing the speed of work. The standard operating frequency is 16 MHz. 

- Programmatically change the speed of work, using the method of accessing the line to the 

port. 

At the beginning of the work we will test the actual speed of the digitalWrite function on the 

Arduino Mega2560 board and consider the possibility to speed up the program several dozen times. 

At the core of the Arduino Mega2560 debug card is the AT2560 microcontroller, which operates at 

a clock speed of 16 MHz. If we translate these 16 million oscillations into a time interval, then we 

get a rather small period equal to 62.5 ns. 

The commands, written in Wiring, are converted into simpler commands, the so-called 

machine code, which the microcontroller is already executing directly. Some commands of the 

microcontroller are executed in one clock cycle of the microcontroller, some require more cycles, 

respectively, and runtime. Therefore, one, in our opinion, a simple command or function will be 
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performed by the microcontroller for a few, maybe even a few tens or hundreds of cycles. Besides, 

besides calculations, we need read / write operations in memory, so the average frequency of 

command processing will be significantly different from the clock frequency of the microcontroller. 

Let's try to find out how much is a simple command for changing the value on the digital 

output Arduino - digitalWrite. Let's do some experiments. In the first experiment, execute the 

following code. 

void setup() 

{ 

pinMode(13, OUTPUT); 

} 

void loop() 

{ 

digitalWrite(13, HIGH); 

digitalWrite(13, LOW); 

 

}  

Figure 1 -  Sketch of LED work 

 

In Figure 1, we received data that the working sketch uses 1030 bytes of memory. 

In order to see what actually happens on the 13th output, let's use the oscilloscope. The 

oscillogram of the signal at 13 pin looks like this: 

 

 
Figure 2 – Speed of the standard program running 



862 

 

It seems that the command digitalWrite (13, HIGH) is executed in 6.6 μs, and digitalWrite 

(13, LOW) in 7.2 μs. Total 13.8 microseconds. This is much longer than 62.5 ns, in fact, 220 times 

longer. Also, you can see that the LOW state (7.2 μs) takes longer than the HIGH state (6.6 μs). 

The implementation of the digitalWrite function in the Wiring language is, to put it mildly, 

not optimal. If you look at its implementation in Assembler, you can find several checks, in 

particular, it is checked whether it is necessary to switch off the PWM timer after the previous 

analogWrite () function. The fastest implementation, but at the same time the most time-consuming 

writing, could be in Assembler. But writing code in Assembler is quite difficult, especially if we 

talk about debugging assembly code. One of the trade-offs can be the use of optimized libraries that 

implement various I / O functions. 

In order to reduce the time to change the state of an output, you can use direct write 

commands in the port register. To change the values of pins 8 to 13, the PORTB register is used in 

which it is necessary to write the data word (the two least significant bits of this data word, that is, 1 

and 2 bits are not used, and the remaining six - just set the state of the digital ports 8 to 13) . To 

change the state of digital pins from 0 to 7, PORTD is used.  

void setup() 

{ 

pinMode(13, OUTPUT); 

} 

void loop() 

{ 

 // create our infinite cycle 

 while (1) 

 { 

  PORTB |= (1<<7); // set the state pin13 as HIGH 

  PORTB &= - (1<<7); // set the state pin13 as LOW 

 } 

 

 
Figure 3 – Sketch flashing LED, access via ports 
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In Figure 3, we received data that the working sketch uses 638 bytes of memory. Compared 

with Figure 3, after accessing the line to the ports, the memory occupied by the sketch has 

significantly decreased. 

 

 
Figure 4 – The result of the program connected through the port 

 

Conclusion  

Thus, the conducted research of the microcontroller system showed the possibility of 

significant acceleration of the execution speed of the program, as well as the possibility of 

reducing the occupied memory capacity. If we talk about recommendations when optimizing the 

code of the program, then: 

• Using the port registers instead of the digitalWrite function can significantly increase 

the speed of the program execution. 

• By using the infinite loop, nested in loop (), while (1) {...}, we can save a few clock 

cycles of the processor at each turn of the loop. 
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