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BEAM Robotics: Combining Biological Principles and
Technological Solutions for More Adaptive and Energy-
Efficient Robots

Karetyna Stetsenko
1. Department of Computer-Integrated Technologies, Automation and Robotics (CITAR),
Kharkiv National University of Radio Electronics, Ukraine,
Nauky Ave. 14, Kharkiv, 61166,, email: kateryna.stetsenko2@nure.ua

Abstract: The research and development of BEAM robots
remains relevant in light of the development of new approaches
and methods in robotics and biology, as well as for solving
specific practical problems related to ecology and medicine.
BEAM robots provide an opportunity to study biological systems
and their principles in more detail, which can contribute to the
development of new approaches in medicine and biology. In
addition, due to their energy efficiency, BEAM robots can be used
to monitor and study the natural environment, which is important
for solving environmental problems. These robots can serve as
useful pedagogical tools to educate and inspire students and
researchers, helping them to learn the basics of robotics and
biology.

Keywords: BEAM robotics, biological principles, microkernels,
energy efficiency, programmability, reliability, biological
inspiration, mechanical sensors, robotics, ecology, medicine.

. INTRODUCTION

Modern robotics is constantly evolving, looking for new
approaches and innovative concepts to create more efficient
and functional robots. Among these approaches is BEAM
robotics, a class of robots that takes its inspiration from
biological systems and offers a unique paradigm for
creating "living" mechanical structures. BEAM robots,
which operate without the use of microcontrollers and
software, open up new possibilities in robotics, offering
simple but effective ways to solve complex problems.

II. DESIGN FEATURES OF BEAM ROBOTS

BEAM (Biology, Electronics, Aesthetics, and
Mechanics) robots are a class of robots that are developed
with biological principles of artificial intelligence in mind.
This approach to robot design is inspired by biological
systems and seeks to create robots that can function
similarly to biological organisms. This approach is based on
the idea of developing simple mechanisms to solve complex
problems, and its main feature can be seen in the absence of
microcontrollers and software. Instead, BEAM robots use
simple electrical circuits to control their actions. This
approach turns them into "living" robots that have
interesting advantages over traditional robots.[1-3]

BEAM robots can look very different as they are a broad
class of robots and their appearance can depend on the
specific design and tasks they are meant to perform.
However, there are some common features that can be
characteristic of the average BEAM robot [4-8]:

- mechanical design: BEAM robots usually have a
mechanical structure that can mimic the shape and
movement of biological organisms. For example, it could be
a small mechanical "caterpillar" or "gopher" that is made up

of segments that move according to a special mechanical
design.

- sensors: BEAM robots can be equipped with simple
sensors, such as photoresistors that respond to changes in
light conditions, or mechanical sensors that respond to
touch. These sensors allow robots to interact with their
environment.

- no microcontrollers: One of the main features of BEAM
robots is the lack of complex electronic components such as
microcontrollers. They use simple electrical circuits to
control their behaviour. This may include mechanical
switches that provide basic decision-making.

- aesthetics: BEAM robots are often designed with
aesthetic aspects in mind and try to mimic natural forms and
movements. Their appearance can be an important aspect of
their design.

- energy supply: BEAM robots can use a variety of
energy sources, such as solar panels or batteries, depending
on the specific task and environment in which they operate.

- motor activity: In most cases, BEAM robots have
limited motor activity and can perform simple actions such
as moving forward, reacting to light, or stopping when they
touch an obstacle.

In general, BEAM robots aim to be simple and different
from traditional robots that use complex electronics and
software Figure 1. They provide an opportunity to study
biological principles and demonstrate energy efficiency and
reliability in a variety of contexts, from science to practical
applications [9-14].

';Iﬁ.
|

‘ E o

Figure 1 — Appearance of the BEAM robot

The design features of BEAM robots are as follows:
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- an integrated approach to nature and technology:
BEAM robotics combines biological inspiration with
technology to create robots that are more like living
organisms, integrating  biological principles  with
electronics, mechanics and aesthetics. [15,16]

- energy efficiency: BEAM robots are notable for their
impressive energy efficiency, as they have a unique ability
to "rationalise" their energy and life. They are able to
minimise their energy consumption and optimise their
actions in order to achieve maximum performance with
limited resources. This feature proves to be extremely
useful in industries where reliability and durability are
crucial factors, such as search and rescue. BEAM robots can
use various types of stimuli, such as sound, light, radio
frequencies and temperature changes, to interact with their
environment and perform their functions. This allows them
to make the most efficient use of the surrounding resources
and ensure stable operation even in difficult conditions.

- minimalist design: BEAM robots feature a minimalist
design that makes them lightweight and compact, and
reduces the complexity of their construction compared to
more traditional robots.[17,18]

- adaptability to the environment: One of the key
advantages of BEAM robotics is their ability to adapt to
changes in the environment and use natural energy sources,
such as solar panels, for power. This allows them to work
efficiently and for long periods of time while minimising
energy consumption.

- self-organisation: Some BEAM robots are noted for
their ability to self-organise. For example, a team of robots
can work together to solve problems or coordinate actions
without centralised control.

- cooperation with the biological world: BEAM robotics
may have the potential to be used in nature research and
interaction with living organisms.

- alignment with environmental goals: The minimalist
and energy-efficient nature of BEAM robotics can help
reduce negative environmental impacts.

- social robotics: One of the specific applications of
BEAM robotics is social robotics. These robots can be used
to interact with humans in a variety of scenarios, including
education, therapy, and entertainment [19].

Comparing BEAM robots to existing classes of robots,
the advantages are as follows:

- energy efficiency: BEAM robots typically consume less
energy than many traditional robots because they minimise
the use of electronics.

- simplicity and reliability: Due to the lack of complex
electronic components, BEAM robots can be more reliable
and easier to maintain.

- biological inspiration: BEAM robots enable the study
and reproduction of biological principles, which can lead to
new insights in robotics and biology.

There are also disadvantages compared to others:

- limited functionality: Due to the limited use of
electronics, BEAM robots are often limited in their ability
to perform complex tasks and algorithmic computations.

- limited programmability: BEAM robots are more
difficult to program and adapt to new tasks than traditional
robots.

The concept of microkernels for BEAM robots is to
develop small, simple mechanical components that can be
combined together to create complex actions. These
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micronuclei can be analogous to neurons in biological
systems that process information and control movements.
For example, Nv (visual neurons) can respond to changes in
light conditions, and Nu (motor neurons) can be responsible
for controlling movement [20]. The implementation of these
micro-core systems can be based on mechanical sensors and
control mechanisms rather than electronic components.

All of this research and development of BEAM robots
allows for a deeper understanding of biological principles,
which can lead to the development of new methods in
medicine and biology. The energy efficiency of BEAM
robots is useful for environmental monitoring and solving
environmental problems. In addition, they can be used to
educate and inspire students and researchers in the fields of
robotics and biology.

Future research and development of BEAM robotics
could lead to even greater advances in biology and robotics.
They can be used to create more complex and adaptive
systems that will use biological principles to optimize
actions in an unpredictable environment.

BEAM robotics is an exciting direction in the world of
robotics that combines natural inspiration  with
technological solutions. It can help us better understand
natural processes and design more resilient and adaptive
systems. And, although BEAM robots have their
limitations, their capabilities and advantages already
impress with their innovation and potential.

III. CONCLUSIONS

In summary, BEAM robotics is an innovative approach
that combines biological inspiration with technological
solutions. Its potential still requires further research and
development, but it already opens up new opportunities for
creating more adaptive, efficient and environmentally
sustainable robots than traditional approaches.

Since the physical world is characterised by a high degree
of unpredictability, it is impossible to predict all possible
random events and unforeseen circumstances that arise in
such an irrational environment. Comparing BEAM robots
with other classes of robots, we can highlight their
advantages in terms of energy efficiency, simplicity and
reliability, as well as the ability to study and reproduce
biological principles. "Biological organisms" that can suffer
serious damage are characterised by a higher degree of
reliability. This characteristic becomes especially important
when developing systems designed to detect unexploded
mines and bombs.

Of course, BEAM robots have limitations, such as limited
functionality and programming complexity compared to
traditional robots.

The paradigm shift in understanding robots and their
interaction with the real world is key to the development of
robotics. Moving from the standard view of robots to
accepting them as reliable and adaptive systems can bring
revolutionary changes in various industries, from
autonomous cars to hazardous waste disposal robots.
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