URL: https://cims.fti.dp.ua/j/article/view/228

Challenges and Issues of Modern Science, 3 (2024). ISSN: 3083-5704
cIms
PURL: https://purl.org/cims/2403.013

Using micro:bit for building distributed
sensor networks in robotic systems

Roman Duban "“, Yurii Yurko

Purpose. The purpose of the paper is to explore the possibilities of integrating the
micro:bit microcontroller with external devices through UART, 12C, and SPI proto-
cols to create modular and distributed sensor networks in robotic systems. The
article focuses on the compatibility issues of these protocols with other devices and
possible solutions. Design / Method / Approach. The paper uses an experimental
approach, examining the use of standard communication protocols to connect mi-
cro:bit with external sensors and controllers, such as Raspberry Pi, to build a mod-
ular sensor network. Findings. It was found that micro:bit supports all major com-
munication protocols, but there are compatibility issues with the radio protocol and
external devices. UART, I2C, and SPI allow micro:bit to integrate with a wide range
of sensors and devices, but additional configuration is needed for stable operation.
Theoretical Implications. The article demonstrates that the use of standard pro-
tocols for integrating devices into robotic systems is a key aspect of creating mod-
ular sensor networks. It shows that micro:bit can be an important component to
developing such systems. Practical Implications. The results can be applied in
educational projects and for the creation of modular robotic systems where mi-
cro:bit acts as a manager module of different sensors. This expands the potential
use of inexpensive microcontrollers in real-world scenarios. Originality / Value.
The article contributes to research on integrating micro:bit into robotic systems,
which is important for educational robotics, as it shows new possibilities for using
microcontrollers in distributed systems. Research Limitations / Future Research.
The limitation of the study is that it is based on theoretical assumptions about pro-
tocol stability when connecting multiple modules. Future research should focus on
real-world testing of compatibility with other devices and optimizing wireless com-
munication. Paper Type. This is a technical note with both experimental and theo-
retical elements, exploring the issues of integrating micro:bit into distributed sys-
tems.
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In modern robotic systems, distributed sensor networks play a crucial role in
providing efficient data collection, processing, and transmission for real-time de-
cision-making. These networks can be built using microcontrollers and connected
sensors with configured communication protocols. Modern microcontroller
boards are becoming increasingly powerful and often include basic sensors, mak-
ing it easier to integrate them into robotic projects. One of the most attractive
options today is the micro:bit board from BBC, which includes built-in sensors
and supports wireless communication through its built-in radio channel (Ruch,
2022).

Micro:bit also provides an additional layer of abstraction that significantly
simplifies the programming and configuration of communication protocols. This
makes micro:bit a convenient tool for building distributed sensor networks using
standard communication protocols such as UART (Universal Asynchronous Re-
ceiver/Transmitter), I2C (Inter-Integrated Circuit), and SPI (Serial Peripheral In-
terface). Therefore, it is important to explore how micro:bit can be used to build
distributed sensor networks with flexible architecture and reliable communica-
tion, as well as its integration into more complex systems like ROS2 (Robot Op-
erating System 2), where communication capabilities play a key role in ensuring
the reliability and efficiency of such networks.

Purpose

The purpose of this study is to explore the possibilities of integrating mi-
cro:bit into robotic systems using standard communication protocols. The central
micro:bit module will be connected to the Raspberry Pi 4 via the UART protocol,
which ensures full-duplex data exchange. [2C will be used for inter-module com-
munication, allowing for the creation of a distributed sensor network, while SPI
will serve for connecting powerful sensors to individual microcontrollers. Special
attention is given to the use of the built-in micro:bit radio protocol as a backup
channel for wireless communication between modules, enabling reliable commu-
nication in the event of failures in the primary communication channels or when
modules are remotely located.

This study also addresses compatibility and reliability issues of the mentioned
protocols when building scalable sensor networks, as well as their integration with
more powerful systems such as ROS2.

Materials and Methods
Hardware component

In recent years, the micro:bit board from BBC has gained significant popu-
larity due to its ease of use and accessibility for various age groups, from school-
children to developers and students. It is widely recognized as a convenient and
powerful tool in STEM (Science, Technology, Engineering and Mathematics) ed-
ucation, making it easier to teach fundamental concepts in programming, electron-
ics, and robotics. Micro:bit is equipped with several built-in sensors, such as an
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accelerometer, magnetometer, thermometer, and light sensor, which makes it suit-
able for creating basic sensor networks without the need for additional devices.
Despite its small size (approximately half the size of a credit card), the micro:bit
can be easily integrated into various projects (Vostinar, P., & Kneznik, J. 2020).
For more convenient interaction with digital ports, an additional connector can be
used, allowing the board to be connected similarly to a cartridge.

This research utilized several micro:bit v2.2 boards, functioning as the main
communication module, a connected module, and a module interacting via the
radio protocol. Each of these modules, in addition to built-in sensors, supported
the connection of external sensors via standard communication protocols. This
enabled the creation of distributed sensor networks, where certain modules could
interact without direct wired connections. Micro:bit supports wireless communi-
cation through a radio channel, which operates over distances of up to 20 meters.
This radio protocol is particularly useful for robotic systems, where individual
modules can identify themselves before physically connecting to the main mod-
ule. Such an approach is effective for robots with interchangeable parts, allowing
them to be detected before being physically connected or for providing a backup
communication channel in case of wired connection failures.

A Raspberry Pi 4 single-board computer was used for data collection and pro-
cessing, serving as the central processing unit for signals from all the micro:bit
modules. The computing power of the Raspberry Pi allows to use it in robotics
and IoT (Internet of Things) projects (Ahmad, B. et al., 2023). Using Raspberry
Pi board in the research allowed for complex calculations that would otherwise be
impossible on the micro:bit due to its limited resources.

Thus, the hardware architecture of this research combined the accessibility
and modularity of micro:bit with the processing power of Raspberry Pi, enabling
the creation of a distributed sensor network for real-time data collection and anal-
ysis. This is particularly relevant in the context of STEM education, where mi-
cro:bit helps to practically teach the basics of sensor systems and robotics.

Software component

The micro:bit platform is distinguished by its high level of abstraction, which
greatly simplifies programming for users of different skill levels. Thanks to this
additional abstraction layer, micro:bit can be programmed using a variety of lan-
guages and environments, most notably JavaScript (via the MakeCode block edi-
tor) and Python. For educational purposes and simpler tasks, the MakeCode envi-
ronment allows users to program micro:bit using a block-based approach, making
it especially suitable for young students or beginners. The blocks can also be con-
verted into JavaScript code, providing an easy transition to text-based program-
ming (Cederqvist, AM. 2022).

When more advanced control over the hardware is required, micro:bit also
supports MicroPython. This lightweight version of Python is specifically opti-
mized for microcontroller programming and offers a syntax very close to that of
standard Python. However, certain functions in MicroPython are tailored to the
specific needs of microcontroller environments, such as handling GPIO pins and
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interacting with onboard sensors. This research relied on the functionalities pro-
vided by MicroPython, which was sufficient to implement the desired features
without needing to delve into the lower levels of abstraction available through C.
For more advanced tasks that require low-level control of the hardware, C pro-
gramming can be employed. This approach gives developers direct access to mi-
cro:bit's internal registers and peripherals, which can be crucial when optimizing
performance or handling hardware interruptions. While MicroPython is easier and
faster to use for most tasks, C provides the flexibility to maximize the hardware's
capabilities when necessary.

On the Raspberry Pi 4, which served as the central processing unit for the
distributed sensor network, the Raspbian (a Debian-based Linux operating sys-
tem) was installed. This system provided the necessary environment to run ROS2,
which is widely used in robotics for handling sensor data, executing control algo-
rithms, and managing communication between various hardware modules (Car-
reira, R. et al., 2024).

In this research, ROS2 played a key role in integrating the data from the var-
ious micro:bit modules into a unified system. Through ROS2, it was possible to
manage the sensor data streams coming from multiple sources, visualize the col-
lected data in real-time, and analyze sensor readings for further processing. By
leveraging ROS2’s modular architecture, the system could be easily scaled to in-
clude additional micro:bit modules or other sensors connected via Raspberry Pi.

Moreover, ROS2 enabled seamless communication between the different
components of the network, allowing the Raspberry Pi to interact with the distrib-
uted micro:bit modules, process the data, and send commands back to individual
sensors. This setup facilitated real-time control and decision-making, crucial for
efficient robot operation in dynamic environments.

Through the use of MicroPython on micro:bit and ROS2 on Raspberry Pi,
this system demonstrated how low-cost microcontrollers can be effectively inte-
grated into more complex and powerful robotics frameworks.

Communication protocols and architecture

The BBC micro:bit microcontroller offers a flexible approach to building sen-
sor networks with its support for several communication protocols, such as UART,
12C, and SPI, while also providing a built-in radio protocol for wireless commu-
nication. Despite the additional abstraction layer that simplifies programming, this
study aims to explore how these communication protocols can be effectively uti-
lized to create a robust, distributed sensor network. The network was designed to
ensure reliable data transmission in real-time, even under potential communica-
tion failures. According to research (Zhuang, C. 2024), the UART, 12C, and SPI
protocols each have their unique advantages and limitations for integration into
measurement and control devices, allowing for an informed choice of the appro-
priate protocol for a specific system. This study detailed how these protocols im-
pact the reliability and performance of sensor networks in distributed robotics sys-
tems.

The system was built with several micro:bit v2.2 boards, where each board
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had specific responsibilities: one functioned as the central module connected to a
Raspberry Pi 4, while the others acted as peripheral modules that communicated
through various protocols depending on their roles. Figure 1 has visually represent
the central micro connected to the Raspberry Pi via UART, with additional mi-
cro:bit modules connected through 12C, and high-speed sensors linked via SPI.

Sensor =%
Swith"***
= SPI

s o

Figure 1 — System Architecture for distributed sensor networks (Source: Authors)

It also shows remote modules communicating over the radio protocol, high-
lighting the redundancy in the communication channels.

Communication protocols:

— UART: The central micro:bit was connected to the Raspberry Pi 4 using
the UART protocol, enabling full-duplex data transfer. This connection served as
the backbone for the network, transmitting data between the distributed micro:bit
modules and the Raspberry Pi. The real-time processing of sensor data and control
signals was handled by ROS2, which was installed on the Raspberry Pi.

— 12C: The 12C protocol was used to interconnect the micro:bit modules, al-
lowing multiple peripheral devices to communicate with the central module. Each
micro:bit module, assigned a unique address, contributed to the distributed sensor
network. This configuration enabled scalable communication across several mod-
ules without adding extra wiring for each device.

— SPI: High-speed sensors, such as cameras or motion detectors, were con-
nected to the micro:bit boards via the SPI protocol. Although SPI requires addi-
tional GPIO pins for each connected sensor, it provided the necessary speed and
efficiency for transmitting large amounts of data. The microcontroller handled
these high-speed sensors to offload processing from the Raspberry Pi.

— Radio Protocol: One of the key features of micro:bit is its built-in radio
protocol. In this study, the radio protocol was used to establish a wireless mesh
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network between the micro:bit modules, allowing communication across dis-
tances up to 20 meters. This was particularly useful for scenarios where the mod-
ules were not physically connected via I12C, as the radio protocol acted as a backup
channel when primary wired communication failed. The central micro:bit served
as a bridge between the wireless nodes and the Raspberry Pi, translating data be-
tween different communication layers.

The final architecture represented a hybrid approach, leveraging both wired
and wireless communication. The architecture ensured redundancy and robustness
by allowing fallback to the radio protocol in the event of 12C failure or module
disconnection. Additionally, SPI provided high-speed communication for com-
plex sensors, while UART maintained full-duplex communication with the Rasp-
berry Pi for real-time data processing.

Experimentation Process

To validate the functionality and reliability of this hybrid communication sys-
tem, a series of experiments were conducted, including the following steps:

1. Initial integration: the experiment began with connecting the central mi-
cro:bit to the Raspberry Pi 4 through UART for real-time, full-duplex data trans-
mission. The setup ensured that ROS2 on the Raspberry Pi could handle the in-
coming data from the distributed network efficiently.

2. Peripheral sensor integration: additional sensors were connected to the mi-
cro:bit modules using SPI. Stability tests were conducted to evaluate the reliability
of SPI communication under different data loads and conditions.

3. Radio communication between modules: the radio protocol was tested to
assess the performance of wireless communication between the micro:bit mod-
ules. The experiment examined the feasibility of using the radio protocol as a
backup for the I2C connection, ensuring that the system could maintain commu-
nication even in case of failures.

4. Data analysis: the data collected from the micro:bit modules was transmit-
ted to the Raspberry Pi and processed in ROS2. The analysis focused on visuali-
zation of the sensor data, performance evaluation of the network, and command
execution on the peripheral modules. Additionally, the experiment assessed the
impact of radio protocol range on system performance.

Particular attention was given to the reliability of the system when using the
radio protocol as a backup communication channel. In cases where the 12C con-
nection was interrupted, the system automatically switched to radio communica-
tion, minimizing data loss. This feature ensured that the network remained opera-
tional even in scenarios where wired connections were compromised.

Discussion and Results

The results of the study showed that micro:bit can be effectively integrated
into distributed sensor networks through standard protocols such as UART, 12C,



Challenges and Issues of Modern Science, 3 (2024) 119

and SPI. UART demonstrated stability for full-duplex data exchange between the
micro:bit microcontroller and the powerful ROS2 platform on the Raspberry Pi 4,
allowing for real-time control of peripheral modules and data processing.

The 12C protocol exhibited sufficient bandwidth for connected modules but
required additional configuration for stable operation with a large number of mod-
ules. The micro:bit radio protocol proved to be an effective means of providing
backup wireless communication between modules. However, it was found that
simultaneous use of radio and BLE is not possible, limiting its application in Blue-
tooth scenarios. The SPI protocol demonstrated high data transfer speeds but
needed extra configuration for compatibility with various devices. This protocol
is well-suited for sensors that require high-speed data transmission.

Conclusions

The study confirmed that micro bit can be effectively used to build distributed
sensor networks by integrating through UART, 12C, and SPI with external sensors
and more powerful platforms such as ROS2. The radio protocol provides a reliable
backup communication channel, enhancing the system's reliability during failures
of primary channels and facilitating interaction with modules disconnected from
the central unit. However, issues of stability and compatibility when connecting a
large number of devices require further investigation. Future work should focus
on optimizing the performance of protocols and improving wireless communica-
tion, including support for BLE.
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