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Abstract — Speed of the AD conversion, speed of data processing, data transmitting speed, etc. 

Nowadays speed is the primary factor of each electrical or nonelectrical area.   This topic describes 
parallel data processing of inputs pins of microcontrollers. Parallel data processing is applied to the three 
Nucleo board, where two boards scan the input state of the pins and the third Nucleo board process this 
data. The primary objective of this paper is device designing for parallel data processing, where output 
will be more bit word. In this paper, we describe 32-bit word.  
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I. INTRODUCTION 

This paper is focused for parallel data processing of three microcontrollers, two STM32F446RE and 
STM32F746ZG intended for digital signal processing. There are three Nucleo boards with mentioned 
microcontrollers. The objectives of the microcontroller are receiving parallel bit word (for example 
32-bit word) processing data and transmit it to the master Nucleo board.  

This form of processing data is popular, because there can be processed a multiple number of data in 
the moment. Why is there used Nucleo board? Nucleo board with its microcontroller STM32 is faster 
than any other development board such as Arduino with ATMega microcontrollers.   

 

II. NUCLEO-64 AND NUCLEO-144 BOARDS 

Primary part of this topic is a Nucleo-64 board of STMicroelectronics Company. Nucleo board 
provides an affordable and flexible way for developing prototypes where the user works with STM32 
microcontrollers. There are three primary groups of Nucleo board. Nucleo-32, Nucleo-64 and Nucleo-
144.  

Nucleo-32 is the small board primary used for universal application. This type of board has 
implemented an ultra-low power microcontrollers and mainstream microcontrollers.  

The second type of Nucleo board is Nucleo-64. This board includes mainstream, ultra-low-power 
microcontrollers and high performance microcontrollers too. The main use of the Nucleo-64 is 
implementing and developing of prototypes which are intended for the more performance applications. 
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Fig. 1 Nucleo-32, Nucleo-64 and Nucleo-144 [1] 

The last type of the Nucleo board is Nucleo-144 with mostly high-performance microcontrollers. 
This is the professional board for high-performance applications. The board includes Ethernet 
connector and USB connector.  

As the primary part of all types the Nucleo board is microcontroller STM32. Some microcontrollers 
include a DSP set for digital signal processing. It is strong technologies affecting the development of 
the world in the 21st century. Nowadays all digital devices operate in digital values, therefore digital 
signal processing is the most uses signal processing in the word. [1] 

 

III. MICROCONTROLLER STM32F446RE 

Microcontroller STM32F446RE is 32-bit RISC high-performance system, including a core of 
ARM family Cortex-M4. Its operating frequency is 180MHz and it includes full digital signal 
processing set. This microcontroller operates with two types of memory: Flash -512kB and SRAM 
memory – 128kB. The STM32F4 include a lot of peripherals: 
- A/D converters: Three 12-bit A/D converters shares to 16 channels. It operates in single, continuous, 

scan and discontinuous mode.  
- D/A converters: One 12-bit D/A converter shares to 2 external channels.  
- Timer/Counter: Microcontroller includes 14 timers divides into the three groups: Advanced control, 

general-purpose timers and basic timer.  
- USART/UART: There are four USART and two UART devices for serial communication. 
- SPI and I2C: microcontroller includes four I2C interfaces and four SPI serial interfaces. 
 

The STM32F446RE microcontroller includes some other peripherals such as camera interface, CAN 
buses, HDMI interface, SDIO and SAI interface too [2]. 

 

 

Fig. 2 Architecture of microcontroller STM32F446RE 
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In the Fig.2 is shown architecture of microcontroller STM32F4. There are AHB bus (Advanced 
High-performance Bus) operates to 180MHz. This bus is divided to the APB1 and APB2 (Advanced 
Peripheral Bus), where APB1 is low-speed bus operates to 45MHz and APB2 is a high-speed bus 
operates to 90MHz. In the Fig.2 are shown peripherals connected to the high-speed and low-speed 
peripheral bus APB1 and APB2. It means maximal operating frequency for peripherals. [2] 

 

IV. DESIGNING PARALLEL DATA PROCESSING WITH MICROCONTROLLERS 

As there was mentioned, primary objective of this topic is parallel data processing of the 
microcontrollers. There are three Nucleo boards, where the two Nucleo-64 work as scanners the pins 
and one Nucleo-144 operate as a primary device for processing the data. 

The device objective is reading of input state both scanner devices. These statuses are transmitted to 
the Main device and it made one bit word of them. This word is then transmitted to the terminal and 
user can see one 32-bit word. One scanner device has 16-bit GPIO (general purpose input/output).  It 
means that there are two 16-bit GPIOs which works at the same time. The result is 32-bit word 
processed by the Main device (Nucleo-144).  

The block scheme in the Fig.3 shows communication between Nucleo boards and PC terminal. For 
communication between terminal and Main device Nucleo-144 is used UART communication 
(Universal Asynchronous Receiver and Transmitter). PC terminal is priority used for sending input 
data and shown output results of processing data.  The second block is a Main device of Nucleo-144. 
This device is primary controlling device in the circuit. The Main device sends a data for Scanner1 and 
Scanner2 and these devices does their operations. There is used UART communication between 
Nucleo boards too. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Block scheme of microcontroller inputs processing 

Communication between PC terminal and Nucleo-64: 
The communication between a PC and Main device Nucleo-144 with STM32F746ZG 

microcontroller is realized by UART2 communication. This microcontroller operate with up to 
216MHz and microcontroller includes high performance core Cortex-M7.  

Nucleo-64 includes six USART/UART interfaces. For this communication is used USART3 
interface operates in asynchronous mode. This interface is implemented on the board directly stenciled 
on the USB connector for connecting to the PC. 

PC 
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Nucleo-64 
(Scanner 1)

Nucleo-144 
(Main)
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(Scanner 2)

Peripherals Peripherals
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Fig. 4 USART interface configuration 

The USART3 is connected to the Micro USC connector to the Nucleo board for power and serial 
communication between PC. This is applied to the port GPIOD at 8 and 9 pins. The command AFR 
configure this pins to the alternative functions for USART3 interface. There is sets 115200 bauds for 
communication speed in the BRR register. The CR register (control register 1) sets USART 
communication enable (UE bit), TE for transmitting enable, and RE for receive enable and RXNEIE 
for receive interrupt enable. The NVIC commands present enable IRQ interrupt and set priority for the 
interrupt.  

The communication between Nucleo boards is the same configured.  
In the next figure are shown three Nucleo boards such as is described in the block scheme. There is 

keyboard 4x4 and LED diodes too, that present peripherals.   
 

 

Fig. 5 Device for parallel data processing of Nucleo boards 

Scan the input pins is program for getting 32-bit word in one moment. As was mentioned one GPIO 
includes 16 bits (pins). It means, that if we use one port of a microcontroller, where the maximal 
length of the word can be 16-bit. If we use parallel processing, where we use two microcontrollers, 
there can be up to 32-bit word. Yes of course, we can use other port of one microcontroller and it can 
be the same. But in this paper, we want to make device where one task will be divided for more 
microcontrollers. If we use two ports of each microcontroller, we can get up to 64-bit word.  

For simplicity, we use only three pins of each microcontroller (together 6 pins), but principle, it is 
the same as 16 pins of both microcontrollers. The both Scanner devices work independently. They 
scan state of input pins and if there change, slave devices send their state to the Main device. After it, 
Main device sends data to the terminal for showing input state. The result is 32-bit word.   

If user wants actual state of the pins, there is button on the main device. After the push button main 
device sends information to both the scanner devices for scanning the pins. Scanners scan all the pins 
and send actual state to the main device.  
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For scanning all 16 pins of one board is used source code shown on Fig.6. For this function is used 
to interrupt of pin 13 of GPIOC. The program scans each pin of GPIOA from 0 to 15 and the state is 
stored in the integer array named stav[]. The program sends the actual state of pins after each scan to 
the Main device which groups this state with the states of the second board and send complete 32-bit 
word to the terminal. 

 
 

 

Fig. 6 Source code of scanning input pins 

In the next figure shows the source code of receiving data by Main device from other devices 
(scanner 1 and scanner 2). 

 

Fig. 7 Source code of scanning input pins 

The main device is connected to the Scanner 1 with using USART2 interface and the USART6 is 
used for the Scanner 2 device. If there receives some data, they are saved to the integer array data1 (if 
we tell about Scanner1). If the program detects empty place, it knows that it is end of data (end of bit 
word). 

In the Fig.8 is shown the source code of grouped actual pin states of both Scanner devices and 
window of the terminal where is shown complete 32-bit word processed by Main device – Nucelo-
144. 

 

Fig. 7 Terminal and function of grouping of data 
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V. CONCLUSION 

The primary advantage of parallel data processing is dividing of tasks between two or more 
processors. This advantage does not burden the processor. Of course, this device can be extended for 
more bits word, where we can use more ports of the Nucleo boards or we can programmed some other 
functions. 
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