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strengths. Modern programming languages and libraries often provide thread and process management
tools to simplify the development of multithreaded and multiprocessing applications in Linux. The
increase in game software performance due to threads and processes in the Linux operating system can
vary significantly depending on the nature of the game, the hardware it's running on, and how well the
game is optimized for multithreading and multiprocessing. Let's consider several ways threads and
processes can impact game performance.

The first way is multithreading. Parallel execution based on multithreading can improve game
performance by allowing specific tasks to run concurrently on multi-core CPUs. For example, game
engines can use separate threads for rendering, physics simulations, and Al calculations, utilizing all
available CPU cores. Responsiveness based on multithreading can help maintain a smooth and responsive
user interface (Ul) even when computationally intensive tasks are running in the background. This is
important for preventing frame rate drops or input lag. Faster load times based on background loading of
assets (textures, models, etc.) in a separate thread can reduce load times and provide a seamless gaming
experience.

The second way is multiprocessing (multiple processes). Isolation, used for running game logic
and other components in separate processes, can enhance stability and security. If one component crashes,
it's less likely to affect the entire game. Resource management, used for multiprocessing, can help
manage resource-heavy tasks that are best isolated from the primary game process, such as video
encoding or complex physics simulations. This can prevent these tasks from adversely affecting game
performance. Parallelism, used for specific game servers and backend processes, especially in online
multiplayer games, can benefit from multiprocessing to handle concurrent connections or game instances.
However, it's important to note that adding more threads or processes does not always guarantee a linear
increase in performance. That is why there are challenges to consider. These problems and considerations
are as follows. Synchronization overhead is that synchronization mechanisms like mutexes or semaphores
may be required when multiple threads or processes need to access shared data. If not managed carefully,
these can introduce overhead and potential bottlenecks. Complexity appears when multithreaded and
multiprocess programming can be complex, and managing concurrency issues, such as race conditions
and deadlocks, can be challenging.

For this, Amdahl's Law states that the speedup from parallelization is limited by the fraction of the
program that cannot be parallelized. That is why some game tasks are inherently sequential, meaning they
can't be parallelized effectively. Resource constraints are that adding more threads or processes consumes
additional memory and CPU resources. Not managed well can lead to resource contention and reduced
performance.

Overall, the performance gains from threads and processes in Linux for game software depend on
careful optimization, hardware capabilities, and the specific demands of the game. That is why game
developers often employ profiling and benchmarking tools to identify performance bottlenecks and make
informed decisions about where to implement multithreading or multiprocessing to achieve the best
balance between performance and resource utilization.

uUDC 681.51

BEAM SCHEME DEVELOPMENT WORK BASED ON ARDUINO PRO MICRO C USING
SOLAR PANEL
VLADYSLAV.YEVSIEIEV (vladyslav.yevsieiev@nure.ua),
Kharkiv National University of Radio Electronics

This work is devoted to the coverage of BEAM robotics development issues. The author provides a
comparative analysis between the BEAM robot and a classic mobile robot according to various criteria
and has developed a BEAM robot scheme based on Arduino Pro Micro using a Solar Panel.

BEAM robotics (Biology, Electronics, Aesthetics, Mechanics) is an approach to creating minimalist
robots that combines a biologically inspired approach with electronics, mechanics and aesthetics [1].
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BEAM robots are based on the concept of using simple components and tools such as solar panels, light
sensors, motors and capacitors to create autonomous robots that can interact with their environment. One
of the main principles of BEAM robotics is the efficient use of energy, similar to how nature uses energy
for the functioning of living organisms. Research in the field of BEAM robotics has the following
promising aspects [2,3]:

- efficient use of resources: BEAM robotics shows how functional robots can be created using
minimal components and using energy from renewable sources such as solar panels. In the context of
growing interest in sustainability and energy efficiency, this may have a practical application. in robotics
to create autonomous systems with reduced energy dependence;

- training and education: BEAM robots have long been used as a tool for training and education, as
they help to experience and understand the principles of robotics, electronics .and mechanics. In
combination with modern distance learning platforms and virtual reality, BEAM robotics can become a
powerful tool for learning and practical application of knowledge in the field of robotics;

- experimental solutions: BEAM robotics promotes a creative approach to robot construction and
solving real problems. It allows you to experiment with different designs, mechanisms and electrical
components to create non-standard and innovative robots;

- application in biorobotics: Insights obtained from the natural mechanisms used in BEAM robots can
be useful for the development of biorobotics and biologically inspired robots. This can contribute to the
creation of more adaptive and efficient robots for specific tasks [5-7].

An example of BEAM robots developed by the Mark Tilden team is presented in Figure 1.

> ~=

-

6)

a) insect-like shape [1]; 6) QUL [1].
Figure 1 — BEAM robot developed by Mark Tilden's team

Table 1 shows a comparative analysis between the BEAM robot and the classical mobile robot
according to various criteria.

Table 1 — Comparative analysis between the BEAM robot and the classical mobile robot.

Criterion BEAM Robot Classic Mobile Robot
Energy supply Use of solar panels and Battery or accumulator
renewable energy
Number of components Minimal quantity, simple Different components for
components different functions
Reaction to the environment Reacts to changes in light, Can use sensors to detect
darkness, obstacles objects
Mechanical mechanisms Simple mechanical moving Various motors, gearboxes,
parts wheels
Using programming Minimal or no programming Usually requires programming
to control

156



Mamepianu kongepenyii«Komn'votepHi irpu Ta myabTuMenia sik inHoBamifiHmii miaxin 10 komyHnikamii - 2023»

Based on the selected criteria presented in Table 1, we will develop the scheme of the BEAM robot,
which is presented in Figure 2.
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Figure 2 — Scheme of a BEAM robot based on Arduino Pro Micro using a Solar Panel

A Solar Panel (80x45mm, 5V) is used to power the BEAM robot; the TP4058 module is a charging
module for lithium-ion or lithium-polymer rechargeable batteries. This module allows the battery to be
charged from a power source such as a solar panel or DC source. To position the Solar Panel according to
the sun, it is planned to use the GL5516 sensor and servo motors Servol, Servo 2, which allow you to
rotate the optimal angle of inclination according to the sun. The engine control system (M1, M2, M3, M4)
is built on the basis of the MX1508 driver module. The general control system, information processing
and decision-making system is built on the basis of the Atmega32u4 microcontroller (Arduino Pro Micro)
[8-12].

Conclusion. All these factors show that BEAM Robotics can continue to make an important
contribution to the development of robotics, even in the age of modern technology, helping to shape the
approach to creating robots that interact effectively with the surrounding world and resources.
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YJIK 004.4'275
AHAJII3 MPOAYKTUBHOCTI MOBIVIBHUX 3ACTOCYHKIB HA BA3I
KPOCIUIAT®OPMEHHUX ®PEMMBOPKIB
AHTOHOBA A.P., OYEPETEHKO /I.B.
Onecrknii HAIOHATBHUIN TEXHOJIOTTYHUN YHIBEPCUTET

IIposedene odocniodcenns npucesueno kpocniamgopmosomy gpeiimsopky Flutter. Iopisnanns
0Y10 30cepedlceHo HA BIOMIHHOCMAX NPOOYKMUBHOCMI 80Y008aHux npoepam. Jlocniodxcenns nokazano,
wo Flutter-3acmocynku marome maky # HPOOYKMUBHICMb, K i HamusHi Android-zacmocynxu ons
2eonokayii kopucmyeaua, 00Cmyny 00 6asu OaHUX i be3nepepeHo2o NPOKPYYY8aHHA CHUCKIS.

3 MOCTIHO 3pOCTAIOYMMU allapaTHUMU MOJKJIMBOCTSMHU MpOTpamMHe 3a0e3redeHHs it MOOUTbHUX
MPUCTPOIB cTae Bce OUIbII ckiagHUM. He3Baxkarouw Ha Te, IO TEXHOJOTIYHI TEHICHIII MPOJIOBKYIOTh
PO3BUBATHCS Ta 3MIHIOBATHCS 3 YacOM, IpoOiieMaTHKa PO3pOoOKH 3aCTOCYHKIB JUIsl TMIEBHUX IUTAT(OPM
3QJIMIIAETHCS HE3MIHHOIO, OCKUIBKM KOXKHA TutaTgopMa Mae BIacHY apXiTeKTypy Ta Hallp IHCTPYMEHTIB
IUTsl CTBOPEHHS 3aCTOCYHKIB.

Icnye nBa cmocobu po3poOKKU MOOUTEHUX 3aCTOCYHKIB: HATHBHA pO3pOOKa, HAlllJIeHa HA KOHKPETHY
omepaliiHy cucTeMy, 1 KpocmiaargopmMoBa po3poOka, HalllJleHa Ha KilbKa OomnepamiiHux cucreMm. Bubip
MDK HATHBHOIO YU KPOCILIATGOPMOBOIO PO3POOKOIO € OJHUM 13 HaWBAXKIMBILIUX PIlICHb Y OYyAb-IKOMY
MPOEKTI MOOUTLHOTO 3aCTOCYHKY. Lle eauHe pilieHHs Mae BETUYe3H1 HACTIAKU A AU3aiiHy MporpamMu,
TEXHOJIOT1H, BAKOPUCTAaHUX 1A ii CTBOPEHHS, 1, 3pEIITOI0, KOPUCTYBaUiB, SIKi MalOTh JI0 HET JOCTYII.

OyHaaMeHTanbHa BIAMIHHICTh MK HAaTHMBHOIO Ta KPOCIUIAT(OPMOBOIO PO3POOKOIO 3aNEKUTH Bij
TOrO, JUIs SIKOi omepauifiHOi cucTeMH BeleTbcs po3poOka. HartmBHa MoOLIbHA po3poOKa T03BOJISE
CTBOPIOBATH IPOrpaMu JUIsl MEeBHOI omnepaiiiiHoi cucreMu — Android a6o iOS. Ha BigmiHy Bin mporo,
KpociuiatopMoBa po3poOKa J103BOJISIE CTBOPIOBATH 3aCTOCYHKH JUI KUTBKOX OTNEpaliifHUX CUCTEM.

Po3poOka MOOLIBHMX 3aCTOCYHKIB Ha KpocmiaarGopMoBUX (peMBOpPKax €KOHOMHUThH Hac 1, K
HacJiI0K, Tpouli Ha po3poOky. KpiM Toro, po3poOHukam He MOTpiOHO BMBYATH KOXKHY IIaT(HOPMY MpH
TOMY, LII0 BOHM BCE€ I11€ MOXYTh OXOIUTIOBAaTH KIHIEBUX KOpUcTyBauiB nux miardopm. llle oqua nepeBara
KpocriarGopMoBUX (HpeHMBOPKIB MOJSTa€ B TOMY, L0 3aCTOCYHOK BHIVIJaTHME OJIHAKOBO HA PI3HUX
wiargpopmax. Lle yynoBO MiAXOAUTH Ul 3aCTOCYHKIB 3 YHIKQJBHUM CTHUJIEM, OCKUIBKM PO3pOOHHMKAM
noTpiOHO CTBOPUTH HOro JIMIIEe OJUH pa3, K 13 KoJoM. OJHaK, SKII0 pO3pOOHUK X0Ye, 00 3aCTOCYHOK
BUTJIAJAB SIK HATUBHHM, IIOTO JIETIIIE TOCSITH 33 JJOMOMOTOI0 HATUBHOI CUCTEMH.
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