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Modeling of the BEAM robot control system 
on the basis of a microcircuit L293D 

Vladyslav Yevsieiev  
1. Department of Computer-Integrated Technologies, Automation and Robotics (CITAR),  

Kharkiv National University of Radio Electronics, Ukraine, 
Nauky Ave. 14, Kharkiv, 61166,, email: vladyslav.yevsieiv@nure.ua 

 
Abstract: This work is devoted to the modeling and 

implementation of the BEAM control circuit of a phototaxis robot 
(directed movement towards or away from light). To implement 
control systems, the author uses the L293D microcircuit with 
minimal wiring. As a result of the modeling carried out in the 
Autodesk Tinkercad environment, a circuit was developed that 
implements the movements of the BEAM robot in the direction of 
light, while the implementation of the control program is built on 
the basis of logical elements, without the use of program code, 
which makes the BEAM robot reliable and durable. 

 Keywords: BEAM, robotics, caravan systems, phototaxis, 
L293D microcircuits. 
 

I. INTRODUCTION 
Research in the field of BEAM robotics (Biology, 

Electronics, Aesthetics, and Mechanics) is relevant and 
important for several good reasons. First of all, BEAM 
robotics is unique in its multidisciplinary approach, 
combining biology, electronics, aesthetics and mechanics. 
This approach allows the creation of robots inspired by 
nature and capable of overcoming complex tasks such as 
adapting to variable environmental conditions [1]. 

The second important aspect is biological inspiration. 
BEAM robots often simulate the behavior of living 
organisms, which allows us to better understand the 
principles of nature and use them in technological 
developments. For example, robots that imitate the 
movement of insects or animals can be more effective in a 
variety of tasks, from search and rescue to exploring 
uncharted  
places [2]. 

A third factor contributing to the relevance of BEAM 
robotics is the potential to develop more reliable and 
efficient solutions than traditional approaches. Robots 
designed based on biological principles can be more 
resistant to breakdowns and more efficient in resource-
efficient use of energy [3-5]. 

BEAM robotics research is also opening new horizons 
in creating robots that can interact with their environment 
and detect and respond to changes in real time, which is 
critical in many fields including industry, medicine, ecology 
and more. All these factors explain the relevance of research 
in BEAM robotics and emphasize their importance for 
future technological development [6-8].  

 
II. IMPLEMENTATION OF THE SIMPLE SENSOR 

SYSTEM FOR BEAM ROBOT 
The use of photosensors in systems for BEAM robots 

remains relevant and has many advantages. BEAM robotics 

is based on biological principles and seeks to create robots 
that replicate certain aspects of living organisms, including 
their ability to interact with their environment. Photosensors 
play an important role in this context for the following 
reasons: 
- orientation and navigation: Photosensors can be used to 
sense the direction and intensity of light, allowing robots to 
navigate their environment. This is especially useful for 
robots that need to follow or avoid a light source; 
- reaction to external changes: Photosensors can help robots 
detect changes in the environment, such as changes in light 
or the presence of obstacles. This allows them to adapt to 
change and avoid confrontation; 
- energy saving: In BEAM robotics, one of the key 
principles is the efficient use of energy, mimicking 
biological organisms. Photosensors could help robots adjust 
their activity based on light levels, reducing energy 
consumption; 
- modeling biological processes: Using photosensors in 
BEAM robots can help model biological processes such as 
photosynthesis, which could lead to the development of 
more resilient and autonomous systems; 
- experiments and research: BEAM robotics is often used in 
scientific research and experiments, and photosensors can 
be useful tools for studying the behavior of robots in 
various environments; 

A general view of photoresists that can be used when 
designing BEAM robots is presented in Figure 1. 

In fact, any available photosensors can be used in the 
circuit of this robot. The circuit can use not only 
phototransistors, but also photodiodes and photoresistors. 
 

  
а) б) 

а) ФПФ-9-2, б) SFH 2500 FA-Z IR Si Photodiode. 
Figure 1 – Models of photoresistors [9] 

 
The robot's BEAM control circuit uses two sensors 

implemented on phototransistors, which are connected 
directly to the inputs of the L293D motor driver [10-11]. 
The movement algorithm for such a robot was very simple:  
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- when there was a white field under the left and right 
sensors, both motors turned on and the robot moved 
forward.  

- if one of the sensors fell on the black line passing 
between them, then the corresponding motor stopped and 
the robot turned, aligning its position above the line.  

Such a robot can follow a line very confidently if it does 
not have sharp turns. If the speed of the robot is high and 
the turn is sharp, then the probability of such a robot leaving 
the line becomes quite large. 

The operating principle of the circuit is based on 
inverting the signal coming from the phototransistor. When 
the sensor is illuminated (located above the white field), the 
phototransistor will open and a high level signal (logical 
“1”) will appear at the INPUT1 input of the L293D motor 
driver. Motor M1 will rotate as shown in Figure 1. In 
addition, the signal from the phototransistor will be applied 
to the input of the “NOT” element, which will turn a logical 
“1” into a logical “0” and apply it to the INPUT4 input. The 
M2 motor will remain standing. 
 

 
Figure 2 – Electrical circuit diagram  

 
When the robot turns and the sensor is above the white 

field, the phototransistor will close and a low-level signal 
(logical “0”) will appear at the INPUT1 input. Motor M1 
will stop. Logical “0” is inverted by the “NOT” element, 
and a logical “1” appears at the INPUT4 input, motor M2 
begins to rotate [12-14]. 

Alternating state 1 and state 2 will ensure the robot 
follows the boundary of white and black. To model the 
robot's BEAM control circuit, we'll use Autodesk 
Tinkercad, a powerful and easy-to-use online 3D modeling 
and design application designed for beginners and 
experienced  
designers [15]. Using the built-in library, we will assemble 
a modeling scheme as shown in Figure 3.  

By running the simulation process in the Autodesk 
Tinkercad environment for the simulation scheme presented 
in Figure 3, we get the following result: DC motor M1 
rotates at a speed of 170RPM, and DC motor M2 shows 
beating (4 RPM). Based on the positive modeling data 
obtained, it is proposed to modernize the scheme presented 
in Figure 2 and make a BEAM robot that implements the 

phototaxis reaction (directed movement towards or away 
from light). The operating algorithm of such a robot is 
constructed as follows. When light hits one of the 
photosensors of such a robot, the corresponding electric 
motor turns on and the robot turns towards the light until the 
light illuminates both photosensors and the second motor 
turns on. When both sensors are illuminated, the robot 
moves towards the light source. If one of the sensors stops 
being illuminated, the robot turns again towards the light 
source and, having reached a position where the light falls 
on both sensors, continues its movement towards the light. 
If the light stops falling on the photosensors, the robot 
stops. 

 

 
Figure 3 – Modeling scheme in the Autodesk Tinkercad 

environment 
 

The robot's circuit is symmetrical and consists of two 
parts, each of which controls a corresponding electric 
motor. In fact, it is like a doubled circuit of the previous 
robot. Photosensors should be placed crosswise in relation 
to the electric motors as shown in the robot picture above. 
You can also arrange the motors crosswise relative to the 
photosensors as shown in the diagram shown in Figure 4. 

 

 
Figure 4 – Schematic diagram of a BEAM robot that 

implements the phototaxis reaction 
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You can make the robot’s behavior more lively by applying 
a positive signal to the INPUT2 and INPUT3 inputs 
(connect them to the positive of the power source): the robot 
will move in the absence of light falling on the 
photosensors, and when it “sees” the light, it will turn 
towards its source. When light hits both sensors, the robot 
will stop. 

 
III. CONCLUSIONS 

  BEAM robots are known for their simplicity and 
reliability. Using a limited number of components and 
uncomplicated circuitry, they can be stable and durable in a 
variety of environments, typically consuming less power 
than more complex robots. This makes them suitable for 
autonomous robots powered by batteries or solar cells. 
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