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Анотація: Underwater robotics is focused on the development of robotic systems for 

ocean exploration and investigation. The MATE ROV Competition is encouraging students 

from around the world to learn about underwater robotics by challenging them to design, 

build, and operate the ROVs and vertical-profiling floats.     

 

Underwater robotics is a field of engineering that focuses on the 

development and deployment of robotic systems in underwater environments 

where direct human access may be difficult or impossible. The application of 

underwater robotics includes the exploration and recording of environmental 

information, investigation of ocean floor, documenting shipwrecks, and more. 

The two main types of robotic systems used for these applications are AUV 

(Autonomous Underwater Vehicle) and ROV (Remotely Operated Vehicle) [1], 

[2]. 
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MATE (Marine Advanced Technology Education) ROV Competition is 

an international underwater robotics competition that encourages students to 

creatively apply their scientific, engineering, technical, and collaborative skills 

in the development of ROVs for solving real-world problems. The competition 

challenges students from schools, colleges and universities with missions that 

are based on scenarios from the workplace [3], [4]. The philosophy of MATE 

ROV Competition is centered on student learning and the development of 

knowledge and skills through participation in competition [5]. 

MATE ROV Competition in 2026 included four following mission 

scenarios: “Seabed 2030: A Kaleidoscope of Corals in Cold Water”, 

“SmartAtlantic Alliance: Better Information, Better Decisions”, “Wind-

Powered Offshore Oil Platform: Scalable Solutions for Global Energy Needs”, 

and “MATE Floats Under the Ice” [5].  

The first task required teams to collect species samples from the coral 

garden, create a three-dimensional model of coral garden autonomously through 

photogrammetry or manually using paper or CAD software, and either maintain 

position (World Championship) or fly (Regional Competition) a transect to 

record video footage of the coral garden [5]. 

The second task focused on invasive species identification, iceberg risk 

assessment for four oil platforms, recovering whale-safe fishing equipment from 

water, and servicing subsea observatory components [5]. 

The third task involved simulating a placement of a bubble curtain around 

a designated location, installing a micropile, retrieving the power connector 

from the wind farm subsea station, and installing the connector into the 

designated oil platform port [5]. 

The last task required teams to build an autonomous vertical-profiling 

float designed to collect data such as time, depth, pressure, and any additional 

data at 2.5 and 0.4 meters for 30 seconds each, two consecutive times. After 

retrieving the float to the surface, it transmits the data obtained during its two 

vertical profiles back to the station on shore in the form of data packets, where it 

is then plotted onto a graph [5]. 

To meet mission-specific requirements for MATE ROV Competition, the 

ROV was developed with integrated movement, observation, and control 

systems, along with manipulator, optimised buoyancy and stabilized power 

distribution system.  

The movement system consists of thrusters driven by electronic system 

controllers (ESCs) operating with a pulse-width modulation (PWM) signal 

range of 1100μs-1900μs which allows precise regulation of thruster output [6]. 

A linear interpolation function (Fig. 1) is implemented to enable gradual 

deceleration and acceleration of the thrusters. Together, this movement system 

provided precise and smooth direction and displacement controls of the ROV.    
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Figure 1 - Linear interpolation formula 

The observation system of the ROV provides real-time video footage of 

its surroundings, enabling safe underwater navigation and reliable monitoring of 

the environment during operations. This system typically consists of one or 

more cameras, such as Raspberry Pi Camera Module or USB webcams, 

connected to the ROV’s central computing unit. The video is captured and then 

processed to be transmitted to the surface control station as a live video stream. 

Streaming technologies such as MediaMTX can be used to distribute the video 

feed using protocols such as Web Real-Time Communication (WebRTC) that 

provides low-latency video stream due to the use of Real-time Transport 

Protocol (RTP) [7], [8]. 

The control system of the ROV consists of a laptop, joystick, and router 

connected via Ethernet cables to the ROV and laptop. A custom-built graphical 

user interface (GUI) was developed and used on the laptop to provide an 

operator with live video streams of the ROV’s cameras and with system 

feedback such as the percentage of thruster output. The joystick was used to 

control the rotational and translational movement of the ROV and rotation of 

the manipulator in real time. A router served as a communication bridge 

between laptop and the ROV by establishing a local access network (LAN) to 

ensure stable and reliable data transmission between the control system and the 

ROV. 

A manipulator is a rotatable robotic claw that serves a role of interacting 

with obstacles and the environment underwater by physically grasping objects. 

It is commonly used to clear obstacles, transporting objects from one location to 

another, or retrieving items to the surface. 

To achieve an optimised buoyancy for the ROV, the Archimedes’ 

Principle (Fig. 2) was used to determine the buoyant force acting on the vehicle 

based on the density of water in which the ROV is being operated, the volume 

of water displaced by the ROV when submerged, and gravitational acceleration 

[9]. It was determined that the optimal buoyant condition of the vehicle is a 

slightly positive buoyancy, which ensures passive surface recovery of the ROV. 
  

 

 

Figure 2 - The Archimedes’ Principle 

 

The power distribution system of the ROV ensures that all of the 

electronic components of the vehicle are supplied with appropriate operating 

voltages and currents. To achieve this, the ROV is powered by a 12V power 

supply, which is stepped down using a buck converter to generate a 5V rail for 
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low-voltage electronics such as Raspberry Pi 4 Model B, serving as the 

vehicle’s central computing unit [10]. At the same time, 12V rail is distributed 

for high-voltage electronics such as the thrusters. 

As mentioned earlier, the fourth task required teams to build a vertical-

profiling float for monitoring data at specific depths. A vertical-profiling float is 

a non-ROV robotic system that incorporates monitoring, movement, and 

communication systems that are controlled by a central computing unit installed 

on the float. The main application of the float is to autonomously collect data at 

specific depths and transmit it to the control station on shore [5]. 

 The monitoring system consists of a digital pressure sensor that is 

connected to the float’s central computing unit. As the float changes its depth 

during ascent or descent, the sensor detects changes in the pressure. The central 

computing unit of the float then converts the pressure reading into real-time 

depth estimation using Blue Robotics MS5837 digital pressure sensor library 

[11], which implements hydrostatic pressure formula (Fig. 3) to calculate depth 

from pressure assuming constant water density [12]. Additionally, the digital 

pressure sensor can be capable of reading the temperature of the water. 
 

 

Figure 3 - Hydrostatic pressure formula 

 

The movement system of the float can be developed using two 

approaches: thruster-based propulsion, and buoyancy-based control. Thruster-

based propulsion uses a thruster with an ESC that allows precise control of the 

thruster output by changing its PWM value [6]. To make the float hold the 

position at specific depth, a Proportional-Integral-Derivative (PID) (Fig. 4) 

control can be used to calculate the error between the target depth and current 

depth calculated based on the reading of a digital pressure sensor and adjust the 

thruster output accordingly [13]. Buoyancy-based control uses a syringe system 

driven by a motor or linear actuator to extend or retract the plunger, thus 

changing the volume of water inside of the syringe. To control the position of 

the float with a buoyancy-based control, feedback from a digital pressure sensor 

can be used to calculate the error between the target depth and the current depth. 

If the float is above the target depth, the volume of the water in the syringe 

increases, reducing the buoyancy of the float, causing it to descend. If the float 

is below the target depth, the volume of the water in the syringe decreases, 

increasing the buoyancy of the float, causing it to ascend. By continuously 

adjusting the syringe volume, the float can stabilize at the target depth. 
 

  

 

Figure 4 - Proportional-Integral-Derivative formula 

 



 
 

 

Секція 3. Комп’ютерна  інженерія   

 
 

 

The communication system of the float is based on wireless connection to 

a LAN, allowing a real-time data transmission between the float and the control 

station on shore. Sensor data, including depth, pressure, and other readings, is 

sent as data packets once the float is brought to the surface. The control station 

receives these data packets and visualizes them by plotting a graph. 

Conclusions. Underwater robotics plays a significant role in an 

exploration and investigation of the ocean using specialized robotic systems 

designed for such conditions [1], [2]. The MATE ROV Competition encourages 

students from around the world to learn about underwater robotics by solving 

real-world engineering challenges based on workplace scenarios [3], [4]. 

Through designing, building, and operating the ROVs and vertical-profiling 

floats, the participants are gaining knowledge about underwater robotics which 

can be then applied in future careers in ocean workforce [5].   .  
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Анотація: Досліджено методи підвищення продуктивності штучних 

нейронних мереж у межах сучасних гетерогенних комп’ютерних архітектур. 

Визначено, що ключовою проблемою розгортання масштабних моделей є дефіцит 

потужностей однорідних систем. Авторами проаналізовано підходи до оптимізації 

алгоритмів навчання та зниження обчислювальної складності через використання 

цілочисельної арифметики, що дозволяє зменшити навантаження на пам'ять 

пристроїв без втрати точності. Особливу увагу приділено подоланню затримок 

міжпроцесорного обміну шляхом графової оптимізації та конвеєризації даних із 

залученням інструментів відкритого коду. Сформовано практичні рекомендації щодо 

раціонального розподілу обчислювальних потоків між різнотипними процесорними 

ядрами для забезпечення максимальної енергоефективності обчислень.     

 

Стрімкий розвиток технологій штучного інтелекту та глибокого 

навчання (Deep Learning) зумовив значне ускладнення архітектур штучних 

нейронних мереж (ШНМ). Сучасні моделі, такі як великі мовні моделі 

(LLM) або мультимодальні трансформери, містять мільярди параметрів, 

що вимагає колосальних обчислювальних ресурсів для їхнього навчання 

та розгортання (inference). Традиційні однорідні обчислювальні системи 

на базі центральних процесорів (CPU) уже не здатні забезпечити 

необхідну продуктивність та енергоефективність. 

Ефективним розв'язанням цієї проблеми є використання 

гетерогенних комп'ютерних архітектур, які об'єднують різні типи 

обчислювальних пристроїв: CPU, графічні процесори (GPU), тензорні 

процесори (TPU), програмовані логічні матриці (FPGA) та спеціалізовані 

нейропроцесори (NPU). Проте гетерогенність цих систем створює серйозні 

виклики для розробників, пов'язані з розподілом завдань, синхронізацією 


